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Abstract

Background: Atopic dermatitis (AD) is a chronic inflammatory skin condition affecting a significant percentage of the global
population. Emerging research suggests a potential link between AD and neurodevelopmental disorders like
attention-deficit/hyperactivity disorder (ADHD). However, there is a lack of comprehensive studies within the Saudi Arabian
population examining this association.

Objective: This study aims to determine the prevalence of ADHD among patients with AD in Saudi Arabia and to explore
potential associations with demographic and clinical factors.

Methods: In this cross-sectional, multicenter study conducted between May and November 2024, 419 patients with AD were
recruited from various hospitals in Saudi Arabia. Children were screened for ADHD symptoms using the ADHD Rating Scale-5,
while adults were assessed with the Adult Self-Report Scale. Logistic regression was used to evaluate the influence of AD severity,
age, gender, nationality, and BMI on the likelihood of ADHD symptoms.

Results: A total of 419 patients with AD were included, of whom 234 (55.8%) were children and 185 (44.2%) were adults; 239
(57%) were female and 360 (85.9%) were Saudi nationals. ADHD symptoms were identified in 84 (20%) patients, with a slightly
higher prevalence among children (49/234, 20.9%) compared to adults (35/185, 18.9%; P=.61). No significant associations were
found between ADHD symptoms and gender, nationality, BMI, or AD severity in either age group. Moderate to severe AD was
more common among adults (48/185, 25.9%) than children (42/234, 17.9%; P=.048).

Conclusions: This study found that 20% of patients with AD screened positive for ADHD symptoms, with slightly higher rates
in children than adults. No significant associations were observed between ADHD symptoms and gender, nationality, BMI, or
AD severity. Although no significant clinical predictors were identified, the findings emphasize the need for ADHD screening
in patients with AD, particularly in regions with high AD prevalence. Future longitudinal studies should explore underlying
mechanisms and assess how managing one condition may influence the other.

(JMIR Dermatol 2025;8:e74126)   doi:10.2196/74126

KEYWORDS

atopic dermatitis; ADHD; cross-sectional study; neurodevelopmental disorders; attention-deficit/hyperactivity disorder

Introduction

Atopic dermatitis (AD) is a chronic, relapsing inflammatory
condition of multifactorial origin. It primarily affects infants
and children but can persist into adulthood. AD is characterized
by chronic itching, following a cycle of flare-ups and remission,
typically intensifying at night and showing distinct morphology

and distribution based on the patient’s age [1]. Globally, AD
affects approximately 5% of the population [2], whereas in
Saudi Arabia, it impacts around 13% of individuals [3].

Patients with AD often have a family history of other atopic
conditions, including food allergies, asthma, allergic rhinitis,
and allergic conjunctivitis. Clinically, AD presents as excoriated,
scaly, eczematous papules and plaques, which may become
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overlaid with bacterial infections, predominantly Staphylococcus
aureus, leading to yellow crusting and exacerbating the
condition [1].

Patients with AD often have comorbid atopic conditions,
including asthma and allergic rhinitis, and frequently experience
disrupted sleep and psychological stress, which can impact
cognitive and emotional regulation [1]. Sleep disturbances due
to persistent nocturnal pruritus are particularly problematic and
may impair concentration, mood, and behavior, potentially
mimicking or exacerbating neurodevelopmental symptoms [4].
Furthermore, the chronic nature of AD can negatively affect
quality of life and increase the risk of psychiatric comorbidities,
i n c l u d i n g  s y m p t o m s  c o n s i s t e n t  w i t h
attention-deficit/hyperactivity disorder (ADHD) [5,6].

Recent research has identified a significant link between AD
and an elevated risk of ADHD, along with other mental
comorbidities and reduced quality of life [5,7]. However, no
sufficient studies correlate this relation among the Saudi
population.

ADHD is a neurodevelopmental disorder affecting both children
and adults, characterized by inattention, hyperactivity, and
impulsivity, which can disrupt daily functioning in areas like
school, work, and social relationships [6]. In Saudi Arabia,
ADHD affects 12.4% of children and around 4% of adults [8].
It is more prevalent in men and presents in three types:
inattentive, hyperactive-impulsive, and combined. The etiology
of ADHD is multifactorial, involving genetic, environmental,
and developmental factors such as maternal smoking,
socioeconomic status, and perinatal complications [9].

According to the Diagnostic and Statistical Manual of Mental
Disorders, Fifth Edition, Text Revision criteria, ADHD
symptoms must appear before age 12, persist in multiple
settings, and cause functional impairment. Diagnosis relies on
clinical assessment and validated psychometric tools [6,9].
However, ADHD management depends on symptom severity.
Mild cases often require psychotherapy, while moderate to
severe cases are managed with both pharmacotherapy and
psychotherapy. Pharmacotherapy, typically using stimulant and
nonstimulant medications, is the first-line treatment [9].

Despite evidence linking AD and ADHD, data in the Saudi
population are limited. This study aims to assess the prevalence
of ADHD symptoms among adult and pediatric patients with
AD in Saudi Arabia and to examine whether AD severity is
associated with differences in ADHD symptoms.

Methods

Study Setting and Sampling
This cross-sectional, multicenter study aimed to investigate the
relationship between ADHD and AD among the Saudi
population. A total of 419 adult and child patients with AD were
selected to participate in the study by simple random sampling.
This research was conducted from May 2024 to November 2024
at participating hospitals across Saudi Arabia. The inclusion
criteria include Saudi and non-Saudi male and female patients
of various ages diagnosed by a dermatologist with AD, who

presented at the participating hospitals and agreed to participate
in the study. The exclusion criteria include children younger
than 4 years of age, patients whose ADHD symptoms occur
exclusively during the course of schizophrenia or another
psychotic disorder, and patients with ADHD symptoms that can
be better explained by other mental disorders, such as mood
disorders. These criteria are outlined in the Diagnostic and
Statistical Manual of Mental Disorders, Fifth Edition, making
accurate screening in younger children clinically inappropriate.

Data Collection
Patients with AD with a known diagnosis by a dermatologist,
as confirmed from their medical records, were included in the
study. Participants were prospectively interviewed and evaluated
by a psychiatrist to diagnose ADHD. The ADHD Rating Scale-5
(ADHD-RS-5)-Short Form was used for children, while the
Adult Self-Report Scale (ASRS) screening tool was applied for
adults. Additional data, including BMI and nationality, were
also extracted from medical records to complement the ADHD
assessment data. The ADHD screening assessments were
administered in both Arabic and English, depending on
participant preference and language proficiency. Validated
Arabic versions of the ADHD-RS-5 and ASRS tools were used
where appropriate.

Study Variables

AD Severity
Diagnoses of AD were confirmed based on historical medical
records where the Hanifin and Rajka criteria, one of the earliest
and most widely used standards for diagnosing AD, were used
by dermatologists [10]. Additionally, these records included
Scoring AD (SCORAD) assessments in English, a validated
and reliable measure for evaluating AD severity. SCORAD
criteria account for extent, intensity, and subjective symptoms,
with total scores ranging from 0 to 103. Based on these scores,
AD severity is classified into three categories: mild
(SCORAD<25), moderate (25≤SCORAD≤50), and severe
(SCORAD>50) [11].

ADHD
The ADHD-RS-5-Short Form is a simplified screening tool to
identify the likelihood of ADHD in children based on parent or
teacher observations [12].

Structure of the ADHD-RS-5-Short Form

The tool consists of 9 items, each representing a core ADHD
behavior. Each behavior is scored on a 4-point scale based on
frequency: 0=Never or Rarely, 1=Sometimes, 2=Often, and
3=Very Often.

Scoring and Interpretation

The sum of the scores from these 9 items ranges from 0 to 27.
A total score of 15 or higher typically indicates a high likelihood
of ADHD, suggesting further assessment if other indicators are
present. This scoring method serves as an initial screening, with
a high score warranting a comprehensive evaluation if ADHD
is suspected.

For adults, part A of the Adult Self-Report Scale (ASRS-v1.1)
was used, which comprises 6 questions. The first 4 questions
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assess inattentive (ADHD-I) symptoms, and the last 2 assess
hyperactive (ADHD-H) symptoms. Responses range from
0=never to 4=very often. Patients who selected shaded boxes
for 4 or more questions were considered to have symptoms
consistent with ADHD, indicating a positive screening result
[13]. The ASRS-v1.1 has demonstrated strong diagnostic
performance, with a reported sensitivity of 91.4% and specificity
of 96% for identifying adult ADHD cases, making it a reliable
screening tool in both clinical and research settings [14].

Covariates
The covariates in this study included gender, age, nationality,
and BMI. Gender was categorized as male or female. Age
groups were defined as children (4‐17 y) and adults (18 y and
older). Nationality was classified as either Saudi or non-Saudi;
due to the small number and heterogeneity of non-Saudi
participants, they were grouped together for analysis. BMI was
classified into three groups: normal weight (18.5‐24.9 for
adults; 15.5‐21.9 for children), underweight (less than 18.5
for adults; less than 15.5 for children), and overweight or obese
(25 or more for adults; 22 or above for children).

Data Analysis
Data were analyzed using SPSS software (version 29; IBM
Corp). Bivariate analysis was conducted by applying the
chi-square test to examine associations between categorical
variables. Logistic regression analysis was used for multiple
variable analysis to assess the influence of gender, age,
nationality, BMI, and AD severity on ADHD occurrence. A P
value of less than .05 was considered statistically significant.

Ethical Considerations
Ethical approval for this study was obtained from the
Institutional Review Board of Taibah University, Saudi Arabia
(TU-24-014), on May 15, 2024. All procedures were conducted
in accordance with the Declaration of Helsinki and relevant
national regulations. Written informed consent was obtained
from all adult participants. For participants younger than 18

years of age, written informed consent was obtained from their
parents or legal guardians. The study objectives, procedures,
data privacy protections, and estimated duration were clearly
explained to all participants prior to enrollment. Participation
was entirely voluntary, and participants were informed of their
right to withdraw at any time without penalty. All collected data
were anonymized to ensure confidentiality and stored securely
with restricted access. No financial compensation was provided
to participants for their involvement in this study.

Results

Demographic details
The study included 419 patients with AD, of whom 234 (55.8%)
were children and 185 (44.2%) were adults. Among all
participants, 239 out of 419 (57%) were female and 180 (43%)
were male, with no significant gender distribution difference
across age groups (P=.27). Most participants were Saudi
nationals (360/419, 85.9%), while 59 (14.1%) were non-Saudi
(P=.16). Regarding BMI, 21 (5%) were underweight, 304
(72.6%) had normal weight, and 95 (22.4%) were overweight
or obese. These proportions were similar between children and
adults (P=.37).

ADHD symptoms were likely in 84 out of 419 (20%) patients,
with a slightly higher occurrence among children (49/234,
20.9%) than adults (35/185; 18.9%; P=.61). ADHD was likely
in 84 out of 419 (20%) patients, with a slightly higher
occurrence among children (49/234, 20.9%) than adults (35/185,
18.9%; P=.61). AD severity also differed significantly by age
group. Among children, 192 (82.1%) had mild AD and 42
(17.9%) had moderate to severe AD, while among adults, 137
(74.1%) had mild AD and 48 (25.9%) had moderate to severe
AD (P=.048; Table 1). While AD severity differences are
reported here, they are included to provide clinical context for
interpreting ADHD symptom associations, rather than as a
primary focus of the study (Table 1).
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Table . Descriptive characteristics of patients with ADa by age groups.

P valuebAge groupsVariables

Adults (n=185), n (%)Children (n=234), n
(%)

Study population
(N=419), n (%)

.27Sex

85 (45.9)95 (40.6)180 (43)    Male

100 (54.1)139 (59.4)239 (57)    Female

.16Nationality

154 (83.2)206 (88)360 (85.9)    Saudi

31 (16.8)28 (12)59 (14.1)    Non-Saudi

.37BMI

11 (5.9)10 (4.3)21 (5)    Underweight

128 (69.2)176 (75.2)304 (72.6)    Normal

46 (24.9)48 (2.5)95 (22.4)    Overweight or obese

.61ADHDc

35 (18.9)49 (20.9)84 (20)    Likely

150 (81.1)185 (79.1)335 (80)    Unlikely

.048AD severity

137 (74.1)192 (82.1)329 (78.5)    Mild

48 (25.9)42 (17.9)90 (21.5)    Moderate to severe

aAD: atopic dermatitis.
bP values were calculated using the χ2 test.
cADHD: attention-deficit/hyperactivity disorder.

Association Between ADHD and Demographic and
Clinical Variables in Children With AD
Table 2 shows associations between ADHD and study variables
among children with AD. Among 95 male children, 23 (24%)
were likely to have ADHD, while among 139 female children,
26 (19%) likely had ADHD (P=.31). Among Saudi children
(n=206), 47 (22.8%) were likely ADHD cases, compared to 2

out of 28 (7%) non-Saudi children (P=.06). Regarding BMI, 1
out of 10 (10%) underweight children was likely to have ADHD,
compared to 37 out of 176 (21%) normal-weight children and
11 out of 48 (22.9%) overweight or obese children (P=.66).
Among 192 children with mild AD, 39 (20.3%) were likely
ADHD cases, compared to 10 out of 42 (23.8%) children with
moderate to severe AD (P=.61).
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Table . Association between ADHDa and study variables among children.

P valuebADHDVariables

Unlikely (n=185), n
(%)

Likely (n=49), n (%)Overall children
(n=234), n (%)

.31Gender

72 (75.8)23 (24.2)95 (40.6)    Male

113 (81.3)26 (18.7)139 (59.4)    Female

.06Nationality

159 (77.2)47 (22.8)206 (88)    Saudi

26 (92.9)2 (7.1)28 (12)    Non-Saudi

.66BMI

9 (90)1 (10)10 (4.3)    Underweight

139 (79)37 (21)176 (75.2)    Normal

37 (77.1)11 (22.9)48 (20.5)    Overweight or obese

.61ADc severity

153 (78.7)39 (20.3)192 (82.1)    Mild

32 (76.2)10 (23.8)42 (17.9)    Moderate to severe

aADHD: attention-deficit/hyperactivity disorder.
bP value calculated by using the χ2 test.
cAD: atopic dermatitis.

Association Between ADHD and Demographic and
Clinical Variables in Adults With AD
Table 3 presents associations between ADHD and study
variables among adult patients with AD. Among 85 male adults
with AD, 16 (18.8%) were likely ADHD cases, compared to 19
out of 100 (19%) female adults (P=.89). Among 154 Saudi
adults, 33 (21.4%) were likely ADHD cases, while only 2 out

of 31 (6.5%) non-Saudi adults were likely ADHD cases (P=.05).
Regarding BMI, 4 out of 11 (36.4%) underweight adults were
likely to have ADHD, compared to 25 out of 128 (19.5%)
normal-weight adults and 6 out of 46 (13%) overweight or obese
adults (P=.20). Among 137 adults with mild AD, 29 (21.2%)
were likely ADHD cases, while 6 out of 48 (12.5%) adults with
moderate to severe AD were likely ADHD cases (P=.19).
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Table . Association between ADHDa and study variables among adults.

P valuebADHDVariables

Unlikely (n=150), n
(%)

Likely (n=35), n (%)Overall adults (n=185),
n (%)

.89Sex

69 (81.2)16 (18.8)85 (45.9)    Male

81 (81)19 (19)100 (54.1)    Female

.05Nationality

121 (78.6)33 (21.4)154 (83.2)    Saudi

29 (93.5)2 (6.5)31 (16.8)    Non-Saudi

.20BMI

7 (63.6)4 (36.4)11 (5.9)    Underweight

103 (80.5)25 (19.5)128 (69.2)    Normal

40 (87)6 (13)46 (24.9)    Overweight or obese

.19ADc severity

108 (78.8)29 (21.2)137 (74.1)    Mild

42 (87.5)6 (12.5)48 (25.9)    Moderate to severe

aADHD: attention-deficit/hyperactivity disorder.
bP value calculated by using the χ2 test.
cAD: atopic dermatitis.

Logistic Regression Analysis of ADHD Risk Factors
in Children With AD
A logistic regression model was applied to examine the influence
of gender, nationality, BMI, and AD severity on the likelihood
of ADHD symptoms development among children with AD.
Male children with AD were 32% more likely to develop ADHD
compared to female children (odds ratio [OR] 1.32, 95% CI
0.69‐2.54; P=.40). Saudi children were 3.45 times more likely

than non-Saudi children with AD to develop ADHD (OR 3.45,
95% CI 0.76‐15.7; P=.11). Compared to children with normal
BMI, underweight children had a lower probability of
developing ADHD symptoms (OR 0.53, 95% CI 0.06‐5.00),
while overweight or obese children had a higher risk of ADHD
diagnosis (OR 1.25, 95% CI 0.57‐2.74; P=.58). Furthermore,
children with moderate to severe AD were more likely to have
ADHD symptoms (OR 1.40, 95% CI 0.6‐3.25) compared to
those with mild AD (P=.44; Table 4).
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Table . Logistic regression analysis of study variables influencing ADHDa onset among childhood patients with ADb.

P valueaORc (95% CI)dVariables

Sex

1 (reference)    Female

.401.32 (0.69‐2.54)    Male

Nationality

1 (reference)    Non-Saudi

.113.45 (0.76‐15.7)    Saudi

BMI

1 (reference)    Normal

.580.53 (0.06‐5)    Underweight

.581.25 (0.57‐2.74)    Overweight or obese

AD severity

1 (reference)    Mild

.441.4 (0.6‐3.25)    Moderate to severe

aADHD: attention-deficit/hyperactivity disorder.
bAD: atopic dermatitis.
caOR: adjusted odds ratio.
daOR was calculated by including age, gender, nationality, BMI, and AD severity.

Logistic Regression Analysis of ADHD Risk Factors
in Adults With AD
Table 5 assesses the effects of gender, nationality, BMI, and
AD severity on the development of ADHD symptoms among
adult patients with AD. Male and female adults had nearly the
same probability of ADHD symptoms (OR 0.97, 95% CI
0.45‐2.10; P=.94). Saudi adults with AD were 3.96 times more
likely to have ADHD than non-Saudi adults (OR 3.96, 95% CI
0.89‐17.7; P=.07). Compared to adult patients with AD with

normal weight, underweight adults with AD had a higher chance
of developing ADHD symptoms (OR 2.40, 95% CI 0.63‐9.17),
while overweight or obese adults had a lower risk (OR 0.58,
95% CI 0.22‐1.56; P=.20 and P=.28, respectively). Moreover,
adults with moderate to severe AD had a lower probability of
having ADHD symptoms (OR 0.54, 95% CI 0.2‐1.43)
compared to those with mild AD (P=.21). However, none of
the examined predictors showed a significant association with
ADHD symptoms development among children and adult
patients with AD.

JMIR Dermatol 2025 | vol. 8 | e74126 | p.12https://derma.jmir.org/2025/1/e74126
(page number not for citation purposes)

Molla et alJMIR DERMATOLOGY

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Table . Logistic regression analysis of study variables influencing ADHDa onset among adult patients with ADb.

P valueaORc (95% CI)dVariables

Sex

1 (reference)    Female

.940.97 (0.45‐2.1)    Male

Nationality

1 (reference)    Non-Saudi

.073.96 (0.89‐17.7)    Saudi

BMI

1 (reference)    Normal

.202.4 (0.63‐9.17)    Underweight

.280.58 (0.22‐1.56)    Overweight or obese

AD severity

1 (reference)    Mild

.210.54 (0.2‐1.43)    Moderate to severe

aADHD: attention-deficit/hyperactivity disorder.
bAD: atopic dermatitis.
caOR: adjusted odds ratio.
daOR was calculated by including age, gender, nationality, BMI, and AD severity.

Discussion

Principal Findings
This study aimed to investigate the association between AD
and ADHD in the Saudi population. The findings revealed that
20% of patients with AD were likely to have ADHD symptoms,
with slightly higher proportions among children (49/234, 20.9%)
compared to adults (35/185, 18.9%). Notably, AD severity
varied significantly between age groups, with moderate to severe
AD observed more frequently in adults (48/185, 25.9%) than
in children (42/234, 17.9%). However, logistic regression
analyses showed no statistically significant associations between
ADHD and gender, nationality, BMI, or AD severity in either
age group. These findings align with the study objectives to
explore the strength of association between AD and ADHD
symptoms while accounting for patient demographics and
clinical factors.

This study contributes novel data from the Saudi population,
where research on the co-occurrence of AD and ADHD is
currently limited. The inclusion of a large, diverse sample and
the use of validated tools for assessing both AD severity
(SCORAD) and ADHD symptoms (ADHD-RS-5 and ASRS)
enhances the reliability of the findings. Additionally, the
multicenter design strengthens the study’s representativeness
and generalizability within Saudi Arabia.

The potential link between AD and ADHD symptoms has been
increasingly explored in recent studies, with multiple hypotheses
proposed to explain this association. One leading theory suggests
that systemic inflammation plays a pivotal role in both
conditions. Chronic immune dysregulation in AD, particularly
the overactivation of Th2-mediated pathways and elevated levels
of cytokines such as IL-4, IL-13, and TNF-α, has been

implicated in neuroinflammation, which may contribute to
ADHD pathogenesis. Studies have shown that children with
AD exhibit higher levels of circulating inflammatory markers,
which could influence neurodevelopmental processes and
neurotransmitter regulation, particularly in dopaminergic
pathways linked to ADHD symptoms [15,16]. Additionally,
dysregulated sleep patterns, commonly observed in AD due to
persistent pruritus, could further impact cognitive function,
emotional regulation, and attentional control, exacerbating
ADHD symptoms [4].

Another plausible explanation involves the gut-brain-skin axis,
which has gained increasing attention in recent research.
Alterations in the gut microbiome composition have been linked
to both AD and ADHD, suggesting that microbial dysbiosis
may serve as a shared pathophysiological factor. Studies have
reported reduced microbial diversity and an imbalance in
short-chain fatty acid-producing bacteria in both AD and ADHD
populations, which may lead to increased intestinal permeability,
systemic inflammation, and neurodevelopmental disturbances
[17-19].

The results of this study are consistent with findings from
previous research, including a US-based study that identified a
higher prevalence of ADHD among children with eczema,
particularly those with moderate to severe cases [20]. Another
study found that ADHD symptoms were more common among
children with eczema, highlighting potential shared
inflammatory or neurological pathways [21]. Similarly, a
German study emphasized the association between moderate
to severe AD and mental health issues, although it focused
primarily on adolescents [22]. Finally, a Mendelian
randomization analysis suggested potential bidirectional causal
relationships between AD and psychiatric disorders, further

JMIR Dermatol 2025 | vol. 8 | e74126 | p.13https://derma.jmir.org/2025/1/e74126
(page number not for citation purposes)

Molla et alJMIR DERMATOLOGY

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


supporting the complex interplay between these conditions [23].
These comparisons validate the relevance of our findings while
highlighting differences that may be attributed to cultural,
genetic, or methodological factors.

While this study provides valuable insights into the Saudi
population, its findings may have limited generalizability to
other settings due to cultural, environmental, and genetic
differences. The notably higher prevalence of AD in Saudi
Arabia (13%) compared to the global average (5%) may reflect
unique population-specific risk factors [3]. Additionally, the
absence of a control group without AD limits our ability to
directly compare the prevalence of ADHD symptoms between
patients with AD and the general population. The use of
validated screening tools rather than formal clinical diagnostic
assessments may also result in over- or underestimation of true
ADHD prevalence. Furthermore, several key sociodemographic
variables—such as income level, employment status, and
psychological well-being—were not collected. Their omission
limits our ability to examine broader psychosocial influences
on ADHD symptom expression in patients with AD. These
factors should be addressed in future studies to strengthen
interpretability and generalizability.

Future research should focus on prospective longitudinal studies
to better establish causal relationships between AD and ADHD,
examining how AD progression or treatment interventions
influence ADHD symptoms over time. Exploring genetic
markers, inflammatory cytokines, and microbiome alterations
in affected individuals may also provide deeper mechanistic

insights. Furthermore, studies assessing the impact of AD
treatment on ADHD symptomatology could help inform
integrated management approaches for patients with coexisting
dermatological and neurodevelopmental conditions.

Conclusions
This cross-sectional study provides important insights into the
potential association between AD and ADHD in the Saudi
population. Our findings indicate that 20% of patients with AD
are likely to have ADHD, with a slightly higher prevalence
among children than adults. While no significant associations
were found between ADHD and demographic or clinical factors
such as gender, nationality, BMI, or AD severity, the study
underscores the need for heightened clinical awareness of
ADHD symptoms in patients with AD. Given that AD
prevalence in Saudi Arabia exceeds global averages, these
findings highlight the importance of integrating
neurodevelopmental screening into dermatological care.

The growing evidence linking AD to neuropsychiatric disorders
suggests shared inflammatory, neuroimmune, and sleep-related
mechanisms that warrant further exploration. Future longitudinal
studies should aim to establish causality, assess the impact of
AD treatments on ADHD symptoms, and investigate potential
biomarkers that may mediate this relationship. Understanding
these interactions could pave the way for personalized treatment
strategies that optimize both dermatologic and
neurodevelopmental outcomes, ultimately improving the quality
of life for affected individuals.
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ASRS: Adult Self-Report Scale
OR: odds ratio
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Abstract

Background: Evidence that artificial intelligence (AI) may improve melanoma detection has led to calls for increased human-AI
collaboration in clinical workflows. However, AI-based support may entail a wide range of specific functions for AI. To
appropriately integrate AI into decision-making processes, it is crucial to understand the precise role that clinicians see AI playing
within their clinical deliberations.

Objective: This study aims to provide an in-depth understanding of how a range of clinicians involved in melanoma screening
and diagnosis conceptualize the role of AI within their decision-making and what these conceptualizations mean for good
decision-making.

Methods: This qualitative exploration used in-depth individual interviews with 30 clinicians, predominantly from Australia
and New Zealand (n=26, 87%), who engaged in melanoma detection (n=17, 57% dermatologists; n=6, 20% general practitioners
with an interest in skin cancer; and n=7, 23% melanographers). The vast majority of the sample (n=25, 83%) had interacted with
or used 2D or 3D skin imaging technologies with AI tools for screening or diagnosis of melanoma, either as part of testing through
clinical AI reader studies or within their clinical work.

Results: We constructed the following 5 themes to describe how participants conceptualized the role of AI within decision-making
when it comes to melanoma detection: theme 1 (integrative theme)—the importance of good clinical judgment; theme 2—AI as
just one tool among many; theme 3—AI as an adjunct after a clinician’s decision; theme 4—AI as a second opinion for unresolved
decisions; theme 5—AI as an expert guide before decision-making. Participants articulated a major conundrum—AI may benefit
inexperienced clinicians when conceptualized as an “expert guide,” but overreliance, deskilling, and a failure to recognize AI
errors may mean only experienced clinicians should use AI “as a tool.” However, experienced clinicians typically relied on their
own clinical judgment, and some could be wary of allowing AI to “influence” their deliberations. The benefit of AI was often to
reassure decisions once they had been reached by conceptualizing AI as a kind of “checker,” “validator,” or in a small number
of equivocal cases, as a genuine “second opinion.” This raised questions about the extent to which experienced clinicians truly
seek to “collaborate” with AI or use it to inform decisions.
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Conclusions: Clinicians conceptualized AI support in an array of disparate ways that have implications for how AI should be
incorporated into clinical workflows. A priority for clinicians is the conservation of good clinical acumen, and our study encourages
a more focused engagement with users about the precise way to incorporate AI into the clinical decision-making process for
melanoma detection.

(JMIR Dermatol 2025;8:e63923)   doi:10.2196/63923

KEYWORDS

artificial intelligence; melanoma; skin cancer; decision-making; decision support; qualitative; attitudes; dermatologists; general
practitioners; melanographers; Australia; New Zealand

Introduction

Background
Timely access to accurate, cost-effective melanoma screening
and diagnosis is an ongoing area of health care priority,
particularly given that early treatment of melanoma is associated
with the most favorable patient outcomes. The current detection
paradigm relies heavily on clinician examination assisted by
dermoscopy; therefore, accuracy is variable depending on the
clinician’s level of experience and their personal risk threshold
for performing a biopsy. Integrating artificial intelligence (AI)
with 2D or 3D skin imaging technologies into clinical workflows
and decision-making processes may improve melanoma
detection in a number of ways. A growing number of studies
indicate that, under experimental conditions, AI can correctly
identify images of malignant lesions with a level of diagnostic
accuracy that exceeds, or is at least comparable to, expert
dermatologists [1-4]. AI may help to identify new or changing
lesions in patients at high risk when lesion-specific or full-body
images are taken sequentially or help to triage patients by
identifying suspicious lesions that require more focused clinical
assessment by dermatologists [5,6]. While regulatory approval
and the integration of AI tools for melanoma diagnosis is not
yet a widespread part of dermatological practice, some AI tools
are being used in public and private health care settings in
several countries to triage patients by identifying suspicious
lesions that require more focused clinical assessment by
dermatologists. For example, the Deep Ensemble for
Recognition of Malignancy (DERM) AI device is approved for
use in the United Kingdom and designed to be used for
“screening, triage, and assessment of skin lesions” as well as
to provide a “suggested diagnosis and referral recommendation”
[6]. Using AI for these purposes may improve the efficiency of
melanoma detection and increase population access to
dermatological assessment, particularly as improvements in the
precision of imaging technology and convolutional neural
networks allow for more machine autonomy in decision-making,
thereby changing or creating new clinical paradigms in
melanoma detection.

Calls for human-AI collaboration in melanoma detection are
based on the view that “AI-based support of clinical
decision-making improves diagnostic accuracy over that of
either AI or physicians alone” [7], and the dominant narrative
is that AI should ideally be integrated into clinical workflows
in a way that “assists” and “supports” clinical decision-making
about skin cancer detection [1-3]. However, there is no
consensus on how this integration ought to occur nor how or

where in the process AI should be used by clinicians to make
better decisions. For example, the way AI output is used and
regarded may depend on whether it is referred to before or after
the clinicians have made their own assessment. Furthermore,
the use of AI as part of melanoma screening and diagnosis also
strongly depends on clinicians’ acceptance of the technology.
Therefore, understanding clinician views regarding the
incorporation of AI into decision-making is crucial for
developing appropriate clinical workflows (eg, a widespread
melanoma screening program). To date, a small number of
surveys with dermatologists and general practitioners (GPs)
across several countries have provided broad level snapshots
of overall inclinations toward the use of AI (Al-Ali et al [8],
Nelson et al [9], Patrzyk et al [10], Polesie et al [11], Scheetz
et al [12], Shen et al [13], Wei et al [14], and Samaran et al
[15]). These surveys have generally reported favorable attitudes
toward the potential for AI to positively impact dermatological
practice in the future [11] as well as a perception that using AI
may improve the efficiency of melanoma detection as the
precision of imaging technology improves [12]. Studies using
qualitative methods, such as focus groups, have allowed for
more in-depth descriptions of clinician views on the potential
benefits, barriers, and preconditions of using AI for skin cancer
detection [16] in ways that elicit more detailed information
about the reasoning and beliefs underlying clinician attitudes.
Currently, this level of empirical detail is scarce when it comes
to understanding the precise role that clinicians see AI playing
within their clinical deliberations and how they think AI output
ought to be used to inform their own decisions so that any
potential benefits of AI can be wholly realized.

The extent to which AI is seen as helpful for making good
decisions outside of experimental settings may vary markedly
according to the clinical setting, user, and purpose [17,18].
Therefore, a more in-depth investigation of how clinicians
conceptualize the specific way AI may be used within their
actual decision-making process is needed, as is a more direct
assessment that seeks to learn from the actual experiences
clinicians may have already had with AI in dermatology. This
does not only apply to dermatologists. In countries with high
prevalence rates of melanoma, such as Australia and New
Zealand [19], skin cancer diagnosis is conducted by
dermatologists and GPs, (including those with a special interest
in skin cancer), and screening may be conducted by other
clinicians such as melanographers (skin imaging technicians
who often have a background in nursing).
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Objectives
In recognizing the importance of this practice-driven approach,
this study uses in-depth individual interviews with a range of
clinicians involved in melanoma detection (dermatologists, GPs,
and melanographers) to understand how they conceptualize and
view the role of AI within their decision-making and what these
conceptualizations mean for good decision-making when
detecting melanoma. By drawing on the experiences that
clinicians have already had with AI where possible, this
understanding will help clinical groups, policy makers, and AI
developers to respond to the needs of clinicians involved in the
detection of melanoma when it comes to AI use.

Methods

Participants and Recruitment
This qualitative study used in-depth individual interviews to
explore clinicians’ experiences with and views about using AI
to detect melanoma. Melanoma is detected by either (1)
screening asymptomatic patients for suspicious lesions and
identifying new or changing lesions or (2) correctly diagnosing
malignant lesions that the patient seeks advice about. We
recruited a cohort of clinicians who regularly conduct skin
cancer examinations, including dermatologists, GPs with an
interest in skin cancer, and melanographers. We sought
participants who had familiarity with AI use in the clinical
setting or as part of research (but did not exclude those without
experience with AI). Participants were recruited through
purposive sampling from the authorship group’s network of (1)
scientific contacts in melanoma research in Australia and New
Zealand (including the Australian Centre of Excellence in

Melanoma Imaging and Diagnosis, currently one of the largest
melanoma cohort studies worldwide using 3D total body
imaging for melanoma early detection) and (2) professional
clinical contacts in Australia and New Zealand including GPs,
melanographers, and fellows and trainees of the Australasian
College of Dermatologists (the peak professional body for
dermatologists in Australia and New Zealand). An initial group
of potential participants was contacted via email, and additional
prospective interviewees were contacted on the recommendation
of participants themselves through “snowball” recruitment.

The final sample comprised 30 participants: 17 (57%)
dermatologists, 6 (20%) GPs with a special interest in skin
cancer, and 7 (23%) melanographers (refer to Table 1 for further
sample demographics). A total of 26 (87%) participants were
from Australia and New Zealand; 4 (13%) participants from
Chile, Greece, the United States, and the United Kingdom were
recruited through snowball sampling. The vast majority of the
sample (n=25, 83%) had interacted with or used 2D or 3D skin
imaging technologies with AI tools for screening or diagnosis
of melanoma, either as part of experimental testing (or through
clinical AI reader studies) or within their clinical work.
Dermatologists and GPs in the sample collectively had
experience with AI tools for predicting likely diagnosis,
detecting lesion change, and screening. The melanographers in
the sample had clinical experience with AI tools to screen
lesions for melanoma (ie, identifying suspicious lesions in need
of referral to a dermatologist). The most commonly nominated
AI tools used by participants were part of imaging platforms
provided by FotoFinder (FotoFinder systems, Inc), DermEngine
(MetaOptima), Canfield (as part of 3D total body photography;
Canfield Scientific Inc), and MoleMap.

Table 1. Demographics.

Total sample (n=30)Melanographers (n=7)General practitioners (n=6)Dermatologists (n=17)

Gender, n (%)

14 (47)0 (0)4 (66)10 (59)Men

16 (53)7 (100)2 (33)7 (41)Women

43.7 (6.4; 32-72)34.7 (10.3; 26-49)52.1 (12.2; 33-72)44.5 (7.7; 32-60)Age (y), mean (SD; range)

11.4 (2.5; 1-30)4.6 (4.9; 1-15)13.8 (5.6; 5-20)14.1 (7.7; 1-30)Experience (y), mean (SD; range)

25 (83)7 (100)4 (66)14 (82)Experience with artificial intelligence,
n (%)

Data Collection and Analysis
All interviews were conducted by the first author (BP) via a
video link between October 2023 and February 2024, with 2
(7%) of the 30 participants providing written input instead of
an interview. The average duration of interviews was
approximately 45 minutes, and interviews were digitally
recorded with the participant’s consent and transcribed. A
semistructured interview schedule developed by the research
team was used to guide discussion on several areas, including
experiences with skin imaging technologies and decision-making
with AI tools, expectations for the use of AI as part of
decision-making, clinician trust, and potential barriers and
enablers of AI use in various clinical workflows.

Using a critical realist stance, we conducted a thematic analysis
of transcripts by drawing on the template analysis approach to
structure data coding [20,21]. BP read through all interview
transcripts for familiarization. BP and NG then started
preliminary coding of the data (using a process familiar across
all forms of thematic analysis whereby the researcher identifies
and “labels” text that may contribute to understanding of the
topic; this is described by King et al [21]) by (1) reading through
the first 6 interview transcripts together, (2) inductively coding
these transcripts for meaning independently, and (3)
collaboratively discussing shared interpretations and impressions
where diverging views were settled via open discussion. We
chose not to make use of a priori themes to guide coding and
favored an inductive approach to the development of initial
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themes by identifying clusters of shared meaning across
interviews. Early in the process of clustering, we identified how
conceptualizations of AI were often linked to the way
participants talked about “positioning” AI in the
decision-making process, and this helped to formulate initial
themes. As described in the study by King et al [21], this
clustering also allows the development of potential “integrative
themes,” that is, themes that permeate other clusters of meaning.
We generated the integrative theme of “the importance of good
clinical judgement” given the way it infused how AI was
conceptualized throughout. The first iteration of a coding
structure, with initial themes related to good clinical
decision-making and the use of AI, was constructed and then
applied to the whole dataset, undergoing several refinements,
where necessary, to identify how meaningfully it captured the
data. At its core, refinement of themes entails repeatedly going
back to interview transcripts and “testing” how well the thematic
descriptions capture meaning. Here, refinement typically
entailed adjusting the wording of themes for clarity in order to
ensure precise capture of the data. This process ensured
continuous engagement with the data. Construction of themes
was then solidified with all authors contributing to the final data
interpretation.

Ethical Considerations
This study was approved as low or negligible risk research by
the University of Queensland Human Research Ethics
Committee (2023/HE001714). All participants provided
informed consent to participate and had the ability to opt out.
Participants were not provided with compensation or incentives
to participate. Data have been deidentified.

Results

Overview
To describe how participants viewed the role of AI within
decision-making when it comes to melanoma detection, we
constructed the 5 themes. There were 4 main themes and 1
integrative theme (refer to Multimedia Appendix 1 for an outline
and additional representative excerpts for thematic context and
interpretive validity): theme 1 (integrative theme)—the
importance of good clinical judgment; theme 2—AI as just one
tool among many within the process of decision-making; theme
3—AI as an adjunct after a clinician’s decision; theme 4—AI
as a second opinion for unresolved decisions; theme 5—AI as
an expert guide before decision-making.

The integrative theme explained how participants conceptualized
arriving at good decisions through the development and display
of good clinical judgment; in this context, although AI could
be accurate, it often lacked contextual awareness. This was the
reference point through which participants discussed their views
on incorporating AI. It provided a link to the 4 main themes
that described the ways participants then conceptualized AI
within the decision-making process when screening for or
diagnosing melanoma.

Theme 1 (Integrative Theme): The Importance of Good
Clinical Judgment
This theme provided a link to the other 4 main themes by
encapsulating how participants conceptualized arriving at good
decisions when detecting melanoma through the development
and display of good clinical judgment, “acumen,” or “nous.”
This was endorsed as one of the hallmarks of being a good
clinician that leads to accurate decisions and optimal patient
outcomes. Across the accounts of dermatologists, GPs, and
melanographers alike were indicators of clinical astuteness, in
particular (1) seeking information from multiple sources, (2)
being able to see the broader clinical picture and consider
contextual factors, (3) synthesizing and balancing the
information that has been gleaned, and (4) applying it accurately
to individual patients with their benefit in mind. For example,
one participant said the following:

I think putting all these little clues together is part of
the point, and each thing gives you a little bit of
incremental information when you have to use your
judgment, too, of how you weigh bits of information
to make a decision. And then you have to also make
decisions about how you rate information in terms of
what the patient will consider acceptable practice.
[ID07, dermatologist]

Being a good clinician meant knowing which pieces of
information are truly relevant in each specific case and what
clinical importance to assign them:

...when you have to manage a patient, you don’t just
see a dermoscopy image and say, “okay, it’s
melanoma or it’s a dysplastic nevus.” You take into
account so many different factors. There are so many
variables that we consider when we have to offer a
specific management to the patient. [ID01,
dermatologist]

It was through the practice of repeatedly making decisions for
oneself that clinicians developed expert clinical acumen when
it comes to melanoma detection, whereas new and inexperienced
clinicians tended to “get stuck on one feature” (ID07,
dermatologist) and failed to incorporate enough information
from multiple sources.

In this context, participants described AI as impressive when
arriving at accurate decisions, but the limitations of AI as a
“decision-maker” arose because “AI can’t put the lesion into
the context of the patient” (ID08, GP). Participants often noted
“respect” for accurate AI programs and anticipated considerable
improvements in accuracy in the future (“when put under the
pressure you can see, wow this AI is fast and pretty accurate!
So after that, I had a lot of respect.” [ID12, dermatologist])
while also highlighting that AI is trained to recognize images
of lesions and make decisions in a way that is entirely different
from the way clinicians use their acumen to make good decisions
with real patients. For example, one of the dermatologists said
the following:

It’s looking at an image. We’re not looking at image.
This is a completely artificial way of looking at our
job...We’re looking at a patient who has 100 lesions,
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and we’re putting so many of their risk factors in the
question. [ID17, dermatologist]

While an accurate AI might come to a correct decision, often
the issue for participants was being aware that AI could have
little clinical acumen or “nous” and make errors that would be
unusual for an expert. This created a need for clinicians to
maintain a kind of vigilance against accepting AI output as
though it simply reflects the product of good clinical judgment:

...there’s still a lot of human interaction which goes
into clinical decision formulation and management
planning, which I think is not yet incorporated in AI
appropriately, satisfactorily. [ID07, dermatologist]

One highly experienced melanographer summed this up by
saying the following:

...that’s something that AI can’t do. It can’t grab that
patient, the background, at this point anyway. How
long has it been there? Is it coming and going? Were
you aware of it? What does it feel like? From an
actual physical touch is it rough, is it raised, is it soft,
is it squishy. Then from the patient experience is it
sore, is it tender, it is itchy? [ID16, melanographer]

This impacted the way participants went on to conceptualize
and navigate their interactions with AI tools, trust AI’s output,
and position AI within their own decision-making process:

The main question is: will the clinicians become better
from using the AI or not? [ID03, dermatologist]

This conceptualization of good clinical judgment and acumen
informed the themes described subsequently.

Theme 2: AI as Just One Tool Among Many Within
the Process of Decision-Making
This theme encapsulated a view of AI as a “tool” for
consideration when forming decisions rather than AI as a
“decision maker” per se. In this light, viewing AI output as
simply one piece of information to be synthesized meant that
good decision-making on the part of clinicians required knowing
how or perhaps whether to refer to AI output in the course of
reaching a decision:

Every field of medicine, as technology improves, if
you don’t use it well then you have to say why not?
So this is no different. Just another tool. It’s just a
more difficult tool to interpret. [ID13, dermatologist]

But crucially, doing this well was largely dependent on
clinicians already having well-developed expertise in order to
be judicious in how they interpreted AI output as an
“incremental” piece of information (“...a useful tool for an
intelligent doctor who knows its limitations” [ID08, GP]). For
example, using an AI tool that detects small changes in a lesion
over time still requires the clinician to have the expertise to
know which change is clinically important for real patients:

It [AI] detects change, but it detects every little
change...and in the end we manually compare their
sequential images and we turn off all the AI, because
it circles so many things. It’s just a pain. [ID07,
dermatologist]

As such, these clinicians were careful not to assign more weight
to AI output than it deserved:

I never base solely on AI...So, I never say “AI said
this, so I’ll do this.” No, never. [ID21, dermatologist]

This served to highlight how the development and
implementation of expert clinical acumen was an inherently
important part of making good decisions when this involved
conceptualizing AI as one tool among many:

Look the way I perceive it [AI] would be an
incremental step so...but it doesn’t replace taking the
history, examining the patient, selecting my lesions,
it will give me one incremental piece of information
in the specific investigations required. [ID07,
dermatologist]

By conceptualizing AI as “simply a tool” that may add one
piece of information to be synthesized, often the key question
for highly experienced clinicians was whether this tool then
added any information beyond what they could already glean
through their own good clinical acumen or “nous” to assist in
the formation of a decision. As such, many experienced
participants in this study felt they did not need the information
from an AI tool to help inform their decisions:

...de novo interpretation of a particular lesion is
where the AI can be helpful, but I don’t believe it
helps with someone that already has quite a
considerable amount of training in lesions. [ID11,
dermatologist]

One GP with considerable familiarity with AI described the
experience when receiving information from AI tools currently
being developed in research settings:

To be honest, I’ve used this for a number of years,
and I don’t often find anything new with it...if you’re
a really good dermoscopist, what we’re finding with
our data is that the GPs are better than the AI here.
We’re finding melanomas smaller and earlier than
the AI is. [ID02, GP]

It is not that participants invariably expected AI would be wrong
in any given instance (some AI tools could certainly be
accurate), rather their wariness was precisely because they knew
AI does not incorporate the entire scope of information that
expert human clinicians ordinarily make use of. It was because
clinicians could not always anticipate being able to relate to AI
on the common ground of good clinical acumen (eg, experience,
ability to synthesis a wide range of information, and ask
questions) that some spoke about their need to better understand
exactly how AI arrived at decisions, so they could anticipate
how AI output could be incorporated as one piece of information
into their deliberations:

If someone is coming with an AI, I need to understand
where to place it, and the training and testing of the
data set, so I can see if my things are the same as
what they’ve been doing. I need to understand the
data, how they’ve been taking their images, how they
designed the algorithm, how they’ve been processing
their images, if there was some process, and then of
course, I need all the metrics. I need the clinical
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validation. I need to have that in my work flow, with
my patients, and so I need to know if it has a good
sensitivity and specificity, and all the performance
metrics...I need to know the limitations, because there
are always limitations. [ID17, dermatologist]

Theme 3: AI as an Adjunct After a Clinician’s Decision
Participants often described the value of AI as a source of
reinforcement for the decisions they had already made when
screening patients for suspicious lesions or diagnosing
melanoma. Participants talked about AI by framing it as an
“adjunct” or “auxiliary” when it comes to doing skin checks,
inspecting individual lesions or diagnosing melanoma. For
instance, “I would still be using my clinical acumen and still
would be doing skin checks and using this as an adjunct” (ID09,
GP). More specifically, participants across clinical groups
explained how they were often inclined to position AI after they
had engaged in their clinical decision-making because this
allowed them to first enact their own good clinical acumen and
then use output from AI tools to “validate” this. Importantly,
this was even when clinicians felt confident in their decision.
For instance, two melanographers described the following:

...mostly I find it confirms, more than changes, what
I’m doing...It’s more supporting and confirming.
[ID15, melanographer]

I make my decision, and I know in myself “I think it’s
this.” I pop the AI on and then it’s a nice
confirmation. Hypothetically, maybe it’ll catch
something I didn’t think of, but if you’ve done the first
part right, that shouldn’t be happening. [ID20,
melanographer]

Participants described how seeking to use AI for confirmation
and reassurance after they had made a decision was different
from seeking out information from AI to help form their initial
decision (as seen in theme 2). When formulated as a “checker,”
experts were not necessarily seeking out AI’s “opinion” to help
them make the actual decision (eg, “Is this lesion suspicious?”
“Is this lesion change worrying?” and “Should I biopsy this
lesion?”), rather, they were seeking out validation for the
decisions they had made. For instance, a melanographer who
had used an AI tool for screening lesions said the following:

I definitely like it as a tool to cross-check my
work...Often, even not so much to get AI’s opinion. I
suppose I use AI to validate and reinforce some of
the decisions that I’ve already made. Often, I’ll
already have assessed something on the skin. [ID24,
melanographer]

Indeed, participants from all 3 clinical roles described how they
enjoyed the feeling of seeing AI tools confirm their good clinical
acumen (“I quite like it when AI agrees with me” [ID24]). One
dermatologist said the following:

Whenever I think something’s benign, AI reassures
my decision. [ID21, dermatologist]

They felt it reinforced their good clinical acumen and gave them
confidence in their decision-making, particularly in the context
of feeling anxious about the prospect of failing to detect a
melanoma:

If you want me to give you a take home point from
my use, it would be just confidence changes, but that’s
it. [ID21, dermatologist]

This was also the case for melanographers when examining
patients with a large number of unusual looking lesions, where
AI was described as being like “a reassuring little friend in
clinic” (ID20, melanographer). Participants described how one
advantage of incorporating AI as a “checker” was that it helped
clinicians to be vigilant when assessing patients. AI was not
making decisions before or in lieu of the application of a
clinician’s own good judgment, rather, when the AI tool
“flagged” a lesion, the clinician saw it as an exhortation to
ensure they had thoroughly applied their own good clinical
judgment in the first place:

If I knew the AI would insist on me looking at it, that
would be good. [ID10, dermatologist]

It was an invitation to “double check,” confirm their own
decision, and be reassured, as described by a dermatologist:

...it makes you more vigilant, which is only a good
thing. So long as you manage that balance well, where
it doesn’t turn into paranoia. [ID22, dermatologist]

Theme 4: AI as a Second Opinion for Unresolved
Decisions
In a small number of cases where highly experienced clinicians
were still genuinely unsure about a definitive diagnosis after
they had applied their clinical judgment, they described seeking
out AI for a “second opinion” (“...look in truth, I do look at it
quite often if I’m not sure about something, and if I’m
vacillating” [ID07, dermatologist]). Participants across all 3
clinical groups likened this specifically to the way they would
apply due clinical diligence by seeking out one of their
colleagues for a second opinion, which is a familiar practice for
clinicians. For instance, one melanographer said the following:

I only use it for things that I’m not sure about. Yeah,
that’s probably where my years of experience come
in. [ID15, melanographer]

Importantly, though, there were varying accounts of whether
seeking a second opinion from AI in this way was akin to
seeking out a colleague with more expertise, a peer, or perhaps
a “less expert colleague.” For some, AI could be a second
opinion with great decision-making capacity by virtue of it
having access to a large training dataset:

Having the AI is just like having another person in
the room. It’s actually swarm intelligence. [ID08,
GP]

Whereas for others, the current state of AI meant that its opinion
was perhaps not as authoritative:

I can tell you, I’ve used the AI and then second
guessed myself. I think that’s what it’s there for. It is
like having a second opinion from a colleague, if you
like, but again, one that’s not validated. One that’s
not ready. A less expert colleague, perhaps. [ID22,
dermatologist]
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For some highly experienced clinicians, the fact that their
clinical acumen still left them with a degree of uncertainty about
a lesion was often reason enough for them to decide on the most
cautious course of action (eg, biopsy or excision), regardless of
the AI’s second opinion:

I would use that only for an additional opinion you
know the same way I use my colleague’s opinion when
I am not sure about a lesion of concern. If there’s a
discordance between us I think I just do what I feel.
I would do the same with AI. If the AI says this is
benign, and I still feel that this is not benign, or it is
something that must be excised, I would go for the
excision. [ID01, dermatologist]

Others thought using AI as a second opinion for equivocal
lesions may help them prevent biopsy or excision if it allowed
them to incorporate some insights that would lead to a more
precise diagnosis rather than simply reverting to caution. This
might help reduce the removal of benign lesions when it is not
needed and be to the patient’s benefit. For instance, one
melanographer said the following:

...as long as it’s accurate, as accurate as it can be, I
don’t really see any disadvantage of having a second
opinion right in front of us. Yeah, I think that it’s more
thorough and more accurate if you have the person,
myself, and then a system to help you as well. [ID19,
melanographer]

Theme 5: AI as an Expert Guide Before
Decision-Making
The prospect of patients receiving unbeneficial treatments or
melanoma diagnosis being missed was a salient concern:

The worst thing is you have an inexperienced
practitioner and they cut stuff out that doesn’t need
to be cut out and they’ve actually missed the
important thing. [ID04, dermatologist]

With this in mind, a number of participants thought that AI
output could potentially act as an “expert guide,” for example,
when screening for suspicious lesions:

For non-dermatology practitioners, so GPs and other
health care specialists, AI tools may improve the
identification of suspicious lesions or otherwise the
reassurance of lesions that are completely benign.
[ID01, dermatologist]

But importantly, the prospect of clinicians referring to AI output
before they had thoroughly engaged in their own
decision-making (or in place of a clinician engaging in
decision-making) was also predicted to be “to the detriment of
the patient” (ID08, GP) if it inclined clinicians to de-emphasize
or set aside the need for “good clinical acumen.” It was seen as
a “short cut” that could leave clinicians susceptible to error
through overreliance on AI and deskilling:

...if you are not as good at seeing melanomas, then
AI may help you to do that. But it could easily provide
false reassurance because we know it doesn’t always
pick them up. And it could lead to reliance on AI and

deskilling, and that’s my concern. It’s not a substitute
for good clinical acumen. [ID02, GP]

At stake was the distinction between using good clinical
judgment to incorporate information from AI into one’s
decision-making (“interpreting” information from AI as part of
making one’s decision as seen in theme 2) and actually allowing
one’s clinical judgment to be “influenced” by AI in a way that
detracts from displaying good clinical acumen. Given that there
was widespread recognition that good clinical acumen involved
making a considered judgment based on many sources of
information, some explained the value of making a conscious
effort not to use AI as an expert guide. Some participants
described the importance of ensuring their initial
decision-making was not influenced by AI at all, so that they
were not being “told what to do” by AI, but rather retaining
autonomy in their decision-making. For example, one GP with
considerable experience with AI tools as part of research said
the following:

Every patient we reviewed them with a dermatoscope
prior to doing any AI analysis...we very, very
deliberately take logistical steps [to do that]. [ID02,
GP]

That is, it was important to first form one’s own assessment
before attempting to incorporate information from AI as a tool
into the decision-making process:

If you click an AI button before you’ve made your
assessment, you won’t actually get a real idea what
you’re thinking what the lesion was. It’ll actually
adversely influence your decision-making process.
[ID13, dermatologist]

Others similarly cautioned against the temptation to use AI to
guide their decision-making (rather than “confirm” or “validate”
their decision-making) by likening it to “the ultimate shortcut
for people to not learn stuff” (ID12, dermatologist) or “an excuse
for not becoming an expert yourself” (ID08, GP). For instance,
3 experienced melanographers noticed the way new trainees
were using an AI tool for screening suspicious lesions:

I don’t know that it’s a good idea, in new
melanographers. I really think you need to sort of
trust your instincts and use your knowledge in the
beginning to really know what you’re looking at.
We’ve had a couple of new people start with that (AI),
and I guess they rely quite heavily on it. [ID15,
melanographer]

So we have someone here who is newer and she was
saying you could definitely, as a new, person doing
this rely on AI without having the training, and the
experience. And so it’s getting that balance, I suppose,
between the experience and not totally relying on it.
[ID16, melanographer]

I notice the new nurses, they’re using it definitely as
their guidance. Whereas I almost use it to just
reinforce my decisions. I think at this point I definitely
tend to have made my decision up already. [ID24,
melanographer]
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Participants thought that if inexperienced clinicians (whatever
their clinical role) used AI tools as a guide to melanoma
detection without developing and exercising their own clinical
acumen, then although they may at times benefit from AI’s
accuracy, they may also be prone to reinforcing errors arising
from AI’s lack of acumen. As such, this led some participants
to the view that, in the hands of inexperienced clinicians, using
AI as a guide was likely to be a mistake, hence perhaps AI tools
ought to be considered “expert only” devices:

At the beginning we thought that it will be a tool that
will be a significant help for non-experienced users,
but for experts, okay, it’s not so important. I’ve started
to believe it is the opposite. You have to be quite good
in order to be able to deal with the strange decision
making that the machine makes, and to understand
when you should follow and when you should ignore
what the machine is saying. This requires quite a lot
of confidence and experience. An inexperienced user
is prone to fall in all the traps that might happen when
you use these tools. [ID23, dermatologist]

The prospect of using AI as part of screening or triage of patients
to filter out benign lesions (the task of melanographers) was
alluring for a number of dermatologists and GPs who thought
this may increase their efficiency. However, many participants
were also skeptical that the current AI tools were sufficiently
accurate to wholly defer to as an expert guide in this
decision-making. Indeed, several melanographers in this study
talked specifically about the dangers of inexperienced clinicians
overrelying on AI by using it as though it were an “expert guide”
for lesion screening. What is instructive is that some
melanographers in this study, with access to AI as part of lesion
screening, gave credence to this view:

I think I rely on it [AI]. I do. Yeah, I think I relied on
it like the most when I first started, but I think as you
like learn more and see more skin and see more like
diagnoses, I think slowly you start—I don’t rely on it
as much anymore, but I definitely still rely on it.
[ID19, melanographer]

This also lent support to the view that using AI as an expert
guide may “deskill” clinicians, by limiting opportunities to enact
good clinical acumen. For instance, one melanographer talked
about remaining vigilant and not to overrely on AI in a way that
might atrophy her good clinical acumen:

What if tomorrow we stopped using it [AI]? Will I
lose my clinical skills?... sometimes I think to myself
at the end that’s why I stay quite cautious. [ID20,
melanographer]

This concern was echoed by other participants who foresaw the
prospect that positioning AI as a guide to decision-making may
invariably impair their good clinical acumen. Again, this is an
acknowledgment that AI tools can be potentially useful or
helpful but not if they are used in ways that detract from
developing good clinical acumen, as described by a
dermatologist:

Maybe our human expertise lowers a bit, or gets a
bit impaired, that we have the (AI) support. And we’ve

trusted so much that we stopped developing ourselves.
[ID03, dermatologist]

Discussion

Principal Findings
A prominent narrative within the dermatology literature sees
AI as supporting clinical decisions [6], with advocates pitching
the use of AI to “augment,” “assist,” and “aid” the detection of
melanoma via a human-computer collaboration [22,23]. For
instance, Esteva et al [1] pointed to the potential of AI
algorithms for “augmenting clinical decision-making for
dermatology specialists”; Brinker et al [3] said that “artificial
intelligence algorithms may successfully assist dermatologists
with melanoma detection in clinical practice,” and Haenssle et
al [2] said that AI tools may “aid physicians in melanoma
detection.” However, the notions of augmentation, collaboration,
support, and assistance may entail a very wide range of actual
functions for AI in the context of decision-making. We find that
end users conceptualize these terms in an array of potentially
disparate ways that impact AI’s incorporation into clinical
workflows. These meanings are important for clinical groups,
AI developers, and policy makers to understand so that the
development of clinical workflows and guidelines for AI use
are appropriate and acceptable to end users (in this case, end
users being dermatologists, GPs, and melanographers). Indeed,
the potential prospects of AI improving decision-making have
been tempered more recently by concerns that algorithms with
superior performance to human clinicians in research settings
do not necessarily translate into better performance with actual
patients in the context of real-world decision-making [17,24].
AI algorithms for assessing malignant lesions can often perform
less well outside experimental settings [25]. Nevertheless, some
AI tools have already been approved for screening, and some
skin imaging platforms allow clinicians to access diagnostic AI
assessment of lesion images with the caveat that these AI tools
have not yet been validated or approved for clinical
decision-making.

This study brings to light a timely perspective on how clinicians
involved in melanoma detection conceptualize the use of AI
within their decision-making processes and explains how they
view the role of AI within the context of good decision-making.
Our findings can be further contextualized by considering
previous assessments of clinician attitudes toward AI in
dermatology. The existing literature has been largely
characterized by brief surveys exploring broad impressions
about the potential impact of AI, and several of those studies
have highlighted optimism among clinicians about the prospect
that AI may improve melanoma screening [12] and the accuracy
of decisions. Surveys from European and Middle Eastern
countries as well as China, the United States, and Australia
[8-11,13,14,22] commonly reveal expectations that AI-supported
decision-making will be beneficial to the field [8,9,11,12], with
many of those surveyed seeing AI as having the potential to
improve diagnostic accuracy or other decisions [9,10]. Among
the biggest expected benefits is the potential for AI to improve
patient access to melanoma screening, although inaccurate AI
screening or diagnosis is a major concern [12]. In focus groups
with Dutch dermatologists [16], greater diagnostic accuracy
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was cited as the leading perceived benefit of AI potentially
leading to “fewer missed skin cancer diagnoses and less
unnecessary biopsies and excisions of benign skin lesions.”
However, dermatologists also held concerns about the use of
AI tools if their accuracy with real patients fell short of the
current abilities of expert clinicians.

The use of qualitative methods in our study has extended these
snapshots by showing how these beliefs need to be interpreted
in line with the way AI is conceptualized by clinicians within
the decision-making process, particularly those who have
already used AI in some way. Our findings suggest that the
potential benefits of AI for improving accuracy in diagnosis or
screening depend on where in the clinical decision-making
process AI is used, how clinicians engage with it (eg, as a tool,
checker, second opinion, or guide), and the level of expertise
and experience of the clinicians using it. As such, while
clinicians may have an overall view that AI can “improve
accuracy,” the extent to which they endorse a specific workflow
that includes AI is likely to be contingent upon these kinds of
details.

Formulating workflows that are sensitive to the positioning of
AI has been identified as a critical part of using AI to enhance
clinical decisions [26], and our themes could be used in future
studies as touchpoints to assess clinician endorsement of various
AI workflows. Importantly, our findings show that the
importance of these concepts extends beyond
dermatologists—they are seen in the accounts of GPs as well
as melanographers—and given that melanoma detection is often
a multilayered process for patients that encompasses interactions
with several clinician groups, it is important for future research
to recognize this.

Our main themes support previous evidence that the
“confidence” clinicians have in their decisions may be improved
with the use of AI. For example, in their 2020 survey with
dermatologists from Australia and New Zealand, Scheetz et al
[12] found that “improved diagnostic confidence” was one of
the most cited potential benefits of AI. However, our study also
shows that, for many clinicians, this was the result of using AI
as a “validator” for their decisions or as a reassuring adjunct
(see theme 3), rather than using AI to help them make the
decision in the first place. Similarly, while clinicians see the
potential for AI to improve diagnostic accuracy, our results add
nuance by showing that many experts conceptualize this as
applicable only to less experienced clinicians and mainly when
AI is used as simply one “tool” among many or as a “checker”
rather than deferred to. This fits with other findings [12] showing
that when detecting skin cancer in experimental conditions,
experienced clinicians largely ignored AI output if they were
confident of their decisions, whereas inexperienced clinicians
were more likely to accept AI-output that contradicted their
initial decision, so when the accuracy of the AI tool was of a
lesser quality, this put decision makers at risk of error.

This understanding of how AI is conceptualized by clinicians
allows a better interpretation of clinician views on the
acceptability of AI and human-computer collaboration. In
determining what the optimal clinician-computer collaboration
should look like, it has been pointed out that “the ideal

positioning of AI in relation to the clinician also needs to be
considered” [26]. Our study shows how participants across
clinical roles commonly articulated a major conundrum about
the positioning of AI for melanoma detection that encapsulates
a number of the potential benefits and drawbacks associated
with each conceptualization of AI; in trying to accurately detect
melanoma, although AI may be of benefit to inexperienced
clinicians when used as an “expert guide” before they engage
in their own decision-making, the potential for this to lead to
overreliance, deskilling, and a failure to recognize AI errors
when they occur may mean that only expert clinicians have the
required acumen to use AI properly as “one tool among many”
to inform initial decisions. That is, when conceptualized this
way, only those with already well-developed clinical judgment
are thought to be able to appropriately engage with the
limitations of AI (the “traps,” as one participant put it), including
AI’s lack of contextual awareness. However, at the same time,
experts in this study often described how they did not necessarily
see a strong need for AI to inform their initial decision-making;
instead, they preferred to be able to rely on their own clinical
judgment when making decisions.

In this study, while some participants conceptualized AI as
offering “one piece of information” to be judiciously interpreted
within their synthesis, they often did not see any extra
information being gleaned from current AI beyond what they
could establish about patients through their own good clinical
judgment, and they could be wary of allowing AI output to
“influence” their initial deliberations in ways that undermined
their independence as a decision maker. However, this perhaps
raises queries about the extent to which experienced clinicians
then truly seek to “collaborate” with AI on decisions or use it
to support their decisions in ways that may actually improve
accuracy. Participants often thought that AI’s main benefit was
in reassuring their own decisions after they had been reached,
as a kind of “checker,” “validator,” “confirmation tool,” or in
a small number of equivocal cases as a genuine “second
opinion.” As such, this perhaps raises doubts about the extent
to which experienced end users always see AI as having the
potential to “support” or “assist” within their decision-making
process in beneficial ways, again highlighting the importance
of understanding what clinicians mean in this regard. Further
evidence will be needed to elucidate whether this way of
positioning AI in the process will maintain benefits, such as
clinician autonomy, without resulting in drawbacks, such as
failure to make best use of an accurate AI. Indeed, one recent
study of AI use among dermatologists found that despite high
confidence in the AI tool, many opted to continue relying on
their own decision-making [22], and there is evidence that
people often “ignore (AI) recommendations because they do
not trust them; or perhaps even worse, follow them blindly,
even when the recommendations are wrong” [27]. Our findings
extend those from some experimental conditions and surveys
showing that experienced clinicians largely ignore AI output
when diagnosing melanoma if they are confident of their
decisions, whereas inexperienced clinicians are more likely to
accept AI-output even when the accuracy of the AI tool was of
a lesser quality, thus putting them at risk of error [7]. Still,
Tschandl et al [7] found that “faulty AI can mislead the entire
spectrum of clinicians, including experts.”
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With the positioning of AI being very important to the way AI
is conceptualized, it will be pertinent to consider practical
matters, such as whether clinicians can elect when or whether
they see AI output and under what circumstances. Similar
challenges in knowing exactly how to incorporate AI in ways
that promote good diagnostic decision-making have also been
reported by clinicians using AI to detect other types of cancer
(eg, radiologists using AI to detect breast and lung cancer) [28].
Interpreting our results through the lens of commonly applied
frameworks for assessing user acceptance of technology may
yield insights into our participants’perspectives. A recent review
[29] found that widely used frameworks such as the technology
acceptance model [30,31] and the unified theory of acceptance
and use of technology [32] include key factors such as
performance expectancy or perceived usefulness among the
strongest predictors of behavioral intentions. Regarding our
results, constructs such as performance expectancy or perceived
usefulness conceivably encompass a range of views expressed
by our participants, including (1) the current accuracy,
sensitivity, or specificity of AI for melanoma detection, (2) the
extent to which AI takes into account the broader patient context,
and (3) the perceived need (or lack thereof) for experienced
clinicians to rely on information from AI rather than their own
clinical discernment, to make good decisions when screening
for suspicious lesions, detecting change, or arriving at a
diagnosis.

Across our themes, participants described how the performance
or perceived usefulness of AI as part of melanoma detection
may vary depending on matters such as the kind of role it may
play in the decision-making process, the position it occupied in
the workflow, or the relative expertise of the clinician.
Nevertheless, it is worth noting that the rapid development and
unique nature of AI technology has tested the ability of many
older technology acceptance models to confidently predict
behavior about AI. This is particularly the case in health care
settings where there is a complex interplay among social,
technical, and organizational structures and with many
stakeholders [33]. As such, it is important for inductive work
to reveal how AI use within specific cases is conceptualized by
stakeholders and what meanings they attach to AI within the
scope of their existing values and obligations.

The way participants in this study have conceptualized the role
of AI within good decision-making also points to important
ethical considerations. The use of AI within dermatology (and
indeed health care more broadly) raises many already
well-described ethical issues related to data privacy and
ownership, transparency, and equitable access [34]. Navigating
these issues in an optimal way is likely to require considerable
assessment. Our study suggests that ethical obligations to act
in accordance with AI may be placed upon clinicians when
seeking and receiving information from AI. These may then
impact the extent to which they feel accountable for decisions.
For instance, if clinicians are to act in their patients’ best
interests, then it is reasonable to expect that they ought to rely
on the best available information when making decisions, that
is, there is a prima facie moral obligation within clinical
encounters to treat patients based on the best or most accurate
available information (at least, it would be unethical for

clinicians to prefer to rely on information they know is from an
inferior or less accurate source). When AI is conceptualized as
an “expert guide” then, it is implicitly installed as a kind of
epistemic authority in relation to the clinician (AI is the
“expert”). This may then create an ethical directive for clinicians
to act upon the advice of AI accordingly, because if AI is the
acknowledged expert, then it seems hard to justify ignoring its
output or making contrary recommendations. However, this
also appears to position AI as the accountable party in the
workflow. Throughout the study, participants also strongly
endorsed a seemingly countervailing imperative for clinicians
to “understand when you should follow and when you should
ignore what the machine is saying” (ID23), that is, this appears
to be a directive to be judicious in accepting AI’s decision. In
this study, when participants talked about approaching AI output
in a judicious rather than deferential way, it appeared to be borne
out of two views. First, the current AI tools were not sufficiently
accurate to justify an obligation to follow their output without
engaging in independent decision-making. second, clinicians
are ultimately accountable for their decisions, meaning that
“deferring to AI” could be tantamount to recusing oneself from
a core ethical responsibility as a clinician (and to patients). This
may be why conceptualizing and positioning AI as a “checker”
or “second opinion” (themes 3 and 4) was more readily endorsed
by many participants; doing so may be seen to preserve their
ability to act as the epistemic authority, enact their moral
responsibility to promote the welfare of patients, and potentially
negate any potential ethical obligation about following the AI.
For instance, participants seemed more comfortable about
dismissing or “overruling” AI when it was simply consulted as
a checker or second opinion. However, the extent to which this
is justifiable, or will hold in all potential situations, is unclear.
When the accuracy of the AI is known to exceed that of the
clinician, then this ability may be left in a perilous ethical state
(although it is also important to recognize evidence that AI
accuracy in experimental settings is typically far superior to
“real-world” AI accuracy [25]). A deeper examination of the
scope of ethical obligations raised by AI within specific
melanoma screening workflows is certainly warranted to
understand how to best implement any future proposals for
widespread screening programs.

In doing so, it is worth noting that patient or consumer views
toward AI in melanoma detection (or at least, what clinicians
believe to be the views of patients) may also in turn impact how
clinicians adopt and use AI. Several recent studies have found
that most dermatology patients report having few, if any,
concerns about AI being used by specialists to diagnose skin
cancer as long as diagnostic decisions are not made by AI alone
[35], with diagnostic accuracy and explainability as being
features of AI that are most important [35-37]. Given that the
mere presence of AI within decision-making workflows imbues
AI with at least some epistemic legitimacy, this may raise
questions for patients about the extent to which AI ought to be
deferred to (eg, be used as an expert guide and as second
opinion), which may, in turn, impact the extent to which
clinicians act accordingly to maintain their patient’s trust.
Different conceptualizations of the role of AI may present
different ways of dealing with issues such as clinician-AI
discordance. These issues are likely to be made starkly apparent
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in the implementation phase, for instance, in situations where
AI output is available to patients and clinicians in real time. It
would be pertinent for implementation scientists working on
the development of melanoma detection workflows to consider
how the different conceptualizations of the role of AI described
in this study may accord with the views of patients, and, in turn,
impact their trust and acceptance of AI in the process.

The possibility of AI inducing deskilling through overreliance
on AI has often been identified in the literature [38-40]. While
this is a recurring concern for health care practitioners [39], the
potential for AI to hinder learning or erode already-acquired
competency permeates more broadly [40]. This study showed
that experienced clinicians involved in the detection of
melanoma were cognizant of this potential. Some described
how they tried to ensure they adopted decision-making
workflows that resisted this, for example, by only using AI after
they had made an initial decision. Importantly, this study also
showed that the prospect of reliance on AI was not merely
hypothetical; our interviews uncovered evidence that some
newer melanographers who had been trained to use AI to
identify suspicious lesions (and refer them for dermatological
review) were aware that their anxiety about missing potential
melanomas inclined them to regularly rely on AI output as an
expert guide, given their initially limited clinical experience.
More experienced melanographers were wary of doing this and
held concerns that overreliance on AI would facilitate them to
“lose their skills” or clinical judgment. This was concerning for
participants given that the development and display of good
clinical acumen reflected what it meant to be a good clinician;
it entailed making decisions in a way that takes into account
many pieces of information from the patient, learning how to
balance potentially relevant clinical information through
experience and reflection, and seeing the broader context of the
patient with their interests in mind (refer to the study by Tsang
et al [41] for a similar view). Due to this, participants described
a primarily AI-led decision-making model for detecting
melanoma as one with the potential to stifle the development
of good clinical judgment among junior and inexperienced
clinicians and atrophy the skills of already experienced operators
if it led to good acumen being too regularly bypassed in favor
of efficiency. With this in mind, it may be beneficial to
investigate how the development of training programs around
the use of AI in dermatology as well as clinical guidelines on
AI use may take our findings into account. In recent years,
clinical groups have published position statements designed to
inform dermatologists on the appropriate use of AI. For example,
the Australasian College of Dermatologists has outlined out a
number of recommendations for AI adopters designed to address
commonly seen issues in the application of AI in medical
settings (eg, privacy, a desire for transparency in output and
training data, and the need for evidence of accuracy and validity)
[42]. They recommend dermatologists develop basic knowledge
and skills in the use of AI, such as “appropriate use,” understand
that “output from AI models can produce false-positive and
false-negative results,” and that their “decision making may be
biased by using AI.” These very broad-level recommendations
could be extended by considering how the different
conceptualizations of AI described in this study reveal what
clinicians mean by good decision-making in the context of AI

use and what our findings indicate, for example, about the
concern clinicians have regarding overreliance, deskilling, and
maintaining good clinical acumen. In discussing these issues,
rather than referring to broad notions of “AI support,” it may
be more useful to construct more specific recommendations by
referring to the constructs we describe here, such as “AI as a
tool within decision making,” “AI as a checker after decision
making or second-opinion on equivocal cases,” and “AI used
as an expert guide before decision making.” This may also
improve guidelines on use so that decision-making workflows
are sensitive to the desire of clinicians to retain the ability to
exercise and develop independent decision-making skills while
using AI and also take into account the whole clinical context
of the patient.

Given the rapidly evolving nature of AI technologies within
dermatology and the health care space more broadly, we suggest
several other areas for future research in light of our findings.
First, there is a need to evaluate the real-world effects of clinical
workflows that position AI in the decision-making process in
ways resembling those outlined by participants in this study
(eg, “checker,” “second opinion,” and “expert guide”). For
instance, designing and implementing optimal melanoma
screening programs will require good validation studies of how
human-AI interactions are affected when AI is variously
positioned before, after, or during human clinical inspection.
Second, it is yet to be determined how the conceptualizations
of AI described in this study may translate across melanoma
detection workflows that use a range of imaging technologies.
For instance, the question arises whether the potential role of
AI in good decision-making differs when operating as part of
2D dermoscopic imaging platforms as opposed to 3D total body
photography for melanoma screening. The design parameters
of some imaging technologies may determine the extent to
which some of the AI roles described here are able to be
operationalized and how this affects decision-making needs to
be better understood. Third, experimental work can provide
evidence for how the positioning of AI may impact potential
deskilling of experts or possible delayed skill acquisition of
novices. This kind of experimental work may also yield insights
for developing effective ways to allow a human-AI feedback
loop to occur in real-time decision-making as a way of
increasing the explainability of decisions. Fourth, there is
considerable scope for further qualitative and quantitative
research to better understand how the conceptualizations of
clinicians described in this study accord with the views of
consumers, particularly patients with high risk of melanoma
who are likely to be a priority population for melanoma
screening and lesion monitoring.

Limitations
While there was diversity in experiences in practice settings
among interviewees, overall integration of AI into everyday
clinical use remains uncommon. Most of the sample (n=25,
83%) in this study reported having some experience with AI
tools for melanoma detection, but currently no AI tool for the
diagnosis of melanoma based on dermoscopic images has been
approved. Therefore, views on AI for this purpose are based on
individual field experience with unapproved tools, testing, or
reader studies. Practical experience, testing, and comparison of
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various tools in a clinical setting would likely provide additional
insights not captured in this study. AI tools are constantly
evolving, and some views may be based on early AI tools that
are still in development (eg, those with experience through
research). Our purposive recruitment was done so that we could
elicit, where possible, reflections on the way participants may
have already interacted with AI tools when making decisions
rather than only form views about hypothetical situations. This
is a strength of the study as participants were not reliant on
speculating about hypothetical situations; however, we do also
acknowledge that the experience of the sample may not translate
to all clinicians, particularly those in other health care settings
or cultures.

Our sample predominantly comprised clinicians from Australia
and New Zealand, raising the question of generalizability of the
findings to broader health care systems and cultures. Australia
and New Zealand have the highest rates of skin cancer
worldwide [18], with populations (eg, in Queensland) having
very high rates of sun exposure. Australia has implemented a
decades-long public health campaign devoted to fostering
sun-protective behaviors. While there is no coordinated
widespread melanoma screening program, a shared
public-private health care funding model means there is a very
wide coverage of consumers seeking screening through
opportunistic skin checks conducted by dermatologists, skin
cancer clinics, GPs (including those with a special interest in
skin cancer), and other clinicians such as melanographers. As
such, clinicians working in melanoma detection in Australia
and New Zealand (as well as general practice clinicians not
specializing in skin cancer) are highly familiar with examining
many consumers with highly sun-damaged skin and see many
types of skin cancer. This familiarity may mean that a high level
of importance is placed on good clinical acumen when it comes

to melanoma detection, and they perhaps feel less inclined to
rely on AI. The use of AI as an expert guide may be more
acceptable to clinicians in other health care systems with less
experienced clinicians, lower rates of melanoma, or where
consumers have less access to health care.

Research related to AI-clinician collaborations for melanoma
detection has, to date, understandably often focused on the
decision-making of dermatologists; therefore, a particular
strength of this study is the elicitation of views on AI from GPs
and melanographers (in addition to dermatologists), given that
they too conduct skin checks, identify lesion change, or make
diagnostic decisions (GPs). Notably, there was considerable
shared meaning across groups, likely due to the shared
understanding of the clinical decision-making process and what
entailed “good” decision-making. However, further research is
needed to draw out potential differences across these groups,
particularly in relation to the use of specific AI tools that are
developed for use in practice.

Conclusions
Clinicians described their conceptualizations of AI in melanoma
detection in ways that prioritize the conservation of good clinical
acumen, and this must be a priority when developing and
adopting AI into the decision-making process. This has
implications for who is likely to be the most appropriate user
of AI given its limited contextual awareness, and careful
consideration must therefore be given to how (and if) AI is
adopted in the clinical setting once AI tools are formally
approved by the respective authorities. Our study implores a
more focused engagement with users about the precise way,
and in what position, they envisage AI being incorporated into
their decision-making process for melanoma detection.
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Abstract

This cross-sectional survey of pediatric dermatology and primary care pediatric providers found that store-and-forward
teledermatology is an efficient and educational means of delivering care to a safety-net pediatric patient population.

(JMIR Dermatol 2025;8:e67728)   doi:10.2196/67728
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Introduction

Access to pediatric dermatologists is limited by prolonged
waiting times, limited appointments, and uneven geographic
availability [1]. Provider-to-provider store-and-forward
teledermatology (SAFTD), which allows referring providers to
send images and clinical information to dermatologists for
asynchronous evaluation, triage, and recommendations,
alleviates these barriers [2,3]. In 2020, Boston Medical Center
(BMC) launched an Epic-based SAFTD service for pediatric
providers (PPs), with dermatology residents and board-certified
pediatric dermatologists responding to requests within 72 hours.
We hypothesized that SAFTD is particularly helpful to patients
and providers in safety-net hospital (SNH) systems like BMC,
where language, transportation, and financial challenges play
heightened roles in care delivery [4,5].

Methods

Study Design
A cross-sectional REDCap (Research Electronic Data Capture
[Vanderbilt University]) survey was emailed to all BMC
pediatric SAFTD users, including pediatric dermatologists,
dermatology residents, pediatricians, pediatric residents, and
pediatric nurse practitioners. Completed responses were
collected between June 29 and August 7, 2023. Surveys included

qualitative and Likert scale (range 0-5) data, which were
examined via thematic and univariate analyses, respectively.

Ethical Considerations
The survey was anonymous and was approved as exempt by
the BMC institutional review board (H-43783). No renumeration
was provided.

Results

Among 15 (58%) responses obtained from 26 PPs, the mean
satisfaction score was 4.93 (SD 0.29), with 93% (14/15)
reporting they were very satisfied. All PPs preferred SAFTD
over traditional referral methods (Table 1), primarily citing
decreased time to intervention and saving patients resources
(eg, time and cost of travel to clinic). Satisfaction with the
response time (mean 4.8, SD 0.4), digital template (mean 4.33,
SD 1.07), and time to face-to-face visit (mean 4.26, SD 0.93)
was high. Recommendations were communicated via phone for
66% (10/15) of PPs, with 33% (5/15) using the patient portal.
Barriers to using SAFTD included difficulty capturing
high-quality photographs, providers’ limited time for contacting
patients regarding recommendations, and challenges with
uploading photographs. PPs appreciated the opportunity to learn
dermatology in real time, and 93% (14/15) reported changing
their subsequent patient management practices after using
SAFTD.
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Table . Pediatric provider responses to multiple-choice questions. The total number of pediatric provider respondents was 15.

Respondents, n (%)Questions and respondents’ selections

How satisfied are you with the Pediatric Dermatology eConsulta service?b

1 (7)    4

14 (93)    5

How satisfied are you with the response time for pediatric dermatology eConsults?b

3 (20)    4

12 (80)    5

How satisfied are you with the template used to provide content in the pediatric dermatology eConsults?b

1 (7)    1

1 (7)    3

4 (27)    4

9 (60)    5

How satisfied are you with the referral time to in-person evaluation, if indicated, by pediatric dermatology eConsult?b

1 (7)    2

2 (13)    3

4 (27)    4

8 (53)    5

What proportion of eConsult diagnoses are concordant with your initial evaluation?c

1 (7)    1

1 (7)    2

4 (27)    3

7 (47)    4

2 (13)    5

Has the information provided in the pediatric dermatology eConsult(s) changed the way you manage other patients?

1 (7)    No

14 (93)    Yes

What impact has the information provided in the pediatric dermatology eConsults had on the number of patients you refer to dermatology?

4 (27)    Decreased

3 (20)    No change

8 (53)    Increased

Do you prefer the eConsult or traditional referral system?

15 (100)    eConsult

With what method do you inform patients of recommendations made via eConsult?

5 (33)    Patient portal

10 (67)    Phone call

a“eConsult” is synonymous with provider-to-provider store-and-forward teledermatology.
bLikert scale: 1=not satisfied at all; 5=the most satisfied.
cLikert scale: 1=always discordant; 5=always concordant.

Among 7 (41%) responses obtained from 17 dermatology
providers (DPs), the mean satisfaction score was 4 (SD 0.53),
and 86% (6/7) preferred SAFTD over traditional referral
methods (Table 2), citing improved triage and decreased time
to intervention. Additional SAFTD benefits included increased

collaboration between dermatology and pediatrics departments
and decreased language barriers. DP priorities for photograph
improvement included focus, lighting, and an adequate number
of photos and views. Patients’ and guardians’ comprehension
of teledermatology recommendations at follow-up in-person
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appointments was assessed by DPs as moderate overall (mean
2.67, SD 0.51). One respondent preferred traditional referrals,

stating that in-person assessment is necessary for adequate
diagnoses and that SAFTD may delay appropriate care.
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Table . Dermatology provider responses to multiple-choice questions. The total number of dermatology provider respondents was 7.

Respondents, n (%)Questions and respondents’ selections

How satisfied are you with the Pediatric Dermatology eConsulta service?b

1 (14)    3

5 (71)    4

1 (14)    5

To what extent do eConsults include adequate quality photos?c

1 (14)    2

3 (43)    3

3 (43)    4

Rate the importance of the below actions for eConsult quality

    Checking that images are in focusd

7 (100)5

    Making sure images have clear orientation and locationd

3 (43)3

1 (14)        4

3 (43)        5

    Including images of symmetrical contralateral skin for rashesd

2 (29)2

3 (43)        3

1 (14)        4

1 (14)        5

    Ensuring adequate lightingd

3 (43)4

4 (57)        5

    Verifying adequate number of photos/viewsd

1 (14)3

4 (57)        4

2 (29)        5

    Making sure hair does not obscure conditiond

2 (29)3

4 (57)        4

1 (14)        5

Do eConsults include adequate clinical information?c

1 (14)    2

4 (57)    3

2 (29)    4

What is your overall level of comfort diagnosing conditions via eConsult?e

3 (43)    3

4 (57)    4

To what extent do eConsults reduce unnecessary face-to-face dermatology appointments?f

5 (71)    3
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Respondents, n (%)Questions and respondents’ selections

2 (29)    4

a“eConsult” is synonymous with provider-to-provider store-and-forward teledermatology.
bLikert scale: 1=not satisfied at all; 5=the most satisfied.
cLikert scale: 1=none of the time; 5=all the time.
dLikert scale: 1=not important; 5=very important.
eLikert scale: 1=unable to make diagnoses via eConsult; 5=equally comfortable diagnosing as compared to face-to-face visits.
fLikert scale: 1=not at all; 5=greatly.

Discussion

BMC PPs and DPs are highly satisfied with SAFTD, particularly
with its ability to facilitate prompt treatment, superior triage,
and reduced barriers to care. Providers highlighted that it
decreases language and transportation barriers, which
disproportionately affect the diverse and low-income populations
served by BMC [4,5]. The proportion of BMC PPs “very
satisfied” with SAFTD surpasses those reported in similar
studies conducted in non-SNH settings [6,7]. Although
participation bias may have contributed, PPs’ high satisfaction
with SAFTD suggests heightened value in SNHs. These findings
support literature showing that SAFTD increases access to care
[2,3,8].

Previous studies noted photograph quality as an SAFTD
limitation [3,6]. Our results provide more details for improving
pediatric photography support or training to ensure images are
in focus, are taken with adequate illumination, and provide a
comprehensive range of clinical views to improve SAFTD
quality.

Our study shows that SAFTD can be used to train pediatric and
dermatology residents, as well as PPs with less dermatology

experience. PPs valued how SAFTD facilitated real-time
learning in dermatology; 93% affirmed that the service improved
their management practices for dermatological conditions. This
shows how learning co-occurs with routine patient care,
supporting quiz-based data and survey studies suggesting that
PPs learn from SAFTD over time [8,9]. In the context of variable
dermatological training for pediatricians [10] and pediatric
advanced practice providers, SAFTD presents an opportunity
to incorporate dermatology education into day-to-day primary
care. With respect to mitigating board-certified pediatric
dermatologist workforce shortages [1], increasing PPs’
knowledge of common dermatological conditions allows DPs
to focus on complex and severe conditions.

We provide evidence that SAFTD may be particularly helpful
for pediatric residency programs and SNHs serving
resource-limited populations. Addressing PPs’ barriers to
SAFTD use by providing photography support and allocating
protected time for dermatologic recommendations would
strengthen SAFTD’s benefits. Efforts to optimize SAFTD for
primary care, dermatology education, and expanded pediatric
dermatology access hold significant promise.
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Abstract

Background: Skin cancers are the most frequent types of cancer, and the incidence continues to rise. Teledermoscopy is a
promising tool in the diagnostic process of potential skin cancer, and new technologies are constantly being developed. However,
little information is available on how teledermoscopy affects physicians’ time consumption.

Objective: This study aimed to investigate whether teledermoscopy can shorten the diagnostic process for physicians examining
skin lesions suspected of skin cancer.

Methods: We recorded the time primary care providers, dermatologists, plastic surgeons, and pathologists spent examining
lesions suspected of skin cancer, with and without teledermoscopy. Furthermore, we looked at five different diagnostic pathways,
which reflected the most common ways through the Danish health care system for patients with suspected skin cancer, to estimate
the total amount of time physicians spent examining these lesions with and without teledermoscopy.

Results: A total of 118 time recordings were obtained. With teledermoscopy, the diagnostic process was significantly shortened
for dermatologists (P=.008) but prolonged for primary care providers (P=.03). While the use of teledermoscopy saved time in
one of the diagnostic pathways, it increased the time spent in the four others.

Conclusions: Our research suggests that the implementation of teledermoscopy could save time for dermatologists and potentially
plastic surgeons and pathologists, provided that a sufficient number of benign skin lesions can be accurately diagnosed and
excluded from further examination and treatment. In contrast, the implementation of teledermoscopy might prolong primary care
providers’ consultation time.

(JMIR Dermatol 2025;8:e66782)   doi:10.2196/66782
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Introduction

Background
Skin cancers can be categorized into melanoma and
nonmelanoma skin cancers (NMSCs) and are the most frequent
types of cancer in Denmark and globally [1,2]. Recent data have
shown that NMSC now results in a higher total number of deaths
worldwide compared to malignant melanoma (MM), although
the individual mortality risk is still higher for MM [3]. For the
past decade, there has been a continuous increase in the number
of NMSC and MM cases in Denmark [4]. This places a greater
burden on a health care system already under pressure from an
ageing population, a shortage of health care workers, and the
continuous introduction of new, costly treatments [5,6].

In Denmark, primary care providers (PCPs) serve as gatekeepers
for all dermatological concerns including skin cancer suspicions.
PCPs encounter a broad variety of skin diseases, and studies
have suggested that over half of the potentially malignant skin
lesions referred to specialists are later diagnosed as benign [7-9].
This could indicate the need for an additional filter function,
such as teledermoscopy, to better use the time and resources of
health care workers and patients.

Teledermoscopy is a technology within the field of
teledermatology where dermoscopic images of skin lesions can
be referred to a dermatologist for evaluation [10]. The overall
diagnostic accuracy of teledermatology is high, and results from
recent studies indicate that accuracy and sensitivity are
improving with the emergence of new technology [11]. Some
of the advantages of teledermatology include significantly
shortened waiting periods for patients and a reduction in the
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number of referrals for in-person consultations [11-13]. In
addition, studies have found that PCPs, dermatologists, and
patients have a general positive approach to the implementation
of teledermoscopy [14,15]. Still, a few barriers exist when it
comes to the implementation of teledermatology in health care
systems. Among other things, physicians have reported concerns
about lack of clinical information, technical issues, increased
workload, and time consumption [13,16].

Only a few studies have measured the time required for
consultations using teledermoscopy or teledermatology, and
most only report time spent on completing or evaluating
telereferrals as additional data points [12,17-19]. Since the area
of teledermoscopy is constantly evolving, we wanted to look
into a Danish-developed teledermoscopy platform, in order to
see the impact and potential gain of implementation for
physicians in terms of time consumption.

Research Objectives
The overall purpose of this study was to investigate whether
teledermoscopy can shorten the diagnostic process for physicians
when examining skin lesions suspected of skin cancer.

First, we estimated the amount of time spent investigating these
lesions with and without teledermoscopy for PCPs and
dermatologists. Then time measurements were performed
without teledermoscopy for plastic surgeons and pathologists.

Second, in order to compare the total amount of time physicians
spend triaging, diagnosing, and treating skin cancer with and
without teledermoscopy, we aimed to construct different
diagnostic pathways, reflecting the most common ways through
the Danish health care system. Time spent by patients and other
staff was not included.

Methods

Ethical Considerations
This study did not interfere with the patients’potential treatment
for skin cancer. It was conducted as a quality assurance project,
which does not need an ethical review by the regional or national
research ethics committee [20]. This study was approved by the
Danish Data Protection Agency (reference 23/19285).

Clinical Locations
Time recordings were carried out at multiple locations in the
Region of Southern Denmark and the Capitol Region of
Denmark. Locations included 2 different primary care centers,
2 different private practice dermatologists, the department of
pathology at Herlev Hospital, and the departments of
dermatology, plastic surgery, and pathology at Odense
University Hospital (OUH).

Data Collection
Before data collection, staff members from the primary care
centers, dermatologist clinics, and the department of plastic
surgery had reviewed their schedules in order to trace patients
with potential skin cancer. During the designated data collection
period, the investigator (RNL) performed the time recordings
on days when these patients were scheduled for examination or
removal of the skin lesion. We randomly picked the days for

data collection at the department of pathology. The
dermatopathologists selected the specimens with potential to
be skin cancer.

We intended to collect a minimum of 10 recordings at primary
care centers and dermatologists with and without
teledermoscopy. Furthermore, we aimed to gather a minimum
of 10 recordings at the department of plastic surgery and the
department of pathology without teledermoscopy. Data were
stored in Microsoft SharePoint.

Inclusion Criteria
At primary care centers, the eligibility criteria included patients
presenting at their PCP with concerns about potential skin
cancer, regardless of the PCP’s final assessment as malignant
or benign. In dermatologist clinics, the eligibility criteria
included patients referred by PCPs for suspected skin cancer.
At the department of plastic surgery, the eligibility criteria
included patients referred by PCPs or dermatologists for skin
tumor excision. At the department of pathology, the eligibility
criteria included patients with skin lesions suspected of skin
cancer, referred by either PCPs, dermatologists, or plastic
surgeons.

Exclusion Criteria
At primary care centers, the eligibility criteria excluded patients
presenting with inflammatory skin diseases or follow-up of
previous examined benign lesions. In dermatologist clinics, the
eligibility criteria excluded physical referrals of patients with
more than one skin tumor. At the department of plastic surgery,
the eligibility criteria excluded re-excisions and excisions with
skin grafts. At the department of pathology, the eligibility
criteria excluded re-excisions and biopsy-verified lesions.

The Teledermoscopy Platform
In this study, teledermoscopy was performed using the
teledermoscopy platform Dermloop (Melatech ApS).

Primary Care Providers
PCPs used the Dermloop Capture app (version 2.31; MelaTech
IVS on an Apple iPhone 11). Each PCP had a personal account
they had to log into upon entering the app. In order to send a
telereferral to a dermatologist, the PCP had to state the patient’s
social security number, answer a short questionnaire about the
skin lesion (skin type, recent changes in appearance, tentative
clinical diagnosis, risk factors, etc), and take an overview as
well as a dermoscopic photograph of the lesion with an
attachable dermoscope (Handyscope, Dermlite).

Dermatologists
Dermatologists used Dermloop Desktop (MelaTech) on their
computers. To be able to see telereferrals sent by PCPs,
dermatologists had to log in to their personal accounts. When
logged in to the platform, a list of pending and diagnosed skin
lesions appeared on the screen. The dermatologists could then
click on the pending skin lesions and examine the image,
evaluate the quality of the photograph, assess the difficulty of
diagnosing the skin lesions, give a diagnosis, and describe a
potential treatment and further plan. After submission, PCPs
received an email with the dermatologist´s response.
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Time Recordings

Overview of Time Recordings
Time recordings were carried out with a digital stopwatch. The
number of skin lesions examined and notes about the
circumstances (eg, interruptions) were made to detect potential
differences that could have an impact on the time recordings.
To make time recordings as uniform as possible, we planned
that all recordings would be performed by the same person
(RNL). Before this project, physicians had been trained in the
use of the teledermoscopy platform as a part of other projects.

Primary Care Provider
Time recordings were carried out at consultations between a
PCP and a patient.

Recordings without teledermoscopy included obtaining a
medical history about the skin lesion, small talk, an objective
clinical examination with or without dermoscopy and informing
the patient about the tentative diagnosis, and further plan.
Recordings with teledermoscopy included the same tasks plus
photography using the teledermoscopy equipment. Before data
collection, PCPs using the teledermoscopy equipment had sent
between 4 and 19 telereferrals.

Dermatologist
Time recordings without teledermoscopy were carried out at
consultations between a dermatologist and a patient referred
from a PCP with suspected skin cancer.

Recordings included obtaining a medical history about the skin
lesion, small talk, a clinical examination, including dermoscopy,
and informing the patient about the tentative diagnosis and
further plan.

Time recordings with teledermoscopy only included
dermatologists evaluating telereferrals sent from PCPs on the
teledermoscopy platform. Recordings included reading about
the skin lesion (potential diagnosis, risk factors, etc), examining
the lesion based on an overview image and a dermoscopic
image, evaluating the quality of the images (clinical and
dermoscopic image), and writing a tentative diagnosis and
further plan in the teledermoscopy platform.

The Department of Plastic Surgery
The time recordings were carried out in an operating room. The
procedure was performed by a plastic surgeon with help from
a nurse while the patient was under local anesthesia.

Recordings included obtaining a short medical history about
the skin lesion, examining the skin lesion, explaining the
procedure, preparing for the procedure (glasses, mask, sterilized
gloves, and surgical gown), excision of the skin lesion, stitching,
bandaging, and providing the patient with information about
precautions and potential side effects of the procedure.

The Department of Pathology
The time recordings were carried out during histopathological
evaluations of skin lesions by pathologists at the department of
pathology.

The 2 departments included in our study used different types
of microscopes in their histopathological evaluation. Tissue
sections at Herlev Hospital were examined with regular light
microscopes, whereas tissue sections at OUH were examined
on a diagnostic computer screen. At OUH, all slides with tissue
sections are scanned by “whole slide scanners” and obtained in
an “image management system.” The pathologist can access
high-resolution microscopic images of the scanned tissue
sections in the image management system on their diagnostic
screen and examine the skin lesion [21].

Recordings included reading about the removed skin lesion in
the referral, examining the skin lesion (regular light microscopy
or diagnostic screen), and describing findings.

Depending on the difficulty of diagnosing the skin lesions,
additional tasks, such as reviewing the patient’s electronic
medical record or discussing findings with a colleague, might
be included in the recordings.

In some cases, only a part of the histopathological evaluation
was measured, either because further immunohistochemical
staining was required or because the tissue had already gone
through this process. Immunohistochemical staining takes
approximately one and a half days, which made it difficult to
be at the department for both evaluations.

Construction of Diagnostic Pathways
In this study setup, where time and data collection resources
were limited and skin cancer consultations at PCPs appeared
sporadically, it was a major challenge to identify relevant cases
and follow them at every step of the diagnostic process. Thus,
it was not possible to measure the total time physicians spend
examining potential skin cancer for each patient included.

Consequently, we constructed a variety of diagnostic pathways
that aimed to reflect real diagnostic processes. For pathways
without the use of teledermoscopy, this was done in accordance
with guidelines for physicians regarding referral criteria for
lesions suspected of skin cancer, published by the Danish Health
Authority [22] and the Region of Southern Denmark [23], where
so-called cancer patient pathways (CPPs) are described for both
MM and NMSC. Pathways with the use of teledermoscopy were
constructed based on expertise from a consultant dermatologist
(see Figure 1). It must be emphasized that the constructed
pathways are simplified and does not cover all possible
scenarios. The total amount of time physicians spend examining
skin lesions in each of the constructed pathways was calculated
by adding together the median amount of time PCPs,
dermatologists, plastic surgeons, and pathologists spend on the
individual parts of the process.
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Figure 1. Constructed diagnostic pathways with and without teledermoscopy for patients with suspected skin cancer. Diagnostic pathway A: potential
skin cancer. The suspicion is dismissed by the dermatologist, with or without the use of teledermoscopy. Outcome: benign lesion. Diagnostic pathway
B: suspected NMSC. Without teledermoscopy: the PCP refers the patient to an in-person consultation with a dermatologist. The dermatologist removes
the skin lesion and sends it to a pathologist for evaluation. With teledermoscopy: the suspicion persists, and the patient is referred to an in-person
consultation with a dermatologist. The dermatologist removes the skin lesion and sends it to a pathologist for evaluation. Outcome: NMSC. Diagnostic
pathway C: suspected MM. Without teledermoscopy: the patient is referred to the department of plastic surgery, where the lesion is removed and sent
to a pathologist for evaluation. The pathologist dismisses the suspicion. With teledermoscopy: the suspicion is dismissed by the teledermatologist.
Outcome: benign lesion. Diagnostic pathway D: suspected MM. Without teledermoscopy: the patient is referred to the department of plastic surgery,
where the lesion is removed and sent to a pathologist for evaluation. The pathologist confirms the suspicion. With teledermoscopy: the suspicion persists,
and the patient is referred to the department of plastic surgery, where the lesion is removed and sent to a pathologist for evaluation. The pathologist
confirms the suspicion. Outcome: MM. Diagnostic pathway E: suspected MM. Without teledermoscopy: the patient is referred to an in-person consultation
at the dermatologist. With teledermoscopy: images of the lesion are sent for evaluation by the teledermatologist. The suspicion persists, and the patient
is referred to the department of plastic surgery, where the lesion is removed and sent to a pathologist for evaluation. Outcome: MM. MM: malignant
melanoma; NMSC: nonmelanoma skin cancer.
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Data Analysis
Stata/BE 18.0 was used to calculate all statistical analyses. For
each individual part of the process, the Mann-Whitney U test
was used to compare time consumption with and without
teledermoscopy. P<.05 was considered significant. Data are
presented as median (IQR). All time statements are presented

in minutes (min) and seconds (s), that is, min:s. For each of the
constructed diagnostic pathways (see Figure 1), the calculated
median for every individual part of the pathway was added
together (see Figure 2). The absolute difference between the
constructed pathways with and without teledermoscopy was
calculated.
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Figure 2. Stacked bar chart showing the amount of time various physicians spend investigating suspected skin cancer for the constructed diagnostic
pathways A-E (see legends for Figure 1). The total (median) time physicians spend in each pathway is shown at the top of each column. The height of
each segment represents the (median) time physicians in each group spend investigating skin lesions. The diagnostic outcome is shown in brackets. The
number of time recordings is shown in each segment. MM: malignant melanoma; NMSC: nonmelanoma skin cancer; min: minutes; sec: seconds; With:
with teledermoscopy; Without: without teledermoscopy.

Results

Baseline Characteristics
Data were collected from April 2023 to December 2023. The
dataset comprised 118 time recordings and included 17
physicians examining lesions suspected of skin cancer. When
asked if it was acceptable for us to perform time recordings
during examinations or treatment for potential skin cancer, no
patients declined.

Upon evaluation of the data collected, a total of 24 recordings
were excluded due to data not fulfilling the inclusion criteria
or to various interruptions or errors during the time
measurements. The exact number of time recordings excluded
at each department was 5, 3, 8, and 8 at the PCP, dermatologists,
department of plastic surgery, and department of pathology,
respectively. Thus, a total of 94 time recordings were included
in this study.

Tasks included in the procedure at the department of plastic
surgery, dermatology, and pathology were repeated per lesion.
Consequently, time recordings including more than 1 lesion
were divided, resulting in each time recording comprising 1
skin lesion.

In order to make time recordings as uniform as possible, the
majority of measurements were carried out by the same person
(RNL). Due to time constraints, the physician (TV) at the
department of dermatology at OUH made some of the recordings
on her own (6.8%), following instructions.

Individual Parts of the Process
Table 1 shows the data for the individual parts of the diagnostic
processes with and without teledermoscopy for physicians.
PCPs spend significantly longer time with teledermoscopy,
whereas the diagnostic process was significantly shortened for
dermatologists. The absolute median differences with and
without teledermoscopy was 05:09 for PCPs and 01:06 for
dermatologists.
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Table . The amount of time primary care providers, dermatologists, plastic surgeons, and pathologists spend investigating skin lesions suspected of
skin cancer with and without teledermoscopy.

P valueTime recordings with teleder-
moscopy (n=24)

Time recordings without teleder-
moscopy (n=70)

Characteristic

PCPa

—b67    Time recordings, n

—67    Patients, n

—711    Skin lesions, n

—55    Number of PCPs involved in the
recordings, n

.0309:10 (08:19-11:59)04:01 (02:41-04:55)c    Time, median (IQR)

Dermatologists (without treatment)

—189    Time recordings, n

—189    Patients, n

—189    Skin lesions, n

—22    Number of dermatologists in-
volved in the recordings, n

.00801:53 (01:14-02:56)02:59 (02:05-04:58)    Time, median (IQR)

Dermatologists (with treatment)

——5    Time recordings, n

——5    Patients, n

——5    Skin lesions, n

——2    Number of dermatologists in-
volved in the recordings, n

——09:13 (07:13-10:14)    Time, median (IQR)

The department of plastic surgery

——8    Time recordings, n

——8    Patients, n

——8    Skin lesions, n

——2    Number of plastic surgeons in-
volved in the recordings, n

——16:32 (13:33-18:20)    Time, median (IQR)

The department of pathology

——41    Time recordings, n

——30    Patients, n

——41    Skin lesions, n

——4    Number of pathologists involved
in the recordings, n

——02:01 (01:31-03:11)    Time, median (IQR)

aPCP: primary care provider.
bNot available.
cPresented as min:s, ie, minutes:seconds.

Constructed Diagnostic Pathways
Figure 2 shows the total amount of time physicians consumed
at each of the constructed diagnostic pathways. Teledermoscopy
shortened diagnostic pathway C with 11:31, whereas pathways

A, B, D, and E were prolonged with 04:03, 07:02, 07:02, and
04:03, respectively.
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Post Hoc Analyses
Despite the use of different types of microscopes at the two
departments of pathology involved, no significant difference
between the time recordings at Herlev Hospital and OUH was
found (P=.27).

In Denmark, 400.000 dermatological referrals are made per
year, out of which about 30% (120,000) deal with suspicion of
skin cancer [24,25]. Assuming 75% (90,000) of these referrals
are benign and 25% (30,000) are NMSC [7], the amount of time
physicians spend in pathway A and B with teledermoscopy can
be estimated as shown in Table 2.

Table . Calculated total time consumption in hours per year with and without teledermoscopy for primary care providers, dermatologists, plastic
surgeons and pathologists, for all constructed pathways.

Pathologists (hours per
year)

Plastic surgeons (hours
per year)

Dermatologists (hours
per year)

Primary care providers
(hours per year)

Pathway A

——b44756025Without TDSa

——282513,750With TDS

——−1650+7725Sum

Pathway B

1008—46082008Without TDS

1008—55504583With TDS

0—+942+2575Sum

Pathway C

1411156—281Without TDS

——132641With TDS

−141−1156+132+360Sum

Pathway D

102837—203Without TDS

10283795464With TDS

00+95+261Sum

Pathway E

102837151203Without TDS

10283795464With TDS

00−56+261Sum

All pathways

–141–1156–481 to –632+10,921Total amount of time
spend with TDS per
year

aTDS: teledermoscopy.
bNot available.

The most recent report from the Danish Health Authority
regarding CPPs for skin lesions suspected of MM stated that in
58% of the cases, the suspicion was dismissed at some point in
the diagnostic pathway [9]. The number of patients diagnosed
with MM in 2022 was 3038 [4], which corresponds to a total
of 7233 CPPs for suspected MM, with 4195 (58%) dismissed
cases in 2022 [9]. The amount of time physicians spend in
pathway C, D and E with teledermoscopy can be estimated as
displayed in Table 2.

Discussion

Principal Findings
The use of teledermoscopy by PCPs prolonged the diagnostic
process, whereas the process was significantly shortened for
dermatologists. The constructed pathway C (benign lesion) was
shortened for physicians with teledermoscopy, while the
diagnostic pathways A (benign lesion), B (NMSC), D (MM),
and E (MM) were prolonged by 16%‐58%.
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Comparison With Previous Work

Primary Care Providers
Only a few studies have looked at the duration of consultations
with teledermoscopy at PCPs. Similar to our findings, Berghout
et al [17] and Nami et al [18] both reported prolonged
consultation times compared to consultations without
teledermoscopy. They found an average duration of
consultations with teledermoscopy of 11:32 and 19:00,
respectively [17,18]. This is longer than the median consultation
time of 09:10 (IQR 08:19-11:59) in our study, but a direct
comparison is challenging because of variations in the many
components forming a typical consultation and the use of
different types of teledermoscopy technologies.

Time stamps specifying how much time PCPs spent exclusively
on teledermoscopy were not registered during time recordings
in our study, yet the time can be estimated to be 05:09, based
on the median time used for consultations with (09:10) and
without (04:01) teledermoscopy. Nami et al [18] and van
Sinderen et al [12] reported a mean and median time
consumption solely for teledermoscopy usage of 04:00 and
05:24, respectively. Furthermore, based on the data provided
by Berghout et al [17], it can be calculated that the time spent
only on teledermoscopy was 06:49 (11:32 minus 04:43). Again,
a statistical comparison of these results with our estimations is
difficult due to variations in method, technical equipment, and
the absence of statistical data, such as SD and range in some of
the studies.

In the randomized controlled trial by Berghout et al [17], the
authors discovered that in the first consultations, both the
duration of the consultation and the task of filling out the
telereferral were significantly prolonged compared to the later
consultations. This tendency was also observed by van Sinderen
et al [12]. During our data collection, 3 out of 5 PCPs included
in the teledermoscopy group expressed a lack of confidence in
using the teledermoscopy equipment because they had not used
it for some time. This may have affected our results and
prolonged some of the recordings. In 2 out of 6 of our time
recordings with teledermoscopy, the PCPs had to get the
teledermoscopy device from a colleague during the consultation,
thereby extending the time recordings. This aspect however,
might just reflect the current conditions in a real work setting
where a number of PCPs in a primary care center share the
teledermoscopy equipment.

Despite recordings with teledermoscopy being longer than those
without, the duration was still within the time limit of 15 minutes
that most PCPs allocate for consultations. On the other hand, it
is not uncommon for patients to raise concerns about skin issues
as additional topics during consultations, which may necessitate
reducing the amount of time spent with teledermoscopy. In our
study, all images were obtained by the PCPs themselves. Since
the beginning of this project, teledermoscopy has been
implemented at numerous primary care centers where the
process of obtaining the photos has been assigned to other staff
(eg, nurses), which could solve this issue.

Dermatologists
In contrast to the prolonged consultations at PCPs,
teledermoscopy significantly shortened the examination of the
skin lesions for dermatologists. Other studies reported that
evaluation of telereferral by dermatologists lasted between 01:05
and 02:30 [12,18,19], which is consistent with our results. None
of the studies compared their measurements with the duration
of in-person consultations with a dermatologist.

Pathologists
Given that we only measured a part of the histopathological
evaluation, in a number of cases, it is likely that the median
time pathologists spend in our study is shorter than the time
they typically spend examining these lesions. However, since
we used the same calculated median for pathologists in all the
constructed diagnostic pathways with and without
teledermoscopy, it does not influence the absolute time
difference in these pathways.

In Denmark lesions suspected of melanoma are analyzed within
7 days [26], while carcinomas and other skin biopsies may take
longer. This aspect is not accounted for in the time recordings.

Constructed Diagnostic Pathways
Alternative diagnostic pathways could have been constructed,
which might have changed the outcome. For instance, the
simplification of the pathways could overlook larger time
differences in more complicated patient courses. However, we
argue that the displayed pathways in this study were the most
common based on previous experience and the pathways
described in the national guidelines.

According to our calculations, dermatologists, plastic surgeons,
and pathologists could overall save time with teledermoscopy,
while PCPs would spend more time using the teledermoscopy
equipment. To provide perspective, PCPs constitute the largest
specialty group in Denmark, including about 3500 physicians
[27]. Consequently, each PCP would spend slightly more than
3 hours per year or less than 1 minute a day on average, using
teledermoscopy. Enhancing PCPs’ skills might reduce the
amount of time PCPs spends with teledermoscopy further.

In pathway B, the duration of the physical consultation at the
dermatologist might be reduced, as the dermatologist had
previously examined the lesion using teledermoscopy, and
therefore, only needed to treat the lesion. Similarly, information
regarding the size and placement of the skin lesion obtained
with teledermoscopy could be beneficial in the planning of the
surgical procedure at the department of plastic surgery, thereby
making a physical preliminary examination of the skin lesion
unnecessary in pathways D and E.

It is important to notice, that the focus of this study was solely
on physicians “hands-on” time consumption. Hence, additional
time required for tasks, such as preparation time and tissue slide
collection, was not included. Furthermore, because most
diagnostic pathways involve secretaries, nurses, and medical
laboratory technicians, preventing benign skin lesions from
unnecessary treatment might save time for other medical staff
as well.
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Patient resources are also crucial when considering the
implementation of teledermoscopy. While teledermoscopy might
save time for specific groups of physicians, we did not consider
the impact on patients time or the overall duration of the
diagnostic process for patients. Fortunately, other studies have
looked into this. A review by Jones and Oakley [11] found that
the majority of studies investigating time outcomes for
teledermatology reported reduced time from referrals to biopsy
and treatment with teledermatology. The study by van Sinderen
et al [12] reviewing 11 years of teledermoscopy in the
Netherlands, found that the median response time for
teledermatologists was 2.4 hours compared to an average waiting
time of 2.8 weeks for in-person consultations. Furthermore,
several studies reported that the number of face-to-face
consultations with dermatologists was reduced with
teledermoscopy [12,28,29]. Consequently, fewer patients and
accompanying persons might have to take time off from work
to attend in-person consultations [8].

Strengths and Limitations
This study has several limitations. First, due to limited resources
and different geographic locations, it was not possible to follow
each patient throughout the diagnostic process. This resulted in
fragmented measurements of physician’s time consumption,
involving independent groups of patients. Second, identifying
relevant cases was difficult, especially at the PCPs, because
patients have a tendency to bring up skin problems as
supplementary subjects during consultations. Consequently, we
were unable to achieve the intended number of patients and
most time recordings were performed on patients with benign
skin tumors. Third, our data are very heterogeneous due to the
nature of the different departments included and the large

spectrum of potential diagnoses. Fourth, patients with multiple
potential skin cancers were not included in this study. Finally,
this study was mainly based on structures in the Danish health
care system. Some of our results might not apply directly to
other health care systems.

This is one of few studies measuring clinicians’ time, as
suggested by a recent review [30]. A strength of the study is
that all time recordings were obtained in a real work setting,
which gives the results high external validity. Furthermore, the
same person performed the majority of the recordings.

Further Research
More time recordings would be required to obtain a more
accurate picture of physicians’ time consumption, for example,
by including more departments and primary care centers,
increasing the number of data collectors, or involving medical
staff at the departments to a greater extent. In addition, it would
increase data transparency if time stamps stating how much
time PCPs and pathologists spend on each task were registered
during the recordings. Altogether, several modifications to this
pilot study’s design would be required to make it feasible for a
larger-scale investigation.

Conclusion
Teledermoscopy significantly shortened the diagnostic process
for dermatologists but prolonged it for PCPs. Previous studies
have concluded that teledermoscopy reduces the number of
physical referrals as well as surgical procedures, and our time
study indicates that this would altogether result in time saving
for dermatologists, plastic surgeons, and pathologists. Part of
the time savings attained might be reallocated to other areas of
the health care system, such as consultations at PCPs.
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Abstract

Background: Mobile health apps can boost treatment adherence and support disease management at home. The Atopic App
and web-based Atopic School patient education program offer a chance to enhance adherence to atopic dermatitis (AD)
management.

Objective: We aim to evaluate the feasibility, acceptability, and preliminary efficacy of the Atopic App mobile health intervention
in the managing of AD in children.

Methods: A randomized controlled study in children with AD divided participants into 3 groups: a control group (no app), an
observational group with the app, and an interventional group with investigator supervision. Patients were examined at screening
and follow-up visits 1 and 2 at 3-month intervals. Outcome measures included SCORAD (Scoring Atopic Dermatitis) for objective
severity and Patient-Oriented Eczema Measure (POEM) for subjective effectiveness. Statistical analysis used paired t tests
(2-tailed), the Mann-Whitney U test, and multiple regression.

Results: Fifty-eight participants entered this study (38 boys and 20 girls): group 1 (control) comprised 17 patients, while
experimental groups 2 and 3 consisted of 20 and 21 patients, respectively. The rates of missed appointments were similar and
statistically insignificant across the groups. All groups showed a significant decrease in SCORAD and POEM scores (P<.05).
Usage of the app for ≥8 days showed a more significant decrease in severity scores compared to those who used it for ≤7 days,
or did not use it at all. Participants who used the app for ≥8 days had a median SCORAD of 6.25 (95% CI 4.6‐14.1; IQR 4-16.3)
at visit 1, significantly lower than nonusers (17.9, 95% CI 13.9‐24.0; IQR 13.9-24; P=.03) and those using it ≤7 days (13, 95%
CI 9.35‐27; IQR 7.2-27; P=.04). Their median POEM of 2 (95% CI 1.0‐4.5; IQR 1-5.3) was also significantly lower than
those using the app ≤7 days (9, 95% CI 2‐12; IQR 2-12; P=.04) and lower, though not significantly, than nonusers (7, 95% CI
1‐9; IQR 1-9; P=.14). Additionally, using the Atopic App for ≥8 days after the screening visit strongly predicted a decrease in
both SCORAD and POEM scores (P=.01 and P=.04, respectively). The time since the screening visit significantly predicted
increased outcome scores, while prescriptions of topical calcineurin inhibitors, oral antihistamines, and oral antibiotics were weak
and insignificant predictors of score changes.

Conclusions: Our findings indicate that the Atopic App is helpful tool in managing AD in children, and they underscore the
potential of mobile health interventions in the disease management.

Trial Registration: ClinicalTrials.gov NCT06412094; https://clinicaltrials.gov/study/NCT06412094

(JMIR Dermatol 2025;8:e60479)   doi:10.2196/60479
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Introduction

Poor medication adherence is a major barrier to treatment
success in atopic dermatitis (AD), due to various underlying
causes, including forgetfulness, medication side effects, complex
dosing regimens, cost barriers, etc [1]. Mobile health apps may
improve treatment adherence [2]. There is a growing list of

AD-related mobile apps. A recent systematic review and
meta-analysis of mobile health applications for AD reported a
significant improvement in patients’ quality of life (assessed
by Dermatology Life Quality Index) and self-management
(assessed by Patient-Oriented Eczema Measure [POEM]) but
no significant impact on AD severity (assessed by SCORAD
[Scoring Atopic Dermatitis]) [3]. POEM is a subjective measure
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completed by patients, capturing their experience of AD severity
(scores range from 0‐28, higher scores indicate worse
symptoms). SCORAD is a clinician-administered tool that
combines objective assessment of disease signs with
patient-reported symptoms (scores range from 0‐103, higher
scores indicate worse severity). The most important feature
required for development of mobile apps for caregivers of
children with AD is an educational functionality including
knowledge of the disease, management of symptoms, medication
usage, and triggers [4]. Most available apps for AD primarily
assess disease severity, lacking educational functionality or
bidirectional communication. Few have been scientifically
studied, mainly demonstrating feasibility [3-5].

The Atopic App is a free to download app on the App Store
(Apple Inc) and Google Play (Google LLC) that address these
shortcomings by offering the following features: (1) a
chatbot-directed instruction on app use and targeted education
to enhance user understanding and adherence to treatment plans,
(2) online patient-education program beyond basic disease
information, (3) automatic artificial intelligence (AI)-powered
severity assessment for efficient self-monitoring by patients
and caregivers, (4) integration of personalized action plans
prescribed by health care providers, and (5) a tool for
identification of personal trigger factors to reduce flare-ups.
The engagement process with the app includes completion of
the POEM questionnaire, acquisition of clinical photographs
and numerical rating scale for severity of itch, transcription of
action plans prescribed by a treating physician, documentation
of suspected triggers of exacerbations, and the patient education
Atopic School program, while an integrated AI tool
automatically calculates severity scores using the Eczema Area
and Severity Index method based on photographs taken by users
[6]. Recently, we reported on feasibility and impact of the
Atopic App that provided a real-world data on severity
dynamics, treatment patterns and exacerbation-trigger
correlations, indicating the tool’s potential impact on health
care engagement of AD in children [6].

The purpose of this randomized controlled study is to evaluate
the impact of the Atopic App mobile health app as an auxiliary
management tool for children with AD.

Methods

Study Design
Study participants were children with AD aged 4 months till 16
years and their parents, consecutively recruited from our
dermatology clinic regardless of gender, or disease severity.
Informed consent was obtained from all participating parents.

This study used a parallel, 3-arm randomized controlled trial
design with a 1:1:1 allocation ratio. Participants were
randomized to 1 of 3 groups: a control group that did not use
the Atopic App (group 1), an experimental observational group
provided with the mobile app without supervision by the
investigators (group 2), and an experimental interventional
group provided with the mobile app with potential supervision
by the investigators (group 3). To ensure allocation concealment
and minimize selection bias, a sequential allocation to a study

group was used. Upon study enrollment, participants received
recommended treatment plans and instructions for contacting
the doctor via messenger for any questions during treatment.
Furthermore, participants in groups 2 and 3 were instructed to
download the mobile app within 1 day post screening, while
those in group 3 were also informed about the doctors’ virtual
oversight, including registration status and regularity of use of
the app. Patients aged older than 14 years were permitted to use
the app. Beyond this, no specific instructions or
recommendations were given regarding usage of the Atopic
App, allowing participants to access its features and
functionalities as needed to manage their children’s AD. Push
notifications served as reminders to submit a POEM form,
initially after 7 days and then daily until completion of
participation in this study.

The investigators did not initiate communication or reminders
regarding usage of the app, but could refer to usage data reports
during patients’ visits or queries. The WhatsApp (Meta
Platforms) application was used for patient-doctor
communication. Reasons for communications and for interim
visits were registered by the following categories: exacerbation,
lack of improvement, or clarification questions. Whenever
adjustments to therapy were deemed necessary due to
ineffectiveness or exacerbations, patients were invited for an
in-person interim visit.

Patient-parent pairs were excluded if they had previous
experience with the Atopic App or participation in affiliated
online Atopic School program or presence of concomitant skin
disease or pathological conditions that may affect the assessment
of effectiveness (severe somatic diseases, mental disorders,
oncologic or acute infectious diseases, etc) or, regarding
participants in groups 2 or 3, avoidance from registration during
consecutively 5 days following the screening visit. In addition,
participants were excluded from the final analysis, if the time
gap between their visits deviated by more than 30 days from
the scheduled dates, either by occurring more than 30 days
before or exceeding 30 days after the planned follow-up visit.
This exclusion criterion resulted in variations in the number of
patients across different stages of this study within the groups.

The intended duration of this study was 6 months with 3 months
intervals between visits.

The outcome end points included objective severity assessment
using the SCORAD scale, and subjective assessment of
effectiveness using the POEM scale.

To evaluate the significance of pairwise differences among the
groups under consideration, the Mann-Whitney U test was used.
Additionally, multiple regression analysis was used to explore
relationships between POEM and SCORAD score changes and
independent variables such as the prescription of different types
of medications at the previous visit, the period of time since the
screening visit, and whether the patient engaged with the Atopic
App for 8 and more days following the screening visit.

To evaluate the impact of usage of the Atopic App on AD
severity dynamics, participants were stratified into 3 engagement
groups. Group A included control group participants who did
not install the app, group B included participants from both
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experimental groups who used the app 7 days or less between
screening and visit 1 or 2, and group C included participants
from both experimental groups who used the app 8 or more
days between screening and visits 1 or 2.

Ethical Considerations
This study was approved by the Samara State Medical
University Ethics Committee (review 242). Written informed
consent was obtained, detailing data usage, potential risks, and
the right to withdraw at any time. Comprehensive safety and
security procedures were implemented to protect participant
privacy and reduce harm. Data transmission was encrypted
using HTTPS, and participant data were anonymized with
unique codes. Staff were trained on data security protocols and
privacy regulations. No compensation was provided to
participants. Due to the pilot nature of this study and its limited
sample size, registration in a World Health
Organization–accredited registry was not conducted before this
study. However, it was registered retrospectively
(ClinicalTrials.gov NCT06412094).

Results

During the period from March 2022 till June 2022, a total of
66 children with AD and their parents were recruited for this
study. Seven patients from experimental groups 2 and 3 were
excluded after the screening: those who did not install the app
on time, those who did not provide their email address, or those
who cancelled their participation after the screening. Moreover,
1 participant from the control group 1 was excluded due to
installation of the app during this study. So, 58 participants
entered this study (38 boys and 20 girls): group 1 (control)
comprised 17 patients, while experimental groups 2 and 3
consisted of 20 and 21 patients, respectively. Flow of
participants through each stage of the study (enrollment,
intervention allocation, follow-up, and analysis) is depicted in
the Figure 1. Baseline demographic data and clinical features
in each group are presented in the Table 1.
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Figure 1. CONSORT flow diagram. *Patients who missed follow-up appointments beyond the ±30 day window were excluded from the analysis. AD:
atopic dermatitis; CONSORT: Consolidated Standards of Reporting Trials.
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Table . Baseline demographic data and clinical features in each study group.

Group 3 (n=21)Group 2 (n=20)Group 1 (n=17)

Age (years)

7.2 (1.5‐11.3)2.1 (0.6‐8)4.4 (1.1‐6.2)Median (IQR)

0.5‐14.10.3‐16.30.5‐15Range

121313Male, n

974Female, n

SCORADa

34 (22.7‐43.6)31.4 (24.5‐38.2)31.8 (24.5‐38.35)Median (IQR)

9.4‐4912‐50.98‐61Range

POEMb

13 (9-16)12.5 (8.25‐16)14 (8.5‐18.5)Median (IQR)

3‐205‐262‐23Range

10 (48)14 (70)11 (65)Topical corticosteroids, n (%)

9 (43)16 (80)10 (59)Topical calcineurin inhibitor, n (%)

11 (52)16 (80)11 (65)Oral antihistamines, n (%)

0 (0)2 (10)1 (6)Oral antibiotics, n (%)

aSCORAD: Scoring Atopic Dermatitis.
bPOEM: Patient-Oriented Eczema Measure.

The vast majority of this study’s cohort (48/58, 83%) had a
documented history of allergic diseases: 66% (38/58) exhibited
concurrent food allergies, bronchial asthma, and allergic rhinitis
or a combination of these. Overall, 29% (17/58) exhibited mild
AD, while 66% (38/58) presented with moderate to severe AD,
and the remaining 5% (3/58) had severe AD. No statistically
significant differences were found between patients of different
groups by gender, age, and severity of the disease at the time
of inclusion in this study.

At the screening visit, group 3 had higher median AD severity
scores (POEM and SCORAD) compared to groups 1 and 2. The

difference in SCORAD and POEM between the groups at
screening was not statistically significant (Table 1).

Patients who missed follow-up appointments outside the ±30
day window were excluded from the analysis, resulting in
variations in the number of participants between visits. The
rates of missed appointments were similar and statistically
insignificant across the groups.

Throughout the observation period, all groups demonstrated a
significant decrease in the values of SCORAD and POEM scores
at visit 1 and visit 2 (Figure 2) compared to corresponding scores
at the screening visit (P<.05)
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Figure 2. Distribution of AD severity scores across groups 1, 2, and 3. The error bars represent the minimum and maximum values excluding outliers.
Above the bars, the intergroup statistical analysis is reported as follows: * P<.05, ** P<.01, *** P<.001. (A) SCORAD at screening and visit 1 (day
90±30 d). (B) POEM at screening and visit 1 (day 90±30 d). (C) SCORAD at screening and visit 2 (day 180±30 d). (D) POEM at screening and visit
2 (day 180±30 d). AD: atopic dermatitis; ns: not significant; POEM: Patient-Oriented Eczema Measure; SCORAD: Scoring Atopic Dermatitis.

At visit 1, the median SCORAD scores for groups 2 and 3 were
lower than group 1, at 11.3 (95% CI 6‐25) and 9.5 (95% CI
5.5‐20), respectively, compared to 17.9 (95% CI 13.9‐24)
for group 1. At visit 2, this pattern continued, with medians of
8.20 (95% CI 4.85‐19.15) and 13 (95% CI 4.5‐18) for groups
2 and 3, respectively, versus 16.3 (95% CI 10.2‐24.9) for
group 1. POEM scores followed a similar pattern. At visit 1,
the median POEM scores for groups 2 and 3 were 3 (95% CI

1‐8) and 4.5 (95% CI 2‐9.5), respectively, compared to 7
(95% CI 1‐9) for group 1. At visit 2, the medians were 4 (95%
CI 2‐9) for group 2 and 5.5 (95% CI 2‐8) for group 3, versus
6.5 (95% CI 3‐12) for group 1.

The reduction of SCORAD and POEM scores was more
prominent and consistent for patients in groups 2 and 3 than in
group 1, although the differences between the groups were not
statistically significant (Table 2 and Figure 3).

Table . Median values of SCORADa and POEMb scores across groups 1, 2, and 3 and visits.

POEM, median (IQR)SCORAD, median (IQR)

VisitScreeningVisitScreening

Visit 1: day 90 (±30 d)

7 (1-9)12 (9-18)17.9 (13.9‐24)31.8 (25‐41.5)Group 1c

3 (0.5‐10)15 (9‐16.5)11.3 (5.75‐26)33 (25.3‐41.3)Group 2d

4.5 (1.75‐10.5)13 (8.75‐17)9.5 (5.05‐23.8)31.5 (23.4‐43.6)Group 3e

Visit 2: day 180 (±30 d)

6.5 (2.5‐13)14 (9.8‐18)16.3 (8.1‐25.9)32.4 (26.2‐42.8)Group 1

4 (2-9)11 (8.3‐15.8)8.2 (4.3‐19.9)30 (20.3‐36.6)Group 2

5.5 (1.3‐8.8)13 (8.3‐16.8)13 (4.5‐18.9)31.5 (21.8‐41.9)Group 3

aSCORAD: Scoring Atopic Dermatitis.
bPOEM: Patient-Oriented Eczema Measure.
cGroup 1: control group that did not use the Atopic App.
dGroup 2: experimental observational group provided with the mobile app without supervision by the investigators.
eGroup 3: experimental interventional group provided with the mobile app with potential supervision by the investigators.
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Figure 3. Trends in median AD severity scores across groups 1, 2, and 3. (A) Median SCORAD scores from screening to visit 1 (day 90±30 d). (B)
Median POEM scores from screening to visit 1 (day 90±30 d). (C) Median SCORAD scores from screening to visit 2 (day 180±30 d). (D) Median
POEM scores from screening to visit 2 (day 180±30 d). AD: atopic dermatitis; POEM: Patient-Oriented Eczema Measure; SCORAD: Scoring Atopic
Dermatitis.

To further evaluate the effectiveness of using the Atopic App
mobile health app to monitor the course of AD, an analysis was
carried out considering the influence of engagement with the
mobile application on treatment outcomes.

At visit 1, the median SCORAD score of group C (6.25, 95%
CI 4.6‐14.1) was significantly lower than that of both group
A (17.9, 95% CI 13.9‐24; P=.03, r=0.418) and group B (13,
95% CI 9.35‐27; P=.04, r=0.369). The median POEM score
of group C (2, 95% CI 1‐4.5) was significantly lower than that
of group B (9, 95% CI 2‐12; P=.04, r=0.369) and lower than
that of group A (7, 95% CI 1‐9), although this difference was

not statistically significant (P=.14, r=0.285). At visit 2, despite
a more pronounced reduction trend in group C (Figure 4;
SCORAD 9, 95% CI 6‐18; POEM 5, 95% CI 2‐9), there
were no statistically significant differences compared to group
A (SCORAD 16.25, 95% CI 10.5‐24.9; POEM 6.5, 95% CI
3‐12) or group B (SCORAD 9, 95% CI 3.5‐17.5; POEM 5,
95% CI 1‐8).

The decrease in SCORAD and POEM scores was more
significant in patients who used the app for 8 or more days as
compared to those who used it for 7 days or less or did not use
the app at all (Figures 4 and 5; Table 3).
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Figure 4. Trends in median AD severity scores across groups A, B, and C. (A) Median SCORAD scores from screening to visit 1 (day 90±30 d). (B)
Median POEM scores from screening to visit 1 (day 90±30 d). (C) Median SCORAD scores from screening to visit 2 (180±30 d). (D). Median POEM
scores from screening to visit 2 (day 180±30 d). AD: atopic dermatitis; POEM: Patient-Oriented Eczema Measure; SCORAD: Scoring Atopic Dermatitis.

Figure 5. Distribution of AD severity scores across groups A, B, and C. The error bars represent the minimum and maximum values excluding outliers.
Above the bars, the intergroup statistical analysis is reported as follows: * P<.05, ** P<.01, *** P<.001. (A) SCORAD at screening and visit 1 (day
90±30 d). (B) POEM at screening and visit 1 (day 90±30 d). (C) SCORAD at screening and visit 2 (day 180±30 d). (D) POEM at screening and visit
2 (day 180±30 d). AD: atopic dermatitis; POEM: Patient-Oriented Eczema Measure; SCORAD: Scoring Atopic Dermatitis.
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Table . Median values of SCORADa and POEMb scores.

POEM, median (IQR)SCORAD, median (IQR)

VisitScreeningVisitScreening

Visit 1: day 90 (±30 d)

7 (1-9)12 (9-18)17.9 (13.9‐24)31.8 (25‐41.5)Group Ac

9 (2-12)13 (8-16)13 (7.2‐27)29 (24.2‐34.4)Group Bd

2 (1‐5.3)14 (9-17)6.25 (4‐16.3)40.7 (24.6‐47.3)Group Ce

Visit 2: day 180 (±30 d)

6.5 (2.5‐13)14 (9.8‐18)16.3 (8.1‐25.9)32.4 (26.3‐42.8)Group A

5 (1-11)10 (7‐15.5)9 (2.3‐23.6)25.4 (20‐34.2)Group B

5 (2-9)13 (9-17)9 (6‐19.2)37 (24‐44.4)Group C

aSCORAD: Scoring Atopic Dermatitis.
bPOEM: Patient-Oriented Eczema Measure.
cGroup A: participants who did not receive the app.
dGroup B: participants who engaged with the application on fewer than 8 days.
eGroup C: participants who engaged with the app on 8 or more days.

Multiple regression analysis aimed to explore effects of various
independent variables on changes in SCORAD and POEM
scores between visits. The independent variables included the
prescription of different types of medications at the previous
visit, interval since the screening visit, and use of the Atopic
App for 8 days or more following the screening visit.

An F test was used as a measure of the models’ accuracy on the
dataset:

• For the model with SCORAD score as the dependent

variable: multiple R=0.6282, R2=0.3947, F6,75=8.1497,
P<.001.

• For the model with POEM score as the dependent variable:

multiple R=0.6731, R2=0.4531, F6,75=10.3548, P<.001.

The explored models identified statistically significant predictors
of SCORAD and POEM score changes:

1. The prescription of topical corticosteroids at the previous
visit was a strong predictor of a decrease in both SCORAD
and POEM scores (P<.001 and P<.001, respectively).

2. Engagement with the Atopic App for 8 days or more
following the screening visit strongly predicted a decrease
in both SCORAD and POEM scores (P=.01 and P=.04,
respectively).

3. The time elapsed since the screening visit significantly
predicted an increase in both SCORAD and POEM scores
(P<.001 and P<.001, respectively).

4. Prescriptions of topical calcineurin inhibitors, oral
antihistamines, and oral antibiotics were weak and
insignificant predictors of SCORAD and POEM score
changes.

Most participants experienced seamless use of the installed app,
with only four inquiries pertaining to its use arising during the
initial week post installation.

Discussion

Principal Findings
The number of AD-related mobile apps is increasing [3].
However, only a few of these apps are designed to enable
bidirectional communication between patients or caregivers and
the app [7]. Most studies on apps usage for AD focus primarily
on the acceptability and feasibility of using AD-related mobile
apps to assess disease severity or burden of the disease [5,8,9]
and all lack supporting evidence, input from clinicians and
dermatologists [10]. However, this is a randomized controlled
study that provides evidence for the potential impact of engaging
caregivers of children with AD on the dynamic changes in AD
severity, using an app developed with the aid of 20
dermatologists, allergists, adult patients with AD, and parents
of children with AD, and aimed to identify difficulties in
management of AD in home settings [6]. The differences in
methodology of these studies from this randomized controlled
trial study preclude meaningful comparison of our findings to
other studies on mobile health apps for AD.

In their analysis of studies on the effectiveness of mobile phone
apps in influencing health-related behavior change, Zhao et al
[11] concluded that apps’ use for treatment reminders leads to
increased overall adherence. More recently, Joergensen et al
[12] investigated the effects of requested self-reporting on
treatment adherence using memory buttons, with or without a
mobile app, and reported improved outcomes in the group that
used the mobile app. A recent meta-analysis [3] demonstrated
that while mHealth applications significantly improve patients’
quality of life and self-management, they show no significant
impact on AD severity (SCORAD). This suggests that the
reviewed apps fail to offer comprehensive tools for tracking
and addressing clinical symptoms, which may be attributed to
limited personalization of treatment plans and lack of real-time
communication with health care providers. In a qualitative study,
caregivers and health care professionals highlighted key

JMIR Dermatol 2025 | vol. 8 | e60479 | p.58https://derma.jmir.org/2025/1/e60479
(page number not for citation purposes)

Zvulunov et alJMIR DERMATOLOGY

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


shortcomings in existing apps, such as confusion over treatment,
lack of empowerment through education, and limited emotional
support [4]. These factors contribute to poor user engagement
and adherence, which aligns with findings from a feasibility
study [5], where declining weekly interactions with app features
over 6 weeks was noted despite initially high engagement with
medication reminders and educational content. Maintz et al [13]
highlighted a common limitation of AD apps: inadequate
interoperability, data exchange, and personalized care. Lack of
bidirectional communication remains a key challenge in many
existing tools, as they often function as static symptom trackers
without the capacity to facilitate ongoing interaction between
patients and health care professionals.

The Atopic App addresses the identified limitations in current
AD management, such as AI-powered severity assessment,
incorporation of personalized action plans, bidirectional
communication and sustained engagement strategies.

The minimal clinically important differences (MCIDs) for
SCORAD and POEM scores in AD have been established to
represent the smallest changes in scores that are perceived as
meaningful by patients: the MCID for SCORAD is about 8.7
points and for the POEM about 3.4 points [14]. The reductions
in SCORAD and POEM scores observed in our study
significantly exceed the established MCID thresholds,
reinforcing the effectiveness of the Atopic App as a valuable
adjunct tool in managing AD in children. While all groups
exhibited reduced disease severity over time, patients who
engaged more with the app—specifically, those who used it for
8 days or more between visits—demonstrated a more significant
reduction in severity scores. This suggests that repeated exposure
to patient-education content and the app’s feedback may lead
to better adherence to treatment plans and improved disease
management [6]. On the other hand, participants who actively
engaged with the app may have been more likely to adhere to
treatment plans and recommendations, potentially influencing
their improved outcomes. To strengthen causal inferences
between app usage and improved outcomes in AD management,
future research could use random assignment of app access,
independent of participants’ initial engagement levels that would
isolate the app’s true impact on treatment adherence and clinical
outcomes.

While the reductions in AD severity observed across all study
groups could be attributed to various factors such as prescribed
treatments, the natural course of the disease, increased awareness
and monitoring, or a placebo effect, the results of the multiple
regression analyses indicate that these possibilities are highly
unlikely. The analyses showed a significant correlation between
higher SCORAD and POEM scores and the time period from
the screening visit, which suggests that factors other than those
mentioned above are at play. Additionally, the prescription of
topical corticosteroids at a preceding visit was identified as a

strong predictor of decreased SCORAD and POEM scores,
highlighting the well-established effectiveness of this treatment.
However, the time elapsed since the screening visit was found
to be a significant predictor of increased disease severity,
emphasizing the need for regular monitoring and intervention.
Notably, sustained app engagement was linked to lower disease
scores, emphasizing its potential role in AD management. While
capturing disease state at exacerbation onset would offer deeper
insights, this study primarily focused on longitudinal changes.

Limitations of this Study
This study’s population exhibited a gender imbalance with a
higher proportion of boys compared to girls. While this does
not reflect the general population, this pilot study prioritized
feasibility and initial impact assessment of the Atopic App. To
comprehensively evaluate the app’s effectiveness, a larger study
with a balanced gender distribution is warranted.

Possibly, patients who engaged more with the app may have
been more proactive in seeking medical advice or adjusting
their treatment based on the app’s recommendations, leading
to better outcomes.

The predominance of female caregivers in our study highlights
the importance of considering gender as a contextual factor, as
recommended by the COSMIN (Consensus-Based Standards
for the Selection of Health Measurement Instruments)
guidelines. Due to our limited sample size, we were unable to
perform a formal subgroup analysis by gender. Nevertheless,
the high proportion of female participants likely reduces the
risk of significant gender-related bias in our findings. Future
research involving larger and more diverse populations will be
crucial to further examine the influence of gender and other
contextual factors on the effectiveness of the app.

Conclusion
The Atopic App represents a significant advancement in the
digital management of AD by offering AI-powered, personalized
solutions to the common shortcomings of existing apps,
including lack of bidirectional communication, low engagement,
and inadequate personalization. By addressing these gaps, the
Atopic App provides a more effective, user-centered approach
to improving treatment adherence and clinical outcomes in AD,
positioning it as a valuable contribution to the field.

Future research directions should explore: (1) sustained use of
the app over extended periods to assess its effect on long-term
patient outcomes, treatment adherence, and disease control; (2)
economic benefits of integrating the Atopic App into clinical
workflows, including potential reductions in health care visits
and treatment costs; and (3) potential uses of the app’s
technology and personalized approach could be adapted for
managing other chronic skin conditions.
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Abstract

Background: Xylazine has been associated with skin wounds. The rising prevalence of xylazine and its debated role in wound
causation have sparked concerns among public health professionals, medical experts, and people who use drugs.

Objective: This study used a qualitative evaluation of Reddit posts to understand the experiences of people who use drugs
concerning xylazine-associated wounds.

Methods: This study explored xylazine discussions on Reddit. Data were collected from 930+ drug-related subreddits via the
PRAW Python application programming interface, and natural language processing methods were employed to identify posts
that mentioned xylazine and wound-related keywords. Retrieved posts were manually coded for thematic analysis, and a term
frequency–inverse document frequency analysis was performed per theme to obtain additional insights.

Results: The manual classification of 286 posts revealed predominant themes related to the pathophysiology of xylazine, wound
locations on the body, and management strategies. The 3 most frequent xylazine wound-related themes were “Mechanisms of
xylazine-associated wounds” (84 posts, 29.4%), “Geographic region” (67, 23.4%), and “Location of wounds on the body” (56,
19.6%). The analysis showed xylazine’s presence in the discussions among Reddit’s drug-using communities, with a notable
focus on wound management and geographic trends. The term frequency–inverse document frequency analysis revealed prominent
lexical markers within each theme.

Conclusions: The findings suggest that social media platforms such as Reddit can serve as valuable resources for understanding
emerging health issues such as xylazine-associated wounds. The study’s findings highlight patterns of use, the characteristics of
wounds on people who use drugs, and discussions about wound management. This study adds to a growing body of literature
using social media to understand the consequences of emerging drugs on human health.

(JMIR Dermatol 2025;8:e70329)   doi:10.2196/70329

KEYWORDS

xylazine; social media; substance-related disorders; opioid-related disorders; wounds

Introduction

Xylazine is an α -adrenergic agonist that is increasingly
prevalent in the unregulated opioid supply [1]. In the northeast
United States, xylazine may be present in more than 90% of the
fentanyl supply in some localities [2]. As the prevalence of
xylazine has increased, there has been growing concern voiced
by people who use drugs, the media, and medical providers that
xylazine use is associated with skin wounds [3,4]. The etiology
of wounds associated with xylazine exposure, the relationship
to route of drug use, the location on the body where the wounds
develop, and the optimal treatment of wounds are not known

[1-3]. Theories proposed include vasoconstrictive effects, tissue
hypoxia, cytotoxicity, impaired glucose control, prolonged
sedation, pressure-related injury, and other factors associated
with drug use practices, including access to sterile supplies,
proper nutrition, and clean water [5,6]. Despite these unknowns,
there is significant concern from public health and government
regulatory agencies about the association between xylazine and
skin wound development [6].

Xylazine-associated wounds are extensively discussed among
people who use drugs, including on social media [7]. Reddit is
a popular social network that allows for anonymous posting by
subscribers (redditors), with more than 1.2 billion monthly
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active subscribers [8]. Because of its anonymity, Reddit has
become a forum for people to discuss sensitive or stigmatized
topics such as drug use [9]. For these reasons, social media in
general, and Reddit specifically, has been analyzed to understand
various aspects of drug use [7,10]. Various social media sites
such as Reddit, X, or TikTok may be used to study attitudes
toward drugs; however, each site attracts different demographics,
may restrict discussion of drug-related topics, and has different
rules for researchers to extract data [10]. Reddit has been used
for pharmacovigilance of emerging substances, to explore
adverse effects from prescribed medications in stigmatized
communities, and to explore the general public’s perceptions
of drug-related topics [7,11,12]. Others have used Reddit to
study perceptions of xylazine in general and noted concerns
about wounds as an adverse effect, although this study did not
focus specifically on issues related to xylazine-associated
wounds [13].

In prior work, we leveraged natural language processing (NLP)
to identify social media posts on drug-related topics of interest
to medical toxicology and addiction medicine researchers and
used these social media posts to identify potential adverse effects
of xylazine use [7]. For this study, we sought to specifically
explore an adverse effect that was identified in our prior work,
xylazine-associated wounds. Our primary aim was to perform
a thematic analysis of Reddit posts specifically related to
xylazine and wounds in order to identify associated factors and
salient issues xylazine-associated wounds may be causing for
people who use drugs.

Methods

Ethical Considerations
This study was approved by Emory University Institutional
Review Board (number STUDY00002458). We combined NLP
and expert-driven qualitative analysis to thematically
characterize a set of Reddit posts mentioning xylazine and
wounds. Posts were not modified from their original form in
order to not alter their meaning. All data were publicly available
and anonymous at the time of collection. Usernames were not
included in the data analysis to further protect the privacy and
anonymity of the Reddit users. The authors had no contact with
individual Reddit users and no compensation was provided to
any Reddit users.

Data Collection
We collected data from 961 drug-related subreddits (Appendix
1 in Multimedia Appendix 1) via the PRAW (Python Reddit

API Wrapper) application programming interface (API) (version
7.7.1; GitHub). We used Python (version 3.12; Python Software
Foundation) for PRAW and for filtering the data. Data filtering
was conducted using the Natural Language Toolkit for
tokenization and stop word removal, and regular expressions
(via Python’s remodule) to identify and exclude noninformative
or low-quality posts [7]. The API enables the collection of
publicly available data from chosen subreddits in a secure
manner following authorization. Posts that are removed by
moderators or the original posters are not available via the API.
No subreddit that had protected data and required joining prior
to viewing data was included in this study. First, we filtered all
the collected data using the keywords “xylazine,” “tranq,” and
other possible lexical variants, including street names and
common phonetic and typographic misspellings (Appendix 2
in Multimedia Appendix 1) [14]. Then, we filtered the data
using a predetermined set of keywords (Appendix 2 in
Multimedia Appendix 1) potentially related to wounds (eg,
mentions of wounds, necrosis, and skin ulcers). Thus, posts
mentioning xylazine and potentially wound-related information
were included for further thematic analysis.

Data Analyses
A sample of 15 posts identified by NLP as having content related
to xylazine and wounds was reviewed by 2 authors with
expertise in toxicology (ASp and JP) to identify relevant
categories (codes) into which the posts could be classified [7].
Codes were developed using a content analysis approach [15].
ASp and JP prepared a guidebook to drive the coding of the
social media posts (Table S1 in Multimedia Appendix 1). An
initial randomized set of 50 posts was independently assigned
codes by 2 authors (ASp and JH). The larger author group
reviewed the coding assignments, and the codes were iteratively
defined through consensus until agreement was reached
regarding the definitions of the codes and their adequacy in
describing the themes in the posts. This process ensured that
codes that were too inclusive or poorly defined could be
eliminated, and additional codes could be created. This iteration
generated 13 primary codes, including 2 codes: “non-relevant
post about xylazine” and “not about xylazine at all” for posts
that lack relevance to human xylazine use (eg, posts purely
about veterinary use of xylazine) and posts that lack relevance
to xylazine completely, respectively. Each code represented a
potential theme that could be present in a post, and each post
could be assigned multiple codes if the post contained multiple
themes [15]. Table 1 shows the 13 codes and their definitions.
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Table . Themes from posts extracted by natural language processing with example quotes, distribution, and indicative n-grams detected via term
frequency–inverse document frequency.

Illustrative top TF-IDFa

terms and values

Percentage of posts with
theme (out of 286)

Number of posts codedExample quotesTheme

Top terms include xylazine
(184.91) itself, krokodil

29.484“it’s a Vasoconstrictor and
Will Greatly Reduce the

Hypothesized mechanisms
of xylazine-associated
wounds (29.38) for comparison, xy-

lazine induced (19.09) for
Ability of Oxygen-Rich
Blood to Get Out into All

direct effect, skin necrosisthe Small Veins. If You Re-
(15.22), skin ulcerationpeatedly Inject into a Single
(16.70), and references to
pmc articles (10.45).

Site, You’re Counting on
Your Circulatory System to
Repair the Damage and
Catch Any Bacterial Infec-
tion.”

Prominent terms include
philly (21.74), harm reduc-

23.467“This shit is RAVAGING
South Jersey.”

Geographic region

tion (11.24), care supplies
(11.17), and https www
(10.16) referring to web-
based sources. Xylazine skin
necrosis (20.65) is noted as
a health consequence by lo-
cale.

Top terms for this theme in-
clude xylazine (122.35) it-

19.556“It ate my skin on both
arms. They looked horrible,
talking down the bone.”

Locations of wounds on the
body

self, alongside skin (52.44),
oxygenation (20.99), skin
ulceration (16.70), and skin
necrosis (13.04), indicating
the severe nature of wounds.

Illustrative terms include
xylazine (99.36), oxygena-

11.834“Other than OP’s suggestion
to have good hygiene (which

Management of wounds

tion (20.99) as critical forI think meant using clean
healing, skin ulcerationsupplies & cleaning IV sites)
(16.70), impaired healingI personally use saline nasal
wounds (7.16), and wholespray to clean my nose out
wrap (12.00) possibly for
bandaging.

about 15‐20 min after
snorting.”

Examples reflecting with-
drawal symptoms include

10.129“I’m wondering if the with-
drawal anxiety (I don’t rly

Posts about specific xylazine
withdrawal symptoms

withdrawals (14.13), organsget any other withdrawal
hurting (6.97), zombifyingsymptoms it’s like the
bodies (7.16), and everymethadone covers any sick-
hour (10.49). Tranq dopeness and other parts of with-
(17.00) indicates polysub-
stance context.

drawal except for the anxi-
ety which makes me think
the rebound is not from the
fent but from the cut…possi-
bly xylazine) so yeah I was
saying I wonder if the
“withdrawal” or rebound
anxiety is rly from sniffing
a shit ton of xylazine.”

Examples reflecting stigma
include terms such as flesh

8.023“Tranq will actually keep
your wounds from healing,

Stigma related to xylazine
wounds

eating (11.93), skin rottingand they are calling it a
zombie drug.” (9.37) for graphic descrip-

tions, zombie (12.65) for
dehumanization, dirty
(11.17) for uncleanliness,
and opioid deaths (9.54) for
links to crises.
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Illustrative top TF-IDFa

terms and values

Percentage of posts with
theme (out of 286)

Number of posts codedExample quotesTheme

Top terms illustrate polysub-
stance use such as xylazine
(46.92) with morphine
(24.38) and fent (fentanyl).
Phrases such as fent mixed
xylazine (4.20), every hour
(10.49) for frequency, and
methadone clinic (5.58) are
also key.

6.920“Makes me think it’s the
common analog in benzos
called Etizolam.”

Other drug use habits

Illustrative top terms include
nose (18.48) for intranasal
use, xylazine injectable
(10.0 and 8.38) for injection,
every hours (10.49) for fre-
quency, fent (11.0) for poly-
substance use, and skin
(15.64) for side effects.

6.619“I got lucky with my IV use,
never got hep or anything
but I did get a bad infection
from a muscle injection.”

Xylazine use habits

Examples include xylazine
(65.32) caused with MOUDs
such as methadone (17.39),
phrases such as suboxone
kill cravings (4.77), terms
such as fentanyl (21.16), and
community queries such as
quick question anyone
(4.22).

6.619“Now I have methadone in
me yet it isn’t making a dif-
ference now that’s probably
cause from using on top of
the done I jacked my toler-
ance so high I no longer feel
the methadone at all it’s
mine as we’ll be water I
need to increase my dose,
but it seems like something
else is going on.”

Posts about MOUDb

Examples include xylazine
(19.32) and benzos (7.73)
for self-medication, 3-mg
clonidine (2.81), terms such
as noradrenaline new (3.48),
and indicators of injection
risks such as iv warned
(2.81).

3.811“Yes clonidine is the best
drug I’d say for coming off
tranq.”

Non-MOUD management
of withdrawal

Key terms include rehab
(16.70), xylazine (11.04) as
a complicating factor,
phrases such as hospitals
around area (4.77), save
someone’s life (4.77) for
motivation, and insurance
xylazine imagine (3.48) as
a barrier.

3.510“I can’t get wounds healed
& rehabs won’t take me
with open festering
wounds.”

Ability to get into rehabilita-
tion clinic or addiction
treatment

N/Ac12.937“I run a wildlife hospital and
we use xylazine in a lot of
our cases. Because it’s not a
scheduled drug it’s easy for
us to keep on hand for eu-
thanasia, sedation for frac-
tious animals needing
wound care, exams, etc.”

Nonrelevant posts about xy-
lazine
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Illustrative top TF-IDFa

terms and values

Percentage of posts with
theme (out of 286)

Number of posts codedExample quotesTheme

N/A24.470“If I’m remembering right
wouldn’t him jumping into
a gross jungle river soon af-
ter losing it cause some seri-
ous infection, especially in
the 60 s?”

Not about xylazine at all

aTF-IDF: term frequency–inverse document frequency.
bMOUD: medications for opioid use disorder.
cN/A: not applicable.

Using the guidebook, author JH manually coded the remaining
posts. All the coded posts were reviewed by authors ASp and
JP, and any disagreement about the assigned codes was
discussed as a group and resolved by consensus. Following the
thematic categorization, word n-gram (n=1‐3)–level term
frequency–inverse document frequency (TF-IDF), where each
document included all the posts within a specific theme, was
computed to identify n-grams uniquely indicative of each theme.
An n-gram is a sequence of n adjacent symbols in a particular
order—in this context, a contiguous sequence of words. The
top n-grams for each theme were processed with a large
language model (LLM) (Google Gemini 2.5) for summarized
explanation and interpretation. The 2 noninformative themes
were excluded from this analysis. The TF-IDF analysis of the
contents associated with each theme and their LLM-assisted
explanations revealed some key topics associated with each
theme.

Results

We retrieved 5373 posts from 961 subreddits from January 2019
to March 2023. A total of 626 posts were detected to potentially
mention xylazine. Within these posts, 286 posts were detected
via NLP to contain potentially wound-related keywords, and
all of these posts were manually reviewed for thematic analysis
(Figure 1). Of these 286 posts, 37 (12.9%) of posts were about
xylazine but determined to be about nonhuman use, such as
veterinary use. An additional 70 of the 286 posts (24.4%) were
determined to be not about xylazine at all and were either
incorrectly selected by NLP or were nonrelevant comments on
posts about xylazine and wounds. In total, 179 of the 286
(62.6%) posts extracted by NLP were about xylazine and
wounds. The posts described several important aspects of the
experiences people shared on Reddit about xylazine-associated
wounds.

Figure 1. Flow diagram of data collection to thematic analysis. API: application programming interface.

The 3 most frequent xylazine wound-related themes were
“Hypothesized mechanisms of xylazine-associated wounds”
(84/286 posts, 29.4%), “Geographic region” (67/286, 23.4%),
and “Location of wounds on the body” (56/286, 19.6%). Table
1 shows the frequencies of posts for 13 xylazine wound-related
themes, along with representative examples. Less prominent
themes were “Management of wounds” (34/286, 11.8%), “Posts
about specific xylazine withdrawal symptoms” (29/286, 10.1%),
and “Stigma related to xylazine wounds” (23/286, 8.0%), which
contained important information about managing wounds, their
impacts, stigma, and withdrawal.

Posts described how the redditors were using xylazine and
speculated on the relationship between how xylazine was being
used and the development of wounds. For example, “People
are getting wounds on their noses and mouths. Sniffing and
smoking is giving people sores.” Other posts discussed specific
mechanisms and the pathophysiology of xylazine and how it
may cause wounds, for example, “It causes severe
vasoconstriction which is why it leads to wounds.” Some sought
help in managing wounds and described their wounds, for
example, “How do you treat these skin wounds? I have them
on my chest, arms, and legs. How do I know if I need to see a

doctor? Any info what to do would be great.” The discussions
of the pathophysiology and mechanisms of xylazine were often
connected to discussions on the locations of the wounds and
how xylazine was being used, seemingly to provide explanations
for why certain wounds were developing. For example,
“Apparently it adds longevity to the high. However the side
effect is that it’s much harder on the blood vessels. As blood
vessels break down, infection risk skyrockets. Users are forced
to find new veins more frequently, injection sites don’t heal
well and this is the result. Infection and destroyed blood vessels
causes strain to organs, and the extremities are starved for
blood.”

Some of the posts expressed that having xylazine-associated
wounds made getting addiction treatment more difficult; for
example, one post described someone’s experience trying to
get into addiction treatment: “She wants to, but they won’t take
her into rehab with the wound and without rehab she’ll likely
keep injecting.” Many of the posts about wounds also discussed
issues with attempts at stopping the use of xylazine and
unregulated opioids. Posts described both the attempts at quitting
“cold turkey” and using medications for opioid use disorder
(MOUD), “Was hooked on Philly tranq bad from Kensington
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for years. It ate my skin on both arms. They looked horrible,
talking down to the bone. The withdrawals would be so bad.
Nonstop throwing up, literally every couple mins. Even when
nothing is left, you’ll just puke bile or dry heave. It’s terrible.
I was stuck on it for years. Was on 200 mgs of methadone on
top of it which did absolutely nothing.” Posts that commented
on these themes of getting into addiction treatment, complicated
withdrawal treatment, and xylazine wounds were sometimes
connected. These posts would describe how xylazine made
withdrawal more complex to manage and that made wounds
more difficult to treat. For example, “There isn’t a lot of good
hospitals around that area that actually seem to know what they
are doing for xylazine/fentanyl withdrawal and that one I
mentioned does an excellent job and if some one reads it, and
can save someone’s life I don’t see the harm in posting that.
My fiancé died last year because we both thought the hospitals
around that area would not know how to treat her withdrawal
for an infection. And the infection spread into her blood and
she died.”

Several posts disclosed the geographic location of where the
poster was, where they were buying drugs, or where they were
seeing people with wounds. Many of the posts used stigmatizing
language to describe wounds and the people who get them, “I
do heroin regularly and never had any issues. These people are
dirty junkies who don’t take care of themselves and won’t even
swab their skin with an alcohol pad but it’s definitely not a
combination of unsanitary conditions and dirty drugs full of
flesh eating bacteria that can be filtered out with cheap micron
filters.” Many of the posts also referred to xylazine as the
“zombie-drug” and that people who used it were “zombies.”
Many posts with stigmatizing language were directed toward
others rather than the person making the post. As posts were
anonymous, it was not known in all instances whether the
redditor making the post was a person who uses drugs. However,
some posts with stigmatizing language did seem to come from
health care providers, and some of the stigma seemed to be
coming from the non–people who use drugs community. For
example, one post from a health care provider described their
first encounter with a patient who used xylazine, “I met my first
patient with tranq wounds yesterday. Both their legs look
absolutely awful, and the smell is just unspeakable.”

The TF-IDF analysis revealed some key topics associated with
each theme, such as “Philly” as a prominently mentioned
location, “wraps” or bandages for wound management, and
graphic descriptions (eg, “flesh eating” and “zombie”)
expressing stigma associated with xylazine-inflicted wounds.
Further examples and explanations are shown in Table 1.

Discussion

Principal Findings
This study uses social media data and NLP to explore a critical
clinical complication of the emerging drug xylazine. In this
study, social media posts described purported mechanisms
behind toxicity from xylazine, experiences with xylazine wounds
including how people managed wounds, and stigma related to
xylazine use. While the association between xylazine and the
development of distinct wounds has been described in case

reports and the media, there is limited understanding of the
pathophysiology, the optimal management of these wounds,
and individual experiences with xylazine-associated wounds
[3-6,16-18]. There have been many postulated mechanisms by
which xylazine could cause wounds. Xylazine may cause
vasoconstriction through its α-adrenergic agonist effect, which
could cause tissue hypoxia and injury [6]. Xylazine may also
have systemic cytotoxic or hypoxic effects, which have been
proposed as a possible explanation for wounds distant from the
site of drug use [6]. There are reports of people developing
wounds at sites where they do not inject and in those who report
only intranasal use [3]. Some experts are skeptical about whether
these wounds are a distinct clinical entity separate from skin
and soft tissue infections that can occur with intravenous drug
use [5]. The results of this study show that people self-report
developing wounds after using xylazine. Many of the posts
commented on the development of wounds in sites where they
do not inject and in association with intranasal use. This has
been previously reported, for example, at a wound care clinic
in Philadelphia, patients reported developing wounds on their
extremities at sites where they do not inject and in those who
reported only intranasal use [3]. The development of wounds
in the nose and oropharynx is not well described but may be
clinically relevant, and it is notable that it is mentioned on
Reddit before it is described in the medical literature. These
findings support that xylazine-associated wounds can develop
without intravenous use. Additionally, many posts speculated
on the pathophysiology of xylazine and how it might lead to
wound development. While this does not prove an association
between xylazine and wound development, it emphasizes the
concern about xylazine-associated wounds among Reddit users
who are posting on drug-related subreddits and the need for
more research into causation.

Many of the posts also used stigmatizing language and employed
terms such as “zombie” to discuss the wounds and the people
who have them. While this language may reflect the language
used in popular media around xylazine use, it is of concern that
xylazine-associated wounds may confer additional stigma on a
population that already faces a significant amount of stigma
[16-20]. Although the posts were anonymous, people
occasionally self-disclosed drug use, and there were some
notable examples of stigmatizing language used by people who
use drugs without xylazine-associated wounds toward people
who use drugs with xylazine-associated wounds. Stigma toward
people who use drugs with xylazine-associated wounds from
popular media and health care institutions has been described,
but less is known about stigma within the people who use drugs
community around xylazine wounds [20].

Published experiences from low-barrier wound clinics have
reported that patients with xylazine-associated wounds face
significant structural barriers and fear of withdrawal that may
prevent them from getting adequate wound care [4]. Several of
the posts discussed withdrawal symptoms that were attributed
to xylazine and inadequate relief of their withdrawal symptoms
with MOUD. Withdrawal symptoms and issues with MOUD
were often brought up in the context of wanting to quit using
xylazine so that wounds would heal. Some posts also discussed
difficulty with getting into inpatient detox, residential, and
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rehabilitation treatment facilities due to the presence of wounds.
These posts highlight that xylazine may complicate the treatment
of opioid use disorder if people are having difficulty getting
into treatment programs or staying on MOUD [3,4].

Limitations
There are several limitations to this study. The posts were
self-reported experiences without confirmation that xylazine
was present in the drugs the redditors were reportedly using.
Redditors who experience more negative effects of drug use
may be more likely to post about it. Additionally, this analysis
was limited to publicly available posts, and thus private posts
were not included, and the posts analyzed may not be
representative of everyone’s experiences. Individuals who post
on Reddit may not be representative of the larger community
of people who use drugs, particularly those without phone or
internet access. Another limitation is that only keyword-matched
posts were included in the thematic analyses; thus, potentially
relevant information in posts not containing the required
keywords was excluded. The filtering, however, was a necessary
step since it is not feasible to review the large volume of content
generated on Reddit manually. Future work could expand on
the relatively small number of posts analyzed here by looking
at other social media sites, which may have different user bases
and find a broader range of themes. As the posts were
anonymous, we do not have demographic information on the
redditors to know in which ways they might be different from

other populations. More research is needed to understand the
real-world impact of these issues being discussed on social
media. Future studies using social media analysis should include
exploring other related emerging drugs such as medetomidine,
nitazenes, and tianeptine. Future work will include exploring
machine learning methodologies such as LLMs to automate the
classification performed in this study. Automating this process
will increase the feasibility of scaling it for much larger datasets
of social media posts and allow for more rapid analysis of
studies on emerging drugs. This study has been informed by
the clinical experience and expertise of some of the authors;
however, there may be delays between when a novel drug
emerges and when a clinician may encounter it in a health care
setting. Future work should explore the ability to identify
emerging drugs of abuse being discussed on social media before
expert clinicians even begin to encounter them in the health
care setting, which could allow for health care systems to
proactively prepare for emerging drugs.

Conclusions
Reddit posts revealed discussion behind the pathophysiology
of xylazine-associated wounds and discussed the impact of
wounds on treatment and service access. As the unregulated
drug market changes and new drugs emerge, social media may
continue to be a valuable resource to study adverse effects from
novel drugs and their impact on the people who use them.
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Abstract

Background: Online digital materials are integral to patient education and health care outcomes in dermatology. Acanthosis
nigricans (AN) is a common condition, often associated with underlying diseases such as insulin resistance. Patients frequently
search the internet for information related to this cutaneous finding. To our knowledge, the quality of online educational materials
for AN has not been systematically examined.

Objective: The primary objective of this study was to profile the readability and quality of the content of publicly available
digital educational materials on AN and identify questions frequently asked by patients.

Methods: This study analyzed publicly available internet sources to identify the most frequent questions searched by patients
regarding AN using the Google Rankbrain algorithm. Furthermore, available articles on AN were evaluated for quality and reading
level using metrics such as the Brief DISCERN score, and readability was determined using three specific scales including the
Flesch-Kincaid score, Gunning Fog index, and the Coleman-Liau index, based on literature.

Results: Patients most frequently accessed facts on AN from government sources, which comprised 30% (n=15) of the analyzed
sources. The available articles did not meet quality standards and were at a reading level not appropriate for the general public.
The majority of articles (n=29/50, 58%) had substandard Brief DISCERN scores, failing to meet the criteria for good quality.

Conclusions: Clinicians should be aware of the paucity of valuable online educational material on AN and educate their patients
accordingly.

(JMIR Dermatol 2025;8:e60210)   doi:10.2196/60210

KEYWORDS

acanthosis nigricans; dermatology; patient education; public health; skin; readability; information resource; DISCERN; general
public; reading level; information seeking; information behavior

Introduction

Online digital materials are increasingly central to patient
education [1]. Internet-based resources such as websites,
telehealth platforms, and mobile health apps, are tools that
patients interact with, in order develop health care literacy [2-4].
Furthermore, health care literacy is associated with outcomes
which determine the patient’s experience [5]. Patients with poor
health literacy are more likely to suffer suboptimal health care
outcomes [6,7]. Digital patient education plays an important
role in improving outcomes in fields such as dermatology [8].

Acanthosis nigricans (AN) is a common cutaneous disorder
characterized by symmetric and velvety hyperpigmented plaques

[9]. These are often found in intertriginous areas such as the
posterior neck, axillae, or the inguinal or inframammary regions
[9]. The prevalence of AN is as high as 74% in some
populations, and its incidence increases with age [10]. Obese
individuals are at higher risk for AN [10]. Furthermore, a higher
prevalence of AN is observed among the Native American,
African American, and Hispanic populations [11]. AN typically
indicates underlying insulin resistance or other endocrinological
pathologies, including malignancy [12,13]. It may also be
associated with other findings such as metabolic syndrome,
acrochordons, hyperandrogenism, or diabetes mellitus [14]. The
characteristic hyperpigmented plaques occur due to increased
levels of insulin and insulin-like growth factor 1, which
stimulate keratinocyte proliferation [14]. Rarely, AN may be
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induced by drugs such as nicotinic acid or insulin [15].
Furthermore, some cases of AN are inherited through familial
mutations in genes such as fibroblast growth factor receptor 3
(FGFR3) [16,17]. Lastly, AN can be a paraneoplastic
manifestation of malignancies such as gastric adenocarcinoma
[18].

Given that AN may be a manifestation of highly prevalent
cardiovascular conditions such as diabetes and insulin resistance,
we sought to evaluate the current online resources available to
patients [12]. Additionally, patients searching online resources
may encounter associations with diseases such as inherited
mutations or malignancy. To our knowledge, the quality of
online educational materials for AN has not been evaluated.
The primary objective of this study was to assess the readability
and quality of the content of publicly available digital
educational materials on AN and determine the most frequently
searched questions by patients.

Methods

Study design
In March 2024, a digital search was performed to extract 50
unique frequently asked questions on AN generated by the
Google Rankbrain algorithm. The reviewers evaluated only
materials in English. To reduce the impact of tracking cookies
associated with the digital search, this search was performed
using a newly installed internet browser. The digital articles
associated with each question were examined for further health
literacy analysis.The questions and digital articles that were
extracted were then reviewed by 3 reviewers based on specific
inclusion criteria as follows: (1) the article pertained to AN, (2)
the article was publicly available without the requirement of a
paid subscription, and (3) the content of the article consisted of
at least 150 words and was written in English.

The extracted questions underwent evaluation using Rothwell’s
classification of questions and were categorized as either fact,
policy, or value. Questions were then sorted according to their
category [19-22]. For each digital article associated with a
question, reviewers initially categorized each article’s source
as one of the following: academic institution, commercial,
medical practice, government source, media outlet, or other.
Following source classification, the reviewers of this study

subsequently evaluated the content of each article for quality
using the Brief DISCERN score [23]. The cutoff score for this
instrument was established as ≥16 out of 30 for a digital article
to be considered good-quality content [23]. Following quality
assessment, the text of each digital article was extracted onto a
plain text document and evaluated for readability. Moreover,
readability was determined using 3 specific scales based on
prior literature: Flesch-Kincaid score, Gunning Fog index, and
the Coleman-Liau index [24-27]. This study established grade
reading level recommendations for content to be approximately
at the 6th-grade reading level based on previous literature [28].

Ethical Considerations
This study did not involve human subjects, and according to
University of Missouri-Kansas City Institutional Review Board,
under one of the categories identified in 45 CFR 46.101 (b)(4),
simple observational studies of public behavior that do not
involve human subjects are exempt from institutional board
approval since there is no intervention involved and the behavior
is not private. The data was both anonymized and deidentified.

Results

Among the 50 questions and associated digital articles extracted
for this study, 15 (30%) of the sources originated from the
government, followed by 13 (26%) from academic sources, 11
(22%) from commercial sources, and 5 (10%) from media
outlets (Multimedia Appendix 1). Most questions (n=27, 54%)
were classified as fact using Rothwell’s classification of
questions. This was followed by policy (n=14, 28%) and value
(n=9, 18%) (Multimedia Appendix 2).

The mean readability of digital articles on AN did not meet
grade reading level recommendations across all 3 readability
metrics (Table 1). The mean Flesch-Kincaid score of the digital
articles was 11.0 (SD 3.4; range 1.7-18.2). The mean Gunning
Fog score was 14.7 (SD 3.5; range 7.4-21.4). and the mean
Coleman-Liau index was 13.1 (SD 3.5; range 6.0-26.7). Brief
DISCERN scores for articles included in this study did not meet
the recommended criteria (≥16), to be considered good quality;
the mean brief DISCERN score was 14.9 (SD 7.3; range 3.0-27).
Additionally, most (29/50; 58%) articles were substandard and
did not meet good quality (Figure 1).

Table . Mean readability scores of available articles on acanthosis nigricans.

Tools used for analysisVariable

Coleman-Liau indexGunning Fog scoreFlesch-Kincaid score

13.1 (3.5)14.7 (3.6)11.0 (3.4)Readability scores, mean (SD)
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Figure 1. Distribution of articles on acanthosis nigricans based on the Brief DISCERN scores

Discussion

There is a paucity of literature exploring innovations in patient
education on AN [29,30]. To the best of our knowledge, this
study is among the first to evaluate the quality of digital
educational materials for AN using the Brief DISCERN score.
Government sources emerged as the most frequent contributors
to public digital education materials. The findings of this study
effectively demonstrate that most articles on AN do not meet
established quality standards. Furthermore, the mean readability
and grade reading level of these articles are often more complex
than recommended guidelines [31]. This suggests a need for
improvements in the publicly available digital resources.

In addition, most of the frequently searched questions by patients
on AN were classified as facts. his suggested that patients are
investigating on AN and building their knowledge base.
Furthermore, it may indicate that patients require further
education from their health care providers regarding this
diagnosis, as they will encounter online materials of varying
quality. For example, providers should consider incorporating
standardized AN educational material into clinic check-out or
discharge paperwork.

A key strength of this study is the use of standardized content
quality assessment tools, including readability and Brief
DISCERN [23]. Readability is a well-established concept in
patient education that provides a metric for reviewing
educational materials qualitatively based on word count,
syllables, sentence structure, etc [32,33]. This is particularly

important in the field of dermatology, where prior research has
found that most patient educational materials do not meet
recommended reading guidelines [34]. Readability has been
evaluated in literature on dermatology over the years, and most
articles are at a recommended grade reading level.

However, readability alone does not appropriately and
effectively evaluate content quality. As a result, this study also
employed the Brief DISCERN tool. Our findings indicate that
the mean Brief DISCERN score of the available articles is below
the minimum quality threshold. The Brief DISCERN tool
provides high reliability when evaluating online articles [23].
Investigations in the future should re-evaluate the Brief
DISCERN scores of articles on AN to determine the potential
effect of changes over time on the quality of these materials. A
key limitation of our study is the subjective nature of Rothwell’s
classification of questions, which may introduce potential bias
in raters’ scoring [35,36].

In conclusion, AN is often associated with chronic diseases,
such as insulin resistance, which significantly contribute to
morbidity and mortality. Patients with AN frequently use the
internet for education purposes. This study implemented tools
established in the literature to analyze the quality, readability,
and content of patient educational materials on AN. The overall
quality of these materials is poor and did not meet recommended
readability standards in the United States. Clinicians can
improve patient outcomes by educating patients directly
regarding thi condition. Consequently, patients will have access
to reliable sources of information. Future studies should examine
whether the quality of online materials changes over time.
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Abstract

Background: Laser hair removal is a noninvasive cosmetic procedure that targets melanin in hair follicles through selective
photothermolysis.

Objective: This study aims to evaluate the long-term efficacy and safety of the 755-nm alexandrite laser for axillary hair removal
by comparing single- and dual-flash lamp systems.

Methods: In total, 40 women aged 20 to 35 years with Fitzpatrick skin types II and III participated in a study on laser hair
removal for their axillae. Participants underwent 3 treatment sessions, each spaced 4 weeks apart, from January to April 2024.
They were divided into 2 groups, both receiving treatments with an alexandrite laser (755 nm, 14 mm spot size). The first group
was treated with a dose of 8 J/cm² using a single-flash lamp device operating at 5 Hz, with a pulse duration of 10 ms. The second
group received doses between 9 and 11 J/cm² from a dual-flash lamp device operating at 2.5 Hz, with pulse durations ranging
from 10 to 15 ms. Photographs and hair counts were taken at baseline and 1 month after the final session. A 2-tailed t test was
used to assess statistical significance, and regression analysis evaluated treatment effects. Pain scores and side effects were
assessed using a visual analog scale in a satisfaction questionnaire.

Results: The dual-flash lamp laser achieved an overall hair reduction of 94%, while the single-flash lamp laser resulted in a
91% reduction in the axilla. The difference was not statistically significant (P=.14). No serious adverse effects were reported
with either device, indicating effective safety features.

Conclusions: The outcomes show that both systems provide similar results in terms of efficacy and safety, with no reported
side effects, and results were maintained even after 6 and 12 months of follow-up.

(JMIR Dermatol 2025;8:e76523)   doi:10.2196/76523
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Introduction

Laser hair removal (LHR) is a widely used and effective
approach for long-term hair reduction [1,2]. The technique is
grounded in the principle of selective photothermolysis, wherein
laser pulses target melanin in hair follicles to induce
photothermal destruction while preserving surrounding tissue
[3-5]. Wavelengths between 600 and 1100 nm are particularly
effective for this purpose, as they efficiently absorb melanin,
ensuring effective follicular stem cell disruption. Common
devices for LHR include long-pulsed lasers (eg, ruby,
alexandrite, diode, and neodymium-doped yttrium aluminum
garnet) and intense pulsed light systems [6-9]. Among these,
the 755-nm alexandrite laser is considered the gold standard
due to its superior melanin absorption and efficacy, particularly

for skin types I to III [10-12]. Its long pulses maximize follicle
energy absorption while reducing skin damage risk [13-15].

Lasers operate through flashlamp pumping, which uses gas-filled
tubes, typically xenon or krypton, to generate high-intensity
light that excites the laser medium [16,17]. This technology has
significantly advanced LHR devices. Many systems use a single
flashlamp to target hair follicles while protecting surrounding
tissues, offering reliability and low maintenance. In contrast,
dual-flashlamp–pumped systems, which feature 2 flashlamps
adjacent to the laser crystal, provide uniform pumping and
enhanced stability, enabling rapid pulses and higher energy
fluence [18]. This enhances treatment efficiency and reduces
session durations, making it ideal for larger areas. The
effectiveness of alexandrite systems depends on their energy
delivery, while single-flashlamp devices use low fluence with
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higher repetition rates, allowing gradual thermal accumulation
in hair follicles. Dual-flashlamp configurations offer higher
fluence and more uniform energy output, enhancing treatment
efficiency for larger areas. Recent research indicates that
treatment outcomes are influenced more by the energy delivery
method than by absolute energy levels, affecting follicular
thermal thresholds and hair reduction durability [19,20]. In
addition to hair removal, alexandrite lasers have shown
promising applications in other dermatologic contexts. A recent
split-body clinical trial demonstrated the efficacy and safety of
these systems in treating keratosis pilaris, confirming that
optimized fluence and pulse duration settings can extend their
therapeutic applications beyond traditional photoepilation [15]
to include vascular and pigmented lesion treatments [21].
Moreover, novel approaches in LHR emphasize expanding
safety profiles across all skin types, highlighting the role of
advanced epidermal cooling and energy modulation in
minimizing side effects [22]. Although emerging platforms
combining multiple wavelengths (810, 940, and 1060 nm) are
increasingly adopted for treating fine or less pigmented hairs,
the alexandrite laser remains the benchmark for comparative
evaluation, offering clinicians robust evidence to optimize
treatment protocols [23]. This study represents the first direct
comparison between single- and dual-flashlamp alexandrite
laser systems for hair removal using the 755-nm wavelength.
Unlike previous research that focused solely on single-flash
devices and short-term outcomes, our work provides a detailed
analysis of treatment parameters, fluence, frequency, pulse
duration, and the number of passes per session and includes a
comprehensive 12-month follow-up, which enhances the
reproducibility and clinical utility of our findings. By integrating
patient-centered considerations such as session cost, treatment
duration, and side effect profiles, this study offers novel insights
that support personalized decision-making in clinical
dermatology and contribute to optimizing long-term hair
removal protocols.

Methods

Ethical Considerations
The comparative study methods and protocols were approved
by the Ethics Committee of Damascus University (approval ID:
HILRA-261124-372). All participants voluntarily took part in
the study and provided written informed consent prior to
enrollment. No financial or material compensation was provided,
and participants did not receive any free treatments or benefits
in exchange for participation. Before enrollment, all participants
were informed about the complete treatment protocol and
provided written consent for data collection and the publication
of their images. They were also informed that participation was
entirely voluntary and that they could withdraw at any time
without penalty. All identifying information was kept
confidential, with only anonymized reference numbers used
throughout data collection, storage, and analysis.

Clinical Data
The study was conducted at a private laser clinic in Damascus,
Syria, from January to April 2024. The participants in the study
were aged between 20 and 35 years, with a mean age of 31.3

(SD 4.3) years for one group and mean age of 30.1 (SD 4.2)
years for another. None of the participants had previously
undergone laser treatments in the axillary area, and they were
classified as Fitzpatrick skin types II and III. All participants
had dark terminal hairs. We screened interested female
participants with unwanted axillary hair who were first-time
laser users and met the inclusion criteria for participation.
Exclusion criteria included individuals who were suntanned,
those with contraindications to laser treatment, and those who
were not willing or committed to following the required precare
and postcare procedures. Female participants were chosen for
the study to focus on one sex and to minimize variables such
as hormonal differences between sexes [24]. The study excluded
individuals who did not meet certain eligibility criteria, including
those with blonde, red, or light-colored hair in the axillary
region; those with tanned or sun-exposed skin; and those who
were pregnant or breastfeeding. Additional exclusions are
applied to individuals with a history of seizures, prior laser
treatments in the underarm area, skin infections, or those prone
to hypertrophic scarring or keloids.

After establishing the study sample, each participant was
assigned a randomly generated reference number to allocate
them to a specific laser machine [25].

Participants on medications such as isotretinoin, antibiotics, or
anticoagulants, as well as those with tattoos in the treatment
area, joint pain during gold therapy, contagious diseases, or
diabetes, were also disqualified. Other criteria included those
with suspicious pigmented lesions, users of photosensitive
medications, and patients undergoing radiation or chemotherapy.

Research Design
All 40 participants were randomly assigned to 2 groups, A and
B, simultaneously. A number generator was used to ensure that
the allocation to the treatment groups was concealed, thereby
reducing bias and enhancing the reliability of the results [25,26].
Participants were assigned to receive hair removal treatments
using either the DEKA Motus Axe 755-nm alexandrite laser
(DEKA Laser), which features a 20 mm spot size and uses
single-flashlamp technology, along with a Moveo handpiece
that allows for continuous motion delivery instead of traditional
single pulses and provides epidermal cooling, or the DEKA
Again 755-nm alexandrite laser (DEKA Laser). The latter also
has a 20 mm spot size and uses dual-flashlamp technology
combined with air cooling down to −20 °C, minimizing pain
and thermal damage.

Participants in the study received 3 treatment sessions, scheduled
4 weeks apart. No topical anesthetics or medications were used
during these sessions, and patients reported no discomfort or
redness. They were instructed to avoid all other methods of hair
removal, except for shaving. They were allowed to shave the
area 2 weeks after the laser session if needed.

Each participant received aftercare and treatment instructions,
including guidelines for shaving to ensure uniformity. They
were asked to shave their underarm hair with a razor 3 days
before their treatment. Additionally, they were advised to use
a broad-spectrum sunscreen and to avoid heat, humidity,
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sweating, friction, rubbing, cosmetics, and salon procedures for
3 to 5 days after each laser session.

A single technician conducted all sessions. After completing
the 3 sessions, treatment was paused for evaluation.
Posttreatment evaluations were performed at 3 time points: 1
month after the final session, 6 months thereafter, and at the
12-month follow-up.

The participants were divided into 2 groups: group A received
755-nm alexandrite treatments using the DEKA Motus AX
device, with a dose of 8 J/cm², a frequency of 5 Hz, and a pulse
duration of 10 milliseconds, and group B underwent 755-nm
alexandrite treatments using the DEKA Again device, with a
dose ranging from 9 to 11 J/cm², a frequency of 2.5 Hz, and a
pulse duration between 10 and 15 milliseconds. The entire area
was treated by completing 1 pass horizontally per session.

Evaluation and Outcome Measures
Clinical photographs were taken before the first treatment
session, 1 month after the last session, and at a final follow-up
appointment scheduled 12 months after treatment. This was
done using a mobile device to assess hair counts and thickness
[27-29]. Hair counts were analyzed using HowMany AI
(YesChat AI), a free object-counting software tool whose
accuracy was validated by comparison with manual counting
[30].

Patients were instructed to measure their pain intensity during
the LHR sessions using a 10-cm Visual Analog Scale. Pain
levels were systematically classified according to the following
criteria: no pain (0), mild pain (1-3), moderate pain (4-6), and
severe pain (7-10) [7-10,31,32].

After completing the treatment, patients received a questionnaire
to evaluate their satisfaction with the level of improvement or
any adverse effects. The ratings were categorized into 4 groups:
mild (<25% improvement), moderate (25% to <50%
improvement), good (50% to <75% improvement), and very
good (>75% improvement) [33].

Data Analysis
All collected data were recorded and analyzed using the SPSS
software (version 26.0; IBM Corp). Various descriptive and
inferential statistical techniques were used. Statistical
descriptors, such as tables, means, and percentages, were used
to analyze patterns within the collected data. Additionally,
Microsoft Excel was used to enhance visual representation
through the generation of relevant charts and graphs.

During statistical analysis, data were assessed using either
parametric or nonparametric tests to determine the normality
of the variables based on their distribution. A t test was used to
compare differences within groups, while an analysis of
covariance (ANCOVA) regression analysis was used to
determine the impact of these differences. A P value <.05 was
considered statistically significant. To evaluate the differences
between the 2 technologies, we compared the percentage of hair
reduction achieved with the dual-flashlamp technology to that
obtained with the single-flashlamp technology, using the
following equation [34]:

ΔReduction=[Hb,dual−Hp,dualHb,dual−Hb,single−Hp,singleHb,single]×100

Where Hb,dual and Hp,dual represent the baseline and posttreatment
hair counts for the dual-flashlamp group, and Hb,single and Hp,single

represent the baseline and posttreatment counts for the
single-flashlamp group.

Results

Assessment Scores
A total of 40 Syrian female patients, aged between 20 and 35
years (with a mean age of 31.3, SD 4.3, years in one group and
30.1, SD 4.2, years in another), participated in this study.
According to the Fitzpatrick skin type classification, 17 (43%)
patients were classified as skin phototype II, while 23 (58%)
patients were classified as skin phototype III.

For the treatment, the initial fluence parameters were set as
follows: for the single-flashlamp laser group, the settings were
8 J/cm², a frequency of 5 Hz, and a pulse duration of 10
milliseconds. For the dual-flashlamp laser group, the parameters
ranged from 9 to 11 J/cm², with a frequency of 2.5 Hz and a
pulse duration between 10 and 15 milliseconds.

The findings indicated significant hair reduction in both groups
when comparing baseline hair counts to measurements taken 1
month after the final 3 treatment sessions. Statistically
significant differences were observed in both groups (P< .001),
highlighting the effectiveness of the treatment.

Visual documentation in Figure 1 and Table 1 supports the
quantitative findings by showcasing representative baseline and
posttreatment photographs of 4 patients from both groups,
illustrating consistent axillary hair reduction across both skin
phototypes and treatment modalities.
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Figure 1. Clinical photographs taken at baseline and 1 month after the final session of 3 treatments show a significant decrease in hair count. (A) A
26-year-old female patient with skin phototype II and (B) a 31-year-old female patient with skin phototype III from group A were treated with
single-flashlamp technology, while (C) a 27-year-old female patient with skin phototype II and (D) a 30-year-old female patient with skin phototype
III from group B were treated with dual-flashlamp technology.

Table . Baseline hair counts, mean reduction, and 95% CIs after 3 treatment sessions in single- and dual-flashlamp laser systems.

Reductiona (95% CI)Mean reduction (95% CI)After 3 treatments, mean
(SD)

Baseline, mean (SD)

91.4 (88.8 to 99.5)268.5 (262.8 to 274.2)17.6 (2.2)293.7 (5.9)Group A

94 (91.9 to 97.0)279.2 (276.5 to 281.9)16.6 (3.7)297.7 (4.9)Group B

2.6 (–0.5 to 5.7)10.7 (4.5 to 16.9)N/AN/AbBetween-group difference

aThe values are presented as percentages.
bN/A: not applicable; because the between-group comparison reflects a mean difference with a 95% CI rather than raw measurements required for mean
(SD) values.

The comparison of the 2 groups showed a significant reduction
in hair counts after treatment as shown in Figure 2. In group A,
the average hair count dropped from 293.7 (SD 5.9) at baseline
to 17.3 (SD 2.2) after 3 treatments (t19=209.2; P<.001), yielding
a mean reduction of 268.47 (95% CI 262.76-274.18) hairs,

equivalent to 91.4% (95% CI 88.8%-99.5%) reduction.
Similarly, group B showed a decrease from 297.7 (SD 4.9) at
baseline to 16.6 (3.7) after 3 treatments (t19=107.5; P<.001),
with a mean reduction of 279.20 (95% CI 276.49-281.91) hairs,
equivalent to 94% (95% CI 91.9%-97.0%) reduction.
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Figure 2. Comparative analysis of groups A and B using an independent samples test (91.4% vs 94%, with a difference of 2.7%).

The between-group difference in mean reduction was 10.73
(95% CI 4.54-16.92) hairs, favoring the dual flashlamp.
However, the posttreatment mean difference in residual hair
count was −0.65 (95% CI −2.6 to 1.3) hairs, indicating that both
technologies achieved highly comparable and clinically
significant efficacy, with no statistically or clinically meaningful
difference. These results align with the ANCOVA model, which
confirmed no significant group effect after baseline adjustment
(P=.14).

To evaluate the differences between the 2 laser treatments, an
ANCOVA test was performed, and the results are as follows.

The ANCOVA showed no statistically significant differences
between the groups (single- vs dual-flashlamp technology) for
the posttreatment hair count after adjusting for baseline
measurements (F1,37=2.23; P=.14; η²=0.06). Additionally, the
baseline measurement did not significantly impact the outcome
(F1,37=0.718; P=.40; η²=0.02). The corrected model accounted
for 9% of the variance in posttreatment outcomes (R²=0.09),
with an adjusted R² value of 0.04, as presented in Table 2.

Table . The analysis of covariance results comparing the single- and dual-flashlamp laser groups after 3 treatments.

Partial η²P valueF test (df)Mean squareType III sum of squares (df)Source

0.09.171.84 (2.37)7.5215.04 (2)Corrected modela

0.08.083.17 (1.37)12.9912.99 (1)Intercept

0.02.400.72 (1.37)2.942.94 (1)Baseline (before)

0.06.142.24 (1.37)9.149.14 (1)Group (A vs B)

———b4.09151.36 (37)Error

————11,322.00 (40)Total

————166.40 (39)Corrected total

aModel fit: R2=0.09 (adjusted R2=0.04).
bNot available.

Side Effects and Patient Satisfaction
Mild side effects were reported during the initial treatment
session in both groups, but these effects diminished in
subsequent sessions. Approximately 65% (13/20) of participants
who received a single-flashlamp laser treatment reported

experiencing pain rated as mild to moderate, and 25% (5/20)
noticed slight redness or mild erythema. In contrast, 70% (14/20)
of participants who underwent dual-flashlamp laser treatment
reported similar pain levels, while 20% (4/20) experienced
redness that only appeared during the treatment (Table 3). All
these side effects disappeared within minutes after treatment.
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Axillary hyperhidrosis was observed following LHR in both
groups. In group A, 30% (6/20) of patients reported this
condition, whereas group B exhibited a higher incidence at 60%
(12/20). While some participants regained normal perspiration
spontaneously, others continued to experience moderate
hyperhidrosis for up to 12 months. The effects were moderate

for all participants who received treatment. There were no
unexpected or severe adverse events recorded during any of the
follow-up periods at 3, 6, and 12 months after the last treatment.
Additionally, no cases of burns, hyperpigmentation,
depigmentation, or paradoxical hair growth were reported in
either group.

Table . Comparison of side effects between single- and dual-flashlamp groups with statistical analysis

95% CI for differenceP valueaChi-square (df)Dual-flashlamp laser
(group B), n (%)

Single-flashlamp laser
(group A), n (%)

Side effect

−28.2 to 38.2.740.1 (1)14 (70)13 (65)Pain (mild- to moder-
ate)

−23.9 to 33.9.720.1 (1)4 (20)5 (25)Redness or erythema

−2.5 to 62.5.073.3 (1)12 (60)6 (30)Axillary hyperhidrosis

aP value corresponds to the Fisher exact test.

Despite the specific guidelines about shaving frequency, none
of the participants in either group needed to shave between
sessions.

To assess the reliability of observed differences in side effects,
95% CIs were calculated. For pain and erythema, the 95% CIs
were −28.2% to 38.2% and −23.9% to 33.9%, respectively.
Both intervals included 0, indicating no statistically significant
differences between the 2 laser modalities in terms of
tolerability. However, the 95% CI for axillary hyperhidrosis
(−2.5% to 62.5%) was notably wide, suggesting a potential
trend toward increased incidence in the dual-flashlamp group.
Although this finding did not reach statistical significance
(P=.07), it warrants further investigation in larger cohorts to
determine whether higher-energy delivery systems contribute
to this side effect.

Patient satisfaction was high for both groups. Of the total 40
patients, 6 (15%) reported their improvement as good, while
the remaining 34 (85%) rated it as very good. After just 3
sessions, all participants experienced a significant reduction in
hair counts, and these results remained consistent for 12 months.

Discussion

Principal Findings
This study presents the first direct comparison of single- and
dual-flashlamp alexandrite laser systems for axillary hair
removal, demonstrating substantial and sustained hair reduction
in both groups, with no statistically significant difference in
efficacy or safety.

Hair removal is a widely practiced cosmetic procedure among
men and women, with a notably higher demand among women.
Motivations for this practice include esthetic enhancement,
personal comfort, and hygiene considerations. LHR has emerged
as a preferred method due to its efficacy in achieving smooth
skin, reducing ingrown hairs, and enhancing self-confidence
[33].

Despite extensive research on laser technologies using various
wavelengths [5,28,35-37], limited studies have examined the
comparative efficacy of different laser systems.

Both modalities demonstrated substantial and sustained hair
reduction across Fitzpatrick skin types II and III, with results
maintained at 6- and 12-month follow-ups. Group A
(single-flash) achieved a 91.4% (95% CI 88.8%-99.5%)
reduction, while group B (dual-flash) achieved 94% (95% CI
91.9%-97.0%) reduction. Although the dual-flash system yielded
a slightly higher mean reduction (10.7, 95% CI 4.54-16.9 hairs),
the adjusted ANCOVA analysis confirmed no statistically
significant difference (P=.14), reinforcing the clinical
equivalence of both techniques.

The results suggest that LHR efficacy is primarily determined
by energy and energy density delivery to the tissue rather than
energy output or the number of flashlamps used. Low fluence,
high repetition rate lasers typically found in single-flashlamp
systems deliver energy in multiple passes, facilitating gradual
thermal accumulation within hair follicles [19,20]. Conversely,
although the dual-flashlamp technique generates higher overall
energy output, hair follicles may reach their thermal damage
threshold using a single-flashlamp laser, rendering additional
energy ineffective in enhancing treatment outcomes. Thus, both
methods produce comparable levels of follicular damage,
yielding similar hair reduction results.

Importantly, our outcomes enhance reproducibility and clinical
applicability of the results by detailing all treatment parameters,
fluence, frequency, pulse duration, and number of passes and
by incorporating a rigorous 12-month follow-up. Unlike many
previous reports that lacked consistent technical documentation,
our findings establish evidence-based guidance for optimizing
treatment protocols [66].

Patients undergoing LHR may experience a range of side effects,
from mild discomfort to more severe complications [36].
Arsiwala and Majid [37] highlighted that laser treatment efficacy
is influenced by both the laser device and the expertise of the
practitioner. Serious adverse effects can occur when procedures
are performed by untrained individuals.

Regarding safety, both systems exhibited favorable profiles.
Mild to moderate pain was reported by 65% (13/20) of group
A and 70% (14/20) of group B participants, with transient
erythema observed in 25% (5/20) and 20% (4/20) , respectively.
These side effects resolved within minutes, likely due to
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adherence to professional laser protocols, including optimized
treatment parameters and adequate epidermal cooling before,
during, and after the procedure, and were not statistically
significant (pain 95% CI −28.2% to 38.2%; erythema 95% CI
−23.9% to 33.9%). However, axillary hyperhidrosis was more
prevalent in group B (12/20, 60%) than in group A (6/20, 30%),
with a wide 95% CI −2.5% to 62.5%, suggesting a potential
trend that warrants further investigation. No cases of burns,
pigmentary changes, or paradoxical hair growth were reported.

Patient satisfaction was uniformly high, with 85% (34/40) rating
their improvement as very good and 15% (6/40) as good.
Notably, none of the participants required shaving between
sessions, indicating robust follicular suppression.

From a practical standpoint, the comparable efficacy of both
systems allows clinicians to prioritize other factors in device
selection. Single-flash systems may offer cost advantages and
slightly reduced side effects, while dual-flash systems may
provide faster treatment times and enhanced device longevity.
These considerations are especially relevant in resource-limited
settings or high-throughput clinics.

Limitations and Strengths
Several limitations need to be acknowledged. First, the relatively
small sample size (n=40) may have limited the statistical power
to detect minor differences between the 2 treatment modalities.
Second, the inclusion of only female participants restricts the
generalizability of our findings to male populations, in whom
hormonal and physiological differences may affect treatment
outcomes; they may require a separate study. Third, our study
population consisted exclusively of individuals with Fitzpatrick
skin types II and III, which limits the applicability of our results
to patients with darker skin types, where safety and efficacy
profiles of alexandrite lasers may differ. Fourth, although we

used the HowMany AI–based hair counting tool, which
demonstrated consistency with manual counts, the possibility
of measurement bias or inaccuracy cannot be entirely excluded.
Finally, no formal a priori or post hoc power analysis was
conducted, and this should be considered when interpreting the
findings. Future research with larger, more diverse cohorts,
including both sexes and a wider range of skin types, is
warranted. Incorporating multivariate models with additional
covariates such as age, baseline hair density, and hair thickness
may further improve adjustment for potential confounders and
enhance the generalizability of results.

Although there are some limitations to the study, it also has
significant strengths. In particular, the inclusion of a 12-month
follow-up period provides strong evidence of the sustainability
and validity of treatment outcomes, which is often lacking in
comparative studies. Additionally, reporting detailed treatment
parameters enhances the reproducibility of the results and offers
practical guidance for clinicians seeking to optimize their
alexandrite LHR protocols.

Conclusions
This study compared single- and dual-flashlamp laser systems
for hair removal at a wavelength of 755 nm in individuals with
Fitzpatrick skin types II and III. Findings indicated that the
method of energy delivery, shaped by flashlamp configuration,
rather than the total energy output, significantly influenced
treatment efficacy, with both systems achieving comparable
hair reduction. While dual-flashlamp systems may enhance
device longevity and performance consistency and reduce
session time, single-flashlamp systems offer greater
cost-effectiveness and are associated with fewer side effects.
Further research with larger sample sizes is warranted to refine
treatment guidelines and optimize outcomes in LHR.
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Abstract

Background: Acne vulgaris (AV) is one of the most common skin disorders, with a peak incidence in adolescence and early
adulthood. Topical treatments are usually used for mild to moderate AV; however, a lack of adherence to topical treatment is
seen in patients due to various reasons. Therefore, personalized skincare recommendations may be beneficial for treating
mild-to-moderate AV.

Objective: This study aimed to evaluate the effectiveness of a novel machine learning approach in predicting the optimal
treatment for mild-to-moderate AV based on self-assessment and objective measures.

Methods: A randomized, evaluator-blinded, parallel-group study was conducted on 100 patients recruited from an internet-based
database and randomized in a 1:1 ratio (groups A and B) based on their consent form submission. Groups A and B received
customized product recommendations using a Bayesian machine learning model and self-selected treatments, respectively. The
patients submitted self-assessed disease scores and photographs after the 8-week treatment. The primary and secondary outcomes
were photograph evaluation by two board-certified dermatologists using the Investigator Global Assessment (IGA) scores and
quality of life (QoL) measured using the Dermatology Life Quality Index (DLQI), respectively.

Results: Overall, 99 patients were screened, and 68 patients (mean age: 27 years, SD 4.56 years) were randomized into groups
A (customized) and B (self-selected). IGA scores significantly improved after treatment in group A but not in group B (mean
difference in IGA score; group A=0.32, P=.04 vs group B=0.09, P=.54). The DLQI significantly improved in group A from 7.75
at baseline to 3.5 (P<.001) after treatment but reduced in group B from 7.53 to 5.3 (P>.05). IGA scores and the DLQI were
significantly correlated in group A, but not in group B. A total of 3 patients reported adverse reactions in group B, but none in
group A.

Conclusions: Using a machine learning model for personalized skincare recommendations significantly reduced symptoms and
improved severity and overall QoL of patients with mild-to-moderate AV, supporting the potential of machine learning-based
personalized treatment options in dermatology.

(JMIR Dermatol 2025;8:e60883)   doi:10.2196/60883

KEYWORDS

machine learning; personalised skincare; acne vulgaris; dermatology; skincare

Introduction

Acne vulgaris (AV) is one of the most common skin disorders,
with a peak incidence in adolescence and early adulthood,
affecting approximately 85% of individuals aged 12‐24 years.
Although acne is most prevalent in teenagers, it can emerge at
any age. Approximately 25% and 12% of women and men in
their 40s, respectively, report experiencing acne, usually

accompanied by a high degree of stigma and impairment in
quality of life (QoL) [1].

Topical treatments, such as retinoids, antibiotics, and
combinations of antibiotics and benzoyl peroxide, are usually
used for mild-to-moderate AV [2]; however, there is a lack of
adherence to topical treatments among patients with AV [3]. A
wide range of skincare products are available at beauty stores,
pharmacies, and web-based shops. Many of these products are
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inefficient, and users usually lack knowledge about which
ingredients are effective and beneficial for their skin condition.

A Danish skincare company (NØIE) has developed a method
for customizing skincare products based on in-depth
phenotyping and direct feedback loops from over 80,000 patients
with a skin condition by collecting clinical data on skin
characteristics during an web-based survey and combining it
with dermatological knowledge, feedback from users, and
statistical modeling. In 2019, after 3 years of development, the
project successfully launched a data model that modeled
personalized skincare solutions based on an individual’s specific
skin and personal needs.

Therefore, this study aimed to evaluate the effectiveness of a
novel machine learning approach for predicting the optimal
treatment for mild-to-moderate AV based on subjective patient
self-assessment and objective measures, including the
physician-rated Investigator Global Assessment (IGA) and the
patient-rated Dermatology Life Quality Index (DLQI).

Methods

Study Design and Participants
This evaluator-blinded, randomized controlled parallel-group
trial included 100 patients who were randomized into groups
A and B on a 1:1 ratio based on their submission of consent
forms. It was conducted in accordance with the CONSORT
(Consolidated Standards of Reporting Trials) statement
(Checklist 1) [4]. Each group was assessed and assigned
treatment based on the self-assessed reporting and image or
real-life face-to-face interaction: group A used NØIE’s Bayesian
machine learning model and group B found and chose products
themselves. The patients submitted self-assessed disease scores
and a standardized set of facial images, known as a collected
dataset, as the skin profile after 8 weeks of adherence to
treatment. Subsequently, these assessments and images were
scored by 2 independent board-certified dermatologists to
evaluate the effectiveness of the 2 methods.

Recruitment Process
Patients were recruited through several channels affiliated with
NØIE and e-mail campaigns targeting NØIE’s database. NØIE
contacted respondents to determine eligibility via a short survey
before the screening process. The eligibility criteria were
patients aged 18‐40 years with a known diagnosis of AV who
were interested in participating in the study from mid-February
onwards for an 8-week duration and resided in Denmark,
Germany, the Netherlands, Sweden, the United Kingdom,
Switzerland, Belgium, or Austria.

All patients were required to submit a high-resolution image of
their facial acne, which an employee of NØIE objectively
assessed to confirm the AV and ensure that the disease severity
was mild-to-moderate based on lesion counts. Mild AV was
categorized as mostly whiteheads and blackheads with a few
papules and pustules, whereas moderate acne was categorized
as multiple papules and pustules.

The inclusion criteria were healthy female or male patients aged
18‐40 years with mild-to-moderate AV and who had not

previously used NØIE products. In contrast, the exclusion
criteria were pregnancy, breastfeeding, or any changes in birth
control during the intervention period since these would cause
fluctuations in the hormonal impact on disease severity. Patients
who used prescription medical treatments for acne treatment
were also excluded.

Bayesian Model Guidance for Product Development
NØIE is established upon substantial data collection from over
65,000 individuals with various skin diseases, including skin
reactions to well-categorized products commercially sold across
Europe. These data were reverse-engineered into a matrix of
stratified user segmentation, with an underlying layer of products
developed by NØIE to support the optimal needs of individual
user’s skin. In addition, this precision medicine approach has
only been used in oncology to date; however, NØIE has
incorporated Bayesian modeling to stratify users based on
differences in their epigenetic features, lifestyle, and personal
preferences and their response to the products being used, based
on the collected data, in-house product development, and direct
contact with each user. The feedback from real-world data not
only trains the model for precision but also guides skincare
product development simultaneously to better meet the diverse
needs of patients.

Precision medicine is an emerging approach in clinical research
and patient care that focuses on understanding and treating
diseases by integrating multimodal or multiomics data from
each patient to make personalized treatment decisions [5]. In
addition, dealing with the large and intricate datasets generated
by precision medicine diagnostics requires the development of
innovative techniques to process and interpret this complex
information. Concurrently, rapid advancements in computer
science have enabled the storage, processing, and analysis of
these intricate datasets—a task that traditional statistics and
early computing technologies could not accomplish. Therefore,
the Bayesian modeling approach provides a means to formalize
previous beliefs and combine them with available observations,
aiming to derive rational criteria for optimal decision-making
and measure the outcomes of these decisions [5].

This approach forms the foundational core of NØIE, aiming to
identify intricate patterns in data for making predictions and
classifications and conducting advanced exploratory data
analysis on new, unseen data to guide their product development
and distribution for better and safer treatments for various
phenotypes of a given skin disease.

The fundamental input for the Bayesian model was the patient
undergoing a skin test, which is a cumbersome in-depth
web-based survey capturing 31 parameters relevant to the
underlying skin condition or disease. These different data points
are stored in real-time, forming the patient’s skin profile, which
the Bayesian models activate to recommend the ideal skin
products for providing alleviation. Since all patients are asked
to provide feedback on the effectiveness of their given treatment,
it establishes a closed loop in the modeling process where results
are automatically considered, thereby continuously strengthening
the model’s precision.
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Product Description
Since NØIE’s products are classified as cosmetics and medical
device class I, the ingredients distinguish themselves from
classic active pharmaceutical ingredients known in the
pharmaceutical industry, although they rely on synergistic
effects between conventionally used cosmetic ingredients and
innovative modified peptides. Conventional ingredients include
salicylic acid, retinol, and niacinamide, whereas innovative
ingredients include Curcuma longa callus lysate, Morinda
citrifolia callus culture, and Lactiplantibacillus fermentation
lysate. Both groups’ routine skincare regimens comprised a face
cleanser and cream.

Group A: Customized Skincare
All patients in this group underwent a skin test to create a skin
profile. Using the Bayesian model, they received product
recommendations including a personalized face cleanser and
cream. These products were shipped by NØIE.

Group B: Self-Selected Skincare
Similar to group A, patients in group B filled out using the same
skin profile as their starting point. However, compared with
group A, it did not activate NØIE’s machine learning endpoint

for a recommendation. All patients in this group were instructed
to select a face cream and cleanser that they believed would
improve their acne symptoms over 8 weeks. The choice of
product was completely at the patients’ discretion; they were
permitted to seek advice from family, friends, pharmacists, and
doctors but were not allowed medical treatment. NØIE
purchased and shipped the self-selected products to patients, or
patients purchased the products themselves and NØIE refunded
the invoice.

Adverse Reactions
Patients were instructed to contact NØIE immediately in the
event of any adverse reactions. In such cases, patients were
given the option to either substitute the product or were
automatically assigned an alternative formulation by NØIE’s
underlying machine learning model.

Dermatological Assessment
A dermatological assessment was conducted based on three
images provided by the patients on days 0 and 56. The 3 images
included each cheek side and a frontal profile captured in high
resolution, with balanced lighting and without makeup (Figure
1).
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Figure 1. Patient photographs for assessment by dermatologists.

The two assessors were licensed dermatologists located in
Denmark and the United States of America, respectively, and
unaffiliated with NØIE in any sense. In addition, the images
were rated according to the IGA [6], and the assessors were
blinded to each other’s ratings and the group origin of the
assessed participant alongside the three images on days 0 and
56. Therefore, biasing the outcomes of the assessments was
impossible.

The triplets of before-and-after images from each participant
receiving personalized intervention were randomized so that
the same participant’s datasets were not evaluated consecutively.
In addition, the order of the images (before and after) was
randomized. This ensured that the dermatologist assessed each
triplet without bias, as if conducting individual consultations,
rather than being influenced by prior comparisons.

After the complete assessment of 72 image triplets, the results
were organized in the correct before-and-after sequence for each
participant. This allowed for the calculation of the intervention’s
development and effectiveness for each individual.

Primary and Secondary Outcomes
The primary outcome measure was the evaluation of changes
in acne severity based on IGA scores by blinded assessors,
whereas the secondary outcome was QoL measured using the
DLQI. IGA scores were graded from 0 to 4 (from clear 0 to
severe acne 4), and only facial acne was included in the
assessment. Chest, back, and shoulder acne was not considered
in this study. Both inflammatory and noninflammatory lesion
counts have been reported [7]. Furthermore, the DLQI is a
10-item retrospective questionnaire that assesses the QoL of
patients with skin conditions. Each question has scores ranging
from 0 to 3, with a maximum total score of 30. A higher score
indicates a greater impairment in QoL, and the minimal
clinically important difference for DLQI is 3.10 points [8].

Self-Assessment
The self-assessment conducted during the study covered five
lesion types for the patients. In addition, the question “Do you
deal with symptom X” comprises a response scale ranging from
“Not at all” to “Extremely”. Subsequently, the positioning on
the sliding scale was automatically converted to a numerical
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grade in NØIE’s backend, where direct “Not at all” and
“Extremely” are equivalent to 0 and 10, respectively. This
implies that patients could score their acne severity from 0 to
50 across all five lesion types. The five acne lesion types
assessed were papules, pimples, blackheads, whiteheads, and
oiliness, excluding nodules or cysts as they mainly belong to
the severe state of AV.

Changes in Hypothetical Medical Intervention From
Blinded Dermatologists
A third-party unaffiliated dermatologist with decades of
experience in treating AV across all severities was randomly
assigned to the group receiving customized treatment (group
A) according to the sequence and the order of the intervention.
Based on the 3 photographs, we assessed which treatment to
prescribe, if any, as a hypothetical action which could be
considered a development caused by the study intervention, as
all other parameters remained unchanged. Multimedia Appendix
1 presents the 6 interventions performed by a blinded
dermatologist.

Intervention severity was scored from 1 (least severe) to 6 (most
severe). The mean severity was calculated at baseline and after
the 8-week intervention, as well as the mean difference for each
patient. The higher the mean score, the more severe the
intervention required. The difference was calculated as the
intervention score after the 8-week treatment minus the
intervention score at baseline, where a negative score reflects
a downgrade in the severity of the intervention required.

A t test was performed to determine the difference between the
interventions at baseline and after 8 weeks. Statistical
significance was set at an α value of .05.

Statistical Analysis
Differences in mean values within and between groups were
analyzed using the t test where normalcy and continuity of the
samples have been verified and with the nonparametric
Mann-Whiteny U test where those requirements were not met,
along with comparing percentage differences. Correlations were
calculated using the Pearson correlation coefficient where
applicable, and using Spearman correlation where the normalcy
requirement was not met for the Pearson correlation. Statistical
analysis, correlation calculations, and graphing were performed
using Python version 3.7.12, Pandas library version 1.3.5,
Numpy library version 1.21.6, Seaborn library version 0.12.1,
and Scipy library version1.11.2.

Cohen Test to Ensure Adequate Sample Sizes
A power calculation using the Cohen test was conducted before
initiating the recruitment process to estimate the sample size
required for each group for determining the likelihood of
detecting an effect in the experiment if it truly existed. First,
the effect size (ES) was calculated by substituting the
proportions of patients expected to be improved by each
treatment, p1=0.86 and p2=0.50 (p1=0.86 refers to the product
satisfaction rate obtained by NØIE within the last 2 years; p2=0.5
was set as a high estimate for the self-selected group since
competent guidance was expected), and the overall proportion,
P=.68 (ie, 0.86 [0.50] / 2):

ES=|p1−p2|p(1−p)=|0.86−0.5|0.68(1−0.68)=0.7717

Subsequently, we calculated the sample size (ni) for each group
(i=1, 2). ES was used in the equation for two independent
samples, along with the confidence level, ensuring that a
two-sided test with a 5% level of significance (ie, α=.05) and
80% power to detect the estimated response difference between
the 2 groups. The equation is presented as follows:

ni=2(Z1−α2+Z1−βES)2=2(1.96+0.840.7717)2=26.32

The use of n1=26 and n2=26 ensures that the test of the
hypothesis has 80% power to detect a product effect. We
anticipated patient dropouts due to strict inclusion criteria and
noncompliance with product usage. Therefore, we recruited 50
patients in each group (n1=50 and n2=50).

Ethical Considerations
All patients provided written informed consent before
enrollment. Approval from the scientific ethics committee was
not required as no medical interventions were conducted in the
study.

This study investigates the efficacy of skincare products through
secondary analysis of consumer data. It is important to note that
no medical interventions or treatments were involved in the
study. The data used were collected for nonmedical purposes,
and all participants had provided informed written consent for
their identifiable data to be shared with researchers.

Ethical approval is not needed for this type of study in Denmark,
where the intervention is a behavioral change without a
medicinal product involved. This study did not involve any
clinical treatments, procedures, or health interventions, and
since the analysis was based on existing consumer data with
appropriate safeguards in place, the study did not meet the
criteria for requiring ethical approval from a health research
ethics committee, in accordance with the Danish National
Committee on Health Research Ethics (NVK) guidelines [6].
The NVK generally requires ethical approval for research
involving medical interventions or when sensitive health data
is being processed [6].

Furthermore, the data used for publication have been fully
anonymized, ensuring the privacy and confidentiality of the
participants. The General Data Protection Regulation (GDPR)
(Regulation (EU) 2016/679) [9] and the Danish Data Protection
Act [10] govern the use of personal data in research and allow
for the processing of personal data when explicit consent is
obtained and anonymization techniques are applied to protect
privacy [10].

Participant enrollment alongside the collected data during the
study interventions relied on secondary analysis conducted
under a voluntary, waived consent framework. Accordingly,
the consent form for study participation included detailed
information about both primary data collection and the
secondary analysis of the collected data, ensuring comprehensive
informed consent for participants regarding the dual-purpose
use of their data. The study participants were informed in writing
about the study and consented to participate and with an option
to contact NØIE in case of queries.
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All the data collected on enrolled participants were stored on a
secure, compliant server in an anonymized format, with
participant identities protected through a unique ID system.
Deciphering individual participants required conversion via a
separate platform to maintain confidentiality. Access to this
encrypted data was restricted solely to NØIE, and only
aggregated data, without identifiers, was shared through a
compliant system with external assessors. Access was disabled
upon completion of the assessment, and NØIE permanently
deleted all collected identifiable data exactly one year after
collection, effected in May 2024.

None of the enrolled participants received or were offered
financial compensation for their participation in the study.
However, all participants were uniformly provided with
complimentary products corresponding to their respective
cohorts throughout the 8-week intervention period.

The publication does not contain any identifiable information
about individual participants; all data are aggregated by cohort
and lack identifiable elements, with the exception of images.

The appendix includes images of one study participant,
anonymized with a censor bar covering the eyes. An additional
signed consent form was obtained from this participant, stating:

I, the undersigned, agree to allow NØIE and a team
of unaffiliated doctors to showcase my before and
after images obtained during the 8 weeks of study
involvement as part of summarising the learnings and
insights obtained in the study. The intention is for
readers of the publication to assess the image quality,
and not intended to address any changes seen during
the 8 weeks of intervention.

I, the undersigned understand and hereby authorise
and agree to NØIE utilising my photos, for scientific
and awareness purposes to support aggregated
numbers and results published in a physical
dermatological journal as well as its corresponding
online version. The material with me will likely be
used in an intended publication to showcase results
of a novel methodology like the AI driven
recommendation carried out by NØIE as part of the
study.

All images will be eye censored to hinder identification.

Furthermore, no compensation was offered or given to the
participant for the consent to use the images in the publication.
This study involved no medical intervention; therefore, approval
from the ethics committee was not required. Written consent
was obtained from all participants before participation in the
study.

Results

Randomization and Screening
A total of 99 patients were screened for randomization. The
failure to obtain the intended 100 patients was attributed to a
strict deadline, given the coordination required for product
shipment and the need to minimize the period between the initial
screening of AV severity and the first day of the intervention.

Of the 99 patients, 17 were excluded before randomization
because of the inclusion criteria. A total of 5 patients from group
A, and 9 patients group B were excluded from data analysis due
to noncompliance with usage guidelines (self-reported) or
intervention, as shown in Figure 2.
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Figure 2. The consolidated standards of reporting trials diagram. IGA: Investigator Global Assessment.

The patients excluded after filling out the initial dataset did not
exhibit any specific characteristics regarding age, sex, or disease
severity compared with those analyzed in either of the 2 groups.
Although modafinil and lamotrigine are not prescribed for AV,
they are well-known for their ability to affect the skin and were
among the medications causing exclusion due to their potential
interference with the study outcome.

In total, 68 patients were randomized into group A (customized),
which included 36 patients (34 females and 2 males) with a

mean age of 27.1 years, SD 4.76, and group B (self-selected)
comprising 32 patients (30 women and 2 men) with a mean age
of 26.3 years, SD 4.36 (Table 1). The duration of AV was 5 and
6 years in groups A and B, respectively. In addition, 58.3% and
62.5% of the patients in groups A and B, respectively, had
previously undergone medical treatment. Baseline DLQI were
7.75 and 7.53 in groups A and B, respectively, indicating a
moderate effect on QoL in both groups.
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Table . Patient characteristics.

Group B (self-selected)Group A (customized)Characteristics

26.3 (4.36; 19–35)27.1 (4.76; 20–38)Age (years), mean (SD; range)

Sex, n (%)

30 (93.7)34 (94.4)    Female

2 (6.3)2 (5.5)    Male

5.98 (4.84)4.94 (3.75)Duration of AVa (years), mean (SD)

23 (62.519 (58.3)Previous use of acne medication, n (%)

aAV: acne vulgaris.

Primary Outcome: IGA Assessments
The mean (SD) IGA score improved from 1.53 (0.83) at baseline
to 1.21 (0.76) after the 8-week treatment in group A (mean

difference in IGA score=0.32, P=.04) and improved from 1.42
(0.42) at baseline to 1.33 (0.87) after the 8-week treatment in
group B (mean difference in IGA score=0.09, P=.54) (Table
2).

Table . Primary and secondary outcomes at baseline and the 8-week follow-up.

P valueFollow-up at 8 weeksBaselineOutcomes

IGAa, mean (SD)

.031.21 (0.76)1.53 (0.83)    Group A

.531.33 (0.87)1.42 (0.42)    Group B

DLQIb, mean (SD)

<.0013.5 (4.1)7.75 (5.03)    Group A

>.055.3 (4.7)7.53 (6.16)    Group B

Self-assessment, mean (SD)

<.00120.3 (7.6)26.6 (4.9)    Group A

.0320.6 (8.44)24.9 (7.6)    Group B

aIGA: Investigator Global Assessment.
bDLQI: Dermatology Life Quality Index.

Table 3 illustrates the agreement between the 2 assessors’ IGA
scores. The 2 assessors disagreed in 36 cases but agreed upon
no change (n=16), improvement (n=13), and regression (n=3)
in 32 cases. Significant correlations were observed between the

2 assessors at baseline (r=0.452, 95% CI=0.24‐0.62, P<.001)
and after the 8-week treatment (r=0.54, 95% CI 0.35‐0.69;
P<.001).

Table . Matrix showing inter-agreements plotted as aggregate numbers for the 2 groups.

Assessor #2 IGA score increasedAssessor #2 IGA score remained
unchanged

Assessor #2 IGAa score reducedAssessor evaluation

3d5c13bAssessor #1 IGA score reduced

7c16b9cAssessor #1 IGA score remained
unchanged

3b6c6dAssessor #1 IGA score increased

aIGA: Investigator Global Assessment.
bConsensus between 2 assessors.
cMinor disagreement.
dContradictory assessments.

Secondary Outcome: QoL
This parameter measured using the DLQI significantly improved
in group A from 7.75 (5.03) at baseline to 3.5 (4.1) after the
8-week treatment (mean difference in DLQI=4.3, P<.001). In

contrast, a reduction in DLQI from 7.53 (6.16) at baseline to
5.3 (4.7) after the 8-week treatment was observed in group B
(mean difference in DLQI=2.3), although this was not significant
(P>.05; Table 2).
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Correlation Between the IGA Score and the DLQI
Weak and moderate correlations were observed between the
IGA score and the DLQI at baseline (r=0.11, 95% CI −0.23 to
0.42, P>.05) and after the 8-week treatment (r=0.516, 95% CI

0.23-0.72, P<.001) in group A, respectively. However, a weak
correlation was observed between acne severity and the DLQI
at baseline (r=0.242, 95% CI −0.12 to 0.54, P>.05) and after
the 8-week treatment (r=0.136, 95% CI −0.22 to 0.47, P>.05)
in group B (Figure 3).

Figure 3. Correlation between acne severity (IGA score) and DLQI before and after intervention in groups A and B. DLQI: Dermatology Life Quality
Index; IGA: Investigator Global Assessment.

Self-Assessed Symptoms
Group A had a total mean (SD) symptom score of 26.6 (4.9) at
baseline, which improved to 20.3 (7.6) after the 8-week
treatment (mean difference=6.3, 95% CI 3.22‐9.32, P<.001).
In contrast, group B had a total mean (SD) symptom score of
24.9 (7.6) at baseline, which improved to 20.6 (8.44) after the
8-week treatment (mean difference=4.31, 95% CI=0.26‐8.37,
P=.03) (Table 2). Furthermore, significant reductions in the
proportions of blackheads (25%, 8/32), whiteheads (31%,
10/32), pimples (26%, 8/32), and skin oiliness (23%, 7/32) were
observed in group A after the 8-week follow-up. In total, 61%
(20/32) and 56% (20/36) of the patients in groups A and B,
respectively, reported that their skin appeared healthier after
using the customized skincare routine and the 8-week treatment,
respectively. Greater reductions in the proportions of blackheads

(53%, 17/32 vs 35%, 13/36) and pimples (67%, 22/32 vs 34%,
12/36) were observed in group A than in group B. Moreover,
a significant visual improvement in the skin was observed in
group A compared with that in group B (67%, 22/32 vs 37%,
13/36, P=.008).

Correlation Between Self-Assessed Symptoms and the
DLQI
Weak and moderate correlations were observed between acne
severity (self-assessed) and the DLQI at baseline (r=0.218, 95%
CI −0.12 to 0.51; P>.05) and after the 8-week treatment
(r=0.279, 95% CI −0.05 to 0.56; P>.05) in group A,
respectively. In group B, a weak correlation was observed
between acne severity and the DLQI at baseline (r=0.244, 95%
CI −0.11 to 0.55; P>.05) and at the 8-week follow-up (r=0.388,
95% CI 0.05-0.65; P=.03; Figure 4).
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Figure 4. Correlation between acne severity (self-assessed) and DLQI before and after intervention in groups A and B. Abbreviations DLQI, Dermatology
Life Quality Index.

Adverse Reactions
Overall, 3 patients in group B reported minor adverse events in
the form of blushing, stinging, and itchy sensations upon the
first application on day 1. They contacted NØIE and were
instructed to discontinue the products and find alternative
products the same day. Notably, the alternative products were
well tolerated. However, none of the patients in group A
reported any adverse events.

Changes in Hypothetical Medical Intervention From
the Blinded Dermatologists
The mean (SD) severity score in group A at baseline was 2.97
(1.77), which improved to 2.22 (1.66) after 8 weeks of
intervention (mean difference 0.75 [1.84]; P=.05). After the
8-week intervention, 42.9% of the patients (14/32) were
administered only dermo-cosmetics. Multimedia Appendix 2
illustrates the need for a hypothetical medically prescribed
treatment for AV at baseline and after the 8-week follow-up for
each intervention.

Discussion

Precision medicine is an emerging approach in the field of
dermatology, and recent clinical research has shown that the
impact and management of skin diseases differ among patients.
This has resulted in an increased focus on the development of
personalized treatment approaches to optimize treatment
response, minimize adverse reactions, and improve the overall
QoL of patients [11,12]. However, the knowledge of optimal

personalized treatment approaches in clinical practice remains
limited.

Main Findings
This 8-week, evaluator-blinded, randomized controlled trial,
based on patient-taken photographs, evaluated the effectiveness
of a novel machine learning approach for predicting the optimal
treatment for mild-to-moderate AV, using dermatological
evaluation combined with self-assessment. We found that IGA
scores, as assessed by board-certified dermatologists,
demonstrated a significant reduction in acne severity in group
A compared with that in group B, indicating that personalized
product recommendations generated by a machine learning
model were more effective in improving acne severity than a
self-selected treatment approach.

Furthermore, a significant improvement in acne severity
(self-assessed) was observed after the 8-week treatment in both
groups. Significant reductions in acne symptoms, such as
blackheads, whiteheads, pimples, and skin oiliness, were
observed in group A compared with that in group B. Therefore,
this finding adds to the potential benefits of personalized
treatment approaches for patients with AV.

Interpretation
Previous studies have reported that even mild acne significantly
impacts the psychological well-being and QoL of patients
[12,13]. In our study, a significant improvement was observed
in the QoL of patients in group A after the 8-week treatment
but not in group B. This suggests that the improvement in QoL
was greater with personalized product recommendations than
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with self-selected products. Furthermore, a weak correlation
was found between acne severity and the DLQI in both groups,
suggesting that the impact of acne on QoL is weakly correlated
with its severity, which highlights the complexity of clinical
assessments and the psychological impact of acne. These
findings align with those of previous reports showing no
correlation between acne severity and QoL impairment [14,15].

Minor adverse reactions, including blushing, stinging, and
itchiness, alone were reported from the use of self-selected
products. However, no minor or severe adverse reactions were
reported from the use of customized treatment. Therefore, this
finding indicates that personalized treatments may have a better
safety profile than self-selected products.

Medication should ideally be the last resort in treatment given
the potential side effects, intolerance, and restrictions on
long-term use. Consequently, treatment approaches should
prioritize resolving conditions through the least invasive
methods when possible. For mild-to-moderate AV,
dermo-cosmetic treatments should be considered the first line
of treatment, emphasizing gentler options before resorting to
medication.

Strengths and Limitations
The strengths of this study include its randomized design which
ensured the assigning of unbiased treatment and the relatively
large group of patients. Furthermore, two board-certified

dermatologists assessed disease severity using the IGA score.
A substantial agreement was noted between the IGA assessments
of the two board-certified dermatologists regarding the dynamics
of acne evolution throughout the trial. However, IGA scores
are limited to the face and do not cover disease activity on the
back or chest. Changes in the IGA score are small, making it
difficult to be used in clinical settings with interventions [5].
The Global Acne Grading System, another score that might be
more suitable for research purposes, is a broader scoring system
and provides a more detailed picture of disease severity;
however, it is time-consuming and difficult to use in clinics
with limited time [16]. This study’s limitations include a short
follow-up time (8 week), a primary focus on mild-to-moderate
AV, and a self-assessment of acne severity. Furthermore,
self-assessment methods have been reported to be unreliable
because it is difficult for patients to objectively score the severity
of their acne [17]. Further research is needed in personalized
skincare and machine learning models with longer follow-up
times.

Conclusions
The use of a machine learning model for personalized skincare
recommendations significantly improved the severity of acne,
reduced symptoms, and improved the overall QoL of patients
with mild-to-moderate AV. Therefore, these findings support
the potential of machine learning-based personalized treatment
options in dermatology.
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Abstract

Background: TikTok, with more than 2 billion users worldwide, has become an influential venue for health information,
including dermatologic advice. However, concerns remain about the accuracy and impact of sunscreen-related content.

Objective: This study aimed to assess the quality, accuracy, and themes of popular TikTok videos about sunscreen; evaluate
associations with creator credentials and promotional content; and identify implications for public health.

Methods: We conducted a cross-sectional content analysis of the 100 most-liked English-language TikTok videos generated
by the search term “sunscreen.” Metadata, creator characteristics, Global Quality Score (GQS), accuracy, attitudes, promotional
disclosures, and reference use were extracted using a structured codebook. Thematic and statistical analyses (ie, Pearson correlations,

χ2, 2-tailed t tests, and ANOVA) were conducted, with significance defined as P<.05.

Results: Of the top 100 videos, 74 (74%) expressed a positive attitude toward sunscreen, 35 (35%) were accurate, 57 (57%)
were opinion based, and 6 (6%) were inaccurate. None of the videos cited references. GQS ratings were low: 40 (40%) videos
were rated poor (score=1), 31 (31%) below average (score=2), and only 2 (2%) excellent (score=5). Promotional content appeared
in 27 (27%) videos. Accuracy was negatively correlated with likes (r=–0.229; P=.02) and views (r=–0.242; P=.02), while GQS
correlated positively with accuracy (r=0.270; P=.007) but not with engagement. Likes and views were strongly correlated (r=0.726;
P<.001).

Conclusions: Despite broadly positive sentiment toward sunscreen, misinformation and promotional bias are common in highly
engaged TikTok videos, and user engagement is often unrelated to accuracy or educational quality. Dermatologists and public
health experts must proactively engage on social platforms to counter misinformation and promote reliable skin health information.

(JMIR Dermatol 2025;8:e70010)   doi:10.2196/70010

KEYWORDS

TikTok; social media; health information; misinformation; Global Quality Scale; GQS; dermatology; sunscreen; sun safety; sun
protection factor; SPF

Introduction

Social media is an increasingly important source of health
information, and TikTok, one of the world’s fastest-growing
video-sharing platforms, has rapidly become a key venue for
health messaging [1]. With its short-form video style and
algorithmic feed, the platform shapes health behaviors,
particularly among younger audiences. Within dermatology,

TikTok content is both vast and highly visible, with
dermatology-related hashtags collectively accumulating more
than 18 billion views [2]. Sunscreen, a cornerstone of skin
cancer prevention and photoaging mitigation, has emerged as
a recurring theme across the platform, with #sunscreen alone
garnering billions of views [3]. However, within the same feed
that promotes sun protection, viral hashtags such as
#AntiSunscreen circulate misinformation, propagating doubt
about established guidance and exposing users considered
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vulnerable to confusion about one of the most important
preventive health behaviors [4,5].

Existing research highlights the complexity of sunscreen
discourse on TikTok (ByteDance Ltd). Haff et al [6] reported
that much of dermatology content is low quality, with an average
DISCERN score of 1.58 out of 5. Pediatric analyses similarly
found that only 26% of daytime skincare regimens included
sunscreen, despite frequent use of sun-sensitizing ingredients
[7]. At the other extreme, misinformation has proliferated:
Kearney et al [4] showed that 69% of videos under sunscreen
conspiracy searches were antisunscreen, and Nikookam et al
[5] emphasized the viral reach of the #AntiSunscreen movement.
Even outside conspirative spaces, video quality is limited. Khan
et al [3] found that the most popular sunscreen videos averaged
a DISCERN score of 2.68 out of 5. In addition, promotional
content is common: Ranpariya et al [8] showed that dermatology
influencers frequently post sponsored material, raising questions
about transparency and commercial influence.

Despite these insights, no study has systematically examined
whether the most-engaged sunscreen content aligns with
evidence-based dermatology guidance or how popularity favors
accuracy. Our study addresses this gap through a systematic
evaluation of the 100 most-liked #sunscreen TikTok videos,
assessing accuracy, Global Quality Scale (GQS) score,
sentiment, references, and promotional content and analyzing
their relationship to engagement metrics.

Methods

Ethical Considerations
As this study relied exclusively on publicly available data
without human participants, it was reviewed by the Oregon
Health & Science University Institutional Review Board and
deemed not to be human research (00027957).

Study Design
This cross-sectional content analysis aimed to evaluate the
quality, accuracy, and attitudes of popular sunscreen content
on TikTok.

Preliminary Screening and Search Strategy
To establish a search strategy, 2 reviewers (KD and JR-M) first
conducted exploratory searches using targeted terms such as
“toxic sunscreen,” “sunscreen risks,” and “sunscreen myths.”
On the basis of these findings, we selected the broad search
term “sunscreen,” limiting our final dataset to a single, neutral
term to minimize search bias and ensure broad inclusion of
relevant content. This approach enabled capturing a wide range
of perspectives within a single organic search.

Sample Selection
The final search was conducted on August 14, 2024, using newly
created TikTok accounts to reduce algorithmic personalization.
We applied TikTok’s “most-liked” filter and identified the top
106 most-liked videos returned by the search term “sunscreen.”
For each video, we recorded metadata (URL, creator username,
date posted, number of likes, views, and creator follower count)
in Microsoft Excel (Microsoft Corporation) at the time of search.

Inclusion and Exclusion Criteria
The top 100 most-liked videos were screened for inclusion.
Eligible videos were required to (1) be in English or contain
English subtitles and (2) be relevant to sunscreen use, safety,
or recommendations. Duplicates and irrelevant videos were
excluded. Videos ranked 101 to 106 were used exclusively for
coder calibration and interrater reliability (IRR) testing. A
sample size of 100 was selected to balance feasibility of detailed
manual coding with representativeness. Although larger-scale
TikTok analyses exist, such as the study by Steinke et al [9],
our aim was to balance depth with representativeness.

Variables and Coding Definitions
Videos were coded for the following variables:

• Content and creator characteristics included the date posted,
creator username, number of likes, number of views, and
follower count (recorded at the time of data collection).

• Content quality or usability was assessed using the 5-point
GQS described by Bernard et al [10] (1=poor to
5=excellent); in our study, GQS anchors emphasized
viewer-facing usefulness and clarity (refer to “Codebook
Development and IRR” ).

• Accuracy was categorized as accurate, inaccurate, mixed,
or opinion-based, according to concordance with the
American Academy of Dermatology sunscreen guidelines
[11].

• Reference use was coded based on presence or absence of
identifiable sources such as peer-reviewed articles.

• Attitudes toward sunscreen were categorized as positive,
negative, or neutral.

• Promotional content was identified by the presence of
TikTok “Paid Partnership” labels, affiliate links, discount
codes, or clearly disclosed sponsorships in captions or
on-screen text.

Codebook Development and IRR
Two reviewers (KD and JR-M) independently coded 6
calibration videos (videos 101-106) to refine the structured
codebook (Multimedia Appendix 1) and assess IRR. IRR for
categorical variables was evaluated using percent agreement,
Scott pi, Cohen kappa, and Krippendorff alpha. Using the
original 1‐5 GQS wording from prior literature [10,12-14],
initial GQS agreement was 60% despite more than 85%
agreement on other variables.

To improve consistency, coders received additional training
and in-person calibration meetings, clarified the construct to
reflect how lay viewers interpret scientific information, and
iteratively revised scale anchors: 1=poor (largely missing
information or unhelpful for viewer use), 2=below average
(minimal content with major omissions), 3=moderate (some
helpful information but incomplete or unclear for viewers),
4=good (covers main points understandably, though not
comprehensive), and 5=excellent (clear, well structured,
comprehensive, and highly useful).

Reviewers completed several rounds of independent recoding
and consensus review over a few weeks. Disagreements were
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resolved by consensus using the written anchors and comparison
to exemplar videos.

Calibration continued until IRR exceeded 0.90 across all
variables and GQS reliability surpassed 0.75. After this, full
extraction was conducted, with 1 reviewer coding all 100 videos
and the second reviewer independently coding a blinded 10%
(10/100) subset. Final IRR for this subset remained high
(agreement=97.9%; Scott pi=0.954; Cohen kappa=0.954;
Krippendorff alpha=0.956; Multimedia Appendix 2).

Statistical Analysis
Descriptive statistics summarized video characteristics, themes,
and creator demographics. Inferential tests included independent
samples t tests and one-way ANOVA for comparing continuous
variables across groups, Pearson correlations to examine
relationships between engagement metrics and quality indicators

(ie, accuracy and GQS), and χ2 tests for associations between
categorical variables. Statistical significance was defined as
P<.05. All analyses were conducted in Microsoft Excel and R
(R Foundation for Statistical Computing). No videos were
excluded due to missing data.

Decile-Based Engagement Analysis
Because engagement metrics (ie, likes and views) were highly
skewed, we performed a decile-based stratification. Videos were
grouped by engagement deciles, and accuracy patterns were
examined across strata to identify nonparametric trends that
might have been obscured by extreme outliers.

Results

Descriptive Overview
Analysis of the 100 most-liked TikTok videos generated using
the search term “sunscreen” revealed a mean like count of
227,671 (SD 351,902; range 26,700‐2,400,000) and a mean
view count of 4,203,243 (SD 5,775,935; range
309,800‐34,300,000). The average number of followers per
creator was 1,033,824 (SD 2,977,532; range 272‐18,100,000).
Of the 100 content creators, only 18 (18%) identified as health
care professionals, including 13 (13%) dermatologists, 2 (2%)
medical aestheticians, 1 (1%) pharmacist, 1 (1%) esthetic nurse
practitioner, and 1 (1%) cosmetic chemist. Ingredient mentions
appeared in 13 (13%) videos, and toxicity concerns in 10 (10%)
videos. Positive sunscreen attitudes were expressed in 74 (74%)
videos.

Out of the 100 videos, 35 (35%) were classified as accurate, 6
(6%) as inaccurate, 2 (2%) as mixed, and 57 (57%) were
opinion-based or not applicable for factual accuracy evaluation.
Positive attitudes toward sunscreen were expressed in 74 (74%)
videos, with the remainder split between 17 (17%) neutral and
9 (9%) negative sentiment videos.

Sunscreen product recommendations appeared in 85 (85%)
videos, and 27 (27%) videos contained explicit promotional
content such as affiliate links, brand sponsorships, or paid
advertisements (Table 1).
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Table . Descriptive characteristics of the top 100 most-liked TikTok videos related to sunscreen, including content accuracy, Global Quality Scores
(GQS), thematic content, and creator background.

TikTok videos, n (%)Characteristics

Attitude

74 (74)    Positive

7 (7)    Negative

9 (9)    Neutral

Accuracy

57 (57)    Opinion-based

35 (35)    Accurate

6 (6)    Inaccurate

2 (2)    Mixed

0 (0)    Used references

GQS

40 (40)    1 (Poor quality)

31 (31)    2 (Below average)

23 (23)    3 (Moderate)

4 (4)    4 (Good)

2 (2)    5 (Excellent)

Content type

14 (14)    Non-white skin–specific content (eg, white cast, blending, or sunscreen considerations for darker
skin tones)

30 (30)    Sun protection factor

31 (31)    Sun safety education

13 (13)    Specific ingredients

10 (10)    Toxicity

Content creator background

13 (13)    Board-certified dermatologist

2 (2)    Medical esthetician

1 (1)    Cosmetic chemist

1 (1)    Pharmacist

1 (1)    Nurse practitioner

Promotional content

27 (27)    Creators with advertisements or promotion

Engagement Metrics by Accuracy
Although inaccurate videos were fewer in number, they received
disproportionately high engagement. On average, the 6 (6%)
inaccurate videos received 2,141,683 (SD 2,235,616) views and
119,383 (SD 194,427) likes and the 35 (35%) accurate videos
received 2,732,594 (SD 3,067,518) views and 135,711 (SD
131,773) likes.

A strong positive correlation was observed between the number
of likes and views (r=0.726; df=98; P<.001). In contrast,
accuracy was negatively correlated with both likes (r=–0.229;
df=98; P=.02) and views (r=–0.242; df=98; P=.02), indicating
that less accurate content may attract more user engagement.
Refer to Table 2 for all Pearson correlation coefficients among
key video characteristics.
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Table . Correlation coefficients (Pearson r) among key variables in sunscreen-related TikTok videos.

P valuerComparison

<.0010.73aLikes vs views

.06−0.19Likes vs attitude

.11−0.16Likes vs promotional

.02−0.23Likes vs accuracy

.240.12Likes vs GQSb

.13−0.15Views vs attitude

.67−0.04Views vs promotional

.02−0.24Views vs accuracy

.050.19Views vs GQS

.630.05Attitude vs promotional

.320.1Attitude vs accuracy

aStatistically significant correlations.
bGQS: Global Quality Score.

To account for the skewed distribution of engagement metrics,
a decile-based analysis was conducted. This analysis revealed
a strong, statistically significant negative correlation between
accuracy and views (r=–0.720; df=8; P=.02) and a moderate,
nonsignificant negative correlation between accuracy and likes

(r=–0.440; df=8; P=.21). These findings suggest that less
accurate videos may be algorithmically favored or more widely
shared, resulting in greater visibility despite lower informational
quality (Figures 1 and 2).

Figure 1. Relationship between accurate sunscreen content and views. The 100 most-liked videos were grouped into deciles based on their view counts.
The percentage of videos within each decile that contain accurate information is shown on the y-axis, while the average views per decile are shown on
the x-axis.
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Figure 2. Relationship between accurate sunscreen content and likes. The 100 most-liked videos were grouped into deciles based on their like counts.
The percentage of videos within each decile that contain accurate information is shown on the y-axis, while the average likes per decile are shown on
the x-axis.

GQS and Accuracy
Content quality was generally low across the top 100 most-liked
sunscreen-related TikTok videos. The majority (71/100, 71%)
of videos received GQS of 1 (poor quality) or 2 (below average),
with only 2 (2%) scoring a 5 (excellent quality). GQS was
positively correlated with accuracy (r=0.270; df=98; P=.007),
indicating that videos deemed more accurate were also rated as
higher quality. However, GQS showed no significant correlation
with engagement metrics such as likes (r=0.118; df=98; P=.24)
or views (r=0.193; df=98; P=.05), suggesting that content quality
did not predict popularity on the platform. These findings reflect
a disconnect between perceived usefulness and user engagement.

Promotional Content
Promotional content was present in 27 (27%) of the top 100
most-liked sunscreen-related TikTok videos. However, the
presence of promotional material was not significantly correlated
with either likes (r=–0.161; df=98; P=.11) or views (r=–0.043;
df=98; P=.67), suggesting that promotional status alone did not
drive engagement. Similarly, promotional content showed only
weak, nonsignificant correlations with GQS (r=0.186; df=98;
P=.06) and accuracy (r=0.118; df=98; P=.24). These findings
indicate that promotional content was common but not
necessarily more engaging or accurate than nonpromotional
content. Figure 3 visualizes these correlations across 6 content
variables.
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Figure 3. Heat map depicting Pearson correlations among key variables across the top 100 most-liked TikTok videos about sunscreen. Variables include
Global Quality Score (GQS), accuracy, likes, views, promotional content, and positive attitudes. Warmer colors indicate positive correlations; cooler
colors indicate negative correlations.

Discussion

Principal Findings
Our analysis of trending TikTok content on sunscreen revealed
an average of 4,203,243 views and 227,671 likes per video,
highlighting the platform’s massive reach. Among the 100
most-liked videos, 74 (74%) expressed a positive attitude toward
sunscreen, 35 (35%) contained accurate information, and only
6 (6%) contained inaccurate content, per the American Academy
of Dermatology guidelines. Notably, 57 (57%) videos were
purely opinion-based. Our study is the first to demonstrate that
sunscreen content on TikTok is predominantly positive but
frequently lacks factual grounding or educational value. These
findings expand on prior reports of variable quality in
dermatology TikToks by specifically examining sunscreen
content, an area of high public interest and misinformation.

Comparison With Prior Work
Consistent with prior literature, we found that videos deemed
accurate were rated significantly higher in quality, as measured
by the GQS, aligning with established findings that content
accuracy enhances educational utility [3-6]. However, more

than half of the videos (57/100, 57%) were categorized as
opinion-based and lacked references, reflecting a shift toward
anecdotal rather than evidence-based guidance.

Promotional content was present in 27 (27%) videos but was
not significantly associated with engagement metrics or content
quality. It showed only weak, nonsignificant correlations with
GQS (r=0.186; df=98; P=.06), accuracy (r=0.118; df=98;
P=.24), likes (r=–0.161; df=98; P=.11), and views (r=–0.043;
df=98; P=.67), suggesting that the presence of commercial
messaging neither enhanced nor substantially degraded video
quality or popularity. Although Ranpariya et al [8] documented
the prevalence of promotional content among dermatology
influencers, our analysis suggests that such content does not
necessarily drive engagement or correlate with accuracy.

Despite comprising only 6 (6%) videos, inaccurate content
attracted disproportionately high engagement, receiving a mean
of 2,141,683 views and 119,383 likes, which was comparable
to that of the 35 (35%) accurate videos (mean views 2,732,594;
mean likes 135,711). A strong negative correlation was found
between accuracy and views in decile-based analysis (r=–0.72;
df=8; P=.02), and a moderate but nonsignificant negative
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correlation was found between accuracy and likes (r=–0.44;
df=8; P=.21). This reinforces prior concerns that social media
virality may be driven more by sensationalism or esthetics than
by informational accuracy [11-13].

Implications
The low overall GQS (mean 1.97) emphasizes the poor
educational utility of the majority of sunscreen-related content
on TikTok. Despite their reach, most videos failed to meet
standards of quality, evidence, or clarity. Content with
promotional framing was particularly vulnerable to low-quality
scores, even when expressing positive sunscreen messaging.
Given that accurate content did not consistently outperform
anecdotal or promotional posts in engagement, our findings
reinforce the need for dermatologists to adapt communication
strategies to the realities of algorithm-driven platforms.

To address these gaps, we recommend that health care providers
stay informed about dermatology trends on social media, discuss
misinformation and content sources with patients, and engage
on platforms such as TikTok to provide evidence-based
perspectives.

Encouragingly, 18% (18/100) of the content creators in our
dataset were health care providers, and 1 board-certified
dermatologist had more than 18 million followers, demonstrating
the potential impact medical professionals can have. To further
promote quality content, we advocate for standardized disclosure
of conflicts of interest, citation of sources, and increased
collaboration with platform moderators.

SkinMedia Initiative
Our team is committed to continuing this work through the
SkinMedia series. This initiative aims to systematically track

dermatologic misinformation and translate findings into publicly
accessible content. This work directly addresses the gap
identified in the current literature by moving beyond analysis
to the development of interventions that amplify accurate
dermatologic messaging. By partnering with dermatologists,
educators, and digital platforms, we aim to promote scientifically
grounded messaging, particularly for younger audiences. Future
work will include the dissemination of open-access educational
resources.

Limitations
This study is limited by its cross-sectional design and the
selection of only the 100 most-liked videos, which may not
reflect less popular but potentially higher-quality content. The
large percentage of promotional content (27/100, 27%) may
also have skewed findings. IRR for most variables was high;
however, agreement on GQS was lower (κ=0.712), consistent
with its known subjectivity. Additionally, most content creators
were nonhealth care professionals, which may explain the
infrequent use of citations.

Conclusions
This study was one of the first to systematically analyze the
most-liked sunscreen videos on TikTok, demonstrating an
abundance of opinion-based, low-quality content despite an
overall positive stance toward sunscreen use. We urge
dermatologists and other health professionals to expand their
digital presence to ensure that younger populations have access
to engaging, reliable, and evidence-based skin health
information. Future efforts should explore collaborative
strategies with platforms and influencers to amplify high-quality
dermatology content and counteract misinformation.
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Example of the codebook framework for video content extraction.
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Multimedia Appendix 2
Interrater reliability for key coded variables in a 10% blinded subset of videos, assessed by 2 independent reviewers. Percent
agreement, Scott pi, Cohen kappa, and Krippendorff alpha are reported. “Nan” indicates invariant responses where chance-adjusted
metrics could not be calculated due to lack of variability in responses.
[DOCX File, 17 KB - derma_v8i1e70010_app2.docx ]
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Abstract

Background: Dermoscopy is a noninvasive technology used to examine the skin’s invisible microstructures in dermatological
practice and is gaining prominence as a crucial tool. Dermoscopy is an evidence-based practice used to enhance the early detection
of skin malignancies and to help distinguish between various skin conditions, including pigmented and nonpigmented skin
malignancies. Currently, the vast majority of global guidelines for skin cancer recommend dermoscopy as a critical component.
Dermoscopy use is increasing worldwide, but to date, no study has documented the attitudes toward and use of dermoscopy
among future dermatologists in Saudi Arabia.

Objective: We aimed to determine the proportion of dermatology residents in Riyadh who use dermoscopy in their clinical
practice; identify factors influencing the use of dermoscopy, such as availability of equipment, training, and the perceived
importance of dermoscopy in clinical practice; explore barriers to dermoscopy use, including the lack of access to necessary
resources (eg, dermoscopes) and insufficient training; and provide insights into the adoption and integration of dermoscopy into
dermatology training and clinical practice in Saudi Arabia.

Methods: In January 2024, a validated and published questionnaire was modified to meet research requirements and was sent
to all registered dermatology residents in the The Saudi Board of Dermatology and Venereology Program.

Results: In total, 63 dermatology residents in Riyadh, Saudi Arabia, completed the web-based questionnaire (response rate=87.5%).
The sample was predominantly female (n=34, 54.0%), with the majority (n=53, 84.1%) aged between 26 and 30 years. A notable
proportion of participants (n=22, 34.9%) were in their final year of residency. Over half of the participants (n=34, 54.0%) owned
a dermoscope, and a substantial number of them (n=23, 36.5%) reported conducting 21-30 clinic consultations per month on
average. More than half of the participants (n=36, 57.1%) had received dermoscopy training, and 16 (36.4%) had used dermoscopy
for 2 years. Additionally, most participants (n=20, 45.5%) had used nonpolarized immersion-contact dermoscopy, while 19
(43.2%) had used polarized light dermoscopy. Furthermore, the majority (n=22, 50.0%) used dermoscopy in fewer than 10% of
cases involving patients with inflammatory skin lesions. Statistical analysis revealed significant associations between the
participants’ ages (P=.003), residency levels (P=.001), and practice centers and the use of dermoscopy (P=.004).

Conclusions: Dermoscopy has been widely adopted by dermatology residents in their daily clinical practice due to its benefits
in early detection and diagnosis of skin diseases. However, the overall extent of dermoscopy use within the dermatology community
remains unclear, highlighting the need for further education. In Saudi Arabia, the key factors influencing dermoscopy use include
residents’ ages, residency levels, and practice centers. Younger dermatologists have expressed strong interest in improving their
dermoscopy knowledge and skills. Expanding access to dermoscopy equipment and providing training during residency could
further promote its use across the country.

(JMIR Dermatol 2025;8:e63861)   doi:10.2196/63861

KEYWORDS

dermoscopy; Saudi Arabia; questionnaire; skin lesion; noninvasive; cross-sectional study; dermatology

Introduction

Dermoscopy is a noninvasive technology used to examine the
skin’s invisible microstructures in dermatological practice [1].

It is an established technique for analyzing skin lesions, with
its origins tracing back to the 17th century when Kohlhaus used
a microscope to study nail matrix vessels [1-3]. However,
dermoscopy did not gain widespread use until the 20th century,
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when Goldman developed a portable microscope capable of
magnifying up to 10 times more than the naked eye [1-6].
Historically, dermoscopy has been used to diagnose pigmented
lesions such as naevi, melanomas, and pigmented basal cell
carcinomas [7].

Since the 1990s, it has been used to diagnose other
dermatological disorders, including infections such as scabies,
inflammatory lesions, and hair and nail-fold alterations, and it
is also used to track lesions’ progress or reactions to topical
treatments such as imiquimod or 5-fluorouracil [8-11]. The
evidence-based practice associated with dermoscopy use
improves the diagnostic accuracy for skin cancer, reduces
unnecessary biopsies of benign lesions, increases survival rates,
and improves the early identification of skin malignancies
[12-14]. A 2002 meta-analysis of 27 studies revealed that
dermoscopy increases experienced physicians’ diagnostic
accuracy for melanoma compared to unaided inspection [1].
Moreover, it helps distinguish between various kinds of
pigmented and nonpigmented skin malignancies in vivo, and it
is significant in differentiating between inflammatory and
neoplastic lesions. Currently, the vast majority of worldwide
guidelines for skin cancer recommend dermoscopy as a critical
component of diagnosing and following up with patients facing
an increased risk of this disease [15-20]. Dermoscopy is also
increasingly accepted as a standard practice worldwide. Multiple
studies have revealed that US dermatologists use dermoscopy.
Indeed, 1555 out of 3238 (48%) American dermatologists
surveyed in 2010 said they used dermoscopy [21].
Chamberlain’s study of dermoscopy revealed a 98% usage rate
use in Australia [22,23], while 95% of dermatologists in France
use the practice [24]. However, no study has documented the
attitudes toward and use of dermoscopy among future
dermatologists in Saudi Arabia. In this study, dermoscopy
prevalence among dermatology residents in Riyadh was assessed
alongside information sources and elements that influence its
use, such as residency levels and the frequency of dermoscopy
diagnoses.

Methods

Study Design
A cross-sectional study was conducted in Riyadh to determine
the attitudes of dermatologists toward the dermoscopy. The
convenience sampling technique was used in this study to recruit
the study participants. The questionnaire tool was distributed

in January 2024 through email registered at the Saudi
Commission for Health Specialists.

The inclusion criterion for this study was to be a registered
dermatology resident in Saudi boards in Riyadh. Any
participants who did not meet this inclusion criterion was
excluded from this study.

Questionnaire Tool
This study adapted and used a questionnaire previously tested
and found valid and reliable by Forsea et al [25]. The
questionnaire comprises 2 sections: the first section collected
information related to participants’ demographics (gender, age,
and residency level), and in the second section, the future
dermatologists who participated were asked about their
perspectives about the utility of dermoscopy, their use patterns,
their training experiences, and their self-reported confidence in
dermoscopy diagnosis.

Ethical Considerations
The study protocol was reviewed and approved by the Regional
and institutional human medical biological research ethics
committee of Al-Imam Muhammad Ibn Saud Islamic University
(approval 735/2024). Participation in the study was entirely
voluntary, and informed written consent was obtained from all
participants before their involvement. The study was conducted
in accordance with the principles of the declaration of Helsinki.
All data collected were anonymized to ensure the privacy and
confidentiality of the participants.

Study Analysis
All research data were entered into a Microsoft Excel (version
16.0) spreadsheet. Data analysis was performed using SPSS
(version 28; IBM Corp). Descriptive statistics were used in the
statistical analysis; relative frequencies (and percentage values)
were used to present categorical variables. The chi-square test
was used to assess the association between categorical variables
and dermoscopy use, with a 2-sided value of P<.05 considered
statistically significant.

Results

A total of 63 dermatology residents in Riyadh, Saudi Arabia,
completed the web-based questionnaire, yielding an 87.5%
response rate. More than half of the participants (n=34, 54.0%)
were female, the majority (n=53, 84.1%) were aged between
26 and 30 years, and a considerable proportion (n=22, 34.9%)
were in their fourth year of residency (Table 1).
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Table . Participants’ (N=63) sociodemographic information.

Participants, n (%)Sociodemographic characteristics

Gender

34 (54.0)Female

29 (46.0)Male

Age (years)

8 (12.7)20‐25

53 (84.1)26‐30

1 (1.6)31‐35

1 (1.6)36‐40

Residency level

9 (14.3)Residency year 1

19 (30.2)Residency year 2

13 (20.6)Residency year 3

22 (34.9)Residency year 4

Table 2 (below) depicts practice characteristics, dermoscopy
training, and dermoscopy use patterns among the participating
dermatology residents in Riyadh, Saudi Arabia. More than half
of the participants (n=34; 54.0%) owned a dermoscope, while
a substantial number of them (n=23, 36.5%) offered an average
of 21‐30 monthly clinic consultations. Most participants (n=57,
90.5%) presented an average number of 0-5 clinic consultations
per month where they saw patients with cancer (all types). More
than half of the participants (n=36, 57.1%) had received
dermoscopy training. The majority of the participants (n=44,
69.8%) used dermoscopy, and a significant number of them had
been inspired to do so by their colleagues (n=12, 27.3%) and
mentors (n=9, 20.5%). The reported reasons for not using
dermoscopy were its unavailability in an office (n=8, 42.1%)
and a lack of training (n=6, 31.6%). Half of the participants

(n=22, 50.0%) reported having used dermoscopy pictures in
medical education, particularly in conferences, lectures, and
academic activities. Most of the participants (n=17, 38.6%) had
completed a rotation at King Saud University Medical City in
2023. A considerable proportion of participants (n=16, 36.4%)
had used dermoscopy for 2 years; the majority used a
nonpolarized immersion-contact dermoscope (n=20, 45.5%) or
polarized-light dermoscope (n=19, 43.2%). Regarding their
average practice, the majority of participants (n=15, 34.1%)
reported using dermoscopy at least once per day. ABCD
(Asymmetrical, Border, Color, Diameter) was reported to be
the most common algorithm used by the majority of the
participating dermatology residents (n=23, 52.3%) for the
diagnosis of pigmented lesions.
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Table . Dermoscopy practice characteristics, training, and use patterns.

Participants, n (%)Question and categories

Do you own a dermoscope?

34 (54.0)Yes, I do

9 (14.3)It is provided in the clinic

20 (31.7)No, I do not own one, nor is it provided

What is your average number of monthly clinic consultations?

14 (22.2)0‐10

22 (34.9)11‐20

23 (36.5)21‐30

2 (3.2)31‐40

2 (3.2)More than 40

What is the average number of monthly clinic consultations where you see patients with skin cancer (of all types)?

57 (90.5)0‐5

3 (4.8)6‐10

2 (3.2)11‐20

1 (1.6)More than 20

Have you received dermoscopy training as part of your dermatology residency?

36 (57.1)Yes

27 (42.9)No

Outside of your residency training, what type of dermoscopy training have you pursued?

21 (33.3)Academic activities provided by the residency
program

5 (7.9)Dermoscopy course

14 (22.2)Web-based dermoscopy course

3 (4.8)Attended conferences or congresses

3 (4.8)Books or atlases

4 (6.3)A mentor or tutor

13 (20.6)No training

Do you use dermoscopy?

44 (69.8)Yes

19 (30.2)No

Which of the following made you consider using dermoscopy?

12 (27.3)A colleague

9 (20.5)A mentor

6 (13.6)Conference lectures

4 (9.1)Evidence-based practice

3 (6.8)Lectures provided by dermatology Saudi boards
residency program

2 (4.5)A paid workshop

8 (18.2)Other

If you do not use dermoscopy, please give the reason why not.

8 (42.1)A dermoscope is not available in my office

6 (31.6)I have not been trained in dermoscopy

5 (26.3)Other
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Participants, n (%)Question and categories

Have you used dermoscopy pictures in medical education?

18 (40.9)No, I have not used them

22 (50.0)Yes, in conferences, lectures, academic activities,
etc

4 (9.1)Yes, in publications in articles or journals

20 (31.7)Other

In the last year, where was your rotation?

10 (22.7)King Faisal Specialist Hospital

17 (38.6)King Saud University Medical City

12 (27.3)Ministry of National Guard Hospital

5 (11.4)Prince Sultan Military Medical City

For how long have you been using dermoscopy?

13 (29.5)1 years

16 (36.4)2 years

12 (27.3)3 years

3 (6.8)4 years

What type of dermoscope do you use?

20 (45.5)Nonpolarized immersion-contact dermoscope
(contact with the skin and an interface liquid, eg,
oil or alcohol)

19 (43.2)Polarized-light dermoscope

2 (4.5)Dermoscope with a digital camera

3 (6.8)Digital video dermoscopy system (eg, Fotofinder
or Molemax)

In your average practice, how often do you use dermoscopy?

5 (11.4)Less than once per month

13 (29.5)1‐4 times per month

11 (25.0)More than once per week

15 (34.1)At least once per day

Which particular algorithm for the dermoscopic diagnosis of pigmented lesions do you regularly use?

23 (52.3)ABCDa rule

10 (22.7)I do not systematically use any particular algo-
rithm

1 (2.3)Menzies’s algorithm

7 (15.9)Pattern analysis

3 (6.8)Seven-point checklist

aABCD: Asymmetrical, Border, Color, Diameter.

Table 3 illustrates clinical practices and the confidence in
dermoscopy skills among the participating dermatology residents
in Riyadh, Saudi Arabia. Our findings revealed that the majority
of the participants (n=22, 50.0%) used dermoscopy in fewer
than 10% of cases involving patients with inflammatory skin
lesions. Moreover, a substantial proportion of participants
(n=15,34.0%) used dermoscopy in more than 70% of cases

involving the examination of pigmented skin tumors. Eleven
(25.0%) participants used dermoscopy for <10% of their patients
who were examined for nonpigmented skin tumors. Regarding
the participants’ dermoscopy skills, the majority of them were
somewhat confident in the assessment of nonpigmented skin
tumors (n=26, 59.1%), inflammatory skin lesions (n=22, 50.0%),
and pigmented skin tumors (n=19, 43.2%).
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Table . Clinical dermoscopy practices and confidence in dermoscopy skills.

Inflammatory skin lesions,
n (%)

Nonpigmented skin tumors,
n (%)

Pigmented skin tumors, n
(%)

Category

When examining patients with the following disorders, in what percentage of cases do you use dermoscopy?

22 (50.0)11 (25.0)9 (20.5)<10% of cases

10 (22.7)8 (18.2)8 (18.2)11%‐30% of cases

5 (11.4)6 (13.6)4 (9.1)31%‐50% of cases

3 (6.8)10 (22.7)8 (18.2)51%‐70% of cases

2 (4.5)9 (20.5)15 (34.0)>70% of cases

How confident are you in your dermoscopy skills for the assessment of the following types of lesions?

11 (25.0)8 (18.2)12 (27.3)Not confident

22 (50.0)26 (59.1)19 (43.2)Somewhat confident

11 (25.0)10 (22.7)13 (29.5)Confident

Table 4 illustrates the usefulness, advantages, and performance
of dermoscopy. The vast majority of the participants (n=41,
93.2%) reported that dermoscopy was useful in diagnosing
melanoma and following up on melanocytic lesions (n=39,
88.6%), diagnosing pigmented skin tumors (n=35, 79.5%), and
diagnosing nonpigmented skin tumors (n=31, 70.5%). Regarding
advantages, the majority of the participants agreed that
dermoscopy use increases confidence in their clinical diagnoses

(n=30, 68.2%), reduces unnecessary biopsies or excisions (n=27,
61.4%), and improves record-keeping (n=25, 56.8%). Weighing
in on performance, more than half of the participants (n=30,
68.2%) reported that dermoscopy use increases the number of
melanomas detected compared to naked-eye examinations.
Additionally, the majority of participants (n=27, 61.4%) noted
that the use of dermoscopy reduces the excision of benign
lesions.
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Table . Usefulness, advantages, and performance of dermoscopy use.

Participants, n (%)Category

Usefulness of dermoscopy

Diagnosis of melanoma

1 (2.3)Not useful

2 (4.5)Somewhat useful

41 (93.2)Useful

Follow-up on melanocytic lesions

0 (0)Not useful

5 (11.4)Somewhat useful

39 (88.6)Useful

Diagnosis of pigmented skin tumors

0 (0)Not useful

9 (20.5)Somewhat useful

35 (79.5)Useful

Diagnosis of nonpigmented skin tumors

1 (2.3)Not useful

12 (27.3)Somewhat useful

31 (70.5)Useful

Diagnosis of inflammatory skin lesions

3 (6.8)Not useful

19 (43.2)Somewhat useful

22 (50.0)Useful

Follow-up on nonmelanocytic skin lesions

3 (6.8)Not useful

19 (43.2)Somewhat useful

22 (50.0)Useful

Advantages of using dermoscopy

Diagnoses melanoma in early stages

22 (50.0)Strongly agree

19 (43.2)Agree

3 (6.8)Neither agree nor disagree

0 (0)Disagree

Allows the monitoring of lesions

22 (50.0)Strongly agree

19 (43.2)Agree

3 (6.8)Neither agree nor disagree

0 (0)Disagree

Reduces the number of unnecessary biopsies or excisions

27 (61.4)Strongly agree

14 (31.8)Agree

3 (6.8)Neither agree nor disagree

0 (0)Disagree

Increases confidence in my clinical diagnoses
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Participants, n (%)Category

30 (68.2)Strongly agree

13 (29.5)Agree

1 (2.3)Neither agree nor disagree

0 (0)Disagree

Improves record-keeping

25 (56.8)Strongly agree

14 (31.8)Agree

4 (9.1)Neither agree nor disagree

1 (2.3)Disagree

Reduces patients’ anxiety

22 (50.0)Strongly agree

12 (27.3)Agree

10 (22.7)Neither agree nor disagree

0 (0)Disagree

Improves documentation for medical liabilities

25 (56.8)Strongly agree

12 (27.3)Agree

6 (13.6)Neither agree nor disagree

1 (2.3)Disagree

Increases reimbursement

21 (47.7)Strongly agree

12 (27.3)Agree

11 (25.0)Neither agree nor disagree

0 (0)Disagree

Dermoscopy performance

Dermoscopy has increased the number of melanomas detected compared to naked-eye examinations

30 (68.2)Yes

14 (31.8)No

In your practice, how did the use of dermoscopy influence the number of excisions of benign lesions that
you performed?

27 (61.4)Decreased the number

6 (13.6)Increased the number

11 (25.0)Did not change the number

Table 5 presents the relationship between categorical variables
and the use of dermoscopy, as well as dermatologists’ training.
The results established a significant association of the
participants’ ages (P=.003), residency levels (P=.001), and
practice centers (P=.004) with the use of dermoscopy among
the participants. Additionally, this study established a significant

association between receiving dermoscopy training and
confidence levels among participating dermatology residents
(P=.002). Furthermore, a significant association between the
type of training and the type of dermoscopy use was found
(P=.003).
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Table . The association between categorical variables and dermoscopy use—association between participants’ categorical variables and the use of
dermoscopy, use frequency, and training type.

P valueParticipants, n (%)Variables

.36Gender

22 (50.0)Female

22 (50.0)Male

.003Age (years)

3 (6.8)20‐25

39 (88.6)26‐30

1 (2.3)31‐35

1 (2.3)36‐40

.001Residency level

2 (4.5)Residency year 1

11 (25.0)Residency year 2

9 (20.5)Residency year 3

22 (50.0)Residency year 4

.12Device availability and cost

34 (77.3)Yes, I own such a device

8 (18.2)It is provided in the clinic

2 (4.5)No, I do not own it, nor is it provided

—aPractice center

11 (25.0)King Saud University Medical City

33 (75.0)Other

.45Number of skin clinics and patients

5 (11.4)Less than once per month

13 (29.5)1‐4 times per month

11 (25.0)More than once per week

15 (34.1)At least once per day

.43Type of training

14 (31.8)Dermoscopy training

30 (68.2)Other

.22Change in excisions of benign lesions

21 (44.7)Yes

23 (52.3)No

.43Receiving dermoscopy training

14 (31.8)Yes

30 (68.2)No

Receiving dermoscopy training

.13Owning a dermoscope

34 (77.3)Yes, I own one

8 (18.2)It is provided in the
clinic

2 (4.5)No, I do not own
one, nor is one pro-
vided
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P valueParticipants, n (%)Variables

.002Degree of confidence

36 (81.8)Yes

8 (18.2)No

.46Type of usage

24 (54.5)Benign lesion

20 (45.5)Pigment skin tu-
mors

Dermoscopy use frequency

.58Lesion type

9 (20.5)Pigmented skin tu-
mors

13 (29.5)Nonpigmented skin
tumors

22 (50.0)Inflammatory skin
lesions

Type of training

.003Usage type

2 (4.5)Dermoscope with a
digital camera

23 (52.3)Nonpolarized im-
mersion-contact
dermoscope

19 (43.2)Polarized-light der-
moscope

.57Inflammatory skin lesion

22 (50.0)Yes

22 (50.0)No

aNot applicable.

Discussion

Principal Findings
This study aimed to assess the prevalence of dermoscopy use
among dermatology residents in Riyadh, Saudi Arabia, and the
need for dermoscopy training, as well as the practice’s benefits
in diagnosing and treating skin diseases. The study’s sample
was predominantly female. Moreover, a substantial majority of
the participants were in their fourth year of residency and most
of them were aged between 26 and 30 years.

This study revealed that more than half of the surveyed
dermatology residents owned a dermoscope, with a considerable
majority seeing a significant number of patients with cancers
of all types every month. Additionally, more than half of the
participants had received dermoscopy training, and a
considerable proportion were pursuing academic activities
provided by the residency program outside of their specialized
training. The study’s findings underscore the importance of
dermoscopy use and the necessity of better dermoscopy training
as an invaluable tool in the earlier recognition of different
dermatological diseases [25], as well as future strategic planning
and enhanced dermoscopy training and practice in Saudi Arabia

[26]. Our study verified that most of the participating
dermatology residents used dermoscopy to manage their
patients’ conditions, and they had received training on its use.
A considerable proportion of the participants had used
dermoscopy for 2 years, and the majority used nonpolarized
immersion-contact and polarized-light dermoscopes.

These findings are consistent with those of a study conducted
by Freeman et al [27] in the United States, which revealed that
dermatologists apply dermoscopy in their daily routines to
manage patients’ conditions and to diagnose their patients [27].
Similarly, a study conducted by Jones et al [28] on dermoscopy
use as part of primary care in the United Kingdom found that
dermatologists used dermoscopy to manage their patients’
conditions daily at a rate of 98.5% [28]. This study revealed
that the majority of respondents used dermoscopy, with many
being inspired to do so by their colleagues and mentors.
However, some participants did not use dermoscopy due to the
unavailability of dermoscopes in their offices and insufficient
training. These findings align with those of a study by Alqahtani
and AlBukhari [29] in Saudi Arabia, which identified a lack of
adequate education and training among residents as a key reason
for dermatologists’ reluctance to use dermoscopy. Similarly,
our findings are consistent with those of a study conducted by
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Engasser and Warshaw [21] in the United States, which
identified financial costs and lack of training as the primary
reasons why dermatologists avoid using dermoscopy [30].

This study’s findings revealed that the majority of the
participating dermatology residents used dermoscopy in fewer
than 10% of cases involving patients with inflammatory skin
lesions, in >70% of cases involving the examination of patients
for pigmented skin tumors, and in <10% of cases in which
patients were examined for nonpigmented skin tumors.
Additionally, the majority of the participants reported that
dermoscopy was useful in diagnosing melanoma, following up
on melanocytic lesions, diagnosing pigmented skin tumors, and
diagnosing nonpigmented skin tumors. These findings align
with those of the study by Kuo et al [30], which involved
dermatologists in Taiwan and noted that clinicians used
dermoscopy to examine pigmented and nonpigmented lesions.
This study found that the use of dermoscopy was associated
with dermatologists’ increased confidence in their clinical
diagnosis, that it reduced unnecessary biopsies or excisions,
and that it improved record-keeping. Furthermore, the study
revealed that dermoscopy use increased the number of
melanomas detected compared to naked-eye examinations while
also reducing the excisions of benign lesions.

This study’s demographics revealed that most of the participants
were female. This preponderance can be explained by the higher
proportion of female dermatologists worldwide [21,27]. In terms
of age, majority of participating dermatology residents were
between 26 and 30 years old. This suggests that younger
dermatologists in Saudi Arabia are using dermoscopy more
frequently than their older counterparts. These findings are
consistent with those of a study conducted by Blum et al [31]
in Germany, which reported higher dermoscopy usage rates

among individuals younger than 35 years. This highlights the
growing role of dermoscopy in clinical practice and the younger
generation’s willingness to embrace new technologies for
diagnosing and treating skin diseases.

Limitations
Our results may be subject to several limitations. Despite the
high response rate (87.5%), participants who chose to respond
may have differed in their attitudes, experiences, or usage of
dermoscopy compared to nonrespondents. As a cross-sectional
study, it is limited by its inability to assess causal relationships.
The sample size was relatively small, which could have
increased the risk of sampling bias. Additionally, since the study
was conducted in only one region, that is, Riyadh, its findings
may not be generalizable to the entire country of Saudi Arabia.
Furthermore, because the study involved an web-based
questionnaire, it relied on respondents accurately documenting
their responses, without the ability to verify their accuracy,
which may have introduced bias.

Conclusion
Dermoscopy has been widely adopted, with more than half of
the dermatology residents in Riyadh, Saudi Arabia, using this
technology. Its use is increasing among dermatology residents
due to its evidence-based advantages in the early detection and
diagnosis of skin diseases. The participants’ ages, residency
levels, and practice centers were identified as the main factors
influencing dermoscopy use in Saudi Arabia. The study also
highlighted a strong willingness among young dermatologists
to improve their dermoscopy knowledge and skills. Based on
these findings, the study recommends that policy makers
prioritize funding for dermoscopy by increasing the number of
dermoscopes, as well as focusing on capacity building and
training for dermatology residents.
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Abstract

Background: Skin cancer is the most commonly diagnosed malignancy in the United States, with rural populations facing
disproportionate delays in diagnosis due to geographic isolation, workforce shortages, and limited access to dermatologic care.
These delays contribute to higher rates of late-stage diagnosis and poorer outcomes. Teledermatology has emerged as a promising
solution to expand access to dermatologic evaluation and treatment in underserved settings.

Objective: The review aims to evaluate the diagnostic performance, implementation challenges, and equity considerations of
teledermatology in the context of rural skin cancer care, and to assess its potential to improve clinical outcomes in underserved
populations.

Methods: A comprehensive literature search was conducted across PubMed, Scopus, Web of Science, and Google Scholar to
identify studies published between January 2015 and March 2025. Search terms included “teledermatology,” “skin cancer,” “rural
health services,” “telemedicine,” “diagnostic accuracy,” and “health disparities.” Studies evaluating diagnostic metrics, time to
diagnosis, patient satisfaction, and implementation barriers were included.

Results: Nine key studies spanning various countries and health care settings were included. Diagnostic sensitivity ranged from
41.9% to 100%, and specificity from 46% to 90%, depending on modality and lesion type. Teledermatology consistently reduced
time to diagnosis, in some cases by over 75%, and was associated with high patient satisfaction due to increased convenience
and reduced travel. Key barriers included technological limitations, inconsistent imaging protocols, and reimbursement variability.
Successful implementation was facilitated by standardized workflows, dermoscopy integration, and centralized platforms.

Conclusions: Teledermatology is a viable and effective approach to addressing disparities in rural skin cancer care. It offers
diagnostic accuracy comparable to face-to-face evaluations while reducing wait times and improving patient satisfaction.
Overcoming technological and systemic barriers is critical to ensuring equitable, long-term integration of teledermatology in
rural health systems.

(JMIR Dermatol 2025;8:e77443)   doi:10.2196/77443

KEYWORDS

basal cell carcinoma; confocal microscopy; dermoscopy; disparity; equity; health services research; medical dermatology;
melanoma; qualitative research; squamous cell carcinoma

Introduction

Skin cancer remains the most commonly diagnosed cancer in
the United States, with over 5 million cases treated annually
and a rising incidence, particularly among rural populations [1].
While early detection is critical for favorable outcomes,
especially for aggressive malignancies like melanoma, rural

communities often face compounded barriers to timely
dermatologic care. These include geographic isolation,
insufficient broadband infrastructure, economic disparities, low
digital literacy, and a critical shortage of dermatologists. In fact,
fewer than 10% of dermatologists practice in rural areas, despite
nearly 20% of the US population residing there [1,2]. This
imbalance has led to higher rates of late-stage diagnosis,
increased morbidity, and poorer survival outcomes in rural
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regions [1]. Teledermatology, a digital health modality
leveraging store-and-forward (SAF) imaging, live-video
consultations, and mobile dermoscopy, has emerged as a
transformative approach to expanding dermatologic care access
in underserved areas. The modality has shown promise not only
in reducing time to diagnosis and improving triage efficiency,
but also in fostering educational support for primary care
providers who are often tasked with managing dermatologic
disease in specialist-scarce settings [2,3]. For example, studies
have found that mobile teledermoscopy (MTD) enables high
diagnostic concordance for skin cancers while minimizing the
need for long-distance patient travel [3-5]. Despite its promise,
teledermatology’s implementation remains inconsistent, and its
integration into rural health care systems is often challenged by
technological, regulatory, and infrastructural limitations. These
include variable reimbursement policies, lack of standardized
imaging protocols, and gaps in digital training among patients
and providers [6,7]. Moreover, equity concerns persist, as
telehealth’s digital divide may inadvertently exclude older
adults, low-income populations, and non-English-speaking
patients, groups already at heightened risk for poor skin-cancer
outcomes. This review synthesizes the current evidence on the
role of teledermatology in rural skin cancer care, with a focus
on diagnostic accuracy, implementation barriers, and equity
implications. By critically examining recent literature across
diverse health care settings, this review aims to inform policy,
guide future research, and support equitable access to
dermatologic care in geographically and socioeconomically
underserved populations.

Methods

Study Design
A comprehensive literature search was conducted according to
PRISMA-ScR (Preferred Reporting Items for Systematic
reviews and Meta-Analyses extension for Scoping Reviews)
guidelines (Checklist 1) across 4 major electronic databases:
PubMed, Scopus, Web of Science, and Google Scholar. The
search included studies published between January 2015 and
March 2025 to capture both foundational and contemporary
practices in teledermatology. Boolean operators (“AND” or
“OR”) were used to combine relevant Medical Subject Headings
and keywords, including teledermatology, skin cancer, rural

health services, skin neoplasms, telemedicine, remote
consultation, diagnostic accuracy, dermoscopy, and health
disparities. In addition, reference lists of key articles were
manually screened to identify relevant studies not indexed in
the databases. We included peer-reviewed studies published in
English between January 1, 2015, and March 31, 2025, that (1)
evaluated a teledermatology modality (store-and-forward, live
video, mobile teledermoscopy, tele-reflectance confocal
microscopy [RCM] or cutaneous confocal microscopy, or
hybrid) in the context of skin cancer triage, diagnosis, or
management, and (2) reported at least one end point relevant to
rural care (diagnostic accuracy, time to diagnosis, patient
satisfaction, and implementation barriers or facilitators). We
excluded editorials, conference abstracts without full data,
simulation or algorithm-only studies without clinical end points,
pediatric-only studies not focused on cancer, and studies without
extractable outcomes.

Screening and Study Selection
Two reviewers independently screened titles or abstracts and
then full texts; disagreements were resolved by a third reviewer.
Nine primary studies met inclusion criteria for structured
synthesis; additional narrative sources are cited for context.

Data Extraction
Using a standardized template, we extracted study setting,
population, teledermatology modality, outcomes, and key
estimates (eg, sensitivity, specificity, time to diagnosis, patient
satisfaction, and barriers or facilitators).

Results

Overview
This literature review synthesizes data from teledermatology
studies conducted between 2015 and 2025, evaluating their
efficacy in diagnosing skin malignancies among rural
populations (Figure 1). Nine key studies provided insights into
diagnostic accuracy, efficiency, patient satisfaction, and
implementation challenges (Table 1). These included
single-country studies from Australia, Spain, the United
Kingdom, the United States, Israel, and Italy, as well as 1
multicountry systematic review.
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Figure 1. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) flowchart. AI: artificial intelligence.

Table . Diagnostic modalities and their strengthsa.

LimitationsStrengthsTypical use caseModality

Asynchronous triageSAFb •• Image-quality variabilityWidely available
• •Efficient triage No real-time interaction

Patient- or health care provider–ini-
tiated capture

MTDc •• Requires trainingPortable, high patient satisfac-
tion • Inconsistent image quality

Real-time specialist evaluationLive-video consults •• Scheduling logisticsInteractive
• •Suited for complex decision-

making
Broadband connectivity needs

High-risk lesion evaluationRCMd •• High costHigh-resolution cellular imag-
ing • Limited access

• Diagnostic depth • Requires training

aThis table compares key teledermatology modalities based on use case, strengths, and limitations. Understanding the differences among these technologies
helps inform modality selection for rural implementation strategies.
bSAF: store-and-forward.
cMTD: mobile teledermoscopy.
dRCM: reflectance confocal microscopy.

Diagnostic Accuracy and Concordance
The diagnostic accuracy of teledermatology for skin cancer was
evaluated across the studies reviewed, highlighting its
dependence on teledermatology modality, lesion characteristics,
and quality of imaging (Table 2). Janda [4] used MTD for
lesions, including actinic keratosis and skin cancers such as
squamous cell carcinoma and basal cell carcinoma, reporting

sensitivity between 41.9% to 79.4% and specificity ranging
from 56.2% to 89%. Using SAF dermoscopy, Ferrándiz et al
[8] demonstrated higher accuracy, with sensitivity around 90%
and specificity approximately 80% for suspicious pigmented
and nonpigmented lesions. The systematic review by Chuchu
et al [9] covered various modalities, including SAF, live video,
and hybrid approaches, presenting robust pooled sensitivity and
specificity of 94% and 85%, respectively.
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Table . Regional comparison of teledermatology programs. This table compares teledermatology implementations across 6 regions, highlighting the
modalities used, cancer types targeted, diagnostic performance, wait times, key barriers, and programmatic innovations. Data reflect wide variability
in technology use and access, with centralized referral systems and artificial intelligence (AI) integration emerging as notable enablers.

Notable innova-
tions

Key barriersTime to diagnosisAverage sensitivity
and specificity (%)

Skin cancer typesModality usedRegion

Not quantifiedAustralia ••••• Cloud-based

RCMf sharing

Image qualitySensitivity:
65‐95

BCCcMTDa

• Connectivity
issues

•• SCCdRemote

CCMb • Specificity:
56‐90

• Self-exam em-
powerment

• Melanoma
• AKe

8-13 daysThe United King-
dom

••••• High-quality
medical pho-
tography

Image qualityNot explicitly
quantified

Suspected
skin cancer

SAFg

• Patient exclu-
sions

• Live video
• Melanoma

• Direct dis-
charges

12‐14 daysThe United States ••••• Telepathology
integration

Training gapsSensitivity:
84‐95

NMSChSAF
• •Telepathology Access gaps

for older
adults

• Melanoma
•• EMRi connec-

tion

Specificity:
64‐84

Clinical support
tools

Inconsistent infras-
tructure

Reported reduction
(not quantified)

Spain ••• Sensitivity:
approxiamtely
90

Pigmented
and nonpig-
mented le-
sions

SAF with der-
moscopy

• Specificity:
approximately
80

7.1‐76 daysChile ••••• Centralized re-
ferral system

Digital divideNot specifiedSuspicious
skin malignan-
cies

SAF
• Long waits

• National tele-
health plat-
form

Varied (up to 70-d
reduction)

Multicountry ••••• AIjImage qualitySensitivity:
46-100

MelanomaHybrid
• ••SAF Reimburse-

ment
SCC • Dermoscopy

• Specificity:
46‐90

•• BCCLive video • Provider train-
ing• Training gaps

aMTD: mobile teledermoscopy.
bCCM: cutaneous confocal microscopy.
cBCC: basal cell carcinoma.
dSCC: squamous cell carcinoma.
eAK: actinic keratosis.
fRCM: reflectance confocal microscopy.
gSAF: store-and-forward.
hNMSC: nonmelanoma skin cancer
iEMR: electronic medical record.
jAI: artificial intelligence.

Furthermore, sensitivity values ranged from 41.9% to 100%,
with many studies reporting sensitivity values as high as
approximately 95%. Notably, Janda [4] reported a sensitivity
range of 41.9% to 79.4%, and Scope et al [6] reported a
sensitivity range of 46% to 74% for melanoma diagnosis when
using SAF tele-RCM. Recent studies such as Ho et al [5]

reported relatively high sensitivity (89%) but lower specificity
(64%) using remote cutaneous confocal microscopy,
highlighting variability dependent on imaging modality (Table
3). In addition, a few studies reported specificity as high as 90%,
and other studies reported specificity as low as 46%.
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Table . Diagnostic accuracy of teledermatology across studies. Sensitivity and specificity values reported for teledermatology-based skin cancer
assessment across various platforms and lesion types. Data highlight variability influenced by modality, lesion characteristics, and image quality.

Specificity (%)Sensitivity (%)Lesion typeModalityStudy

84.394.9Chuchu et al [9] •• Skin cancerSAFa

• Video conference
• Hybrid

56.2‐89.641.9‐79.4Janda [4] •• AKcMTDb

•• SCCdSAF

• BCCe

46‐8446‐74Scope et al [6] •• Melanoma-suspect le-
sions

Tele-RCMf

6489Ho et al [5] •• BCCRemote CCMg

• SCC
• Melanoma

Approximately 80Approximately 90Ferrándiz et al [8] •• Pigmented or nonpig-
mented

SAF with dermoscopy

Comparable to biopsy rateNRhHunt et al [10] •• Malignant with prema-
lignant skin lesions

SAF with professional
photography

Comparable to in-personNRBruce et al [11] •• BCCSAF
• •Video conference SCC

• Melanoma

Validated pathologicallyNRGómez Arias et al [12] •• Pigmented lesions, in-
cluding melanoma

SAF with dermoscopy

aSAF: store-and-forward.
bMTD: mobile teledermoscopy.
cAK: actinic keratosis.
dSCC: squamous cell carcinoma.
eBCC: basal cell carcinoma.
fRCM: reflectance confocal microscopy.
gCCM: cutaneous confocal microscopy.
hNR: not reported.

Teledermatology assessments also showed strong agreement
with both histopathologic and in-person clinical diagnoses, with
a study reporting histopathology concordance rates (Table 4).
Mashoudy et al [7] reported a histopathology concordance range
of 67% to 75%, while sensitivity and specificity were reported
as approximately 95% and 84%, respectively. Janda [4] also

reported a κ value of 0.90 when comparing the diagnostic
accuracy of teledermatology with in-person clinical examination.
Another study by Hunt et al [10] found that there were no
significant differences in biopsy rates and lesion types between
teledermatology and face-to-face groups for skin cancer
management.

JMIR Dermatol 2025 | vol. 8 | e77443 | p.126https://derma.jmir.org/2025/1/e77443
(page number not for citation purposes)

Parga et alJMIR DERMATOLOGY

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Table . Types of diagnostic concordance in teledermatology. This table shows how often teledermatology diagnoses matched either biopsy results (the
gold standard) or in-person clinical assessments. The results suggest that teledermatology can reliably guide diagnosis and treatment decisions [4,7,10].

Agreement summaryValue (%)Concordance metricModality

Moderate to strong agreement with
biopsy-confirmed diagnoses

67‐75Histopath concordancebSAFa, dermoscopy, and telepatholo-
gy

Excellent agreement with F2Fe

clinical diagnosis

90κd (teledermatology versus clinical)MTDc and SAF

Comparable clinical decisions re-
garding biopsies

38.7 versus 50.7 (NSg)Biopsy ratef teledermatology versus
F2F

SAF (photography)

aSAF: store-and-forward.
b“Histopathologic concordance” refers to the percentage of teledermatology evaluations that were later confirmed by biopsy.
cMTD: mobile teledermoscopy.
d“κ agreement” measures how closely teledermatology and F2F doctors agreed on a diagnosis, with values near 1.0 indicating excellent consistency.
eF2F: face-to-face
fBiopsy rate comparison shows whether teledermatology resulted in similar clinical actions (like performing a biopsy) compared to traditional visits.
gNS: not significant

Reduction in Time to Diagnosis and Patient
Satisfaction
Teledermatology consistently demonstrated significant
improvements in reducing the time to diagnosis (Table 5). Bruce
et al [11] and Chuchu et al [9] described marked reductions in
wait times, though precise durations were not consistently
quantified. Hunt et al [10] found that the median wait time for
an appointment with teledermatology was 8 days compared to
13 days for an F2F (face-to-face) visit (P<.001) [10]. This was
adjusted to 10 days versus 13 days when accounting for postage
delays, with a statistically significant difference (P=.003).

Gomez Arias et al [12] similarly found a reduction from 20.5
to 7.1 days. In addition, Mashoudy et al [7] reported a reduction
in wait time from 88.6 days with in-person dermatology to 12.3
days with the use of teledermatology. Jones and Oakley [13]
also found that the average response time for advice with
teledermatology was 72 hours, suggesting efficient
decision-making and triage when using teledermatology. The
impact of teledermatology on treatment timelines was also
highlighted in a study conducted by Lee et al [14]. This study
reported a 2-week reduction in time to treatment with
teledermatology, alongside an increase in the amount of lesions
treated within 60 days.

Table . Modality comparison summary.

NotesPatient satisfactionTime to diagnosisSensitivity or specificity
range (%)

Modality

Widely usedHigh8‐20 daysSAFa • Sensitivity: 46-94
• Specificity: 46-85

Good for triageVery highNot always statedMTDb • Sensitivity: 82‐100
• Specificity: 90

Advanced technology and
lower scalability

MixedNot quantifiedRCMc • Sensitivity: 46‐89
• Specificity: 46‐64

aSAF: store-and-forward.
bMTD: mobile teledermoscopy.
cRCM: reflectance confocal microscopy.

Regarding patient satisfaction with the teledermatology
programs, Ferrándiz et al [8] reported satisfaction rates
exceeding 85%, while Hunt et al [10] reported that 88.2% of
teledermatology patients were “extremely likely” to recommend
teledermatology, in comparison to the 80% of F2F patients who
were “extremely likely” to recommend F2F consultations. In
addition, Mashoudy et al [7] reported an increased willingness
to pay out-of-pocket for teledermatology, highlighting the
preference for these services by patients. Although not all studies
assessed patient satisfaction explicitly, general reports indicated

positive patient experiences associated with teledermatology
programs.

Identified Barriers and Facilitators
Several barriers and facilitators to successful teledermatology
implementation were identified. Common barriers included
variability in image quality, infrastructure limitations,
technological reliability, regulatory differences, geographic
disparities, and lack of standardized protocols. In contrast,
factors facilitating teledermatology adoption included
standardized training, integration with clinical workflows,
centralized digital platforms, and clinical support tools.
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High-quality medical photography, protocolized imaging, and
cloud-based platforms were specifically noted as crucial for
maintaining diagnostic accuracy and patient management
efficiency.

Discussion

Principal Findings
Taken together, the included studies indicate that
teledermatology can reproduce the clinical decisions of
face-to-face care for skin cancer triage when programs prioritize
standardized imaging and clear workflows. The main driver of
accuracy was not the synchronous or asynchronous format but
whether high-quality dermoscopic images and basic capture
protocols were in place. Time-to-diagnosis improvements were
largest where baseline access was limited, and patient
satisfaction tracked with turnaround speed and clarity of
follow-up rather than technology brand or platform. Additional
reviews and context papers are cited narratively to contextualize
implementation and equity considerations but were not part of
the structured synthesis.

Diagnostic Accuracy and Concordance
Specific trends regarding the diagnostic accuracy of
teledermatology interventions were found. From the literature
review, the sensitivity of teledermatology appears high,
underscoring the potential effectiveness of teledermatology in
identifying skin cancer correctly and supporting its reliability
in diagnosis and management. The ranges in sensitivity may
indicate that there is variability across teledermatology
interventions for accurately diagnosing various skin cancers.
From this review, specificity values were found to be variable
as well. Reflected by the variability in sensitivity and specificity,
the performance of these teledermatology interventions may
vary based on the specific lesion focus. For example, SAF
models may underperform during the evaluation of atypical
lesions that mimic malignancy or malignant lesions without
classic features, as structural detail would be important for
diagnosis but may be poorly imaged or lack dermoscopic
viewing with SAF. On the other hand, modalities that allow for
high-resolution imaging and real-time evaluation and
decision-making such as live-video consults, MTD, and RCM
may demonstrate higher sensitivity and specificity for these
specific lesions. Notably, several studies reported high
specificity, particularly when dermoscopy was used, highlighting
image quality as a key determinant of diagnostic accuracy.
However, these latter modalities have their own limitations in
accessibility and cost. Moreover, the sensitivity and specificity
values at the lower end of the ranges across these studies may
indicate certain barriers in teledermatology, especially in rural
areas. These could include inadequate access to reliable
technology, lower-quality imaging, and challenges in remotely
evaluating and diagnosing different types of skin cancer.

Therefore, the performance of teledermatology interventions in
diagnosing skin cancer remains multifaceted and important to
consider for implementation in rural communities, as it cannot
be generalized across all settings.

Although there was variability in the sensitivity and specificity
of teledermatology approaches in several studies, it was found
that teledermatology produced outcomes that were consistent
with conventional F2F consultations and diagnoses. Hunt et al
[10] suggested that with teledermatology, biopsy rates and
resulting diagnoses are still comparable to conventional care.
This demonstrates teledermatology’s potential in achieving the
effectiveness of in-person clinical consultations. Given that the
findings of this review show a considerable agreement between
diagnoses made with teledermatology and those made by skin
examinations in a clinical setting, teledermatology may yield
accurate diagnostic results comparable to those from
conventional consultations.

Based on the reported diagnostic concordance ranges, the
clinical accuracy of teledermatology in diagnosing skin cancer
lesions can be validated by histopathology. However, only
Mashoudy et al reported a histopathology concordance [7].
Thus, the ability to fully evaluate how diagnostic results from
teledermatology align with histopathological confirmations
remains limited.

To strengthen external validation, future studies should link
teledermatology assessments to lesion-level histopathology
using unique image IDs and prospective tracking across sites.
Multicenter cohorts with pre-registered protocols, blinded
reference standards, and standardized dermoscopic capture
would enable pooled estimates that are less sensitive to
workflow differences. Embedding Quality Assessment of
Diagnostic Accuracy Studies-2 (QUADAS-2) at the design
stage and reporting per-lesion and per-patient performance will
clarify misclassification risk and downstream management
impact.

Reduction in Time to Diagnosis
From the literature review, several studies reported reductions
in the time to diagnosis with teledermatology when compared
to the time to diagnosis with conventional in-person
consultations (Table 5). The results of these studies showcase
a trend suggesting that teledermatology contributes to a
reduction in time to diagnosis (Figure 2). Furthermore, not all
of the studies in this literature review presented this explicit
metric. A few of the studies reported reductions in time to
diagnosis without quantifying the specific time frames, while
other studies did not report this metric at all. Although there
was an absence of explicit metrics, such as quantifiable time
frames, in the results of some studies, the data collected overall
supported teledermatology’s role in reducing the time to
diagnosis.
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Figure 2. Average time to diagnosis before and after teledermatology implementation. This figure illustrates the average reduction in diagnostic delay
across 3 studies: Hunt et al [10], Gomez Arias et al [12], and Mashoudy et al [7]. The average preteledermatology wait time was 40.7 days, which
decreased to 9.1 days following implementation of teledermatology services. This represents an approximate 77.7% reduction in time to diagnosis,
demonstrating the efficiency of teledermatology in improving access to care in rural and underserved settings. SDs are not shown because the underlying
studies report heterogenous summary statistics (medians, IQRs, and means with CIs) and do not provide comparable SD values for pooling.

Patient Satisfaction
Of the current literature reviewed in this work, patient
satisfaction with teledermatology interventions remained a high
outcome in many of the studies. Various factors influence patient
satisfaction with teledermatology, such as convenience, privacy,
and the motivational effect of teledermatology on patients to
perform self-examinations [14]. These specific drivers of
satisfaction are especially important in rural communities, where
inadequate access to dermatologic care and geographic barriers
are present.

While a majority of these studies expressed high patient
satisfaction with teledermatology, Janda [4] presented concerns
regarding delayed responses and the impersonal experience of
SAF models. On the other hand, MTD was associated with a
more positive, favorable experience. This difference in
satisfaction based on the specific intervention underscores the
importance of informing various teledermatology modalities to
improve the patient experience. Moreover, although there were
many findings suggesting that teledermatology in rural
communities yields positive patient satisfaction, several of the
studies did not report on this metric. Not only does this reflect
an inconsistency in outcome reporting, but it also affirms the

need for further research to examine how different
teledermatology interventions in rural settings shape the patient
experience.

Identified Barriers and Facilitators
Teledermatology has a strong potential in the realm of improving
dermatological care, especially in underserved and rural regions.
One of the most notable benefits of using teledermatology is
the reduction in time to diagnosis. Santiago and Lu [15] found
that teledermatology can decrease waiting periods, leading to
earlier detection and treatment of skin conditions. The study
further states that satisfaction within teledermatology is
generally high, which can be attributed to factors such as
reduced travel requirements for patients, convenience, and
timely access to care. However, there are still barriers,
particularly in rural settings. Limited access to high-speed
internet is a significant challenge, as many rural areas lack the
broadband infrastructure to support current telehealth services.
There are patients within these regions who may face further
difficulties with limited digital literacy and access to
smartphones. This hinders the ability to engage on
teledermatology platforms across all devices. Health care
providers may also find their own set of obstacles in the delivery
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of teledermatology services, such as varying reimbursement policies and different licensing requirements (Figure 3).

Figure 3. Barriers and facilitators to teledermatology implementation in rural skin cancer care. The framework maps barriers (patient, clinic, system,
and policy) to actionable enablers (offline capture, loaner dermatoscopes, navigator support, standardized imaging protocols, reimbursement parity, and
rural broadband initiatives) to guide implementation. AI: artificial intelligence.

Technology access disparities remain the rate-limiting step in
many rural regions. Practical strategies include offline capture
with batch upload for low-bandwidth areas; loaner
dermatoscopes and imaging kits placed in primary care or
community sites; brief, pictogram-based capture training for
staff and patients; community health workers or navigators to
assist with upload and follow-up; multilingual interfaces and
interpreter-integrated workflows; and policy levers
(reimbursement parity, interstate licensure compacts, and rural
broadband grants) to sustain programs. Publishing open,
one-page imaging protocols and checklists can normalize quality
across dispersed clinics.

Synthesis of Findings
Programs that embedded dermoscopy and brief, standardized
capture protocols achieved higher specificity than
photography-only workflows, regardless of whether care was
synchronous or asynchronous. Time-to-diagnosis gains were
largest in settings with limited baseline access, reflecting triage
efficiencies and direct routing to biopsy or definitive care.
Patient satisfaction tracked most strongly with turnaround speed
and bidirectional communication rather than the specific
platform used. Implementation success depended on program
design, centralized platforms, protocolized imaging, and clear
escalation rules, more than on any single technology.

Implications for Rural Programs
The following are the implications for rural programs:

1. Prioritize dermoscopy-enabled, protocolized image capture
to improve specificity.

2. Design for speed: ensure rapid review and clear follow-up
pathways to drive satisfaction and equity.

3. Centralize intake and routing to minimize delays and
unnecessary travel.

4. Budget for enablers (training, image kits, and navigators)
rather than only software licenses.

Future Directions and Policy Priorities
Prospective, multisite cohorts should preregister protocols,
standardize dermoscopic capture, and link image-level
assessments to blinded, lesion-level histopathology. Equity end
points (language, broadband or device access, and older adults)
should be prespecified. Policy levers, reimbursement parity,
interstate licensure compacts, and rural broadband investment
are pivotal for durable scale.

Limitations of Evidence
This review highlights important trends in the use of
teledermatology for rural skin cancer care, but certain limitations
should be acknowledged. The studies span a wide range of
countries, technologies, and clinical settings, resulting in
variability in design, outcome measures, and reporting practices.
Some studies did not report complete data on sensitivity,
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specificity, or patient satisfaction, which limited the ability to
make consistent comparisons across interventions. In addition,
long-term outcomes such as recurrence rates, treatment
adherence, or cost-effectiveness were not commonly assessed.
Most of the literature focused on high-income regions,
potentially limiting the generalizability of findings to
lower-resource rural settings. Nevertheless, the available
evidence provides a valuable foundation for guiding future
research, implementation efforts, and policy development.

Conclusions
Teledermatology can reproduce face-to-face decision-making
for skin cancer triage in rural settings while substantially

shortening time to diagnosis and reducing travel burden.
Performance depends less on synchronous versus asynchronous
format and more on image standardization (including
dermoscopy) and rapid, protocolized workflows. Programs yield
the greatest benefit where baseline access is limited, and patient
satisfaction tracks with turnaround time and clear follow-up
pathways. Heterogeneity in methods and incomplete reporting
remain barriers to pooled estimates. Future work should link
image-level assessments to histopathology across sites with
preregistered protocols and equity endpoints, while policy action
on reimbursement, licensure, and rural broadband enables
durable scale.
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Abstract

Background: Nonresponse to botulinum toxin type A (BoNT-A) has been reported in both medical and aesthetic applications.
Secondary nonresponse (SNR) occurs when BoNT-A is initially effective before failure commences at a later point. Most reported
cases involve SNR in aesthetics. Several aspects of this complication remain elusive or controversial.

Objective: We aimed to address unanswered questions regarding the prevalence and etiology of SNR. Additionally, we
investigated the immunogenicity of BoNT-A formulations, mainly focusing on the development of neutralizing antibodies that
hinder the toxin’s pharmacologic effects. Furthermore, we sought to examine the management strategies for SNR.

Methods: The PubMed and Google Scholar databases were searched from inception for articles on nonresponse to BoNT-A
therapy. Articles were evaluated based on their contribution to the field. Expert opinions and panel recommendations regarding
management and data gaps were also included in the review.

Results: There are limited data on SNR prevalence in aesthetic applications compared to therapeutic uses. Trigger factors of
SNR include improper handling of BoNT-A; incorrect injection practices; and impurities present in the formulation, such as
clostridial complexing proteins that may increase immunogenicity. Other contributing factors include infection; patient
characteristics; and treatment parameters that encompass an increased frequency of BoNT-A injections (ie, <3 months apart),
higher cumulative dosages, elevated treatment dosages, and booster injections (retreatment within 3 weeks of the initial injection).
Neutralizing antibodies developed with first-generation formulations, such as onabotulinumtoxinA and abobotulinumtoxinA that
contain clostridial proteins, but not with second-generation BoNT-As, such as incobotulinumtoxinA and daxibotulinumtoxinA,
which lack these proteins. Among patients who developed SNR after using first-generation BoNT-A for aesthetic purposes,
switching to incobotulinumtoxinA therapy did not result in the development of immune responses. Switching to a protein-free
BoNT-A formulation such as incobotulinumtoxinA upon development of SNR has been advocated. To effectively manage SNR,
it is crucial to minimize the identified trigger factors.

Conclusions: Nonresponse to BoNT-A is gaining importance in aesthetic treatments. Considering the potential for immunogenicity
is essential when selecting a BoNT-A formulation. Preventing SNR is crucial, given the lack of solid data on effective treatments.

(JMIR Dermatol 2025;8:e69960)   doi:10.2196/69960

KEYWORDS

botulinum toxin; onabotulinumtoxinA; abobotulinumtoxinA; incobotulinumtoxinA; daxibotulinumtoxinA; aesthetic; cosmetic;
trigger factor; neutralizing antibody; nonresponse; resistance; immune response; prevention; treatment; management

Introduction

Nonresponse or resistance to botulinum toxin type A (BoNT-A)
has become an increasingly significant concern in the field of
aesthetics, particularly since younger patients—who are
increasingly opting for aesthetic procedures—accumulate greater
total toxin doses over their lifetime. Resistance has been noted
even with low BoNT-A doses in aesthetic treatments [1].

Primary nonresponse (PNR) to BoNT-A refers to individuals
who show an innate insensitivity to the toxin upon initial
exposure, without prior treatments or antibody (Ab)
development. On the other hand, secondary nonresponse (SNR)
occurs when BoNT-A is initially effective before failure
commences at a later point. PNR is more commonly encountered
in therapeutic applications [2], while most reported cases in
aesthetic treatments involve SNR [3].
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This review aims to address unanswered questions about the
prevalence and etiology of SNR, with a particular focus on the
immunogenicity of BoNT-A formulations and the development
of neutralizing antibodies (NAbs) that hinder the toxin’s
pharmacologic effects. We also explore management strategies
for SNR.

Methods

A narrative review was completed because a systematic review
was not feasible due to the high heterogeneity among the articles
on this topic. The PubMed and Google Scholar databases were
searched from inception. Key search terms included “botulinum
toxin,” “nonresponse OR nonresponsiveness OR resistance OR
failure,” “aesthetic OR cosmetic,” “prevention,” and
“management OR treatment OR intervention.” Separate searches
were carried out for specific BoNT-A formulations using the
following terms: “onabutulinum OR onabotulinumtoxinA”
(onaBoNT-A), “abobutulinum OR abobotulinumtoxinA”
(aboBoNT-A), “incobotulinum OR incobotulinumtoxinA”
(incoBoNT-A), and “daxibotulinumtoxinA” (daxiBoNT-A).
Additionally, reference lists of relevant articles were reviewed.
Expert opinions and panel recommendations regarding
management and data gaps were also included in the review.

Results

Principal Findings
We review the findings of publications relevant to the prevalence
of SNR [4-8], etiology of nonresponse to BoNT-A [6,9-18],
key trigger factors in SNR [2,6,11,14,15,19-26], BoNT-A
formulations composition [4,8,11,23,27-52] and immunogenicity
[1,3-6,10,11,15,17,18,28,31,35-38,44,48,49,53-67], insights
into mechanisms of SNR [1,3,7,14,15,23,68,69], SNR
management [1,3,6,7,14,23,25,26,46,66,70-81], and data gaps
and limitations [3-6,10,11,14,15,26,28,40,49,63,82-84].

Prevalence
The prevalence of SNR in therapeutic applications of BoNT-A
varies among conditions treated and is often correlated with the
toxin dose used. Detection of NAbs correlated to
nonresponsiveness in therapeutic applications [4], with its global
prevalence estimated at 0.3%‐27.6% [5]. Limited data exist
regarding its prevalence in aesthetics, which is partly due to the
diverse treatment approaches used and difficulties in quantifying
the cosmetic effect [6]. In a recent survey among 673 Korean
aesthetic providers, 53.9% reported experiencing BoNT-A
resistance. Of those, 59% providers indicated the resistance rate
as <1%, and 36% providers reported as approximately 1‐25%
[7]. In the same study, 23.8% of respondents continued using
the same product but at a higher dose when they suspected that
a patient might be experiencing BoNT-A resistance. Therefore,
the prevalence of resistance is likely underreported, as many
providers are unaware and may solely increase the BoNT-A
dose in subsequent sessions following a partial response [5,8].

Etiology

Primary Nonresponse
PNR can be attributed to genetic variations that affect the toxin’s
target molecules (neuronal receptors) or to a genetic
predisposition to anti-BoNT antibodies formation due to
different major histocompatibility complex types [9-11]. Genetic
polymorphisms in immune response genes can influence how
the body reacts to the toxin and can be involved in
immunoresistance [12]. PNR has also been attributed to
preexisting BoNT-A antibodies, possibly due to prior
immunization against botulism [13,14].

Secondary Nonresponse
SNR to botulinum toxin (BoNT) is believed to be primarily due
to the development of NAbs that hinder BoNT’s
pharmacological effects [15]. This immune response can be
influenced by epigenetic changes affecting the expression of
genes involved in immune function, including those encoding
for proteins interacting with BoNT [9,16]. The overall reactivity
of an individual patient’s immune system–specifically, the
ability of an antigen to stimulate an immune response–can be
influenced by exogenous factors, such as environmental
allergens. Some researchers consider this relevant, as most
reported cases of complete SNR developed after multiple
injection cycles [6,17,18]. In the series by Dressler et al [6],
complete nonresponse occurred after 3, 5, 10, and 13 injection
cycles, with treatment periods ranging from 16 to 65 months.
However, more data on specific patient characteristics are
needed.

Key Trigger Factors in SNR

Toxin Handling and Injection Practice
Before attributing SNR to NAbs, it is important to consider
other causes of nonresponse related to the handling of BoNT-A,
such as improper dilution, prolonged storage under refrigeration,
and interbatch variation [19-22]. Furthermore, SNR can also
occur due to incorrect injection practices, which may involve
insufficient dosing, targeting the wrong muscle, or using
improper injection technique [19].

Toxin Purity
Impurities present in the BoNT-A formulations, such as
clostridial complexing proteins, inactivated toxin, flagellin, and
DNA contaminants, are believed to increase immunogenicity
related to development of NAbs [23].

Vaccine
COVID-19 vaccination stimulates the immune system and may
increase the risk of mounting an immune response against
BoNT-A [24].

Patient Characteristics
Genetic differences in the control of immune responses indicate
that patients exhibit variable speed and magnitude of immune
reactions and patterns of NAb generation [14,25,26]. Some
patients may have a specific predisposition to SNR; in one case,
complete SNR occurred after just two injection sessions [6].
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Treatment Parameters
Multiple treatment parameters affect BoNT-A immunogenicity.
Due to it being a potential lifelong treatment, the prevalence of
NAbs increases with chronic BoNT-A use [11]. The increased
frequency of BoNT-A injections (ie, <3 months apart) is an
essential trigger factor [14,15]. Other contributing factors
include cumulative dosage, booster injections (retreatment
within 3 weeks of the initial injection), high treatment dosage,
and a patient’s immune responsiveness [2,23]. Notably, off-label
aesthetic applications, such as masseter hypertrophy, whole face
intradermal lifting, and body contouring require higher doses

(ie, >100 international units of onaBoNT-A) and more frequent
injections. Their increasing popularity may lead to increased
prevalence of SNR and NAbs.

BoNT-A Formulations Composition
All BoNT-A formulations contain the same 150-kDa core
neurotoxin derived from the Clostridium botulinum Hall A strain
[11,27,28]. The 150-kDa core neurotoxin contains a 100-kDa
heavy chain and 50-kDa light chain, linked by a disulfide bond.
BoNT-A formulations vary in purity, specific bioactivity,
complexing proteins, and excipient content (Table 1), all of
which can influence their potential to elicit an immune response.
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Table . Characteristics and prevalence of NAba development and clinical nonresponsiveness of main first- and second-generation BoNT-Ab preparations.

Second generation BoNT-AdFirst-generation BoNT-AcParameter

DaxiBoNT-Ah,iIncoBoNT-AgAboBoNT-AfOnaBoNT-Ae

~150; also, a 5-kDa stabiliz-
ing peptide (RTP004)

~150~300–500k~900MWj of bacterial protein,
kDa [29-31]

NoNoYesYesAccessory proteins present
[32-34]

—l0.6 ng/100 U4.36 ng/500 U5 ng/100 UTotal protein/vial [35-37]

—0.440.650.73Total core neurotoxin pro-

tein/100 MUm, ng [33,38]

0.450.440.440.44Active neurotoxin pro-
tein/100 MU, ng [33,38,39]

—00.210.29Inactive neurotoxin pro-

tein/100 MU, ngn [32,33]

RTP004 peptide, L-histi-
dine, L-histidine-HCl
monohydrate, polysorbate
20, trehalosedihydrate

HSA, sucroseHSA, lactoseHSAp, NaClqExcipientso [8,28,34,40]

00‐1.80.0‐3.60.0‐1.9Patients with NAbs in piv-
otal clinical trials, % [41-46]

—0.0‐0.51.7‐6.01.5‐7.0Patients with NAbs in real-
world studies, % [4,47]

NoNoYesYesReports of clinical nonre-
sponse [6,15,48]

No complexing proteins;
proprietary peptide claimed
to aid in stability and deliv-
ery

No complexing proteins; no
inactive toxoids; no patients

with SNRr

Contains flagellin with po-
tential adjuvant properties;
contains complexing pro-
teins

Reduced protein load from
original formulation (ie, re-
duced clostridial protein im-
purities and inactive BoNT-
A)

Formulation notes
[28,33,39,49-51]

aNAb: neutralizing antibody.
bBoNT-A: botulinum toxin type A.
cFirst-generation BoNT-A formulations contain core neurotoxins and accessory clostridial proteins.
dSecond-generation BoNT-A formulations contain only the therapeutic neurotoxin without accessory proteins or other bacterial substances.
eonaBoNT-A: onabotulinumtoxinA.
faboBoNT-A: abobotulinumtoxinA.
gincoBoNT-A: incobotulinumtoxinA.
hdaxiBoNT-A: daxibotulinumtoxinA.
iDetails on the formulation are not fully disclosed by the manufacturer.
jMW: molecular weight.
kFormulation is a mixture of species, with 300 and 500 kDa being the most common.
lNot available.
mMU: mouse unit
nValues for inactive neurotoxin are approximate and were estimated by Frevert et al [33], then reported by Kerscher et al [32].
oThe excipient list is not exhaustive; additional peptides may be included in the diluent of BoNT-A formulations produced outside the United States.
pHSA: human serum albumin.
qNaCl: sodium chloride.
rSNR: secondary nonresponse.

First-generation BoNT-A formulations such as onaBoNT-A
and aboBoNT-A contain pharmacologically unnecessary
components such as complexing accessory clostridial proteins,
inactive neurotoxin, clostridial DNA, and excipients (Table 1)
that may increase the risk of immune response [8,23,28]. The

accessory proteins assemble into a supramolecular structure
that serves two main functions: protecting the core neurotoxin
from low pH conditions when ingested orally and facilitating
its absorption in the gastrointestinal tract [27]. The protective
function is mediated via the nontoxic nonhemagglutinin protein
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and the absorption function via hemagglutinin proteins [11].
Importantly, the accessory proteins rapidly dissociate from the
core neurotoxin at neutral pH [27,52].

Second-generation Bo-NT-As, such as incoBoNT-A and
daxiBoNT-A lack accessory proteins because of their removal
during purification [11]. DaxiBoNT-A contains an HIV-derived,
highly charged peptide (RTP004) which, according to the
manufacturer, binds noncovalently to the negatively charged
BoNT-A molecule and stabilizes it by preventing protein
aggregation [28]. Additionally, the peptide may bind to
negatively charged neuronal surfaces, which could enhance the
internalization of the neurotoxin. However, Martin et al [28]
reported that the binding of RTP004 to negatively charged
neuronal surfaces should not be considered selective, as all cell
types are negatively charged due to the terminal sialic acid
residues on surface glycoproteins.

Immunogenicity of BoNT-A Formulations

Nonclinical Data
The total clostridial protein load—comprising accessory proteins
and the core neurotoxin—and its composition determine the
immunogenicity of each BoNT-A formulation [53]. Accessory
proteins, especially hemagglutinin-1, can enhance the immune
response as adjuvants [54,55]. Antibodies (Abs) against BoNT
can be divided into NAbs, targeting the core neurotoxin, mainly
the binding site on the heavy chain, and non-NAbs, typically
targeting accessory proteins or clinically irrelevant sites on the
core neurotoxin. While NAbs inhibit the clinical efficacy of
BoNT, the non-NAbs do not impact its clinical effectiveness.
In rabbit studies, immunization with the complete inactivated
BoNT-A complex generated Abs with a stronger neutralizing
effect than Abs induced by immunization with the core
neurotoxin alone [54]. Accessory proteins may trigger increased
production of inflammatory cytokines such as interleukin-6 and
tumor necrosis factor-alpha and can bind to several nonneuronal
cell types [55].

The total protein per vial of common BoNT-As is shown in
Table 1 [35–37, 56 and 57]. IncoBoNT-A does not contain any
inactive neurotoxin. In vivo studies indicate that onaBoNT-A
injections generate antiBoNT-A Abs, with more frequent dosing
leading to higher Ab levels [56]. In rabbits that received nine
injections of onaBoNT-A or incoBoNT-A (at 2-8 week
intervals), NAbs were detected in 20% of onaBoNT-A-treated
animals, while none were detected in those treated with the
accessory protein-free incoBoNT-A formulation [37].
AboBoNT-A contains less clostridial protein than onaBoNT-A,
but its accessory proteins comprise up to 30% of the total
clostridial protein content [11]. Importantly, the aboBoNT-A
formulation also contains flagellin, which activates the toll-like
receptor 5, thereby triggering an innate immune response [49].

The daxiBoNT-A formulation contains a proprietary,
HIV-derived 5-kDa stabilizing peptide (RTP004) and
polysorbate 20 [44]. This novel HIV-derived peptide is
considered immunogenic [28]. As RTP004 binds to negatively
charged areas on the surface of BoNT-A, it may create novel
structures on the heavy or light chains of the core toxin that the
immune system can recognize as neoepitopes. Polysorbate 20

may generate free radicals via auto-oxidization and can interact
with other proteins in the formulation [28].

NAb Formation in Clinical Studies
BoNT-A treatment can trigger an adaptive immune response,
especially with repeated injections, which may lead to NAb
formation over time [11,57,58]. The rate of NAb development
and occurrence of clinical resistance vary significantly by the
BoNT-A formulation, particularly its protein content [59]. Table
1 shows the prevalence rates of NAbs in pivotal BoNT-A trials
that supported approval by the US Food and Drug
Administration (FDA). Pivotal onaBoNT-A and aboBoNT-A
studies used the mouse protection assay (MPA), while
incoBoNT-A studies used the mouse hemidiaphragm assay
(MHDA), which is at least five times more sensitive than the
MPA. Despite its greater sensitivity, the MHDA consistently
revealed the lowest rates of NAb formation [10,59]. Analysis
from phase 3 trials with daxiBoNT-A showed low rates of Ab
formation to both daxiboNT-A and excipient RTP004 [45].
Treatment-related anti-daxiboNT-A and anti-RTP004 binding
Abs were detected in 0.8% and 1.3% of subjects, respectively.
No individual developed NAbs. Binding Abs were generally
transient, of low titer (<1:200), and no individual had binding
Abs to both daxiBoNT-A and RTP004. All individuals with
treatment-induced binding Abs to daxiboNT-A or RTP004
showed clinical response at week 4 following each treatment
cycle, indicating no impact on treatment efficacy. However, of
the 2786 patients, 882 received two treatments and only 568
received three treatments. Therefore, the cumulative exposure
and overall time frame for development of NAb-induced SNR
may have been too short to draw robust conclusions.

The reported incidence rates of NAbs in product labeling are
derived from short-term clinical trials and may not reflect
real-world data, as repeated BoNT-A use can have cumulative
effects over time [59]. Real-world studies with long-term
follow-up have shown a reduction in NAbs in patients treated
with incoBoNT-A [4,60,61]. A meta-analysis found that the
prevalence of NAbs across indications is higher in patients
treated with onaBoNT-A (around 1.5%) or aboBoNT-A (around
1.7%) compared to those receiving incoBoNT-A (0.5%) [4].
Although the overall prevalence of NAbs was low, there was a
significantly higher rate of NAb development among patients
who exhibit SNR [5]. Specifically, among patients with SNR,
NAbs were observed in 32.5% patients treated with onaBoNT-A
and 56.7% with aboBoNT-A. Notably, none of the patients who
received incoBoNT-A developed SNR [4].

In an MHDA-based study, none of the toxin-naive patients who
received incoBoNT-A treatment developed NAbs [62].
Furthermore, there have been no reported instances of clinical
nonresponse among individuals who were toxin-naive at the
time they received incoBoNT-A [10,62]. The formation of NAbs
was rare in pivotal clinical trials, with only 9 out of more than
2600 patients treated with incoBoNT-A developing them [43].
A pooled data analysis from pivotal clinical studies on the
aesthetic use of incoBoNT-A indicated no diminished treatment
response due to the formation of NAbs [63]. Another study
showed that switching to incoBoNT-A after SNR with another
BoNT-A formulation enabled patients to regain responsiveness
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to treatment, with NAbs developing only in two patients
previously treated with aboBoNT-A [62].

SNR and NAb in Aesthetic Studies
Case studies of BoNT-A use for aesthetic purposes demonstrated
both SNR and NAb development over time with onaBoNT-A
and aboBoNT-A [6,15,48,63]. In general, prevalences of NAb
development and SNR are lower in aesthetic indications (overall
NAb rate estimated at 0.2%‐0.4%) [5], which may reflect the
lower doses employed and minimal long-term data [15,49,64].

Thirteen cases of NAb-related SNR emerging during aesthetic
BoNT-A treatments [1,3,6,15,18,65,66] were identified in case
reports or series. Key observations of this review are presented
in Textbox 1. Complete SNR is usually preceded by partial SNR
in the patient [6,17,18]. Complete SNR usually occurs after
more than two injection series [6,17]. It can occur as long as
after 5 years of treatment [6,17]. In a small sample study, 30%
of patients who did not respond to onaBoNT-A cosmetic
treatments responded when switched to incoBoNT-A therapy,
which did not provoke immune responses [69].

Textbox 1. Key observations in reports detailing secondary nonresponse (SNR) to botulinum toxin type A (BoNT-A) aesthetic treatment.

• Seven reports detailing a total of 13 cases [1,3,6,15,18,65,66]

• Patients initially or exclusively received onabotulinumtoxinA (onaBoNT-A) or aboBoNT-A (aboBoNT-A)

• SNR developed even after low BoNT-A doses [1,6,65]

• Regular repeated treatments before development of SNR, with clear signs of increasing dosages and shortening intervals between treatments

• Partial SNR observed as early as 2nd injection cycle [6] and complete SNR as early as 1st cycle [15]; partial SNR usually preceded complete
SNR [6]

• Duration of therapy before natural antibody (NAb) detection variable (2‐72 months) [15,65]

• Systematic testing for detecting NAb formation was infrequent and, in most cases, it was unclear when NAb formation first occurred

• No cases of NAb-related SNR were reported with exclusive incobotulinumtoxinA (incoBoNT-A) use

• Four patients were switched to incoBoNT-A after partial or complete SNR [1,6,15,65; this switch showed no treatment effect

• Switch to incoBoNT-A associated with downward trend in NAb titer [66]

• After SNR, injection of botulinum toxin type B (BoNT-B) showed a normal therapeutic effect [1,6]

After switching from BoNT-A to BoNT-B, NAbs to the latter may develop because the heavy chains of BoNT-A and BoNT-B have a 30% structural
homology [26]. Patients who initially respond to BoNT-B after developing SNR to BoNT-A are likely to eventually develop SNR to BoNT-B as well
[67,68].

Discussion

Insights Into Mechanisms of SNR
Retrospective studies suggest an association between higher
protein exposure and increased risk of Ab formation [14,70,71].
The precise mechanisms leading to resistance are still unknown,
as the pure 150-kDa neurotoxin has low immunogenicity without
any known associated pattern recognition receptors or toll-like
receptors on dendritic cells. Park et al [23] suggested that when
adjuvants in the BoNT formulation are injected alongside the
150-kDa neurotoxin, they can activate dendritic cells that may
internalize the neurotoxin and present it to T-helper
lymphocytes, resulting in NAb formation. Exogenous factors
such as environmental allergens (eg, COVID-19 vaccine) may
prime NAbs [72,73]. Specific immune system activation by a
wasp sting was proposed as a contributing factor for BoNT-A
Ab formation [74].

Alternate explanations for resistance to BoNT-A include muscle
injection fibrosis, BoNT receptor downregulation, dynamic line
depth worsening, and interactions with drugs like
aminoglycosides and quinolones [3]. Intradermal injections are
thought to carry a higher risk of developing resistance to
BoNT-A compared to intramuscular injections, as the dermis
is rich in antigen-presenting dendritic cells [5,7]. A phenomenon
of decreased responsiveness after many years of BoNT-A

therapy, known as tachyphylaxis, has been reported [1]. In such
cases, the clinical effect is mitigating despite the absence of
NAbs. Nevertheless, it is still uncertain whether this
phenomenon has an immunologic basis and whether low-titer
or poorly binding antibodies might play a role.

SNR Management: Early Diagnosis
Early diagnosis is crucial, particularly as an increase in NAb
formation must be addressed promptly. A patient’s aesthetic
journey, especially a need for increasing BoNT-A doses and
more frequent treatments, should alert the provider of possible
SNR. Accurately detecting and quantifying NAbs supports the
diagnosis. Structural assays such as ELISA and
immunoprecipitation assays are sensitive for detecting BoNT
Abs, but do not discriminate between NAbs and non-neutralizing
Abs [14,15,23]. Bioassays such as the MPA or MHDA use
animal models to identify NAbs. The MHDA, the only assay
approved by the FDA, uses ex vivo testing for NAbs [14].

Most clinicians do not have access to the above assays and use
clinical resistance tests to confirm the diagnosis of SNR [1,14].
One such test is the unilateral brow injection, which involves
injecting a standard amount of BoNT-A, such as 20IU
onaBoNT-A, into the right (by convention) medial eyebrow
[14]. After allowing sufficient time for the toxin to take effect
(typically 1‐3 weeks), the frowning facial expression is
evaluated. Since nearly all individuals usually frown
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symmetrically, asymmetric frowning indicates responsiveness
to the injected BoNT-A that has weakened the right corrugator
or procerus muscles. In contrast, symmetric frowning indicates
that the injected muscles were not weakened; therefore, the
patient is likely resistant to that specific type of BoNT-A.

Preventive Measures
Several authors have advocated for using a highly purified toxin
that demonstrates the least immunogenicity, such as
incoBoNT-A [15,23]. This is especially important in large-dose
injections and while treating younger patients who will
accumulate higher lifetime doses [23]. Most experts recommend
using the smallest BoNT-A dose that achieves the desired
clinical effect, avoiding booster injections, and waiting at least
3 months between treatments [6,7,15]. Regarding maximum
dose, 56.5% of aesthetic providers responded that BoNT-A dose
should be limited to <100 IU per day, and 97.3% reported using
<300 IU in total [7]. Such total doses are unlikely for wrinkle
reduction but are possible with some off-label indications such
as muscle size reduction. In body indications, higher doses of
BoNT-A are injected, increasing a patient’s exposure to foreign
proteins and their risk of NAB formation. Consequently, it is
advisable to use a highly purified BoNT-A when treating body
indications.

Increasing the efficacy and longevity of outcomes of BoNT-A
treatments leads to decreased frequency of such treatments,
which can help prevent resistance. Several authors recommend
using toxins that offer improved longevity for cosmetic results,
such as daxiBoNT-A [46]. In two of three randomized controlled
trials, coadministration with oral zinc supplementation enhanced
the longevity of BoNT-A outcomes [75-77]; however, the
available data are limited. Hyaluronidase is a known tissue
permeability modifier that increases the dispersion of drugs
[78]. In a small pilot study on axillary hyperhidrosis, the
coadministration of BoNT-A with hyaluronidase allowed for a
reduction in the BoNT-A dose needed to achieve a similar effect
compared to BoNT-A injections administered alone [79].
Notably, in one patient, the right side of the forehead–treated
with both BoNT-A and hyaluronidase–exhibited a larger area
of effect than the left side, which received only BoNT-A, across
all postinjection evaluations. The authors suggested that the
reduced dose of BoNT-A required when used alongside
hyaluronidase may be attributed to the enhanced dispersion of
the toxin facilitated by hyaluronidase. This approach could help
avoid the use of high toxin doses that may lead to
nonresponsiveness over time. However, more data are needed
to confirm these findings.

Treatment
Switching to a highly purified toxin such as incoBoNT-A once
partial SNR is noted, has been advocated [14,23,66], especially
as this was associated with a downward trend in NAb titers
[66,80]. This switch was associated with clinical response in a
study of patients with cervical dystonia [81,82] and another
involving onaBoNT-A cosmetic treatments [69]. Nevertheless,
in our review of aesthetic treatments (Textbox 1), this switch
was not associated with short-term SNR resolution [3,6,15,65].
Longer follow-up is required for aesthetic applications in
patients with SNR switching to incoBoNT-A. A switch to

daxiBoNT-A may also be considered given its low
immunogenicity in limited studies [46], but more data is
required. The first author successfully used a short course of
low-dose oral methotrexate immediately before BoNT-A
injection to mitigate an immune response leading to further
reduction of clinical efficacy in patients who experienced partial
SNR. Patients with prior complete or partial SNR to onaBoNT-A
may benefit from anti-calcitonin gene-related peptide
monoclonal Ab therapy [83].

For complete nonresponse, many experts advise offering a 12-
to 18-month “drug holiday,” and then resuming with a highly
purified toxin. This suggestion is based on the medical
applications of BoNT-A [67,84] and aims to normalize NAb
levels before administering BoNT-A again. The duration of the
“drug holiday” should be determined by measuring NAb levels.
However, other experts argue against offering a “drug holiday,”
noting that switching to incoBoNT-A results in most patients’
NAb titers returning to negative, similar to those who stopped
receiving BoNT-A treatment altogether [80]. Moreover,
switching to incoBoNT-A may be the only option for patients
whose NAb titers take longer to become negative [67,80].

Switching to a different BoNT serotype, such as type B
(BoNT-B), has been attempted. For cervical dystonia, switching
to BoNT-B (rimabotulinumtoxinB), was beneficial [62]. In two
patients reviewed here, after SNR developed, injection of
BoNT-B showed a normal therapeutic effect [1,6]. However,
patients who switched from BoNT-A to BoNT-B after
developing NAbs and SNR may subsequently develop NAbs
to BoNT-B due to the 30% structural homology in the heavy
chains of BoNT-A and BoNT-B [26]. Several studies have
demonstrated that patients who initially respond to BoNT-B
after developing SNR to BoNT-A are likely to eventually
develop SNR to BoNT-B as well [67,68]. Additionally, injecting
BoNT-B, an off-label toxin in aesthetics presents challenges,
including suboptimal longevity and adverse effects such as an
intense stinging sensation on injection [85,86].

Data Gaps and Limitations
Aesthetic studies on NAb formation and SNR have been limited
and have primarily focused on approved indications [4,6,63,87],
while off-label applications involving higher BoNT-A doses
have not been investigated. Additionally, the follow-up periods
in these studies were relatively short (4-16 months), although
NAbs usually develop over a more extended period, often
spanning several years [5,40]. The frequency of NAb formation
and SNR in real-world aesthetic practice may be higher than
published estimates [5], likely due to extensive off-label use
and the lack of a commercially available test for measuring NAb
levels [11].

Detecting NAbs depends on the specific assay used, as there
can be significant variability in sensitivity and specificity
[10,11]. It also depends on the assay methodology, handling,
and timing of collection of samples, and concurrent use of
medications. Although the MHDA is the most sensitive
bioassay, it is semiquantitative and not widely available.
However, this assay has raised concerns about false-positive
results and may detect subclinical Ab titers that do not result in
treatment failure [1,14,15]. A quantitative, FDA-approved,
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commercially available assay to measure NAbs is needed to
study the temporal variations in Ab titers [11]. This limitation
prevents robust conclusions regarding the relationship of NAbs
with nonresponsiveness. A lack of studies comparing BoNT-A
formulations with a standardized NAb assay hinders reliable
comparisons. Finally, it remains unclear to what extent the
accessory proteins, inactive neurotoxin, and excipients may
trigger the immune system, especially since the time frame for
developing Ab-mediated SNR was short in most studies (ie, up
to three injection cycles) [28]. This hampers our ability to draw
firm conclusions regarding the excipients’ impact on the
BoNT-A formulation’s immunogenicity.

A key uncertainty involves the relationship between NAbs and
SNR [14]. Some patients with detectable NAbs retain their
clinical responsiveness, while others without detectable NAbs
have been nonresponsive to BoNT-As [14,49]. This indicates
that there is no absolute correlation between NAb detection and
nonresponse [88], and no established threshold for NAb titer

reliably predicts clinical resistance to BoNT-A [3]. However,
a correlation between responsiveness and NAb titers has been
proposed [6,89]. Further complicating patient responses,
variations in target binding site and binding affinity result in
anti-BoNT-A Abs with variable neutralizing effects [10,26].
These observations highlight the complexity of BoNT-A
immunogenicity and the variability in individual patient
responses [14].

Conclusions
Nonresponse to BoNT-A is becoming increasingly important
in aesthetics, particularly as many patients undergo lifelong
treatments. Preventing SNR is crucial given the lack of solid
data on effective treatments. When choosing a BoNT-A
formulation, considering the potential for immunogenicity is
essential. Aesthetic providers should perform comprehensive
clinical assessments, inform patients about the associated risks,
and develop strategies to minimize immunogenicity in their
treatment protocols.
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AboBoNT-A: abobotulinumtoxinA
BoNT-A: botulinum toxin type A
BoNT-B: botulinum toxin type B
DaxiBoNT-A: daxibotulinumtoxinA
FDA: Food and Drug Administration
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MPA: mouse protection assay
NAb: neutralizing antibodies
OnaBoNT-A: onabotulinumtoxinA
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Abstract

Background: Artificial intelligence (AI) and telemedicine have significant potential to transform dermatology care delivery,
but patient perspectives on these technologies have not been systematically compared.

Objective: This study aimed to examine patient perspectives on AI and telemedicine in dermatology to inform implementation
strategies as these technologies increasingly converge in clinical practice.

Methods: A comprehensive literature search was conducted using PubMed, Scopus, and Embase databases between August
2024 and October 2024. We identified 48 papers addressing patient perspectives on AI and telemedicine in dermatology, with
none directly comparing patients’ views of both technologies.

Results: Several distinct themes emerged regarding patient perspectives on these technologies: willingness to use, perceived
benefits and risks, barriers to implementation, and conditions necessary for successful integration. Findings revealed that patients
express hesitancy toward AI-based diagnoses that lack dermatologist involvement, while preferences for teledermatology varied
by reason for appointment, age, and previous technology exposure. Patients’ motivations for implementing AI are connected to
its potential for quicker diagnoses and improved triage efficiency. At the same time, telemedicine addresses logistical challenges
such as reduced travel time and improved appointment availability. Both technologies were perceived to improve accessibility
and diagnostic efficiency, though patients expressed concerns about AI’s limited communication abilities and teledermatology’s
inability to perform physical examinations. Primary adoption barriers for these modalities included technological limitations and
trust concerns, with patients emphasizing the need for dermatologist oversight, transparency, and adequate educational resources
for successful integration.

Conclusions: The complementary strengths of AI and teledermatology suggest they could mitigate each other’s limitations
when integrated—AI potentially enhancing teledermatology’s diagnostic accuracy, while teledermatology addresses AI’s lack
of human connection. By thoroughly examining these perspectives, this review may serve as a guide for the patient-centered
integration of technology in the future landscape of accessible dermatologic care.

(JMIR Dermatol 2025;8:e75454)   doi:10.2196/75454

KEYWORDS

digital health; technology; patient-centered care; health care innovation; trust; convergence; artificial intelligence; teledermatology

Introduction

Artificial intelligence (AI) and telemedicine have the potential
to transform health care delivery in dermatology, where they
serve distinct yet complementary functions. AI is a branch of
computer science that involves the automation of intelligent
behavior [1]. Machine learning, a subfield of AI, applies large
datasets to identify patterns for diagnosis and predict clinical
outcomes in medicine [1]. In dermatology, AI applications
include tools that classify dermatological images obtained from

outside clinical settings, as well as clinician decision-support
systems that analyze images of patient skin concerns at the point
of care [1].

Complementing these AI innovations, telemedicine has
experienced rapid growth, specifically after the COVID-19
pandemic catalyzed its widespread adoption as an alternative
to face-to-face consultations amid continued service demands
[2,3]. Teledermatology, the subset of telemedicine specific to
dermatology, offers various delivery modalities. These include
synchronous approaches, which involve real-time
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communication between the patient and dermatologist,
asynchronous methods where a dermatologist evaluates clinical
images at a later time, and hybrid models combining both
approaches [4]. Through these avenues, teledermatology enables
remote consultative recommendations, prioritization of care
through remote triage, and monitoring of chronic conditions
[5].

The integration of AI within teledermatology platforms
represents a natural progression in dermatologic care delivery
[6]. AI algorithms can enhance teledermatology visits by
providing real-time image quality assessment, automated
prescreening of cases, and diagnostic decision support during
online consultations [7,8]. This convergence could benefit
underserved populations by combining AI’s diagnostic
capabilities with the remote accessibility advantages of
telemedicine [9]. While this technological integration enables
advanced, location-independent models for the future of
accessible dermatologic care [4], both technologies face unique
challenges, and their convergence could potentially either
amplify or ameliorate the barriers and limitations of each. Thus,
considering patient perspectives on each modality is paramount
to promoting the responsible use of these technologies in
dermatology as remote care platforms evolve into influential
components of dermatologic practice [10,11]. By examining
patient perspectives on both AI and teledermatology, this review
aims to inform implementation strategies that capitalize on
synergistic benefits while addressing challenges, serving as a
guide for the patient-centered integration of technology in
dermatologic care.

Methods

Overview
A comprehensive literature search was conducted using the
PubMed, Scopus, and Embase databases between August 2024

and October 2024. To identify relevant papers addressing patient
perspectives on AI and telemedicine in dermatology, we used
the following search terms: ((artificial intelligence) AND
(dermatology)) AND (comfort OR perception OR perspective),
as well as ((Telemedicine OR Teledermatology) AND
(dermatology)) AND (comfort OR perception OR perspective).

The initial search yielded 622 papers, which were imported into
Covidence for systematic screening. After removing 236
duplicates, 386 studies underwent independent title and abstract
review by three researchers (CM, TDZ, and LDS). Conflicts
were resolved through discussion until a consensus was reached.
Following the initial screening, 60 papers underwent a full-text
review, with a focus on original research and data-supported
observations. Ultimately, 38 papers met our inclusion criteria:
studies addressing patient perspectives or perceptions of AI and
telemedicine in dermatology, published after 2009, in English
with full text available, and providing empirical data on patient
perspectives (Table 1). We limited inclusion to studies published
after 2009 to align with the major advances in AI and
telemedicine over the past 15 years, during which AI became
increasingly integrated into both health care and broader societal
applications, and telemedicine saw widespread adoption across
global health systems [5,6]. This timeframe was chosen to
capture evolving patient expectations and technological
standards that more accurately reflect current experiences. Ten
additional papers identified through reference list screening of
included studies were incorporated to provide background
context, bringing the total to 48 papers. Our search revealed no
publications directly comparing patient perspectives of
AI-integrated telemedicine in dermatology, highlighting a gap
in current literature.
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Table . Inclusion study characteristics.

Study typeSample, nSettingStudy aimReference

Retrospective Analysis and
Survey

n=1999 (retrospective analy-
sis); n=166 (8.3%) (follow-
up survey)

Retrospective data obtained
from Wellster Healthtech
Group in Germany.

To investigate the impact of
teledermatology on patient
care by characterizing con-
sultations on a direct-to-

Abeck et al [12]

consumer telemedicine
store-and-forward platform.

Surveyn=548Patients seen via Epic My-
Chart synchronous video
visits.

To examine the experience
of patients and physicians
with teledermatology during
the COVID-19 pandemic.

Asabor et al [13]

Surveyn=100Patients seen at the Atlanta
Veterans Affairs Medical
Center.

To explore patient satisfac-
tion with teledermatology
and 2 distinct teledermatolo-
gy models.

Balakrishnan et al [14]

Survey and Semistructured
Interview

n=913 (survey); n=26
(2.9%; in-depth interviews)

Patients or their caregivers
at an academic tertiary der-
matologic center in Singa-
pore.

To understand patient per-
ceptions toward telederma-
tology.

Choi et al [15]

Qualitative Interviewn=21; patients aged 22‐72
years; 14 (65%) male; diag-

Five separate dermatology
clinics in Singapore.

To explore patients’ percep-
tions of a teledermatology
service linking public prima-

Chow et al [16]

noses: 11 (52%) rashes, 4
ry care clinics to a national (19%) pigmented lesions, 3
specialist dermatology clin-
ic.

(14%) itching, and 2 (10%)
dry skin

SurveyNot specifiedPatients of a South Dakota
dermatology practice.

To assess perceptions and
experiences with telederma-
tology visits in the context
of the COVID-19 pandemic.

DeVries et al [17]

Randomized Controlled Tri-
al

n=300; 151 (50.3%) male;
mean age: 49 years; 190
(63.2%) White; 101 Hispan-

Patients from outpatient
clinics and general adult
populations in California
and Colorado.

To evaluate the impact of a
web-based Collaborative
Connected Health model
compared to in-person care
on access to specialty care
for psoriasis management.

Ford et al [18]

ic or Latino (33.8%); 13
(4.4%) uninsured

Surveyn=48; 35 (72%) female; age
range 13‐80 years

A teaching hospital in
Wales, United Kingdom, has
an outpatient dermatology
clinic.

To explore patient satisfac-
tion with video consultations
for inflammatory skin condi-
tions in a dermatology outpa-
tient setting.

Frühauf et al [19]

Surveyn=3677; 1338 (36.4%) male;
age 50‐64 (31.8%); 1419

Data from the Health Infor-
mation National Trends

To identify demographic
and behavioral factors asso-

Ghani et al [20]

(38.6%) college or higherSurvey 4, cycle 4 of the Na-
tional Cancer Institute.

ciated with patient interest
in using teledermatology. education; 1894 (51.5%)

non-Hispanic White; 963
(26.2%) income>US
$75,000

Surveyn=156; 78 (50%) female;
mean age: 53.3 years; divid-

Two dermatology centers in
the United Kingdom.

To assess patient satisfaction
and preferences between
face-to-face and remote

Gnanappiragasam et al [3]

ed into new and follow-up
groups(telephone or video) consul-

tations in dermatology set-
tings.

Surveyn=205; mean age 54.8, SD
13.6 years; 109 (53%) male

The University Hospital
Basel, Switzerland.

To investigate the perspec-
tives of patients and derma-
tologists after skin cancer

Goessinger et al [21]

screening by human, artifi-
cial, and augmented intelli-
gence.
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Study typeSample, nSettingStudy aimReference

Surveyn=48; 35 (72%) female; age
range 13‐80+ years; 4
(8.5%) aged >65 years

Dermatology outpatient
clinic in Wales, United
Kingdom.

To explore patient satisfac-
tion with video consultation
within a dermatology outpa-
tient clinic setting for prese-
lected inflammatory skin
disorders.

Hadjieconomou et al [2]

Surveyn=5229; mean age 33.60,
SD 16.99 years; 2714
(51.9%) male

A tertiary care center in
North India.

To analyze patient and
physician experiences and
acceptability of teledermatol-
ogy over a 6-month period.

Handa et al [22]

Surveyn=39Online video-based con-
sumer forum for consumers
of 3D total-body imaging

studies at the UQb Dermatol-
ogy Research Center.

To investigate the factors
that determine consumers’
comfort and willingness to
share 3D total-body images

for research, AIa develop-
ment, clinical, and teaching
scenarios.

Horsham et al [23]

SurveyFace-to-face: n=196; 190
(97%) male; mean age 71
years; Teledermatology
care: n=504; 464 (92%)
male, mean age 65 years

27 Veterans Integrated Ser-
vice Network; 20 clinics in
Alaska, Idaho, Oregon, and
Washington.

To assess patient satisfaction
with a store-and-forward
teledermatology.

Hsueh et al [24]

Narrative Review32 studies: 13 randomized
controlled trials, 14 narrative
reviews, 5 systematic re-
views

Not applicableTo review patient satisfac-
tion with the use of teleder-
matology since the COVID-
19 pandemic.

Hwang et al [4]

Surveyn=298; 225 (75.5%) female;
123 (41.3%) aged 46‐60
years; 121 (40.6%) with a
university degree

Web-based questionnaire
using LimeSurvey sent to
university hospitals in Ger-
many.

To investigate the hopes and
fears of patients with and
without a history of
melanoma toward the use of
AI in skin lesion diagnos-
tics.

Jutzi et al [25]

Randomized Controlled Tri-
al and Survey

n=268; 154 (57.5%) female;
aged 18‐93 years. Skin
type: 218 (81.3%) Fitz-
patrick type I-II

A teledermatology skin can-
cer clinic at Chelsea and
Westminster Hospital, Lon-
don, United Kingdom.

To explore patients’perspec-
tives on the use of AI as part
of their skin cancer manage-
ment pathway.

Kawsar et al [26]

Surveyn=125; mean age 9.2 years;
57 (45.5%) male; 48
(38.5%) new patient

Children’s Hospital Col-
orado Pediatric Dermatolo-
gy.

To evaluate the acceptance
of synchronous telehealth
for pediatric dermatology.

Kohn et al [27]

Surveyn=603; 314 (52%) female;
age range: 18‐100 years;
452 (75%) new referrals;
555 (92%) concerned about
skin cancer

Dermatology outpatient skin
cancer clinics in 2 United
Kingdom hospitals.

To obtain opinions of pa-
tients on the use of AI in a
dermatology setting, when
aiding the diagnosis of skin
cancers.

Lim et al [28]

Surveyn=116; mean age 8.47 years;
28 (24%) new patients; 87
(75%) cases of inflammato-
ry dermatoses

United Kingdom single-
center cohort of pediatric
dermatology patients man-
aged during the COVID-19
pandemic.

To evaluate the clinician and
patient/parental perspective
of a pediatric dermatology
clinic via voice calls and
emailed images in compari-
son to traditional face-to-
face clinics.

Lowe et al [29]

Surveyn=1010; mean age 36.5
years; 566 (56%) male; 717
(71%) White; 851 (84.3%)
employed

Adult United States respon-
dents via Amazon Mechani-
cal Turk.

To understand individuals’
perceptions of sharing their
images for AI.

Ly et al [30]

Surveyn=512; 273 (53.3%) male,
mean age 49.5 years

One secondary and 2 tertiary
referral centers for dermatol-
ogy in Switzerland.

To investigate the accep-
tance of and satisfaction
with telemedicine.

Maul et al [31]
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Study typeSample, nSettingStudy aimReference

Surveyn=171; 118 (69%) female,
154 (90%) non-Hispanic

Penn State’s Dermatology
Department

To evaluate patient satisfac-
tion with university medical
center’s video-based teleder-
matology service.

Moore et al [32]

Surveyn=16; video counseling:
n=11 (68.8%); face-to-face
counseling: n=5 (31.3%)

Not specifiedTo investigate and compare
patient satisfaction with
recorded video counseling
vs traditional, in-office
counseling.

Munoz et al [33]

Surveyn=653Recruitment through social
media and WhatsApp
groups.

To gain a global perspective
on the experiences of pa-
tients and health care staff
who adapted to teledermatol-
ogy during the COVID-19
era.

Naik [34]

Qualitative Interviewn=39; mean age: 53.3 years;
21 (54%) female; 37 (94%)
non-Hispanic White; 16
(42%) graduate or profes-
sional degree

Brigham and Women’s
Hospital and the melanoma
clinics at the Dana-Farber
Cancer Institute.

To explore how patients
conceptualize AI and per-
ceive the use of AI for skin
cancer screening.

Nelson et al [1]

Surveyn=997; 508 (51%) female;
489 (49%) aged ≥60 years)

Outpatient dermatology
clinic at a tertiary academic
medical hospital in Singa-
pore.

To examine patients’percep-
tions of teledermatology and
identify barriers to its adop-
tion.

Qun Oh et al [35]

Surveyn=40; 29 in-office (72.5%),
11 (27.5%) telemedicine

Patients who received either
an in-office or telemedicine
hair loss new patient consul-
tation by a single provider.

To compare patient satisfac-
tion between telemedicine
visits and in-office visits in
a specialty hair loss clinic.

Pathoulas et al [36]

Surveyn=74; 43 (58.1%) female;
median age of 52 years

A single dermatology center
in London, United King-
dom.

To assess patient satisfaction
with telephone consultations
compared to face-to-face
consultations in secondary-
care dermatology during the
COVID-19 era.

Ramjee et al [11]

Surveyn=842Patients at FORMEL Skin
in Berlin, Germany.

To evaluate patients’ per-
spectives and preferences
regarding teledermatology
for cosmetic acne scar treat-
ment.

Richey et al [37]

Surveyn=52; 28 (53.9%) female;
mean age: 22.5 years.

The Acne Care Center, Der-
matology Unit, University
of Naples Federico II, Italy.

To assess how patients with
acne subjectively experi-
enced teledermatology vis-
its.

Ruggiero et al [38]

Surveyn=27; median age 25 years;
18 (68%) female; 11 (41%)
had previous experience
with mHealth apps; 4 (15%)
had a history of skin cancer

The NetherlandsTo explore the perceived
barriers and facilitators to

using mHealthc AI apps for
skin cancer screening.

Sangers et al [39]

Surveyn=150; 89 (59.5%) maleThe University of Alabama
at Birmingham Department
of Dermatology.

To assess patient prefer-
ences regarding the use of
postprocedural photographs
compared with in-person
follow-up.

Stratton et al [40]

Semi-structured Interviewn=82; 44 (54%) female,
mean age: 59.1 years

Large university hospital in
the Netherlands.

To evaluate the perceived
quality of follow-up tele-
phone consultations of mul-
tiple medical disciplines
during the COVID-19 pan-
demic.

van Erkel et al [41]
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Study typeSample, nSettingStudy aimReference

Surveyn=551; 309 (56%) male,
median age: 59 years old,
median disease duration: 25
years old

Multicenter survey from 4
Dutch hospitals during the
second wave of the pandem-
ic.

To evaluate the pandemic’s
implications on patients with
psoriasis, focusing on access
to information, consultation
methods, patient satisfac-
tion, disease control assess-
ment, and treatment manage-
ment.

Wortman et al [42]

Surveyn=141; 73 (52%) male;
mean age: 55.3; 79 (56%)
non-Hispanic white; 55
(39%) household income US
$50,000–US $99,999

Adult patients who visited
the University of Texas
Southwestern Medical Cen-
ter Dermatology.

To gather opinions from a
diverse dermatology patient
population on AI use in der-
matology and establish a
specific accuracy at which
patients would be comfort-
able receiving a diagnosis
solely from an AI tool.

Wu et al [43]

Surveyn=201; 109 (54.2%) male,
mean age 38.4 (SD 15.7)
years

The Department of Derma-
tology and Venereology, All
India Institute of Medical
Sciences (AIIMS), New
Delhi.

To assess patient perception
and satisfaction with a
smartphone-based telederma-
tology service initiated dur-
ing the COVID-19 pandem-
ic.

Yadav et al [44]

aAI: artificial intelligence.
bUQ: University of Queensland.
cmHealth: mobile health.

Three reviewers independently extracted predefined attributes
from each paper. Disagreements were resolved through
discussion until a consensus was reached. Literature primarily
focusing on technical aspects of AI or telemedicine
implementation, without substantial discussion of patient
perspectives, was deemed outside the scope of this review.

While our review applied structured screening and thematic
synthesis similar to a scoping review, we selected a narrative
review approach to enable conceptual interpretation of patient
perspectives across diverse study types. This approach allowed
us to synthesize findings not only by outcome themes but also
by behavioral drivers and contextual patterns. The narrative
format also guided our inclusion criteria, enabling us to
incorporate both quantitative and qualitative studies that offered
insight into patient perceptions, even when methods or outcome
measures were heterogeneous. This review was not
preregistered, and no formal checklist such as PRISMA
(Preferred Reporting Items for Systematic Reviews and
Meta-Analyses) was used, although we followed structured
screening procedures to enhance methodological transparency.

Ethical Considerations
This paper is a narrative review and does not involve primary
data collection with human or animal participants. Therefore,

institutional review board approval and informed consent were
not required. The study adhered to the principles of the
Declaration of Helsinki and followed JMIR Publications’ethical
guidelines for secondary research and literature reviews.

Results

Overview
The literature revealed several distinct themes regarding patient
perspectives on AI and telemedicine in dermatology, also known
as “teledermatology.” The following sections examine these
themes for each technology, including patient willingness to
use, perceived benefits and risks, barriers to implementation,
and conditions necessary for successful integration into
dermatology. Each section compares perspectives between AI
and teledermatology while highlighting how these viewpoints
might inform future implementation strategies. Tables 2 and 3,
located after the Results section, summarize key themes from
patient perspectives on AI and teledermatology, respectively.
The column categories of these tables were adapted from
Kalkman et al [45]. Figure 1 presents a conceptual framework
that synthesizes these findings to guide integrated
implementation approaches.
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Table . Patient perspectives on artificial intelligence in dermatology.

Conditions for acceptanceFactors affecting willingness
to use

Barriers to usingPerceived risksPerceived benefits

AI must be (mean 12.9%,
SD 8.1%) more accurate
than dermatologists [43]

Familiarity with AI is signif-
icantly associated with a
positive view (OR: 17.8;
P<.01) [43]

Inaccurate or limited train-
ing sets [1]

Lack of verbal and nonver-
bal communication [1]

Increased diagnostic speed
[1] and accuracy [21] due to
the ability of AI to learn,
evolve, and draw on larger
data and experience than
humans [1,28]

Integration with human
oversight [1,28]

Age 40‐59 years associat-
ed with decreased AI famil-
iarity (OR: 0.21, P<.01) [43]

Age-related differences in
familiarity [43]

Increased patient anxiety [1]Enhanced health care access
[1]

Clear privacy policies and
safeguards [23]

Higher education levels are
associated with increased
willingness to share images
with AI [30]

Limited explanation of AI
decisions [1]

Loss of human interaction
and human emotion [1,25]

Potential for earlier detec-
tion of skin cancer and life-
saving outcomes [1]

System validation by medi-
cal professionals [1]

97% (289/298) of respon-
dents with a previous history
of melanoma support AI use

Concern about AI’s inability
to provide emotional support
[1]

Privacy concerns [1,39]Promotes patient engage-
ment in self-examination [1]

in medicine compared to
91% (271/298) of patients
without melanoma (P=.03)
[25]

Clear guidelines for image
control and use in AI [23]

Comfort with technology
and social media sharing
[30]

Anxiety about receiving a
diagnosis without human
support [1]

Patient loss to follow-up [1]Reduced health care costs
[1]

Need for demonstrated effec-
tiveness and openness of AI
use [28]

Trust in a developing institu-
tion affects willingness [23].

Potential for false positives
and false negatives [1]

Nefarious use of AI [1,25]More convenient, consistent,
and objective diagnosis [1]

Assurance that AI will not
replace discussion with a
human dermatologist [28]

No association between age
and acceptance of an AI-on-
ly diagnosis, age and pre-
ferred AI involvement by

Lack of in-person physical
examination [1]

Human deskilling [1,25]Unburdening of the health
care system [1]

diagnosis severity, or prior
skin cancer diagnosis and
reluctance to use AI for diag-
nosis [28].

Endorsement from health
care providers and govern-
ment regulating bodies [39]

Patients felt a greater sense
of safety with AI when it
worked in tandem with a
dermatologist rather than
independently [21].

Operator dependence [1]Potential misdiagnosis or
inaccuracy [28,39]

Physicians can learn from

AI-baseda systems and di-
rect comparison may moti-
vate specialists to continue
to improve performance [25]

Usable by all ages [39]Patients did not believe AI
could answer follow-up

Inability to assess treatment
options [1]

Inability to answer follow-
up questions [1,25]

Improved triage efficiency
[1]

questions, discuss treatment
options, educate, or reassure
[1]

Low cost of use [39]More trust if AI applications
are set up by dermatologists
rather than companies [1].

Inability to educate or reas-
sure patients [1]

Lack of context in AI deci-
sions [1]

Reduced patient anxiety [1]

——bLower agreement scores for
AI guiding general practi-

Concerns about image con-
trol and secondary use [23]

Acts as a second opinion to
refer to a dermatologist
[1,28] tioners in Fitzpatrick IV-VI

(44.6/100) vs Fitzpatrick I-
II (74.8‐81.4/100) [26]

——Limited knowledge about
the use and functionality of
AI [39]

Data privacy risks for sensi-
tive biometric data [23]

Can perform skin cancer
screening from home, moni-
tor skin lesions over time,
and integrate with existing
skin cancer care [39]
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Conditions for acceptanceFactors affecting willingness
to use

Barriers to usingPerceived risksPerceived benefits

——Lack of integration into the
health system and therefore
perceived lack of value [39]

—More reliable and less sub-
jective diagnoses [25]

——Lack of reliability of AI app
developers for skin cancer
screening [39]

——

aAI: artificial intelligence.
bnot applicable.

Figure 1. A patient-informed framework for artificial intelligence and telemedicine integration in dermatology. AI: artificial intelligence.
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Table . Patient perspectives on telemedicine in dermatology.

Conditions for acceptanceFactors affecting willingness
to use

Barriers to usingPerceived risksPerceived benefits

Careful selection of patients
who are better able to navi-

Distance from clinic (prefer-
ence increased with greater
distance; P=.04) [40]

Technology limitations,
poor internet connectivity,
and digital health literacy
challenges [3,32,34,35]

Concerns over the quality of
clinical examination
[3,15,29,34,44]

Reduced wait times and in-
creased efficiency
[3,4,11,13,15,16,18,24], re-
duced travel needs
[2,3,11-13,18,27,29 ], re-

gate technology for
telemedicine appointments
[3,4]

duced work and school ab-
sence [2,3,13,18,29], and
savings on parking costs
[3,18]

Clear preappointment in-
structions [4]

Rural patients rated their
experiences higher than ur-
ban counterparts, suggesting

Less social and natural inter-
action, reduced ability for
the clinician to feel skin
pathologies [11]

A doctor may miss impor-
tant details [11,40,44]

More efficient triage for ac-
ne and skin cancer [4]

satisfaction reflects regional
availability of care [5]

Adequate follow-up care
systems [24]

Previous telemedicine expe-
rience increased acceptance
[5]

Need for assistance taking
photos [40]

Technical difficulties affect-
ing care [3,16,24,34]

Improved medication com-
pliance and treatment adher-
ence [4]

Digital divide factors ad-
dressed to ensure equitable

Trusting web-based health
information and previous

Sensitivity of health condi-
tion [3]

Privacy concerns [16,34,40]No need to find childcare
[27,34]

access across diverse popula-
tions [20]

experience sharing medical
data on an app or on the web
[18,20]

Educational materials provid-
ed [24]

Patients preferred chronic
conditions over initial con-
sultations [18]

Variable digital literacy lev-
els [29]

Decreased quality of care
[11,35]

Improved access to care
[2,24]

High-quality image require-
ments and technical quality
of telemedicine video [3,4]

About one-third of patients
with alopecia maintained a
strong preference for in-per-
son evaluation [36]

Cost issues for some patients
[34]

May still require an in-per-
son visit [40]

Better family involvement
[2]

Trust-building measures
[20]

Patients with acne preferred
teledermatology, whereas
patients with possible malig-

Difficulty with photos of
hard-to-reach areas for pho-
to-based teledermatology
clinical evaluation [18]

Inadequate follow-up care
[24]

Ability to send concerns
anytime [40]

nant lesions preferred in-
person visits [17]

—aOlder age increased the
likelihood of agreeing to use

The platform is not user-
friendly enough for a mobile
interface [18]

Inability to perform labs and
procedures [27]

Quicker reassurance and
follow-up [40]

telemedicine again in some
studies [14], but decreased
it in others [17]

—No significant differences in
patient satisfaction and

Language barriers [3,18]Lack of personal element
[3,29,44]

Reduced patient anxiety [2]

comfort with telemedicine
use based on age or visit
(P=.79; P=.90) [36]

—Telemedicine became
preferable with an in-person

Privacy concerns specifical-
ly about sending personal
information [40]

Substandard physical exam-
inations [3,4,11,27,29,34]

70.3% (105/150) believed it
would improve care; 27.6%
(41/150) believed no change
in care [40]

wait time of 6.89 months
[36]

—53% (44/83) would consider
remote over face-to-face if
appointment expedited [3]

Technical difficulties were
a common reason for prefer-
ring face-to-face consulta-
tions [3]

Limited visual cues and
body language [11,29]

Useful for monitoring sys-
temic therapies [4]

—The quality of video-based
exams, images [4], and au-
dio [2]

Patients who had to travel
longer distances were not
significantly more likely to
think that teledermatology

Reduced quality of patient-
clinician communication
[29] and a lower chance of
discussing other skin con-
cerns [3]

Valuable for various condi-
tions: acne, atopic dermati-
tis, and psoriasis [4,38]

is more convenient than
face-to-face appointments
[14]
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Conditions for acceptanceFactors affecting willingness
to use

Barriers to usingPerceived risksPerceived benefits

—Strong emotional support
and rapport with physicians
[18]

—Concerns about improper
treatment recommendations
due to lower accuracy dur-
ing telemedicine interaction
[24]

Video allows family to view
consultation multiple times
and on their own time [33]

—Older patients were more
likely to always prefer an in-
person wound check com-
pared to younger patients
(P<.01) [40]

—Inability to relay parental
anxiety about pediatric care
as effectively via
telemedicine vs face-to-face
[29]

Less exposure to infection
risk [2,34]

—Age was not a factor in
willingness to use [22]

—Technology literacy limita-
tions [3,34]

Increased time to spend with
family [34]

—Experiencing technical diffi-
culties during a previous
telemedicine encounter [17]

—2.1% (n=3/150) of partici-
pants perceived a negative
impact on care [40]

—

—Previous exposure to video
conferencing and higher ed-
ucation levels [35]

———

—Some patients preferred
phone consultations for dis-
cussing sensitive topics to
avoid eye contact [41]

———

—47% (443/942) more willing
to use teledermatology dur-
ing the pandemic vs 26%
(245/942) before the pan-
demic [15]

———

aNot available.

Willingness to Use AI Versus Telemedicine in
Dermatology
The literature shows that patients exhibit hesitancy toward
AI-based diagnoses without dermatologist interventions. In a
survey conducted by Wu et al [43], if a dermatologist and an
AI model made different diagnoses, the majority of patients
(119/141, 84.4%) favored the dermatologist’s diagnosis. They
also found that about 14.9% (21/141) of patients expressed
“complete unwillingness” to be evaluated by AI alone [43]. In
contrast, Lim et al [28] found that patients would be happy for
their general practitioner to use AI to make dermatologist
referral decisions (235/603, 39%).

In suspected skin cancer cases, patient trust in human expertise
remained high, with a significant majority (524/603, 86.9%) of
patients strongly preferring a dermatologist’s diagnosis, and
only 12.1% (73/603) willing to accept a diagnosis made solely
by AI [28]. Despite hesitancy toward standalone AI diagnoses,
the Wu et al [43] survey data revealed that most patients
(96/141, 68.1%) preferred dermatologists to use an AI model
that could provide differential diagnoses based on a photograph
at the point of care rather than working alone. This pattern
suggests patients prefer AI as a decision-support tool that
enhances rather than replaces clinical judgment.

Patients’ acceptance of dermatology-based AI tools showed
overall mild concerns for data sharing privacy. While Lim et al
[28] found that 87% (508/584) of patients were willing to share

their patient images for AI training and to help other patients,
Ly et al [30] determined that patient comfort levels declined
when more facial or sensitive areas were in question. For
example, 81% (820/1010) of patients were comfortable with
sharing images of their hands, 70% (710/1010) with images of
their face, 58% (326/563) with images of male genitals, and
47% (209/447) with female genitals [30].

The willingness to share sensitive or identifiable images was
also dependent on the AI tool’s development, and Horsham et
al’s study [23] concluded that patients were more willing to
share pictures with university-developed tools than those that
were industry-developed. The preference for
university-developed AI tools over commercially-developed
ones likely reflects broader perceptions of institutional trust.
Patients may associate academic institutions with stricter data
privacy protections, ethical oversight, and transparency in tool
development, whereas commercial tools may raise concerns
about profit motives and potential misuse of sensitive health
information. These perceptions reiterate the importance of
transparent development processes, ethical governance, and
academic partnerships in cultivating public trust in AI
technologies.

Despite the rising popularity of teledermatology appointments,
patient preferences for consultation methods remain mixed
(Table 3). Balakrishnan et al [14] identified that older age was
associated with an increased likelihood of using telemedicine
for follow-up appointments, whereas studies by DeVries et al
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[17] and Choi et al [15] found a negative association between
age and willingness to use teledermatology services for
follow-up appointments.

In studies with patients who experienced both face-to-face
appointments and teledermatology, preferences widely varied.
In Gnanappiragasam et al’s study [3] of patients with a mean
age of 53.3 years, 61% (97/156) preferred face-to-face for future
consultations, while 39% (60/156) did not have a preference
for appointment modality. Meanwhile, Hsueh et al [24] reported
that 66% (332/503) of veterans, with a 92% (464/503) male
population and a mean age of 71 (SD 17) years, preferred
teledermatology over face-to-face. Finally, Hadjieconomou [2]
had a 72% (34/48) female demographic, with 91.5% (44/48)
younger than 65 years and an 8% (4/48) preference for
face-to-face visits.

These contrasting findings related to participant age likely reflect
context-specific factors. For instance, the high telemedicine
acceptance among older male veterans in Hsueh et al’s study
[24] may be shaped by functional limitations (such as mobility
impairments), structured support from the Department of
Veterans Affairs system, or previous exposure to digital tools
in service settings. In contrast, Hadjieconomou’s [2] younger,
predominantly female population may have expressed reluctance
due to concerns about privacy, self-image on video, or decreased
rapport during teledermatology consultations. These findings
suggest that age, gender, previous technology exposure, and
health status may influence teledermatology acceptance through
competing functional and technological factors.

Regarding positive feelings toward telemedicine, the prospective
study conducted by Lowe et al [29] reported that patients (98%,
41/42) with telemedicine consultations felt their concerns were
addressed during consultations. Ford et al’s [18] randomized
controlled trial demonstrated that 70% (210/300) believed
telemedicine improved care, 27% (82/300) reported no change,
and 2% (6/300) perceived a negative impact.

Adding to these findings about patient preferences, Frühauf et
al [19] demonstrated strong patient acceptance of
teledermatology among patients with psoriasis, with 90%
(n=9/10) reporting they felt “in good hands” with remote care
while experiencing a more flexible lifestyle. The same study
found that 80% (n=8/10) of patients considered teledermatology
a viable alternative to in-person consultations, suggesting high
levels of patient confidence in remote care delivery [19]. Finally,
a small subset of patients in a Dutch study who used chat or
email consultations graded their experience as a 9 out of 10 in
satisfaction [42].

However, underlying these positive ratings, Table 3 shows that
a few studies reported that patients expressed concerns about
the lack of patient-physician connection during initial
consultations [3,29,44]. This concern appears to be related to
patients’ previous experience with technology, as Qun Oh et al
[35] found that patients were more likely to decline telemedicine
if they had minimal exposure to video conferencing. This
technology-related hesitation highlights the importance of
gradually exposing patients to telemedicine platforms to build
familiarity and comfort with remote care delivery.

A final interesting observation was that patient preferences for
telemedicine varied significantly based on their specific
dermatological conditions and needs. Handa et al [22] reported
that the highest levels of satisfaction (3419/5229, 65.4%) with
telemedicine were seen in patients with infectious dermatologic
manifestations. However, for chronic disease management, Ford
et al [18] found that 65% (195/300) of patients surveyed
preferred in-person follow-ups.

Furthermore, findings from a survey by DeVries et al [17]
demonstrate that patients with acne had a strong preference for
teledermatologic visits, whereas those with possible malignant
lesions strongly preferred an in-person visit. Another study
comparing video counseling to in-office counseling for acne
isotretinoin initiation found no significant difference in patient
satisfaction scores across multiple domains, including comfort
starting isotretinoin and concerns about side effects [33].
Ruggiero et al [38] reported specific aspects of teledermatology
that patients with acne were highly satisfied with, including
dermatologist attention (48/52, 92%), quality of time spent with
the dermatologist (45/52, 87%), and the treatment received
(37/52, 71%). These variations in willingness to use
telemedicine reflect patients’ risk assessment preferences, with
higher-stakes conditions driving demand for direct physician
contact.

Collectively, patient preferences for both AI and
teledermatology are influenced by factors such as demographic
characteristics, previous technology experience, the level of
clinician involvement, and specific dermatological needs.
Understanding these preference patterns helps design
patient-centered implementation strategies that maximize patient
acceptance and engagement.

Perceived Benefits of AI Versus Telemedicine in
Dermatology
Many facets of patient care could be impacted by the use of AI
in dermatology, and patients’motivations for its implementation
are optimistic. As shown in Table 2, a qualitative study by
Nelson et al [1] found that some of the primary patient values
of AI relate to its potential for quicker diagnoses (29/48, 60%),
greater ease of health care access (29/48, 60%), and increased
triage efficiency (14/48, 29%) [1]. Approximately 35% (17/48)
also associated AI with reduced health care costs. However,
this survey focused on using AI as a skin cancer screening tool,
and a majority (32/48, 67%) of participants had a history of
melanoma or other skin cancer. Given this context, future
research stratifying patient responses by disease history would
be valuable.

Additional research by Sangers et al [39] provided valuable
insights into the practical benefits that patients associate with
using AI, specifically for skin cancer screening. These included
the ability to perform skin cancer screenings from home and
monitor lesions over time, giving patients a better sense of
involvement in their dermatological health care. As provided
in Table 3, patients surveyed by Goessinger et al [21] following
AI-assisted skin cancer screening reinforced these positive
perspectives, believing that AI enhances diagnostic performance
(195/205, 95.5%). These patient perceptions of the potential

JMIR Dermatol 2025 | vol. 8 | e75454 | p.155https://derma.jmir.org/2025/1/e75454
(page number not for citation purposes)

McRae et alJMIR DERMATOLOGY

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


benefits of AI reflect some of AI’s greatest strengths as it
integrates into dermatological health care.

Meanwhile, telemedicine addresses several logistical challenges
patients face when accessing dermatological care. Efficiency
was a primary benefit noted by patients, and Abeck et al [12]
reported that the most frequent reason for using teledermatology
was shorter waiting times for appointments (103/166, 62%).
This finding was reinforced by Pathoulas et al [36], who found
that patients preferred a telemedicine visit with a 2‐to 3-week
wait time over an in-office visit with a wait longer than an
average of 6.89 months.

Table 3 highlights another significant advantage of telemedicine
cited by patients across studies—its reduction in travel and
parking time and costs [2,3,11-13,18,27,29], which is
particularly important for patients living in remote areas to
improve access to care (Table 3). Interestingly, 3 of these studies
evaluated patient perceptions during the COVID-19 pandemic
[11,13,29]. It is possible that many positive opinions were driven
by limited in-person care options, further supported by Choi et
al [15] finding that telemedicine support increased during the
pandemic and then decreased after movement restrictions eased.
The advantage of reduced travel time is complemented by
telemedicine’s potential to minimize absences from work or
school [2]. Patients also appreciate teledermatology’s flexibility
and the ability to send dermatological concerns at any time [40].
Uniquely, Hadjieconomou [2] found that 71% (34/48) of patients
valued its reduction in the risk of infection exposure, and 55%
(26/48) appreciated more feasible family involvement during
the telemedicine consultation.

Improved treatment outcomes also emerged as a noteworthy
patient-reported benefit of teledermatology. A randomized
controlled trial by Ford et al [18] found that telemedicine
facilitated better psoriasis management, as patients could submit
photos and receive real-time updates to their treatment plans
based on disease progression. Similarly, participants from a
Swiss questionnaire expressed their positive perceptions toward
telemedicine for minor skin problems [31]. A German survey
also found that patients believed telemedicine represented a
useful and underused screening tool for cosmetic dermatology
before physician evaluation [37]. These results demonstrate
that, from the patient perspective, teledermatology serves as an
effective initial management and screening tool for chronic,
minor, and cosmetic dermatological concerns, which may evolve
to additional disease contexts as patients build trust with the
platform.

Overall, patients report similar perceived benefits in the usage
of AI and telemedicine services in dermatologic practice,
ranging from improved accessibility to enhanced care outcomes.

Perceived Risks of AI Versus Telemedicine in
Dermatology
Patients perceived the greatest risks of integrating AI into
dermatologic practice to be its limited communication abilities
and inherent constraints as an algorithmic tool. Table 2
highlights that patients’ primary concerns about AI center on
its limited communication abilities, with 40% (19/48) noting
the absence of nonverbal communication as key risks [1]. Loss

of social interaction (18/48, 38%) was similarly identified as a
risk, as patients doubted AI’s ability to respond appropriately
to emotional distress [1]. In terms of verbal communication,
patients emphasized AI’s limited capacity to provide education
or answer follow-up questions [1]. As AI advances in its
real-time interaction capabilities, this particular concern may
gradually diminish.

Table 2 highlights patients' expressed concerns about potential
misdiagnoses by AI, including false negatives and positives,
limited training datasets, lack of physical examination, and
operator error [1]. As mentioned in the “Willingness to Use”
section, patients exhibited hesitancy toward AI’s use as an
independent diagnostic tool [28]. These concerns for AI as a
diagnostic tool greatly contrast with patient perceived risks of
AI as a screening tool, which primarily focused on AI’s lack of
empathy [1]. As AI begins playing a larger role in dermatologic
care, clearly communicating the intended purpose of the
technology—whether for screening or diagnosis—may help
alleviate patient hesitancy.

Data security emerged as another potential risk, with patients
in the Nelson et al study [1] highlighting concerns about loss
of privacy (14/603, 29%) and nefarious use of AI (11/603, 23%).
These hesitations are valid and highlight the need for
dermatologists to adopt transparent AI tools and proactively
communicate their limitations, privacy safeguards, and intended
roles in care to build trust and mitigate patient concerns.

In response to teledermatology, patients perceived substandard
physical examinations as the greatest risk, and numerous studies
reported patient concerns regarding the quality of
teledermatology complete skin examinations, especially for
those being monitored for skin cancer [3,4,11,27,29,34,41]
(Table 3). Respondents to an Alabama survey of 150 patients
expressed concerns that doctors might miss critical details in a
teledermatology setting (150/235; 63.8%). They also noted that
an in-person check might still be needed after teledermatology
care (32/235, 13.5%) [40].

Hsueh et al [24] reported similar apprehensions, as shown in
Table 3, finding that patients were concerned about improper
treatment recommendations due to lower diagnostic accuracy
during telemedicine interactions. Qualitative interviews by
Chow et al [16] also revealed that camera quality was a key
reason why patients were concerned with diagnostic accuracy.
Given that some studies describe patient beliefs that AI can
improve diagnostic accuracy, reliability, and efficiency
[1,25,28], integrating AI with teledermatology could help
mitigate concerns about the limitations of remote physical
examinations. However, some telemedicine limitations remain
beyond AI’s scope, as surveys for parents of patients with
pediatric conditions identified that several required laboratory
tests and procedures could only be performed in person [27].

Similar to AI-related risks, limited personal elements also
contribute to patients’ concerns about reduced quality of care
via virtual telemedicine platforms [3,29] (Table 3). Specifically,
patients in a UK survey reported that teledermatology
consultations lacked nonverbal cues, which led to worse
patient-physician understanding and weakened rapport [11].
Similar sentiments were expressed through qualitative feedback
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on telemedicine experiences in a study by Yadav et al [44],
where patients noted concern for the lack of personal touch
during the consultation. In a pediatric cohort, parents of patients
reported that telemedicine was less effective in easing their
anxiety compared to face-to-face visits, and 52% (60/116) of
surveyed participants expressed significant dissatisfaction with
the telephone clinic [29].

Overall, patients share similar concerns about both AI and
teledermatology centered around diagnostic accuracy limitations
and reduced human connections (Figure 1). Thus, integration
of these technologies must focus on preserving existing human
interaction. Teledermatology faces additional scrutiny of
physical examination quality, while AI elicits concerns about
emotional responsiveness and data security.

Barriers to Adoption of AI Versus Telemedicine in
Dermatology
Beyond perceived risks, patients identify several practical and
trust-related barriers that may limit the successful integration
of AI and teledermatology into dermatologic care. Table 2 shows
that patients are concerned with poor training datasets for AI
and the necessity for clinicians to still interpret AI results to
develop effective treatment plans [25]. Patients in qualitative
interviews by Sangers et al [39] specifically mentioned that
limited knowledge about the use and functionality of AI was a
barrier to its integration.

Patient trust in dermatologic AI services may also be
undermined by data security risks. As discussed in “Willingness
to Use,” patients would much rather share sensitive or
identifiable images with university-developed AI versus private
industry-developed systems [23]. Notably, only 15% (6/39) of
these respondents answered that they had a “high” level of
knowledge about AI, as opposed to 72% (28/39) who selected
“low” or “moderate.” Therefore, patient perceptions of AI
security and privacy could significantly change with increased
familiarity with AI technology and its privacy protections.

Finally, a survey on patient acceptance of AI in skin cancer
diagnostic pathways revealed that Fitzpatrick skin type strongly
influenced patient agreement scores regarding the use of AI to
assist their general practitioner (P=.02) [26]. Patients with darker
Fitzpatrick skin types IV–VI reported a median agreement score
of 44.60 out of 100, significantly lower than those with
Fitzpatrick types I (79.89/100), II (81.39/100), and III
(74.77/100) [26]. Therefore, AI training datasets must be
representative of all skin types to ensure that AI operates
equitably and fosters trust among patients.

Regarding teledermatology, patients mentioned technological
limitations as the primary barrier to adoption [3,20,32,34] (Table
3). This barrier contrasts with the main perceived risk relating
to substandard physical examinations, suggesting that it may
be more difficult to circumvent technological limitations. One
survey revealed that patients with lower satisfaction scores were
significantly more likely to have experienced technical
difficulties or to perceive their teledermatology-based physical
examination as unsatisfactory [32]. The literature shows that,
for patients with limited digital literacy, nonuser friendly or
uninviting teledermatology platforms may exacerbate challenges

with teledermatology visits [18,29]. Therefore, clinicians using
teledermatology must ensure that digital services are simple to
navigate and offer extensive troubleshooting for
technology-related problems.

Other logistical barriers emerged for teledermatology use and
adoption. Table 3 includes 2 studies noting that patients often
struggled to take photos of hard-to-reach areas for
teledermatology visit evaluation, occasionally requiring
assistance from others [18,40]. This finding expands on previous
data that describes patients’hesitancy to share images of certain
body parts [30], further indicating that image location plays an
important role in patient comfort. In addition, a retrospective
survey on telephone consultations found that teledermatology
visits were less preferred by patients due to reduced natural
social interactions and the clinicians’ inability to physically
examine the patients’ skin [11]. Table 3 also highlights patients’
emphasis on the importance of visually seeing the clinician as
a care preference [11].

In summary, barriers to both AI and teledermatology adoption
stem from certain technological limitations and trust concerns
and are important to address before technological convergence
or implementation.

Conditions for Using AI Versus Telemedicine in
Dermatology
For AI and teledermatology to be successfully integrated into
dermatological care, patients have distinct considerations and
requirements. Patients emphasize the need for dermatologist
oversight for AI system model validation and to ensure that AI
would not replace human discussion [1,25,28,43]. Current AI
models that use patient images have brought up concerns about
the adequacy of existing guidelines and policies around AI [23].
Consequently, patients desire safeguards and transparency of
the tools to guarantee clear AI privacy policies, secondary uses
of data, and AI’s effectiveness [23,28,46]. As shown in Table
2, patient acceptance of AI is heavily contingent on
demonstrated superiority, with patients requiring AI to be a
mean of 12.9% (SD 8.1%) more accurate than dermatologists
before accepting standalone AI evaluations [43]. Most
importantly, patients indicated that endorsement from their
dermatologist and government regulatory bodies would promote
their acceptance of AI use in dermatological care [39].

To improve the adoption of teledermatology services, patients
outlined several practical and operational factors surrounding
their appointments. For example, patients expressed that
preappointment teledermatology educational materials and
adequate follow-up care systems are important considerations
for use [4,24]. Technical difficulties were frequently cited as a
reason for preferring face-to-face consultations [3]. For this
reason, patients noted that high-quality images and video should
be required for their visit [3,4].

Like the concerns surrounding AI’s safeguards and transparency,
measures for building trust in telemedicine were important
considerations for using telemedicine platforms [20]. Finally,
patients emphasized the importance of dermatologists addressing
accessibility barriers, including the patient’s ability to navigate
technology for telemedicine appointments [3,4], to ensure
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equitable care across diverse populations. This highlights
important implications for health equity as teledermatology
continues to expand.

Collectively, these findings suggest that patients may embrace
AI and teledermatology only with appropriate safeguards, such
as transparency about technological limitations, adequate
educational resources, clear privacy policies, and, most
importantly, continued dermatologist involvement that preserves
the human elements of care. Figure 1 illustrates the
interconnected drivers of patient receptivity, perceived benefits,
and risks and provides a framework for integrated
implementation strategies that address patient concerns while
leveraging the complementary strengths of both technologies.

Discussion

Principal Findings
This narrative review of 48 studies revealed that patients exhibit
distinct perspectives on AI and telemedicine in dermatology,
with both technologies showing complementary strengths that
could enhance dermatologic care delivery. While both
technologies reduce wait times, they achieve this through
different mechanisms—AI uses automated diagnostics and data
analysis [1,28], whereas telemedicine minimizes logistical
barriers, such as travel and appointment times [2,3,13,18,29].
This distinction is significant because it suggests implementation
strategies should consider each technology’s unique advantages
rather than applying a one-size-fits-all approach.

In addition, the sources of trust differ notably between the
technologies. AI trustworthiness depends heavily on professional
oversight, as patients strongly prefer AI that includes a
dermatologist [28,43], and patients require AI models to be
more accurate than dermatologists before they would feel
comfortable with AI-only evaluations [43]. In contrast,
telemedicine’s trustworthiness stems from patients’ confidence
in its diagnostic capabilities for specific conditions, with studies
showing high acceptance rates for certain dermatologic issues
such as acne and infectious manifestations [17,22,38], while
patients consistently preferred in-person evaluations for
potentially malignant lesions [17]. Overall, patient acceptance
of both technologies depends on perceptions of convenience,
accessibility, and care quality, but concerns about privacy, data
security, and remote consultation efficacy can impede
implementation.

Our review also demonstrates how behavioral and contextual
factors play a pivotal role in shaping patient receptivity to these
technologies. Patterns of receptivity to AI and telemedicine
appear closely tied to patient self-efficacy and contextual factors
such as disease type, previous technology exposure, and
institutional trust. For instance, patients managing chronic but
nonsevere conditions such as acne or psoriasis often reported
high satisfaction with teledermatology [18,19,38], which may
reflect their familiarity with self-management practices. In
contrast, patients with suspected malignancies or limited
technology access expressed greater reluctance [15,17,35], likely
reflecting both the high-stakes nature of cancer diagnosis that

demands maximum clinical certainty and the digital barriers
that prevent confident engagement with remote platforms.

These acceptance patterns are further complicated by the
intersection of disease severity with demographic factors such
as age and gender. Certain dermatologic conditions are more
prevalent within specific demographic groups, such as acne
more frequently and severely affects adolescent males [38].
These patterns raise the possibility that differences in technology
acceptance based on disease severity may be confounded by
underlying demographic factors. However, our review highlights
the complex relationship between age and willingness to adopt
the implementation of AI and telemedicine into dermatologic
practice [14,17,30,36,43]. While younger patients who have
more familiarity with technology may be more accepting of AI
and telemedicine, they may also exhibit more hesitancy due to
data privacy concerns [1,16,23,34,39,40]. This ambiguity
indicates that technology acceptance is multifaceted and reflects
the interplay between numerous clinical and demographic
factors.

As the technological revolution expands, the convergence of
AI and telemedicine in health care may become inevitable.
These technologies may no longer remain distinct but instead
function in tandem to provide a more integrated approach to
care. Our results support that this integration should be gradual,
and that AI and telemedicine should not replace traditional
face-to-face services, but rather complement them
[1,17,18,28,43].

While this simultaneous integration may exacerbate shared
concerns—such as data privacy, loss of human interaction, and
diagnostic accuracy—it also offers avenues to mitigate the risks
inherent to each technology. For instance, AI tools could address
concerns regarding the quality of teledermatology by
standardizing image quality assessment and supporting
diagnostic accuracy [8,9], while teledermatology’s real-time
communication capabilities could mitigate patient concerns
about AI’s lack of human interaction [1]. This synergy has the
potential to enhance diagnostic accuracy, optimize resource
allocation, and prioritize a patient-centered approach that
maintains both technological efficiency and essential human
touchpoints in health care delivery. As shown in Figure 1,
successful integration requires addressing the overlapping
concerns while capitalizing on each technology’s unique
strengths through targeted implementation strategies.

It should be noted that, as dermatology care increasingly
incorporates AI and telemedicine, attention to digital equity is
paramount to prevent the widening of existing disparities.
Several studies identified disparities in access, literacy, and
comfort across demographic groups, and these findings
foreshadow the implementation challenges discussed in the 4
paragraphs below, where the very populations that could benefit
most from technological access may face the greatest barriers
to adoption.

As our results outline, equity concerns surrounding AI center
on algorithmic bias and representation, as evidenced by patients
with darker Fitzpatrick skin types showing significantly lower
acceptance of AI tools [26]. Meanwhile, equity concerns with
teledermatology primarily relate to geographic and digital

JMIR Dermatol 2025 | vol. 8 | e75454 | p.158https://derma.jmir.org/2025/1/e75454
(page number not for citation purposes)

McRae et alJMIR DERMATOLOGY

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


literacy disparities. Generally, patients with longer travel
distances to the clinic are more accepting of telemedicine
services, though for some patients, this preference may reflect
travel or financial barriers rather than true choice [14,40].
Patients living in rural areas may particularly benefit from the
increased convenience of web-, photo-, and app-based
dermatology appointments but are simultaneously at a
heightened risk of experiencing digital literacy and
technology-related challenges [3,5,32,34,35].

Across both technologies, the introduction of new digital
platforms without adequate support may disproportionately
disadvantage individuals with limited digital literacy, including
older adults, lower-income populations, and patients with lower
education levels [14,17,30,35,36,39,43]. Without deliberate
attention to inclusivity, the integration of these technologies
risks reinforcing, rather than reducing, gaps in care access and
quality. To address these equity concerns and increase patient
acceptance across both technologies, implementation strategies
must prioritize representative AI training datasets, intuitive
telemedicine interfaces, transparent communication about both
technologies’ capabilities and limitations, and patient-centered
education.

Our review highlights that patients view successful integration
of both technologies as requiring dermatologist oversight and
the preservation of meaningful patient-provider relationships
[3,43]. Therefore, offering ongoing resources and support
throughout the integration process may help address patient
concerns and maximize comfort with the platforms. Once these
technologies are implemented, clinicians can begin by offering
patients resources on how to use the AI or telemedicine service
during in-person consultations, explaining how the technology
works and emphasizing its role as a complementary tool that
augments traditional care models [28,47]. Practices could also
connect patients with follow-up resources, such as public
libraries or help desks, to help train them on basic digital skills
for health-oriented patient technology and empower them to
engage fully with the services.

Beyond technical training, building trust necessitates transparent
communication about security protocols and the protection of

personal health information [23,46]. As the literature explains,
endorsement from dermatologists alongside these trust-building
measures may enhance patient acceptance of these technologies
[39]. Ultimately, the success of these technologies in
dermatologic care depends on thoughtful implementation that
balances technological advancement with patient-centered care
delivery. By ensuring that integration strategies align with
patient concerns and expectations, these innovations can
maximize their potential to improve access, efficiency, and
quality in dermatologic care. The integrated framework shown
in Figure 1 offers a roadmap for achieving this patient-centered
technological convergence.

Although previous research has examined AI and telemedicine
as separate modalities, little is known about how patients
perceive their integration. Our search identified only 2 studies
that addressed both technologies, and neither evaluated patient
perspectives on their combined use. This likely reflects the
novelty of such tools and the limited availability of integrated,
patient-facing deployments during the review period. As these
technologies evolve, future research focusing on patient trust
and comfort with AI-augmented teledermatology will be
important for guiding patient-centered implementation.

Conclusion
In conclusion, patient perspectives surrounding AI and
telemedicine in dermatology provide central considerations for
clinical implementation. While patients value the benefits of
improved access to care and reduced wait times, they continue
to have concerns about data privacy, diagnostic accuracy, and
maintaining meaningful doctor-patient relationships. These
perspectives are especially important for informing health care
accessibility in dermatology. As AI and telemedicine potentially
converge in dermatologic care, balancing technological
advancements with patient-centered care delivery should drive
responsible implementation strategies. Research examining how
patients experience these modalities together could guide health
care systems in harnessing their complementary strengths, while
continued investigation will be essential to understand how
these technologies can best address patient needs in
dermatologic care, both independently and in combination.
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Abstract

Background: Skin cancer (SC) is a global health concern because of its high and still increasing incidence and associated health
care cost. Belgium is no exception as 1 in 5 people are diagnosed with SC before the age of 75 years. The VECTRA WB360, a
3D total body photography system, allows clinicians to objectively compare the totality of the skin on a macroscopic level on
further appointments. The integrated lesion visualization software allows automated detection, counts, and assessment of skin
lesions. Detailed comparison of individual lesions is possible through the attached digital dermatoscope.

Objective: This study aims to review available literature on the use of the VECTRA in research and clinical settings and to
summarize the clinical utility, advantages, and limitations reported for this system.

Methods: An electronic literature search was conducted on PubMed from December 2023 to March 2024 using a combination
of the following search terms: 3D imaging, VECTRA WB360, melanoma, nonmelanoma skin cancer, their synonyms, and
associated entry terms. Publications that used a device other than the VECTRA WB360 were excluded, as were papers reporting
on new technology without further research or without added cases. After a thorough screening of the papers and removal of
duplicates, 11 papers remained.

Results: Our literature search yielded 11 relevant papers, which included 2 case studies, 6 prospective studies, and 3 retrospective
studies. According to multiple studies, the VECTRA WB360 images were of a high enough quality to allow on-screen diagnosis
of some melanoma and nonmelanoma skin cancers by dermatologists. Sensitivity compared to face-to-face examination for
melanoma is unknown. The integrated lesion visualization software is capable of detecting and counting naevi and distinguishing
melanoma from other skin lesions with high accuracy, with convolutional neural network integration further enhancing its
sensitivity and specificity. However, it is important to note that no comparison to the usual standard of care was made. Also,
dermatologists achieved greater specificity and thus remained superior to machine and artificial intelligence (AI).

Conclusions: Although the VECTRA 3D TBP holds substantial promise for the early detection and monitoring of SC, its
application cannot yet replace the expertise of trained clinicians. Although the lesion visualizer and dermoscopy explainable
intelligence (DEXI) score offer potential enhancements, they also pose risks, including a significant increase in unnecessary
excisions due to lower specificity. Expert overview is still recommended and superior, since there is not enough evidence yet
that 3D TBP or AI is reliable on its own or beneficial as a support tool. Given the small samples and lack of blinded trials, further
studies are needed to explore and improve the diagnostic capacities of 3D TBP and the possible integration of CNNs or other AI
extensions and to examine the VECTRA 360WB compared to the usual standard of care.

(JMIR Dermatol 2025;8:e68510)   doi:10.2196/68510

KEYWORDS

3D total body imaging; 3D total body photography; artificial intelligence; melanoma; nonmelanoma skin cancer; skin cancer

Introduction

Skin cancers (SCs) are a significant and growing global health
concern. In the latest Global Cancer Statistics report, SC
accounted for approximately 1.5 million of cancer cases and
around 128,000 of the cancer fatalities worldwide [1]. In
Belgium, SC accounted for nearly 44,000 of new cancer
diagnoses, making it the most prevalent cancer. The most
common types of SC are basal cell carcinoma (BCC) with an
occurrence of 73.2%, followed by squamous cell carcinoma

(SCC) with 18.8% and melanoma with 8% [2]. These
percentages are comparable to other countries with a
predominantly fair-skinned population [1,3].

An increase in the average annual percentage change was seen
for all SC types in 2018, with rates rising by 9% for BCC, 7%
for SCC, and 5% for melanoma. By 2030, a doubling of new
diagnoses of BCC and SCC is expected. This increase is
substantially higher than previous estimates based on population
aging [2].
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The prognosis for most SC is rather favorable. In Belgium, an
increase in the 10-year relative survival rate is seen for all types
of SC since 2004 [2]. The prognosis for melanoma, however,
is highly dependent on the stage at diagnosis. While the 10-year
survival rate for stage 1 melanoma is nearly 100%, this decreases
to 70% for stage 2, 60% for stage 3, and a mere 20% for stage
4 [2,3]. The different melanoma stages respectively accounted
for 79.6%, 12.9%, 5.6%, and 2.0% of the new diagnoses in
Belgium in 2023 [4]. Melanomas diagnosed at more advanced
stages require more aggressive treatment, along with intensive
monitoring and follow-ups [3,5].

A Belgian cost-analysis estimated the economic burden of SC
at approximately €106 million ($124 million) in 2014. The
majority of these costs (65%) were attributed to melanoma,
primarily due to the number of excisions, hospitalizations, and
expensive advanced treatments. If the rising incidence trend
continues, it is expected that the economic burden of SC will
triple and lead to a cumulative cost rise estimated at €3 billion
(US $3.5 billion) by 2034 [2,6].

Overall, it can be said that for all SC and especially for
melanoma, early diagnosis improves quality of life, reduces
morbidity and mortality, but also patient anxiety and health care
costs [7]. To optimize early detection, the 2022 European
Melanoma Guideline recommends the use of total body
photography (TBP) in addition to sequential digital dermoscopy
imaging (SDDI) in high-risk populations. Both interventions
have been proven cost-effective in multiple analyses [3,8-10].

TBP has witnessed an evolution from 2D to 3D imaging since
2015. The first commercial 3D TBP system, the VECTRA
WB360 3D whole-body imaging system (Canfield Scientific,
Parsippany, NJ, USA), was launched in 2017 [11]. The device
allows rapid and qualitative imaging through 92 cameras that
simultaneously capture nearly the totality of the skin, including
curved surfaces. This is followed by the construction of a 3D
avatar of the individual [7,11]. Additionally, the VECTRA
WB360 can be complemented by an SDDI device, and
dermoscopic images can be tagged to the VECTRA body map.
When combined, the skin surface and its existing lesions can
be documented and compared at every visit [7,11-13]. Lastly,
the VECTRA WB360 includes an automated lesion visualization
software that can independently identify, count, and assess
lesions on 3D images. This is based on several parameters,
including the longest diameter, contrast, border and color
variation, hue, and naevus confidence. At this time, this software
is available as research-only tool. The dermoscopy explainable
intelligence (DEXI) score is an artificial intelligence
(AI)–generated risk score that is based on the SDDI images of
the naevi and that can be used to assist in the diagnosis of
suspicious lesions. However, the tools regarding naevi count
and the DEXI risk assessment tool for dermatoscopic images
can only be used in clinical trials and are not yet validated for
clinical application [14-17]. The full technical details on the
VECTRA WB360 can be found via Canfield Scientific [18].

With the increasing use of 3D TBP, specifically with the
VECTRA WB360, it is timely to review the current literature

reporting on the clinical utility, advantages, and limitations of
this emerging technology for SC screening.

Methods

First, a PICO (population, intervention, comparison, outcome)
framework was established by the research team to explore
keywords, search terms, and existing systematic reviews. No
similar reviews were found up to March 2024.

An electronic literature search was conducted on PubMed from
December 2023 to March 2024. The search terms included 3D
imaging, VECTRA WB360, melanoma, nonmelanoma skin
cancer (NMSC), their synonyms, and associated entry terms
(using the National Institutes of Health). The synonyms were
linked with the “OR” operator, while the different categories
were linked with the “AND” operator. Since the first prototype
of the 3D TBP was introduced in 2015, a 10-year filter was
used. For the full search string, see Multimedia Appendix 1.
An additional electronic search was conducted to obtain data
on Belgian epidemiology and health care costs concerning SC
screening and management.

Two authors (FB and ED) independently screened the search
results (698 results). For records that were considered relevant
according to title and abstract screening, full-text papers were
obtained. Inclusion and exclusion criteria were applied by the
same 2 authors. Publications that used a device other than the
VECTRA WB360 were excluded, as were papers reporting on
new technology without further research or without added cases.
After thorough screening of the papers and removal of
duplicates, 11 papers remained. All materials were imported to
Zotero for citation management. The form and content of the
scoping review comply with the PRISMA-ScR (Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
Extension for Scoping Reviews) checklist (Checklist 1).

Results

Study Description
Given that 3D TBP is a recent innovation, only a limited number
of studies are available (Figure 1). Five out of the 11 papers
included in this review reported results from the Mind Your
Moles (MyM) protocol by Koh et al[19]. This was the first study
to evaluate 3D TBP in context of melanocytic naevi. The study
was based on the general Australian population and consisted
of nearly 200 participants from different risk groups. All
participants were between the age of 20 and 69 years and had
at least 1 naevus. All attended the clinic for an in-person skin
examination, 3D TBP, and SDDI of lesions that were suspicious
or >5 mm. This was repeated every 6 months over a period of
3 years with the purpose of monitoring changes in naevi [19].
These five papers included a report on the final outcomes [17],
performance of the lesion visualizer [14,15,20], and study
participant experiences [21]. An overview of the characteristics
of the different studies can be found in Table 1.
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Figure 1. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) flow diagram.
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Table . Characteristics of publications derived from the Mind Your Moles protocol.

Horsham et al [21]Betz-Stablein et al [14]Betz-Stablein et al [15]Jayasinghe et al [20]Soyer et al [17]Authors of publication

AustraliaAustraliaAustraliaAustraliaAustraliaCountry

20222022202220232023Year of publication

Prospective popula-
tion-based cohort study

Retrospective popula-
tion-based cohort study

Retrospective popula-
tion-based cohort study

Prospective popula-
tion-based cohort study

Prospective popula-
tion-based cohort study

Study design

General populationGeneral populationGeneral populationGeneral populationGeneral populationPopulation type

December 2016 to
February 2020

December 2016 to
February 2020

December 2016 to
February 2020

December 2016 to
February 2020

December 2016 to
February 2020

Data collection

14992 total20 selected out of 163
total body images

156164Participants, n

Male: 63.1

Female: 36.9

Training

Male: 62

Female: 48

Testing

Male: 50

Female: 50

Male: 61

Female: 59

Male: 63

Female: 37

Male: 58

Female: 42

Sex, %

55 (23-70)Training: 55 (23-69)

Testing: 57 (37-67)

57 (25-72)55 (23-70)Not reported (18-70)Age (years), median
(range)

Not applicableTraining: 82

Testing: 10

Training: 14

Testing: 6

Not applicableNot applicableTraining and testing
images, n

Not applicable62,610

Training:

57.742>2 mm

5106 naevi

52,636 nonnaevi

Testing:

4.868>2 mm

520 naevi

4348 nonnaevi

Training:

882 cherry angioma

168,180 nonangiomas

Testing:

334 cherry angioma

56,515 nonangiomas

Not reported250Lesions, n

Not applicableYesYesYesNoAutomated count

Not applicableNaevusCherry angiomaNaevusSuspicious lesions for

MSCa and NMSCb
Lesion type

Yes10 test participants20 participantsYesYes by study clinicianClinical examination

3-year FU

6-month intervals

One time

No FU

One time

No FU

3-year FU

6-month intervals
3-year FUd

6-month intervals

Use of 3D TBPc

1‐41‐41‐41‐41‐4Fitzpatrick type

Not applicableNoNoNoYes when suspicious
OR >5 mm

SDDI of lesions

Not applicableNoNoNo234 lesionsHistopathology

Not applicableNoYes: >1 mm OR>2 mmYes: >2 mm AND
<100 naevi

NoLesion visualizer

Not applicableYes: >2 mm OR >5
mm

NoNoNoCNNf

Majority is content,
±50% see barrier

Objective naevus detec-
tion and counts are
possible with 3D TBP
CNN

Angioma detection and
counts are possible
with 3D TBP

3D TBP is an objective
tool for automated nae-
vus count

3D TBP results in diag-
nosis of a high number
of NMSC and their
precursors in the gener-
al population

Conclusion

aMSC: melanoma skin cancer.
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bNMSC: nonmelanoma skin cancer.
cTBP: total body photography.
dFU: follow-up.
eSDDI: sequential digital dermoscopy imaging.
fCNN: convolutional neural network.

The 6 remaining studies included participants at a higher risk
of either having or acquiring SC instead of the general
population. From these studies, there was 1 case series that
included 2 high-risk patients and 1 participant from the MyM
study [12]. Different from the MyM study and a case report by

Rayner et al [11], all other studies employed one-time imaging
using the VECTRA WB360 [16,22-24]. An overview of the
characteristics of the studies not derived from the MyM protocol
can be found in Table 2.
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Table . Characteristics of publications not derived from the Mind Your Moles protocol.

Jahn et al [23]Cerminara et al
[16]

Rayner et al [11]Grochulska et al
[12]

Marchetti et al [24]Hobelsberger et al
[22]

Authors of publica-
tion

SwitzerlandSwitzerlandAustraliaAustraliaUnited StatesGermanyCountry

202220232018202120232023Year of publication

Prospective single-
center comparative

Prospective single-
center observation-
al cohort study

Case reportCase seriesSingle-center retro-
spective observa-
tional study

Prospective cohort
study

Study design

observational co-
hort study

High-risk popula-
tion

High-risk popula-
tion

High-risk popula-
tion

2 cases from high-
risk population and
1 general popula-
tion

High-risk popula-
tion

Patients with suspi-
cious lesions of

NMSCa

Population type

January 2021 to
June 2021

January 2021 to
August 2021

May 2016 to
February 2017

January 2017 to
October 2020

July 2015 to Octo-
ber 2021

April 2021 to June
2022

Data collection

1141431335129Participants, n

Male: 49

Female: 51

Male: 52

Female: 48

Female: 100Male: 67

Female: 33

Male: 66

Female: 34

Male: 60

Female: 40

Sex, %

59 (22-85)56 (22-85)50 (not available)67 (48-71)64 (26-89)77 (42-91)Age (years), medi-
an (range)

120416901323,538; 49 MSCb

and 22,489 others

182Lesions, n

Not reportedYesNoNoYesNoAutomated count

NaevusNaevusMSCNaevusMSCNMSCLesion type

YesYesNot reportedNot reportedNoYesClinical examina-
tion

One time

No FU

One time

No FU

FU after 3 and 9
months

FU after 5‐12
months

One time

No FU

One time

No FUc

Use of 3D TBP

1‐41‐4Not reportedNot reported“White patients”1‐3Fitzpatrick type

Yes, of suspicious
lesions OR >3 mm

Yes, of suspicious
lesions OR >3 mm

Yes, of suspicious
lesions

Yes, of suspicious
lesion

NoNoSDDI of lesions

61 lesions75 lesions1 lesion2 lesions43 melanomas158 lesionsHistopathology

Not reportedNot reportedNoNoYes, lesions >2 mmNoLesion visualizer

YesYesNoNoNoNoCNNe

Patients rate 3D
TBP as trustworthy

Dermatologists are
more accurate than
dermatoscopic

3D TBP and SDDI
can potentially in-
crease the diagnos-

3D TBP is a valu-
able tool alongside
dermoscopy to as-
sist clinicians

3D TBP software
for automated anal-
ysis has a high accu-
racy to differentiate
MSC from other
skin lesions

Diagnostic accura-

cy for 3D TBPf is
slightly lower than
for dermoscopy in
NMSC diagnosis

Conclusion

CNN included in
3D TBP and 2D
TBP.

The novel DEXIg

score on 3D-CNN

tic accuracy in
melanoma screen-
ing

device outper-
formed the 2D-
CNN and achieved
comparable sensitiv-
ity with dermatolo-
gists

aNMSC: nonmelanoma skin cancer.
bMSC: melanoma skin cancer.
cFU: follow-up.
dSDDI: sequential digital dermoscopy imaging.
eCNN: convolutional neural network.
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fTBP: total body photography.
gDEXI: dermoscopy explainable intelligence.

Multiple studies used SDDI but often chose different criteria
for inclusion of (pigmented) lesions. For example, Cerminara
et al [16] and Jahn et al [23] included all lesions >3 mm, while
Soyer et al [17] opted for lesions >5 mm. In each study,
suspicious lesions were captured regardless of their size. Two
studies evaluated the efficacy of the lesion visualizer [20,24].
Two more recent studies investigated whether the addition of
AI, in the form of convolutional neural network (CNN), could
improve the performance of the current software [14,15]. One
study focused on the CNN on SDDI level, namely the DEXI
score [16]. Furthermore, some studies explored participant
experience when using the VECTRA WB360 [21,23]. Others
were a case series and a clinical perspective with a case report
[11,12], Lastly, but important to mention, all studies included
participants with fairer skin types (Fitzpatrick I-IV).

Utility of the VECTRA WB360

On-Screen Assessment by a Clinician
Two studies compared histopathological outcomes to diagnoses
made on-screen on 3D TBP images by dermatologists. In the
first study, a clinician based their clinical diagnosis on the 3D
TBP images combined with SDDI of different types of lesions
[17]. The second study did not use SDDI and solely included
lesions that were suspicious for NMSC [22].

The first study, conducted from 2016 until 2020 in Australia,
was based on the MyM protocol. A senior dermatologist used
teledermatology for the assessment and diagnosis of lesions.
This involved the use of 3D TBP imaging and SDDI of lesions
that were suspicious or >5 mm. Fifty‐six percent of participants
(108/193) received a referral for cryotherapy, topical treatment,
further clinical examination, biopsy, or excision. Of those with
a referral for biopsy or excision, 85% (86/101) visited their
practitioner and underwent the recommended management. This
accounted for a total of 138 lesions which were
histopathologically examined. Thirty-seven of the 61 lesions
that were clinically suspicious for skin malignancy were
histopathologically confirmed. Eight of the 77 lesions that
seemed clinically benign, turned out to be malignant after
histopathological examination. In conclusion, on-screen
assessment of 3D TBP images resulted in the diagnosis of
mostly NMSC (BCC n=36 and SCC n=3) and their precursors
(n=25) in the general population. Of the 15 lesions that were
on-screen clinically suspicious for melanoma, only 6 were
histopathologic confirmed. The reported number needed to
excise (NNE) was 3.0/1.0 [17].

The second study was a German prospective cohort study
conducted between 2021 and 2022. They included 129 patients
who had a clinically suspicious lesion for NMSC and had not
yet undergone a biopsy. All patients underwent a clinical
examination followed by examination by dermoscopy and 3D
TBP. The 3D TBP images were interpreted separately by another
clinician who was blinded to the results in dermoscopy. Both
clinicians, in clinic and on screen, gave a specific diagnosis for
182 suspicious lesions and their grade of certainty for said
diagnosis. The diagnoses made in-person and on-screen were

compared to the histopathological results of 158 lesions. They
concluded that compared to clinical examination with
dermoscopy, 3D TBP had lower sensitivity for BCC (73% vs
79%, P=.73), higher sensitivity for SCC (81% vs 74%, P=.73),
and lower sensitivity for in situ SCC (0% vs 33%, P=.13).
Specificity of 3D TBP was lower than that of dermoscopy for
BCC (77% vs 82%, P=.58) and for SCC (75% vs 84%, P=.06),
and higher specificity for in situ SCC (97% vs 94%; P=.34).
However, the differences in sensitivity and specificity were not
statistically significant. The diagnostic accuracy increased when
the clinician was more certain of their diagnosis [22].

Lastly, on-screen naevus versus nonnaevus identification was
compared to in-clinic identification by the same clinician in 10
test participants. This was examined in a broader study (cf.
infra), which was also based on the MyM protocol. The overall
agreement was 90% (4868 naevi), and the Cohen kappa was
0.45, indicating a moderate agreement between both methods
[14].

Utility of the Lesion Visualizer and Added CNN
Only 1 American study conducted by Marchetti et al [24]
investigated the use of imaging processing techniques on 3D
TBP images. They found that the lesion characteristics provided
in the lesion visualizer software could be used to detect
melanoma and accurately distinguish between melanoma and
other benign dermal lesions. This proof-of-concept study
retrospectively investigated 35 patients who were diagnosed
with at least 1 melanoma and had available 3D TBP imaging
captured within 90 days prior to their histopathological
diagnosis. This accounted for a total of 43 histopathologically
confirmed melanomas, 29 in situ and 14 invasive.

The different prediction model variables and their individual
ability to distinguish melanoma from nonmelanoma were
examined based on their AUC. The variables can be categorized
into size (area, diameter), color (asymmetry, variation, lesion
vs non-lesion contrast), border (jaggedness, asymmetry), and
anatomic site. The VECTRA DermaGraphix software detected
22,538 lesions, all >2mm. All lesions without histopathologic
diagnosis of melanoma within 90 days after 3D imaging were
classified as nonmelanoma (22,489 lesions). The other 49 lesions
were labeled as melanoma lesions. In a patient level analysis,
the prediction model-based probability for each lesion was
ranked from lowest to highest. Of the melanoma lesions, 7
(14%) had the highest predicted score among all lesions for an
individual patient, 7 (14%) were in the 99th percentile, 12 (25%)
in the 98th percentile, 12 (25%) in the 90-97th percentiles and
11 (22%) in the 60-89th percentiles. Of the lesions that scored
below the 90th percentile, 85% were incorrectly segmented.
Five melanomas were recognized as 2 or more distinct lesions
by the software, and 1 was not detected.

The 15 variable prediction model achieved an area under the
curve of 0.94, indicating that it has a great prediction power.
The segmentation of lesions was a notable limitation for the
accuracy of the software. The research group further concluded
that using a model-based threshold associated with 95%
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sensitivity for melanoma detection, the model could reduce the
number of lesions requiring clinical examination by 75% [24].

Efficiency of Added CNN
The next 3 studies revealed how a CNN can improve the
diagnostic accuracy of the existing system to aid clinicians in
the assessment of skin lesions. A CNN is a form of AI used
primarily for image recognition and processing because of its
ability to recognize patterns. However, it is not possible to
compare these studies or CNNs since they were engineered,
trained, and tested following different protocols [14,15,20].

Two of these studies were published by Betz-Stablein et al
[14,15] and were derived from the MyM protocol in the general
population. One study [15] trained a CNN on 14 3D TBP images
and tested it on 6 3D TBP images. This CNN was used to detect,
localize, and count cherry angiomas and thus distinguish them
from other skin lesions. The study population and methodology
can be found in Figure 2. A clinician identified all cherry
angiomas on 20 participants, and these were then split 60:40
into a training and test set. The algorithm achieved a sensitivity
of 87% and a specificity of 99% and was able to perform the
requested task.
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Figure 2. Study population and methodology. Adapted from Betz-Stablein et al [15].
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In the second study by Betz-Stablein et al [14], a CNN was
trained on 82 participants (57,742 lesions >2 mm; 5106 naevi
vs 52,636 nonnaevi lesions) and tested on 10 participants (4868
lesions >2 mm; 520 naevi vs 4348 nonnaevi lesions). An
overview of the methodology can be found in Figure 3. This
CNN was used to detect and count naevi (both >2 and >5 mm).
The counts were compared to the in-clinic counts of a senior
dermatologist (ground truth) and to on-screen counts of 3 expert
clinicians on 3D TBP images. Nonnaevi lesions were mainly
solar lentigines, seborrhoeic keratoses, or angiomas. The
sensitivity of the 3D TBP CNN increased when only lesions >5
mm were included (79% for >2 vs 84% for >5 mm). The
specificity stayed identical regardless of the diameter (91% for

>2 and >5 mm). Comparing the CNN with the in-clinic
assessment by the dermatologist resulted in a Cohen kappa of
0.56, indicating moderate agreement for naevi ≥2 mm and
substantial agreement (0.72) for naevi ≥5 mm. The agreement
was lower when participants had numerous seborrheic keratoses
because of an overestimation of the number of naevi by the
CNN. Using the findings of the previous study, a smaller study
by Jayasinghe et al [20] utilized the VECTRA WB360 system
to automatically count naevi >2 mm in 124 participants who
had <100 naevi. Manual counts were used for the 32 participants
with >100 naevi or >50 seborrhoeic keratosis. Their aim was
to assess how naevi change during adulthood.
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Figure 3. Methodology. Adapted from Betz-Stablein et al [14].

In a third study from a Swiss research group led by Cerminara
et al [16], 2 different CNNs used on SDDI images were
compared. Their objective was to examine the capabilities of
AI in a real-world setting. In total, 1690 pigmented lesions in
143 participants at a high-risk of melanoma were used. All
participants first underwent routine SC screening, including
dermoscopy conducted by a dermatologist, who provided a
dichotomous diagnosis (malignant vs benign) for each
pigmented skin lesion. Patients then underwent TBP with both
a 3D (VECTRA WB360) and 2D (2D-FotoFinder-ATBM)
imaging system. After this, melanocytic lesions >3 mm and

smaller suspicious lesions identified by dermatologists were
captured with SDDI. The diagnostic accuracy of the CNN used
on the SDDI images on the 3D TBP (DEXI score) and the CNN
used on the SDDI images on the 2D TBP (FotoFinders
Moleanalyzer Pro) was compared to clinical diagnoses of
dermatologists and to histopathological examinations. It was
found that when histopathological outcomes were used as a
ground truth (75 lesions), dermatologists (without the aid of a
CNN) achieved the highest specificity (92.3%). Second were
dermatologists aided by a CNN (86.2%) and third a CNN
without human interference (64.6% for 3D CNN and 40% for
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2D CNN). However, the sensitivity of dermatologist,
dermatologist+CNN, and the 3D CNN was identical (all 90%).
It was concluded that 3D TBP CNN was superior to 2D TBP
CNN (in both sensitivity and specificity).

This study also included a subanalysis in which the repetition
rate of both CNNs was tested. The 3D TBP CNN had a higher
repetition rate (0.89) than the 2D TBP CNN (0.79). In
conclusion, the 3D CNN outperformed 2D CNN in the
classification of melanocytic lesions and in the reproducibility
of the scores. Although the 3D CNN demonstrated great scores,
dermatologists continue to achieve higher specificity.

Reported Advantages of 3D TBP
The main reported advantage of the VECTRA WB360 system
is the comfortable, rapid, and noninvasive acquisition of
high-resolution images that are used to create a 3D
representation of the patient. This allows clinicians to assess
and objectively compare the totality of the skin surface over
time. This is especially important in melanoma screening, given
that the evolution and appearance of new moles and lesions are
important for the early detection of (de novo) SC [8,12-15,21].
By this, dermatologists know which naevi they should be aware
of and should be carefully examined with dermatoscopy. The
attached dermatoscope and the lesion visualization software
allow the integration and assessment of dermoscopy images
onto the 3D avatar. This enables a detailed and objective
comparison of individual lesions. Although even without SDDI,
the resolution of the 3D images is high enough to see important
changes in lesions, especially when >5 mm. This is also shown
in the publication of Grochulska et al where in one case a lesion
showed asymmetric changes and in a second case a new lesion
appeared [12].

When the consumer experience was explored in the 2 studies,
it was concluded that 94% (140/149) of participants find 3D
TBP a comfortable examination and 98% (145/148) would
recommend it. The majority of participants have a high
acceptability and confidence in the new technology, and they
also report a reduction in melanoma-related anxiety [21,23].

Other reported potential benefits of the system include
AI-assisted assessment of lesions in the future; introduction of
automated, standardized, and timesaving naevus counts; increase
in diagnostic confidence in clinicians; and further evolution of
teledermatology with a potential decrease in waiting lists as a
result [11,14].

Reported Limitations of 3D TBP
Despite being presented as having the potential to be a great
innovation, 3D TBP holds significant shortcomings. The most
inconvenient one is the absence of visualization of the foot soles,
scalp, and parts of the genital region in general [11,22]. In
different trials, a small number of pigmented lesions were not
detected or appeared as erythema on the 3D TBP images [22,24].
It is important to note that despite the current resolution of the
images, the system is not able to replace a dermatological
examination [11,22].

The algorithm performed poorly on participants with many
seborrhoeic keratoses; however, this population can easily be

identified in clinic and flagged for manual counts [14]. There
is also a possibility that 3D TBP increased the number needed
to excise due to a more prompt decision to perform a biopsy or
excision when changes are seen, particularly in the younger
population where changes are rather common and insignificant
[11].

In the consumer experience study by Horsham et al [21], 6.7%
(10/149) of the participants stated that they would not pay for
3D TBP examination and 2% (3/148) would not recommend it.
They also found that 50% (74/149) of the study population
remarked obstacles, mainly concerning the (digital) privacy,
the high cost, and a lack of trust to detect and monitor small
lesions.

Lastly, for clinicians, an important disadvantage is the practical
and logistical implications of the VECTRA WB360. The system
takes up a great amount of space and needs specialized
information technology management and maintenance, leading
to a high cost [11].

Ongoing Studies
Three protocols centered around 3D TBP were found on the
online databases. However, no results were found up to March
2024.

The first is a new prospective population-based cohort study
protocol by the Australian research team of MyM [25]. These
authors want to investigate whether 3D TBP can be used for
melanoma imaging and diagnosis on 15,000 participants from
the general population. An implementation of a CNN, a
cost-analysis, and consumer experience are also included. The
second protocol was released in 2019 and is by the same
Australian research group under Primiero et al [13]. This is the
only 2-arm randomized controlled trial protocol in a high-risk
melanoma cohort, in which the authors compare standard clinical
care to 3D TBP with SSDI. Another promising protocol for a
randomized controlled trial in high-risk patients (so-called
IMAGE-trial) was published by Yan et al [26]. This study will
compare the proportion of false positives and false negatives
with a standard clinical examination and 2D TBP and 3D TBP
(with the VECTRA.WB360). Both arms will include the use of
SDDI on suspicious lesions and up to 20 lesions of >4 mm.
Furthermore, they will also assess economic impact,
health-related quality of life, and diagnostic performance.

Discussion

This review provides an overview on the current experience,
outcomes, advantages, and limitations of 3D TBP with the
VECTRA WB360 in a mainly fair-skinned population (Australia
and Europe). Currently, SC is the most diagnosed form of cancer
in Belgium, and the incidence of both melanoma and NMSC is
increasing, as well as the cost of SC management. Given these
trends, it is crucial to explore innovative methods for early SC
detection and more efficient, time-saving follow-up strategies.
Also, with the increasing use of 3D TBP, it is timely to explore
the reported outcomes to date.

While the heterogeneity of study designs restricted a quantitative
analysis of results, a scoping synthesis found agreeance over
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general outcomes and conclusions. The VECTRA WB360 shows
significant promise for mapping and monitoring the evolution
of the skin surface and individual lesions through additional
SDDI. This system not only allows new lesions to be detected
but also enables objective comparison of pre-existing lesions
(on a macroscopic and a dermoscopic level). Research shows
that despite the lower resolution of 3D TBP than dermatoscopy,
it is suitable to detect changes in lesions; however, dermoscopy
is still generally required to diagnose a suspected melanoma.
All these tools are enabling and facilitating teledermatology.

The lesion visualizer was examined in only 3 studies, where it
was used to differentiate melanoma from benign lesions and
count naevi and cherry angiomas [14,15,24]. The most
significant limitation so far is its inaccurate segmentation of
melanoma. In the study by Marchetti et al [24], 11% of
melanomas (5 out of 44) were incorrectly segmented, raising
concerns that some melanomas could be missed. Additionally,
the study suggests that using a model-based threshold associated
with 95% sensitivity for melanoma detection could reduce the
number of lesions requiring clinical examination by 75%.
However, this remains a hypothesis that has yet to be validated.
If confirmed, this could be particularly useful in clinical practice.
In the study by Betz-Stablein et al [14], the Cohen kappa of the
CNN-based count to the gold standard clinical count was 0.56,
indicating that while the lesion visualizer can provide an
estimate of naevi numbers, it is not reliable for tracking the
development of new naevi. Furthermore, it should be noted that
in another study by Betz-Stablein et al [15], only clinicians
identified all cherry angiomas on 20 participants, which does
not provide sufficient evidential strength. While counting cherry
angiomas could demonstrate the lesion visualizer’s ability to
differentiate between cherry angiomas and naevi, which is
important for the naevus count, its clinical utility remains
limited. In the future, addition of CNN may improve efficiency
by identifying new and changing lesions for closer inspection,
and this can prove to be particularly useful for people with many
naevi. It may also be used as a tool for imaging technicians to
flag which lesions are important to take additional dermoscopy
images of for further review by a dermatologist.

Only one study looked at the DEXI score which is available as
a research tool only on SDDI images. When using the histology
as ground truth, the dermatologist, dermatologist+AI, and the
DEXI score all had the same sensitivity of 90%. The specificity
of the dermatologist is the highest at 92.31%, then
dermatologist+AI at 86.15%, and finally DEXI score with
64.62% [16]. All methods have the same chance of missing
lesions, but the difference lies in labeling benign lesions as
malignant. This shows that the use of DEXI score alone would
lead to a lot more excisions which were not necessary in the
first place. It should be noted that more patients were examined
by beginner dermatologists than seniors. In a clinical setting, it
is also not feasible to take dermatoscopic images of all the naevi
of a patient.

Although initial results show potential, the VECTRA system
cannot yet be used without clinician supervision. At present,
the software and AI tools cannot replace a trained clinician’s
skin examination. In the future, AI could be used as a support
tool during a skin exam to help the dermatologists with their

clinical decision-making process. Especially the lack of
specificity, compared to dermatologists seen in multiple studies,
needs to be addressed. It is likely that imaging resolution and
technology will improve with time, and new CNNs such as
lesion classifiers are likely to be next. These developments can
strengthen specificity and accuracy, and the system will
potentially become a more efficient and reliable tool for SC
screening and other tasks. But before this can become a widely
implemented tool, its safety, cost effectiveness, and added value
to the standard of care must be proven. The AI tool is so new
that long-term health outcomes cannot yet be discussed.

It should be noted that 5 out of the 11 studies were based on the
same study protocol and participants [14,15,17,20,21]. This
makes the available research population less diverse. Moreover,
the inclusion of only 200 participants for a population-based
study is insufficient, especially in a large country with a high
prevalence of SC like Australia. Also, no control group was
available, which makes the results of these studies less robust.
A control group is essential when evaluating new technologies.
This allows for a comparison to the usual standard of care and
to evaluate any added benefits.

The study by Soyer et al [17] concludes that 3D total body
imaging results in the diagnosis of a high number of keratinocyte
cancers. However, this finding is unsurprising, as keratinocyte
SC are the most common type and are diagnosed more
frequently than melanoma. Additionally, the lack of a control
group makes it unclear whether this approach resulted in a
higher detection rate compared to standard care. Another
limitation is that the study does not specify who the study
clinicians are. The decision on which lesions are clinically
suspicious and therefore referred for tele review by an
experienced dermatologist was left to these clinicians. If they
were less experienced or lacked training in dermosocopy, it is
possible that certain lesions were missed. Furthermore, the study
reports that 8 clinically benign lesions turned out to be
malignant. Of these, 7 were first diagnosed as actinic keratosis
and 1 as a naevus. It remains unclear why excision or biopsy
was recommended for these lesions. Was there already
diagnostic uncertainty, or were other factors influencing these
decisions?

The publications that were not part of the MyM protocol also
included few patients [11,12,16,22-24]. One showed a clinical
example and was speculative about the future, and another was
a more illustrative case series. This does not bring an added
value to the proof of safety and efficiency of the new technology
[11,12]. The study by Hobelsberger et al [22] also had several
limitations. Firstly, there was only 1 clinician who performed
the interpretation of the 3D images, and another who conducted
the clinical examination. When the interpretations of only 2
individuals are compared, does the study say a lot about the
differences between the methods or does it say more about the
diagnostic skills of the clinicians? Bigger studies with more
clinicians are needed to give more representative results.
Secondly, the authors mention that it is important to minimize
the number of missed lesions, for this a high sensitivity is
needed. Currently, the sensitivity and specificity of diagnosis
of NMSC on a 3D image are lower than that of clinical
examination aided by dermatoscopy, although not statistically
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significant. This may result in a greater number of missed
lesions. Of course, we should also consider that this study is
used in a setting of teledermatology. It is often quicker and more
straightforward to conduct an in-person examination instead of
looking at the whole skin on a 3D image, but this is not always
possible.

Because the available research is limited and heterogeneous, it
will be important to perform further studies. A new study with
a bigger cohort that tests the DEXI-score of naevi should also
be conducted. At present, only 1 study has examined this, which
is not enough to prove the accuracy of AI. The distribution
between beginner and senior dermatologists in studies should
be even. To further test the capabilities of CNN, a study in which
sequential 3D TBP at 1, 2, and 3 years is performed to detect
new and altered naevi by the CNN can be conducted. New and
possibly changed naevi should also be checked by a
dermatologist. A margin of error can be determined. New studies
should also include randomized controlled trails to further
examine the VECTRA WB360 potential in a real-world clinical
setting. Numerous promising potential benefits are mentioned
by the researchers such as increased diagnostic confidence and
decrease of benign/malignant ratio, but at the moment, these
all are not validated. In addition, the impact on survival rates
and morbidity needs to be examined to prove the real-world
impact of the system. It will be also important to compare
examinations aided by the VECTRA WB360 to the normal
standard of care to see if it brings an added value.

Possible obstacles for the wider implementation of 3D TBP
could relate to the high cost of the system and thus the imaging
sessions (for both clinicians and patients), medico-legal
arrangements, difficulties in terms of privacy legislation
(General Data Protection Regulation for Europe), unsuitability
for people with certain disabilities/medical conditions, and the
consumers’ view on new technology.

In conclusion, while it is important to embrace new technologies,
their adoption must be approached with appropriate caution and
critical evaluation. Though the system may allow faster detection
of malignancies, relying solely on AI risk assessment tools may
lead to lesions being incorrectly assumed as suspicious due to
change detection, particularly in the younger population where
naevus changes are frequent and typically benign. This could
result in unnecessary biopsies and excisions and consequently
in increasing costs and patient anxiety and discomfort.
Therefore, it is important to make decisions about treatment
and excision in the context of the whole patient, and not just
the VECTRA images. Further clinical trials, including all
Fitzpatrick skin types and a wide range of lesion sizes, are
necessary to prove the clinical relevance and the autonomy of
the VECTRA WB360.

Conclusion
In this review, the current knowledge, outcomes, advantages,
and disadvantages of 3D TBP with the VECTRA WB360 and
the integrated lesion visualization software are presented. While
the VECTRA 3D TBP holds substantial promise for the early
detection and monitoring of SC, its application cannot yet
replace the expertise of trained clinicians. Although the lesion
visualizer and DEXI score offer potential enhancements, they
also pose risks, including a significant increase in unnecessary
excisions due to lower specificity. Despite these promising
results, expert overview is still recommended and superior,
since there is not enough evidence yet that 3D TPB or AI is
reliable on its own or beneficial as a support tool. Given the
small samples and lack of blinded trails, further studies are
needed to explore and improve the diagnostic capacities of 3D
TBP and the possible integration of CNNs or other AI
extensions. It will also be important to examine the VECTRA
360WB compared to the usual standard of care.
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Abstract

Background: The integration of artificial intelligence (AI) into dermatology holds promise for education and diagnostic purposes,
particularly through image generation, which has not been well studied.

Objective: This study aimed to assess whether AI image generation software can generate accurate images of classic
dermatological conditions and whether they are recognizable as computer-generated.

Methods: Images of 10 dermatological conditions were generated using DALLE-2 and DALLE-3 programs. These images
were randomized among clinical photographs and distributed to dermatology residents and attending physicians. Participants
were instructed to (1) identify AI-generated images and (2) provide their diagnosis.

Results: AI-generated images were detected as computer-generated in 70.8% (85/120) of cases. Correct diagnoses were made
based on all AI images 40.83% (49/120) of the time. This was significantly lower than the 72.0% (46/60) recognition rate for
clinical photographs (P<.001). DALLE-2 images were diagnosed correctly less frequently (25.0%, 15/60) than DALLE-3 images
(56.6%, 34/60; P<.001).

Conclusions: AI-generated images of common dermatological conditions are becoming more accurate. This holds great
implications for education but should be used with caution as further research is needed with more advanced, specific, and
inclusive training data. Limitations include the use of AI image generators created by a single parent company as well as the use
of a limited set of diagnoses.

(JMIR Dermatol 2025;8:e72371)   doi:10.2196/72371
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Introduction

The study and practice of dermatology is rooted in visual
inspection and pattern recognition of classic disease
morphology. Patient images in textbooks and archives aid in
learning these patterns and developing differential diagnoses
along with morphological descriptions. However, these images
are not always immediately available and may have implications
regarding patient privacy. Furthermore, historically, there has
been significant limitations of availability of images depicting
dermatological conditions in skin of color [1].

The use of artificial intelligence (AI) applications in
dermatology has been described in many articles in which
algorithms have neared or surpassed the diagnostic accuracy of
clinicians when it comes to analyzing images [2]. New
developments in AI have also reached mainstream headlines,

as applications such as ChatGPT are able to perform well on
dermatology boards style questions [3] and provide appropriate
answers to patient questions [4] using complex neural networks.
Their parent-company, OpenAI, also released a text-to-image
generator in 2021 called DALL-E trained on text-images pairs
sourced from across the internet. The autoregressive model
produces images from scratch based on the text that the user
inputs [5,6] .

This could have implications for the image-based field of
dermatology, particularly in education. If AI can generate
images of various conditions, these could be used alongside
patient images as a quick reference tool and aid in the
development of differential diagnoses. The aim of this study is
to assess whether successive iterations of DALL-E can produce
accurate images of classic dermatological conditions and

JMIR Dermatol 2025 | vol. 8 | e72371 | p.179https://derma.jmir.org/2025/1/e72371
(page number not for citation purposes)

Kooper-Johnson et alJMIR DERMATOLOGY

XSL•FO
RenderX

http://dx.doi.org/10.2196/72371
http://www.w3.org/Style/XSL
http://www.renderx.com/


whether these images can convincingly resemble clinical images
or if they will be recognized as AI-generated.

Methods

Ethical Considerations
Given that this study did not include patient intervention or
patient data, patient consent, de-identification, and privacy
protections were not indicated. Additionally, this work was
exempt from approval by the institutional review board..

Study Overview
A list of 10 common dermatologic conditions (vitiligo, urticaria,
rosacea, acne, milia, cellulitis, molluscum contagiosum,
psoriasis, seborrheic dermatitis, and melasma) was generated
by OpenAI’s DALLE-2 and DALLE-3. Clinical photographs,
previously used as teaching Kodachromes, and deemed
diagnostic of these 10 conditions by an attending physicians
with >5 years of dermatology experience (BN) were also
collected from an academic dermatologist with permission from
patients for their use. The phrase “Please generate a
photorealistic image of X on the Y” was used with each query
where X was the dermatologic condition and Y was the location
of the lesion or condition. For example, for acne, the phrase
“please generate a photorealistic image of acne on the face”
was inputted. During beta testing, it was found that using the
diagnosis name as opposed to a morphological description
yielded more accurate results.

Ten images from each generator were compiled and randomized
among the 10 clinical photographs, a 50% ratio of images. A
quiz containing all 30 of these images was administered to 2
second-year and 1 third-year dermatology resident, along with

3 attending physicians with >5 years of dermatology experience.
Participants were instructed to (1) identify AI-generated images
and (2) provide their diagnosis.

Statistical Analysis
Two-sample z tests were used to determine if one image
generator produced images that were more likely to be
recognized as AI and to assess if there was a significant
difference in the capability of these algorithms to produce
recognizable and diagnosable images. These tests were also
performed to see if residents or attending physicians were able
to recognize AI images or come up with correct diagnoses at
different rates. The results were also broken down by diagnosis
category, for example inflammatory disorders and pigmentary
disorder, and two-sample z tests were conducted to determine
if the image generators were more recognizable as AI or more
accurate with any particular category of diagnosis. Statistical
significance level was set to α=.05. All statistical analyses were
performed in Microsoft Excel.

Results

Upon subjective evaluation of AI-generated images, those
generated by DALLE-2 exhibited a higher degree of
photorealism compared to DALLE-3. However, these images
tended to be non-specific and generally failed to accurately
represent specific diagnoses. DALLE-3 images were more
cartoonish in nature but showcased specific dermatological
findings such as scale indicative of psoriasis. Of the 20
AI-generated images, none depicted individuals of older age,
and only 2 images appeared to represent skin of color. These
images can be found in Figure 1.
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Figure 1. Conditions studied and images generated from DALLE-2 and DALLE-3 Software.

In the survey of dermatology residents and attending physicians,
AI-generated images were detected as computer-generated in
70.8% (85/120) of cases. DALLE-2 images were recognized as
AI-generated less often (41.66%, 25/60) than DALLE-3 images
(100%, 60/60; P<.001). Clinical photographs were mistakenly
perceived as AI-generated in only 1.66% (1/60) of instances.
Residents recognized all AI images more often than attending
physicians (75% [45/60] vs 66.67% [40/60]; P=.0224) and
recognized DALLE-2 images as AI generated more often than
attending physicians (50% [15/30] vs 33.33% [10/30]; P=.001).
Both groups recognized DALLE-3 images as AI generated
100% of the time.

In terms of producing recognizable images, correct diagnoses
were made based on all AI images 40.83% (49/120) of the time.

This was significantly lower than the 71.67% (43/60) recognition
rate for clinical photographs (P<.001). When comparing image
generators, DALLE-2 images were diagnosed correctly less
frequently, at 25.0% (15/60), compared with DALLE-3 images,
which were diagnosed correctly 56.67% (34/60) of the time
(P<.001). Attending physicians were able to correctly identify
DALLE-2 images more often than residents (36.67% [11/30]
vs 20% [6/30]; P=.001). The rate of correct diagnosis was the
same for residents and attending physicians for DALLE-3
images (56.67%, 34/60). DALLE-2 images representing
urticaria, psoriasis, and seborrheic dermatitis were misclassified
the most often in this set. The DALLE-3 image representing
cellulitis was misclassified the most often in this set. The full
analysis results are shown in Table 1.
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Table . Quiz results broken down by respondent type describing how often respondents recognized images as artificial intelligence (AI) generated and
how often the correct diagnosis was given.

P value between
DALLE-2 and
DALLE-3

DALLE-3 imagesDALLE-2 imagesAll AI imagesClinical imagesRespondents

Percentage recognized
as AI

<.001100 (60/60)41.66 (25/60)70.83 (85/120)1.66 (1/60)    All respondents

<.001100 (30/30)50 (15/30)75 (45/60)0 (0/30)    Resident respon-
dents

<.001100 (30/30)33.33 (10/30)66.67 (40/60)3.33 (1/30)    Attending physician
respondents

1.001.022.747P value between resi-
dent and attending
physician responses

Percentage of given
correct diagnosis

<.00156.67 (34/60)25 (15/60)40.80 (49/120)71.67 (43/60)    All respondents

<.00156.67 (34/60)20 (6/30)38.33 (23/60)80 (24/30)    Resident respon-
dents

<.00156.67 (34/60)36.67 (11/30)46.67 (28/60)63.33 (19/30)    Attending physician
respondents

1.001.002.001P value between resi-
dent and attending
physician responses

When broken down by disease category, AI-generated images
of infectious diseases from all programs were recognized as AI
the most often at 83.33% (20/24). Across all categories,
DALLE-3 images were recognized significantly more often
than DALLE-2 images (P<.001 for each). Infectious etiologies
also had low rates of correct diagnosis, being correctly labeled

only 16.67% (2/12) of the time for both DALLE-2 and
DALLE-3 images. Otherwise, DALLE-3 images were given
the correct diagnosis more often than DALLE-2 images across
categories, with pigmentary disorders being the most accurate
at 91.67% (11/12) recognition. The full analysis results are
shown in Table 2.
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Table . Quiz results broken down by disease category describing often respondents recognized images as artificial intelligence (AI) generated and how
often the correct diagnosis was given.

OtherPigmentaryInfectiousInflammatoryDisease category

66.67 (8/12)70.83 (17/24)83.33 (20/24)65 (39/60)Percentage recognized as AI
(All AI programs)

16.67 (1/6)83.33 (10/12)66.67 (8/12)80 (24/30)Percentage given correct di-
agnosis (clinical images)

41.67 (5/12)70.83 (17/24)16.67 (4/24)36.67 (22/60)Percentage given correct di-
agnosis (all AI programs)

.012.019<.001<.001P value between all AI and
clinical images for correct
diagnosis

50 (3/6)41.67 (5/12)66.67 (8/12)30 (9/30)Percentage recognized as AI
(DALLE-2)

100 (6/6)100 (12/12)100 (12/12)100 (30/30)Percentage recognized as AI
(DALLE-3)

<.001<.001<.001<.001P value between DALLE-2
and DALLE-3 for AI recog-
nition

0 (0/6)41.67 (5/12)16.67 (2/12)26.67 (8/30)Percentage given correct di-
agnosis (DALLE-2)

83.33 (5/6)91.67 (11/12)16.67 (2/12)46.67 (14/30)Percentage given correct di-
agnosis (DALLE-3)

<.001<.001>.99<.001P value between DALLE-2
and DALLE-3 for correct
diagnosis

Discussion

The objective of this work was to determine if the AI image
generator DALL-E is able to produce realistic and accurate
depictions of common dermatologic conditions. As the field of
AI continues to advance, its integration into dermatology holds
promise for educational and diagnostic purposes. However, this
study reveals nuances in the accuracy and recognition of
AI-generated images compared to clinical photographs.

One notable aspect of the results is the varying recognition rates
of AI-generated images, with DALLE-3 images being
recognized as computer-generated more often than DALLE-2
images. This was seen across disease categories and across
levels of training. This could be due to controversy surrounding
these tools and implications regarding images that were too
realistic such that later iterations of the software were made to
generate images that were more cartoonish in nature. It is
pertinent, however, that residents were better able to recognize
computer-generated images, particularly the more photorealistic
ones. This may indicate that the younger generation is more in
tune with this technology and may have implications for its
future use.

Nevertheless, it was seen that the later software, DALLE-3,
produced more accurate images, with the correct diagnosis being

assigned more often than with DALLE-3 images. DALLE-3
performed particularly well when generating images of
pigmentary disorders. This indicates that the programs could
be receiving more training data on this topic over the course of
time and indicates promise for future programs. However,
attending physicians were more likely to give the correct
diagnosis for DALLE-2 generated images, suggesting that there
may be more subtle signs present in these images that indicate
the correct diagnosis. Neither program generated images that
were correctly diagnosed as often as clinical images, indicating
room for improvement on this front as well.

Finally, skin of color was represented only twice in the dataset.
Although skin of color images could be generated upon
instruction, it is evident that this is not the default setting for
these tools. Considering that patients of color already face
barriers to dermatological diagnoses and treatment [7], it is
imperative that training sets of images for any type of algorithm
are inclusive and representative of a diverse population.

Limitations of this study include the use of AI image generators
created by a single parent company as well as the use of a
limited set of diagnoses. Further research is needed in this area
with more advanced and specific training data. As with any new
technology, careful research should be conducted as it improves
to ensure that if and when it is utilized for patient care, it upholds
standards of safety, accuracy, and equity.
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Abstract

Background: The integration of artificial intelligence (AI) into patch testing for allergic contact dermatitis (ACD) holds the
potential to standardize diagnoses, reduce interobserver variability, and improve overall diagnostic accuracy. However, the
challenges and limitations hindering clinical implementation have not been thoroughly explored.

Objective: This narrative review aims to examine the current applications of AI in patch testing, identify challenges, and propose
future directions for their use in dermatology.

Methods: PubMed was searched in August 2024 to identify studies involving human participants undergoing patch testing with
AI used in the study. Exclusion criteria were non-English and nonoriginal research. Data were synthesized to assess study design,
performance, and potential for clinical application.

Results: Out of 94 reviewed articles, 10 met the inclusion criteria. Most studies employed convolutional neural networks (CNN)
for image analysis, with accuracy rates ranging from 90.1% to 99.5%. Other AI models, such as gradient boosting and random
forest, were used for risk prediction and biomarker discovery. Key limitations included limited sample sizes, variability in image
capture protocols, and lack of standardized reporting on skin types.

Conclusions: AI has significant potential to enhance diagnostic accuracy, standardize patch test interpretation, and expand
access to patch testing. However, standardized imaging protocols, larger and more diverse datasets, and improved regulatory
frameworks are necessary to realize the full potential of AI in patch testing.

(JMIR Dermatol 2025;8:e67154)   doi:10.2196/67154

KEYWORDS

machine learning; ML; artificial intelligence; AI; algorithm; model; analytics; patch testing; allergic contact dermatitis; dermatitis;
dermatology; dermatologist; skin; comprehensive review; comprehensive reviews; review

Introduction

Allergic contact dermatitis (ACD) is a common inflammatory
skin condition affecting approximately 20% of the population,
with significant impacts on patients’ quality of life and
productivity [1,2]. Traditional patch testing methods, while
effective for diagnosing ACD, can be time-consuming and
subject to interobserver variability [3,4]. As technology
continues to advance, the integration of artificial intelligence
(AI) offers the possibility of standardizing interpretations,
reducing human error, and potentially improving the overall
diagnostic process in patch testing [5].

AI, broadly defined as the ability of computer systems to mimic
human cognitive functions, encompasses various computational
subfields, including machine learning (ML). Furthermore, deep
learning (DL), a subset of ML, uses algorithms modeled after

human neurons to detect complex patterns and relationships in
data [6]. These AI technologies have shown promising
applications in dermatology, ranging from identifying skin
malignancies to classifying inflammatory skin conditions and
analyzing clinical notes. The visual nature of dermatology,
combined with the increasing volume of clinical photographs,
dermoscopy images, abundance of psychometric data from
wearable devices, and electronic health records, makes it
particularly well-suited for AI-augmented patient care [6-8].

The use of AI in patch testing is particularly intriguing due to
the complex nature of interpreting patch test results. Several
factors, such as weak positive reactions, irritant reactions, and
the timing of readings, can all influence the accuracy of
diagnoses, leading to interobserver variability and diagnostic
inconsistencies [9-12]. Furthermore, the process is
time-intensive, requiring multiple clinic visits for patients, and
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resource-heavy for clinics, requiring 1 visit of application of
allergens, an initial removal and preliminary evaluation visit
around 48 hours, and a final follow-up evaluation several days
later [13,14]. AI offers the potential to automate and standardize
patch test result interpretations, reducing diagnostic variability
and enabling broader access to this crucial diagnostic tool. AI
can also analyze large datasets to uncover patterns and trends
that may not be immediately evident to clinicians, ultimately
enhancing the diagnostic process for ACD while mitigating bias
and promoting equitable care across diverse patient populations
[15,16].

This narrative review aims to explore the current landscape of
AI applications in patch testing for ACD. We will examine the
types of algorithms that are currently being researched, their
performance, the challenges faced, and potential future
directions for this rapidly evolving field. By synthesizing the
available literature, we hope to provide a comprehensive
overview of the state of AI in patch testing and how AI can be
leveraged to improve patch testing practices and diagnostic
accuracy of ACD in the future.

Methods

Search Strategy
A comprehensive literature search was performed in August
2024 using the PubMed database. The search was conducted
without date restrictions to capture the full scope of research in
this emerging field. This broad approach ensured that all relevant
studies, regardless of publication date, were included, providing
a more thorough evaluation of AI applications in patch testing
and the observance of any trends over time. Literature searches
were conducted using combinations of keywords, such as
“artificial intelligence,” “machine learning,” “patch testing,”
and “contact dermatitis” or “skin” (see Multimedia Appendix
1 for the full search term list). These terms were chosen to
ensure a wide net was cast, incorporating both general AI terms
and specific patch testing and dermatology-related concepts.

Inclusion and Exclusion Criteria
Criteria for inclusion and exclusion were defined prior to
screening to reduce potential biases. Studies were included if
they met the following criteria: the population consisted of
human patient populations undergoing patch testing; the study
design involved AI (which includes ML and DL); and outcomes
reported on the performance of these algorithms. All publication
types, including journal articles, conference abstracts, and

preprints, were considered. Studies were excluded if they were
not written in English or if they were not original research, such
as review papers or perspectives.

Study Selection Process and Data Extraction
The PRISMA (Preferred Reporting Items for Systematic
Reviews and Meta-Analyses) approach was selected to ensure
transparency and replicability in the selection process, providing
a clear pathway from initial search to final inclusion [17,18].
Each article was independently reviewed by 2 authors. In cases
of disagreement, a third author resolved the discrepency. From
the included studies, the following data elements were then
extracted: study design; sample size; skin types included; length
of study for each participant; location of study; materials used
(such as types of allergen panels and imaging equipment); type
of AI algorithm and its performance in the study; limitations
and challenges of the study; and future directions. To ensure
that AI models were properly evaluated, each study relied on a
clearly defined ground truth as the reference standard for their
data. This ground truth was established by dermatologists’
manual interpretation of patch test reactions, typically following
standardized grading criteria such as the International Contact
Dermatitis Research Group (ICDRG) scale, with some studies
following European Society of Contact Dermatitis guidelines
or similar clinical severity scales [19]. The findings were then
synthesized to highlight trends, gaps, and potential areas for
future research in the application of AI in patch testing. This
synthesis serves as a foundation for guiding future research
efforts, with the goal of synthesizing both technical and clinical
factors of the clinical patch testing procedure, analysis, data
capturing, image capturing and storage, AI algorithms, and
diagnostic accuracy comprehensively, contributing to the current
gaps in the current practice of AI integration within
dermatological patch testing diagnostics.

Results

Included Studies
A total of 94 records were ultimately screened and evaluated
for eligibility, as shown in the PRISMA flow diagram (Figure
1) [17]. Of the 94 articles, our literature review identified 10
relevant studies that employed various AI techniques in the
context of patch testing and skin sensitization prediction, as
shown in Table 1. These studies encompassed a wide range of
approaches, from image analysis of patch test results to
molecular profiling and risk prediction models.
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Figure 1. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) 2020 flow diagram for the identification of studies [17].
aDatabases used in this narrative review: PubMed bReports excluded: Does not meet inclusion criteria: (1) Population: All patient populations (humans)
undergoing patch testing; (2) Interventions: Study designs of artificial intelligence (AI) or machine learning (ML) or deep learning (DL) algorithms in
patch testing; (3) Outcomes: Non-English and nonoriginal research (eg, review papers, perspectives) were excluded for the purposes of this narrative
review.
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Table . Summary of articles included in this comprehensive review of artificial intelligence in patch testing.

Accuracy,

performance

Test,

validation,

evaluation
data sample
size

Total data
sample size

Materials
used

Age in years,
median
(range)

Fitzpatrick
skin types
(FST) includ-
ed; Demo-
graphics, n
(%)

LocationType of AI
used

Study objec-
tive

Author, Year

Not reportedNot reported800 patients;
clinical, de-

4 allergens4 (18‐86)Not reportedGreeceMultiple cor-
respondence

To investi-
gate the con-

Kyritsi et al,
2024 [20]

mographic,analysistact allergy
patterns occupational

data
(MCA),
CATPCA
(categorical
principal
components
analysis)

Area under
the curve

Test set:
2725 images

125 patients;

13,622 im-
ages

Not reported46.8 (34.6‐
60.9)

FST I-II:
110 (88%),
III-V: 15
(12%);

Caucasian:
100 (80%),

United
States

Convolution-
al neural net-
work (CNN)

To evaluate
the use of
convolution-
al neural net-
works to de-
termine pres-
ence of

Ravishankar
et al, 2024
[21] (AUC):

0.940, accu-
racy: 90.1%,
sensitivity:
86.0%,Black: 4

patch test re-
actions

Specificity:
90.2%

(3.2%),
Asian: 6
(4.8%), Un-
known: 15
(12%)

AUC: 0.885,
accuracy:

Evaluation
set: 37 pa-

201 patients;
2810 image
tiles

80 allergens
(Mayo Clin-
ic standard
series) were

58 (18‐
103)

White (typi-
cally FST I-
III): 165
(82.1%),

United
States

CNNTo develop a
deep learn-
ing algo-
rithm for the

Hall et al,
2024 [22]

90.9%, sensi-
tivity:

tients; 507
images

used for allBlack oranalysis of
patch testing

70.1%,
specificity:
91.7%, F1
score: 37.1

patients; spe-
cific se-
ries/panels
varied by pa-
tient.

African
American:
20 (10.0%),
Asian: 5
(2.5%), Oth-
er or un-
known: 11
(5.5%)

Not reportedNot reported240 patients;
clinical, de-

3 allergens39 (19‐82)Caucasian:
240 (100%)

GreeceMCATo investi-
gate the pat-
terns of con-

Kyritsi et al,
2023 [23]

mographic,
occupational
data

tact sensitiza-
tion

Preprocess-
ing scheme

Validation
set: 357 im-
ages

200 patients;
1190 images

30 allergensNot reportedNot reportedGreeceCNNTo investi-
gate the feasi-
bility of us-
ing a deep

Vezakis et
al, 2023 [24]

comparison:
F1 score:

learning 0.83, accura-
classifier for cy: 90%,
automating specificity:
the identifica- 95%, recall:
tion of aller- 79%, preci-

sion: 87%gens causing
ACD
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Accuracy,

performance

Test,

validation,

evaluation
data sample
size

Total data
sample size

Materials
used

Age in years,
median
(range)

Fitzpatrick
skin types
(FST) includ-
ed; Demo-
graphics, n
(%)

LocationType of AI
used

Study objec-
tive

Author, Year

RF: accura-
cy: 90%‐
100%

Not reported47 patients;

47 patch test
biopsies

6 allergens,
3 irritants

61 (29‐88)Not reportedFrance, Bel-
gium

Boruta, ran-
dom forest
(RF)

To character-
ize the
molecular
signatures of
chemical-in-
duced skin
inflamma-
tion through
comprehen-
sive tran-
scriptomic
analysis

Lefevre et al,
2021 [25]

AUC: 0.915,
accuracy:
99.5%, F1
score: 0.89

CNN train-
ing set: 1118
images; Vali-
dation set:
373 images;

Test set:
2204 images

77 patients;
3695 images

80 allergens
(American
Contact Der-
matitis Soci-
ety (ACDS)
Core Screen-
ing Allergen
Series)

Not reportedFST I: 2
(2.6%), II:
28 (36.4%),
III: 29
(37.7%), IV:
14 (18.2%),
V: 4 (5.2%)

United
States

CNNTo develop a
machine
learning ap-
proach for
accurate
classification
of patch-test
photographs

Chan et al,
2021 [26]

Gradient
boosting:
AUC mean:
0.69 (SD
0.06). RF:
AUC mean:
0.60 (SD
0.052). Ad-
aBoost:
AUC mean:
0.58 (SD
0.048). LR:
AUC mean:
0.65 (SD
0.068).

Test set:
10,609 pa-
tients

42,434 pa-
tients; clini-
cal, demo-
graphic data

36 allergensMean 40.2Not reportedUnited King-
dom

Gradient
boosting,
RF, Ad-
aBoost, logis-
tic regres-
sion (LR)

To compare
the predic-
tive accuracy
of logistic re-
gression
with more
sophisticated
machine
learning ap-
proaches
such as gradi-
ent boosting
in predicting
patch testing
results

Cunningham
et al, 2021
[27]

Accuracy:
86%‐94%,
F1 score:
94% for aller-
gic contact
dermatitis,
92% for irri-
tant contact
dermatitis

Validation
set: 31 patch
test biopsies

85 patients;
89 patch test
biopsies

4 allergensNot reportedNot reportedFinlandGARBOaTo identify
and validate
biomarkers
to distin-
guish aller-
gic and irri-
tant contact
dermatitis in
human skin

Fortino et al,
2020 [28]

LR: AUC:
>0.90

Tuning setb:
35,294;

Validation
set: 70,031

105,325 pa-
tients; clini-
cal, demo-
graphic data

24 allergens50.7Not reportedGermany,
Switzerland,
Austria

RF, LRTo identify
if certain
pairs of posi-
tive reac-
tions to aller-
gens may be
associated
with polysen-
sitization

Adler et al,
2017 [29]

aGenetic AlgoRithm for biomarker selection in high-dimensional Omics with RF-based classifier.
bTuning set refers to a subset of data used to fine-tune the parameters of a machine learning model. In this study, the tuning set was used to optimize
the hyperparameters of RF and LR models before final evaluation on the validation dataset.
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Characteristics of Included Studies
Geographically, the studies were conducted across various
countries and continents, with the United States (3 studies) and
Greece (3 studies) being the most represented. The remaining
studies were distributed across other European countries,
including the United Kingdom, Finland, and a multi-country
study spanning Germany, Switzerland, and Austria. Sample
sizes also varied considerably between the studies, ranging from
47 patients in the molecular signature study by Lefevre et al
[25] to 105,325 patients in the large-scale analysis by Adler et
al [29]. In total, 9 studies had dermatologists as authors, with
some contributions including patient recruitment, clinical
assessment, or patch test evaluation [20-28]. The materials used
for patch testing varied, with many using standard European
baseline series allergens. However, some studies, such as
Lefevre et al [25] and Fortino et al [28], used specific sets of
allergens and irritants for their molecular profiling approaches.
Most studies classified reactions on a scale ranging from
negative or irritant to +++ for strongly positive reactions, though
the specific scoring systems and timepoints for evaluation varied
between studies.

Of the 10 studies reviewed, 4 analyzed images, 4 analyzed
clinical and demographic data, and 2 analyzed biological
mechanisms of biopsies for patch testing. In total, 4 studies
analyzed photographic images of patch test sites, which were
captured using a range of imaging modalities [21,22,24,26]. Of
these 4 studies, 3 used digital camera or smartphone camera
images, while Vezakis et al [24] used an advanced multi-modal
imaging device, the Antera 3D® camera, which captured 6
image modalities—color, redness, texture, fine lines, and
volumes (see Multimedia Appendix 2 for expanded information
on the 4 image datasets). The detailed information on skin
topography and chromophore concentration, captured by the
Antera 3D® camera independent of lighting, provides a
standardization that improves accuracy and the need for
additional standard dermoscopic image preprocessing techniques
[24]. In total, 4 studies analyzed clinical and patient
demographic data as predictive features for ML models, which
included anatomical sites, age, gender, and sex [20,23,27,29].
Additionally, 3 studies included additional clinical parameters,
such as occupation and atopic history [20,23,27]. Other clinical
data included the patch test ICDRG evaluations, MOAHLFA
(Male-Occupational-Atopic-Hand-Leg-Face-Age) Index, and
skin characteristics [20,23]. Lastly, 2 studies analyzed genomic
and molecular profiling of patch test biopsies [25,28]. Seven
studies reported age groups in their studies with median or mean
patient age ranges from 39 to 61 years [20-23,25,27,29].
Regarding skin types, only 3 out of the 10 studies reported on
the distribution of skin tones in their datasets [21,22,26]. Chan
et al [26] included Fitzpatrick skin types (FST) I-V, with the
majority falling into FST II-III. Hall et al [22] reported that 82%
of their patient population was White, with lighter skin tones
typically ranging from FST I-III. Ravishankar et al [21] showed
a significant imbalance, with 88% of images representing lighter
skin tones from FST I-II.

AI and ML Techniques Used
Overall, convolutional neural networks (CNN) were the most
commonly used algorithms for image analysis of patch test
reactions, employed in 4 of the 10 studies [21,22,24,26]. These
CNN-based models demonstrated high accuracy in identifying
and classifying patch test reactions. Hall et al [22] reported an
accuracy of 90.9% with an area under the curve (AUC) of 0.885,
while Chan et al [26] achieved an even higher accuracy of 99.5%
with an AUC of 0.915. Similarly, Ravishankar et al [21] and
Vezakis et al [24] reported accuracies of 90.1% and 90%,
respectively, further supporting the potential of CNN use in
patch test interpretation. Other approaches, such as random
forest (RF), gradient boosting (GB), and logistic regression
(LR), were employed in studies focusing on risk prediction and
biomarker discovery [25,27-29]. Notably, Cunningham et al
[27] compared multiple algorithms and found that GB
outperformed other predictive methods, including LR, RF, and
AdaBoost, with AUCs of 0.69, 0.65, 0.60, and 0.58, respectively,
for predicting cutaneous allergy risk. In total, 2 studies used
multiple correspondence analysis to investigate patterns and
relationships in patch test data, particularly in the context of
occupational dermatitis and population-specific sensitization
profiles [20,23]. While these studies did not provide specific
accuracy metrics, they demonstrated the utility of AI techniques
in uncovering complex associations within patch test data.

Discussion

Principal Findings
This review of 10 studies exploring the application of AI
techniques in patch testing reveals promising advancements
along with numerous challenges and limitations. The diverse
range of approaches, from image analysis to molecular profiling
and risk prediction, demonstrates the versatility of AI in
addressing various aspects of contact dermatitis diagnosis and
patch testing in general.

The high accuracy achieved by CNN-based models in analyzing
patch test images is particularly significant. With accuracies
ranging from 90.1% to 99.5%, these models show great potential
for automating and standardizing patch test interpretation, as
some studies have shown interrater variability in diagnosing
patch test reactions [4]. This could lead to more consistent
diagnoses across different clinical settings, reduce
dermatologists’ workload, and help expand access to patch
testing. One key barrier is the need for standardized imaging
protocols [8]. The variability in the quality of images, as well
as the inconsistency in how and when these images are captured,
introduces a significant source of error in AI models.
Standardized, high-quality image capture and storage protocols
are essential for ensuring that AI systems can be effectively
trained and applied across different clinical settings [22].

Moreover, our review underscores the necessity for large,
diverse, and representative image databases to train AI models
[22,24]. Specific areas researchers should focus on include the
inclusion of patients across all Fitzpatrick skin types to address
potential performance gaps in darker skin tones, which are often
underrepresented in dermatologic datasets [30]. The
development of datasets such as the Diverse Dermatology
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Images (DDI) dataset underscores this need. The DDI dataset
includes representation across FST I-VI for biopsy-proven
correlates of benign and malignant lesions, common
dermatological conditions, and ambiguous lesions [30]. Their
DDI research highlighted worsened performance in the ability
of certain state-of-the-art dermatology AI algorithms to
accurately diagnose skin conditions in darker skin tones of FST
V-VI. Their research also found that fine-tuning on diverse
image sets such as DDI could overcome the gap in performance
of the AI algorithms when comparing FST I-II and V-VI.
Ensuring geographic and demographic diversity by collaborating
with institutions in varied regions globally can help capture
heterogeneity in environmental exposures, allergen profiles,
and clinical practices. Initiatives such as federated learning offer
a multi-institutional collaborative effort to train AI algorithms
while preserving institutional data privacy through a consensus
model [31]. Federated learning-trained AI models have been
shown to outperform models trained on single-institutional data
[32]. Additionally, datasets should aim to balance age, gender,
and clinical variations in skin reactions, such as weak versus
strong positive reactions, to improve model robustness [33,34].
Synthetic data offer an increasingly used solution to build larger,
more robust training datasets; however, special attention is
needed to ensure the inclusion of diverse synthetic input to
mitigate sample selection bias [35,36]. The creation of a global
patch testing image repository would not only improve AI model
performance but could potentially also accelerate the discovery
of new dermatological insights, enable the continuous
refinement of diagnostic algorithms, and increase diagnosis
assistance for complex cases, especially in lower resource
settings.

The application of other techniques such as RF, GB, and LR in
risk prediction and biomarker discovery is also promising. The
study by Cunningham et al [27], which found GB to outperform
other methods in predicting patch testing results, suggests that
more complex, nonlinear approaches may be necessary to
capture the intricacies of skin sensitization mechanisms. This
highlights the potential of ML in discerning subtle patterns that
may not be apparent through traditional statistical analyses. A
more widespread and diverse dataset would not only enhance
the performance of AI but also address concerns around bias,
ensuring that AI-driven diagnostic tools are equitable and
effective for all patients, regardless of demographic factors [30].

Despite the promising results, several limitations were identified
across the reviewed studies. First, most studies had relatively
small sample sizes, with 8 out of 10 studies including fewer
than 250 participants, and only 2 studies including more than
1000 patients [27,29]. This limits the generalizability of findings
and may lead to overfitting in ML models, as many of the studies
noted [24,27]. Second, there was a lack of diversity in skin types
reported across studies, with 7 of our studies not specifying the
range of Fitzpatrick skin types included. This is particularly
important given that skin reactions can present differently across
various skin types, potentially affecting the performance of
image-based AI models [37,38]. Additionally, the lack of

standardization in methodology across studies makes direct
comparisons challenging. Some studies used standard European
baseline series allergens, while others used specific sets of
allergens, making it difficult to assess and compare the
robustness of the models across different allergen panels.

The ethical implications of using AI in clinical practice and
industry engagement in this space also warrant attention. As AI
tools become more integrated into dermatology, it is crucial to
maintain transparency and interpretability in AI models [39].
For successful implementation in patch-testing diagnostics, the
AI system should provide clinicians with transparent,
mechanism-based explanations of its predictions, including
which clinical features or biomarkers are driving its
decision-making process and model confidence [40]. Efforts to
increase AI literacy among health care professionals, as well as
to develop user-friendly AI interfaces, will be essential in
fostering the integration of these technologies into routine
clinical workflows.

Furthermore, the regulatory landscape for AI in dermatology,
and health care more broadly, is still evolving. While AI tools
show promise, rigorous validation and regulatory approval are
needed before they can be fully integrated into clinical practice
[41]. Dermatologists, health care institutions, and national and
international policymakers must collaborate to develop clear
guidelines for the safe and effective use of AI in patch testing
and other dermatological applications.

Overall, AI holds immense potential to revolutionize the
diagnosis of contact dermatitis through more accurate and
standardized patch testing methods. However, to realize this
potential, further research is needed to address the challenges
of standardization, data diversity, model transparency, and
regulatory oversight. With concerted efforts, AI can serve as a
powerful tool in dermatology, enhancing diagnostic capabilities,
improving patient outcomes, advancing precision dermatology,
and ultimately contributing to more equitable health care
delivery [42].

Conclusions
This narrative review underscores the significant potential of
AI to revolutionize patch testing by enhancing diagnostic
accuracy, reducing inter-provider variability, and providing a
more standardized, scalable system for interpreting digital patch
test results. The high accuracies achieved by CNN models in
patch test image analysis are particularly noteworthy, suggesting
a possible path towards more standardized and objective patch
test interpretation internationally. Our analysis also highlights
a need for the development and adoption of standardized
protocols for capturing patch test images. Establishing these
protocols is crucial for facilitating accurate diagnostics across
diverse patient populations, supporting quality improvement
efforts, and promoting AI-driven advancements and analyses.
The creation of expansive patch testing databases and
standardized protocols will enable increased application of AI
systems to deliver more accurate, equitable, and scalable care
in the management of ACD.
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Abstract

A comparison of dermatological cases generated by artificial intelligence (AI) versus those created without AI by medical students
revealed that AI-created cases were characterized by detailed case descriptions, analysis of medical history, and clinical
examinations, but lacked the depth, clinical relevance, and motivational elements found in non-AI cases, which were shorter,
presented clinical dilemmas, and included challenging scenarios that students found more educational and engaging.

(JMIR Dermatol 2025;8:e72058)   doi:10.2196/72058
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Introduction

Artificial intelligence (AI) is no longer a futuristic concept but
a present reality that has rapidly changed all aspects of life;
health care is no exception. In medical education, AI offers tools
that have the potential to outperform traditional methods of
teaching and learning. Dermatology, a medical specialty that
relies almost exclusively on visual recognition and clinical
pattern analysis, provides fertile ground for AI to revolutionize
how medical students and aspiring dermatologists are trained
[1]. Chatbots, such as ChatGPT, can play a transformative role

in the medical education of dermatology. They can serve as
on-demand tutors, providing instant explanations for complex
dermatological terms, clarifying concepts, or answering
questions in real time. This capability allows medical students
to explore topics and receive personalized support and guidance
while studying. Along with supporting individual learning, the
tools are also invaluable for educators, as they enable efficient
creation of teaching materials. AI-driven models can generate
quizzes, flashcards, summary notes, and even realistic and
diverse clinical case scenarios [2,3]. The primary objective of
this study was to assess whether large language models like
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ChatGPT-4 can create engaging, educational, and clinically
relevant case-based scenarios for medical students.

Methods

Study Overview
Sixty-four medical students from two university-affiliated
hospitals, Attikon University Hospital and University Hospital
of Larissa, participated.

We assessed whether large language models like ChatGPT-4
can create engaging, educational, and clinically relevant
case-based scenarios for medical students. “Engaging” refers
to how much a case captures the learner’s interest, encourages
active thinking, and motivates further exploration of the topic.
Each AI-generated case was matched to a non-AI case on the
same dermatological condition and similar educational
objectives. Care was taken to ensure that both versions addressed
comparable levels of difficulty, albeit with their inherent
differences in style and formulation.

We developed a questionnaire featuring a mix of AI-generated
and non-AI cases. The medical students were presented with
multiple-choice questions, true/false statements, and correlation
exercises. The AI-generated cases were created by instructing
ChatGPT-4 to “generate an educational case in the form of
multiple-choice questions for medical students” on the first
attempt. Students graded each question on a Likert scale from
1 to 5, assessing how educational, motivational, or challenging
they found the cases, without knowing the creator.

The final scores were evaluated regarding the normality with
the Shapiro Wilk test, and then, the appropriate statistical tests
were performed; for example, the Wilcoxon W test was the

non-parametric test for paired data, as most comparisons were
based on data with a significant departure from normality.

Ethical Considerations
Participation was entirely voluntary and anonymous. All the
participants provided consent, and the included data were
de-identified. Institutional Review Board approval was not
applicable, as it relied exclusively on voluntary and anonymous
questionnaire responses, without the collection of identifiable
or sensitive personal information.

Results

Of 64 students, 45 answered the questionnaire (response rate
of 70.3%). Among the 45 students, 36 (80%) reported using
ChatGPT-4, 27 (60%) mentioned using Gemini-AI, while 9
(20%) students indicated they had never used a chatbot (the
students could provide more than one answer). Twenty-five
students (56%) stated that they used chatbots in their studies,
though none reported using them in clinical practice.

Non-AI cases are thought to be more educational, motivational,
and challenging in most scenarios, with statistical significance
in many cases (Table 1). In contrast, in the case of True or False
statements exercise and correlation test, no differences were
detected between AI and non-AI examples. In the questionnaire
students were asked about a conflicting situation involving
multiple learning resources, including AI-based tools and
traditional sources that provide different answers to the same
question, 6.7% of students (3/45) would trust the AI answer,
68.9% of students (31/45) would trust the Internet source, and
24.4% of students (11/45) would further discuss the topic with
a tutor.
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Table . The median scores and range in different categories between artificial intelligence (AI) and non-AI cases on different skin diseases and lesions
(Likert scale from 1 to 5).

ChallengingMotivationalEducational

2 (1-4)2 (2-5)4 (4-5)AI case on psoriasis

5 (3-5)a5 (3-5)a4 (4-5)Non-AI case on psoriasis

3 (2-3)3 (3-4)3 (3-4)AI case on atopic dermatitis

5 (4-5)a5 (4-5)a5 (4-5)aNon-AI case on atopic dermatitis

2 (2-3)4 (3-4)3 (3-4)AI case on rosacea

5 (4-5)a5a5 (4-5)aNon-AI case on rosacea

4 (3-4)4 (4-5)3 (3-5)AI case on HSb

4 (4-5)4 (3-5)4 (3-5)aNon-AI case on HS

3 (1-3)3 (2-4)3 (2-4)AI case on BCCc

4 (3-4) a3 (2-5)4 (3-4)Non-AI case on BCC

4 (2-4)4 (3-5)3 (1-3)AI case on actinic keratosis

5 (3-5)a5 (4-5)a5 (4-5)aNon-AI case on actinic keratosis

2 (1-2)3 (1-4)4 (2-5)AI case on melanoma

5 (4-5)a5a5 (3-5)aNon-AI case on melanoma

3 (1-5)4 (2-4)4 (2-4)True or False statements question
by AI

4 (2-5)4 (2-5)4 (2-4)True or False statements question
by clinician

2 (1-3)4 (3-4)4 (3-5)Correlation question by AI

3 (2-4)4 (3-4)4 (3-5)Correlation question by clinician

aStatistical significant in favor of non-AI example(P<.05)
bHS: hidradenitis suppurativa.
cBCC: basal cell carcinoma.

Discussion

In dermatology, no studies have directly compared AI-generated
case scenarios with those authored by clinicians in terms of the
educational value, clinical relevance, or student engagement.
In our study, AI-created cases were characterized by detailed
case descriptions, analysis of medical history, clinical
examinations, and follow-up questions but lacked the depth,
clinical relevance, and motivational elements found in non-AI
cases. Non-AI cases were shorter, presented clinical dilemmas,
offered direct questions, and included challenging scenarios

that students found more educational and engaging [4,5].
Non-AI questions, such as those comparing sebaceous
hyperkeratosis and melanoma, differentiating between atopic
dermatitis and scabies in a child patient, searching for
comorbidities in rosacea, and critically evaluating a patient with
hidradenitis suppurativa, were assessed with higher scores
compared to the straightforward cases by AI chatbots. However,
this observation does not imply that AI-generated questions
have no value, as they can help students test their understanding.
Tutors are also encouraged to make their own questions that
simulate real-life scenarios that challenges students and do not
rely blindly on chatbots for the quick production of exercises.
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Abstract

This cross-sectional content analysis found that Instagram’s hashtag-based reels display consistent dermatologic content regardless
of user engagement history, supporting the use of hashtags as an objective and reproducible tool for social media research in
dermatology.

(JMIR Dermatol 2025;8:e76829)   doi:10.2196/76829
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Introduction

Social media has become a source of medical information for
the general public, with Instagram and TikTok being among
the most influential apps [1-4]. In response to the increasing
presence of dermatology-related content, dermatologists have
been encouraged to engage in social media to decrease
misinformation [1-4]. As dermatology-related content grows
on social media, more research is being done to assess its quality
[1]. Concerns have been raised about the reliability and
reproducibility of social media research, particularly due to the
personalized nature of platform algorithms [1]. A 2024 study
by Druskovich and Landriscina [1] highlighted how TikTok’s
content curation can introduce bias and inconsistency into
dermatology research.

This study aimed to assess whether account bias affects the type
of dermatologic information presented in social media videos.

Methods

Overview
We used Instagram reels rather than TikTok amid increasing
scrutiny of TikTok’s data privacy practices and the potential
for a national ban in the United States. We compared Instagram
reels videos between two user accounts: one with a biased
profile based on prior dermatology engagement, and a new
account with no activity or history. The biased profile was an
existing Instagram account that had engaged extensively with
dermatology-related content. This account followed multiple
dermatologists and dermatology organizations and had
previously liked, commented on, and shared dermatology posts,
thereby establishing a history of dermatology-related activity.

For each account, the first 100 reels displayed under the hashtag
#sunscreen were saved to prevent future content influence,
resulting in a total of 200 videos. Each video was evaluated and
categorized by creator type (dermatologist, non-dermatologist
physician, esthetician, beauty blogger, etc) and content type
(educational, advertisement, entertainment, etc). Creators were
classified as dermatologists if they were verified to be
board-certified through online professional profiles, institutional
websites, or board certification databases. Engagement metrics,
including views, likes, and comments, were recorded. By
analyzing both content and engagement metrics, we sought to
determine whether Instagram’s hashtag-based video results are
influenced by user history or whether they offer an objective
method for dermatology social media research. Data analysis
was performed using R (version 4.3.1; R Foundation for
Statistical Computing) with a significance value set to P<.05.

Ethical Considerations
This study was deemed exempt from ethics approval as it did
not involve human participants or identifiable private
information. The research was conducted in accordance with
the ethical standards outlined in the U.S. Department of Health
and Human Services, Code of Federal Regulations, Title 45,
Part 46 [5]. All data analyzed were publicly available and fully
deidentified prior to analysis, ensuring no individual could be
identified directly or indirectly.

Results

Our study found there were no statistically significant

differences in the video results between the two accounts. A χ2

test assessing differences in content categories and creator types
showed no significant variation between accounts (χ²  = 7.6, P
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= 0.3; Table 1). A Monte-Carlo chi-squared test evaluating
video types similarly found no significant differences (χ² =19.9,
P=0.8; Table 2). Engagement metrics for views, likes, and
comments across all creator types were compared using
two-sample t tests, and all P values exceeded 0.05. A paired t

test comparing video engagement, calculated by adding the
likes and comments and dividing by the view number, showed
no difference between accounts (P=0.42; Table 1). These
findings suggest that the Instagram reels hashtag system displays
dermatologic content consistently and reproducibly, regardless
of account history or engagement.

Table . Video engagement by creator type for reels found on a biased profile based on prior dermatology engagement and a new account with no
activity or history.

Average engagement rateAverage commentsAverage likesAverage viewsNumber of videos

UnbiasedBiasedUnbiasedBiasedUnbiasedBiasedUnbiasedBiasedUnbiasedBiasedVideo Cre-
ator

1.58%1.52%289957846,07125,1123,814,6001,950,3761417Dermatolo-
gist

1.26%1.47%56248212,55414,086975,3251,233,55044Non-derma-
tologist
physician

4.63%4.66%10871008480,000428,00010,400,0009,200,00011Nurse prac-
titioner

1.25%0.59%3616338,62033413,938,50067,10081Esthetician

3.11%2.89%216966451,88347,6102,166,5483,047,9755859Beauty
blogger

2.53%1.94%38639696,88160,5785,362,4003,734,560510Skincare
company

1.99%13.08%85981176,68675,3293,137,0002,769,867119Other

Table . Video type by creator type for number of reels found on a biased profile based on prior dermatology engagement and a new account with no
activity or history.

Clinical demonstrationEntertainment/HumorBusiness/AdvertisementPersonal experienceEducational

UnbiasedBiasedUnbiasedBiasedUnbiasedBiasedUnbiasedBiasedUnbiasedBiasedVideo cre-
ator

00224421610Dermatolo-
gist

0000001133Non-derma-
tologist
physician

0011000000Nurse prac-
titioner

1001203020Esthetician

20652023212299Beauty
blogger

0123261000Skincare
company

4323011042Other

Discussion

These results challenge assumptions that social media research
is inherently flawed due to account engagement history [1].
While Instagram curates personalized content based on user
interaction, the hashtag system appears to present the same type
of information regardless of account history. This has
meaningful implications for research methodology, where
Instagram hashtags may provide an objective tool for studying

dermatologic content online, supporting more reproducible and
rigorous investigations.

Our study is limited as it reflects a single time point and one
hashtag on one platform. Future work should evaluate the
longitudinal stability of Instagram’s algorithm, explore other
hashtags, and compare results across broader time frames.
Additionally, while the hashtag system offers a consistent
sampling method for research, it may not fully reflect the way
users typically consume content. Many users do not actively
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search via hashtags, and some creators, especially those with
large followings, may not rely on hashtags for engagement,
meaning their content may be underrepresented in hashtag-based
analyses. Despite this, the hashtag system provides a practical
and reproducible approach for evaluating dermatologic content
for research.

As patients continue to turn to social media for skin health
information, understanding how content is delivered empowers
dermatologists to better counsel patients on how to navigate

these platforms critically. These findings may reassure clinicians
that accurate, evidence-based content has the potential to
compete with less credible sources, especially when paired with
effective use of tools like hashtags. Our data show that
dermatologists did not receive the highest engagement rate
(Table 1), highlighting the need for more dermatologists to
create engaging social media content. Rather than dismissing
social media as a space dominated by misinformation,
dermatologists can leverage these insights to engage with
patients and encourage more informed digital consumption.
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Abstract

We reviewed 30 of the top-viewed Instagram videos using the hashtags #retinoid and #retinol to assess reliability using the
DISCERN instrument. Dermatologists produced more accurate content than laypeople, though important details such as treatment
risks were often omitted. Our findings highlight the need for health professionals to balance accessibility with accuracy to provide
trustworthy dermatologic information on social media.

(JMIR Dermatol 2025;8:e77504)   doi:10.2196/77504
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Introduction

Social media has become a daily source of connectivity,
entertainment, and health information across all age groups. It
has transformed how health knowledge is shared and consumed.
Often, such content is delivered under the disclaimer “this post
is not medical advice,” even as it implies otherwise. A lack of
platform regulation allows individuals without medical training
to share health-related information or personal experiences,
often omitting context critical to patient understanding and
safety. To increase engagement, even health care
professionals–including dermatologists–have adapted their
content into brief, attention-grabbing formats. This shift toward
short-form, simplified videos often sacrifices educational depth,
reducing complex topics to superficial overviews. The emphasis
on visual appeal may further prioritize style over substance.
Past studies evaluating social media health content often
conclude that improved quality is essential for patient safety
[1-3].

Methods

To assess the reliability of dermatologic information on
Instagram, we analyzed the top 30 most-viewed videos under
the hashtags #retinoid OR #retinol, each with over 50,000 views.
There were no duplicate videos. The decision to include 30
videos was based on previous publications in the field that

included a similar or smaller number of videos for their
statistical analysis. Content creators were categorized as
dermatologists, nondermatology physicians (other MDs/DOs),
or laypeople. Videos were excluded if the creator’s qualifications
could not be verified. Four independent reviewers with
dermatology training scored each video using the DISCERN
instrument, a validated tool for assessing consumer health
information quality [4]. Because not all consumers read further
into social media posts, we did not include captions,
descriptions, and on-screen text in the DISCERN tool analysis.
Median and mean scores for each group were calculated. A
1-way ANOVA was used to test for group differences, with
post hoc Tukey analysis used for pairwise comparisons
(significance set at P<.05).

Results

The breakdown of videos was as follows: 10
dermatologist-created, 3 other physician–created, and 17
layperson-created. We found a significant difference in
DISCERN scores by creator type (P=.04). Post hoc analysis
showed dermatologist-created videos scored significantly higher
than those by laypeople (P=.049). Differences between
dermatologists and nondermatology professionals (P=.09) and
between nondermatology professionals and laypeople (P=.98)
were not significant. The intraclass correlation coefficient among
reviewers was 0.958, indicating excellent concordance. Results
are shown in Figure 1.
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Figure 1. Boxplot showing differences in average DISCERN scores across different creator categories.

Discussion

Principal Findings
Although dermatologist videos were higher in quality, even
these showed major gaps. One commonly missed DISCERN
criterion was question 11: “Does it describe the risks of each
treatment?” This was underreported across all groups. This
omission is concerning, as topical retinoids, though effective,
are associated with irritation, dryness, and photosensitivity [5,6].
If these risks are not clearly explained, misuse or discontinuation
may occur.

Interestingly, dermatologists outperformed other physicians,
suggesting that specialty-specific expertise matters when
communicating dermatologic information. Despite general
medical training, nondermatology professionals may lack the
nuanced understanding necessary to convey accurate skincare
content.

Social media wields enormous influence on public health
decisions. While creators may aim to educate, oversimplified

or incomplete content can mislead. Our findings highlight the
importance of evidence-based communication, especially when
addressing topics outside one’s specialty. Clear presentation of
risks, benefits, and limitations is essential to support informed,
safe choices.

This study has limitations. Our analysis was limited to 30 videos,
which may not capture the full range of retinoid-related content
on Instagram. The DISCERN tool, though validated, was
designed for written material and may not fully assess video
nuances. Lastly, classification of creators was based on publicly
available data and could be subject to misidentification.

Conclusion
Dermatologists and other health professionals must remain
vigilant in sharing balanced, accurate information on social
media. Improving the quality and transparency of content can
help transform platforms like Instagram into trusted resources
for skin health rather than sources of misinformation.
Additionally, content regulation by social media companies is
essential for protecting patients, as unregulated medical
information can cause significant harm to patients.
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Abstract

This single-center retrospective case series included 28 patients with alopecia (7 with lichen planopilaris, 7 with discoid lupus
erythematosus, and 14 with alopecia areata). Trichoscopic markers were systematically compared across groups. Exclamation-mark
hairs and yellow dots were characteristic of alopecia areata, whereas follicular ostia loss and white scarring were confined to
lichen planopilaris/discoid lupus erythematosus, providing a simple and practical distinction between nonscarring and scarring
alopecias in routine practice.

(JMIR Dermatol 2025;8:e83463)   doi:10.2196/83463
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Introduction

Trichoscopy is now integral to alopecia assessment, enabling
the recognition of hair‐shaft changes, peri or interfollicular
alterations, and follicular opening loss to quickly separate
nonscarring from scarring disease [1]. In scarring alopecias,
lichen planopilaris (LPP) typically shows perifollicular scales
or erythema and target-pattern blue-gray dots, whereas discoid
lupus erythematosus (DLE) more often displays follicular
keratotic plugs with telangiectatic or arborizing vessels; patterns
can vary by phototype, underscoring the need for pragmatic
rules that generalize across populations [2,3]. The
misclassification between LPP and DLE is well documented,
emphasizing the value of simple bedside discriminators that
complement histopathology [4].

This study, therefore, aimed to compare key trichoscopic
markers among LPP, DLE, and AA and to propose a concise,
rule-in/rule-out approach for routine clinical care.

Methods

Setting and Participants
This single-center, retrospective case series was conducted at
the Department of Dermatology, Nizip State Hospital,
Gaziantep, Türkiye, including consecutive patients with alopecia
who underwent trichoscopic evaluation: LPP (n=7), DLE (n=7),
and AA (n=14). The diagnosis of AA was made based on
clinical and trichoscopic criteria, whereas all LPP and DLE

cases were histopathologically confirmed. Age and sex were
retrieved from medical records.

Trichoscopic Evaluation
Routine polarized dermoscopy images were reviewed using a
prespecified 16-item checklist (present=1/absent=0), including
perifollicular scale, erythema, and casts; blue-gray target dots;
follicular ostia loss or plugs; yellow and black dots; white scar
or atrophy; background erythema; arborizing vessels;
interfollicular scales; exclamation-mark, broken, and lonely
hairs; and tufting.

Arborizing vessels were graded by caliber (0=absent, 1=thin
<50% of adjacent hair-shaft caliber, 2=thick ≥50% of adjacent
hair-shaft caliber).

Statistical Analysis
Categorical variables were summarized as n (%) and continuous
variables as mean (SD). Prespecified contrasts used two-sided
Fisher exact tests (α=.05): AA versus scarring alopecias
(LPP+DLE) for exclamation-mark hairs, yellow dots, white
scarring or atrophy, and follicular ostia loss (plus exploratory
black or broken hairs), and DLE versus LPP for follicular plug,
arborizing vessels (any/thick), interfollicular scale, and peripilar
casts.

Odds ratios were estimated with a Haldane–Anscombe 0.5
correction when zero cells occurred. Analyses were performed
using Python and SciPy.
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Ethical Considerations
The study was conducted in accordance with the Declaration
of Helsinki. Ethical approval was granted by the Scientific
Research Ethics Committee of Bezmialem Vakıf University,
Istanbul, Türkiye (Approval No: E-54022451-050.04-122609;
September 6, 2023). The protocol originally focused on AA;
additional LPP and DLE cases collected under the same protocol
were analyzed here as a secondary evaluation, with notification
to the ethics committee. All participant data were anonymized
and deidentified before analysis. Owing to the retrospective
design and use of anonymized data, informed consent was not
required. No compensation was offered to study participants.

Results

Twenty-eight patients were included (7 each with LPP and DLE,
and 14 with AA); age and sex distributions were comparable.
Scarring signs (white scar or atrophy and follicular ostia loss)
occurred exclusively in LPP/DLE and were absent in AA.
Trichoscopic markers clustered in AA, most prominently
exclamation-mark hairs, followed by yellow dots, whereas black
dots and broken hairs were not discriminatory. Within scarring
alopecias, DLE showed more follicular plugs and occasional
thick arborizing vessels, while LPP showed universal
perifollicular scale with more perifollicular erythema; these
trends were not statistically significant given the sample size.
Representative clinical, trichoscopic, and histopathological
findings for each entity are illustrated in Figure 1. All estimates
and exact P values are provided in Table 1.

Table . Demographics and key trichoscopic markers across diagnoses, with AAa versus scarring statistics.

P valueOR (AA vs scarringd)AA (n=14)DLEc (n=7)LPPb (n=7)Variable

––37.7 (6.4)40.3 (6.6)34.4 (10.3)Age (years), mean
(SD)

––5 (36)2 (29)3 (43)Female participant, n
(%)

<.001<0.01e0 (0)7 (100)7 (100)White scarring or atro-
phy, n (%)

<.001<0.01e0 (0)7 (100)7 (100)Follicular ostia loss, n
(%)

<.00195.2911 (79)0 (0)0 (0)Exclamation-mark
hairs, n (%)

.00615.0010 (71)2 (29)0 (0)Yellow dots, n (%)

.2373.677 (50)3 (43)0 (0)Black dots, n (%)

.7061.788 (57)2 (29)4 (57)Broken hairs, n (%)

aAA: alopecia areata.
bLPP: lichen planopilaris.
cDLE: discoid lupus erythematosus.
d“Scarring” denotes the combined LPP+DLE group.
eHaldane–Anscombe 0.5 correction applied when any cell contained zero.
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Figure 1. Clinical, trichoscopic, and histopathological features of LPP, DLE, and AA. (A–C) LPP: Patchy scarring alopecia with perifollicular scales
or erythema and blue-gray dots; histology illustration (C) Perifollicular lichenoid infiltrate, lamellar fibrosis, sebaceous loss, and pigment incontinence.
(D–F) DLE: Scarring alopecia with keratotic plugs, erythema, and arborizing vessels; schematic drawing (F) Follicular plugging, thickened basement
membrane zone, dermal mucin, and perifollicular fibrosis with ostial loss. (G–I) AA: Nonscarring alopecia with yellow or black dots and exclamation-mark
hairs; histopathologic illustration (I) Peribulbar “swarm of bees” infiltrate, follicular miniaturization, preserved sebaceous glands, and absence of
concentric fibrosis. All clinical and trichoscopic images are original and de-identified; schematic histologic illustrations (C, F, I) were created by the
authors for this figure to depict key diagnostic features. AA: alopecia areata; DLE: discoid lupus erythematosus; IRS: inner root sheath; LPP: lichen
planopilaris.

Discussion

Principal Findings
This study identified key trichoscopic patterns that reliably
distinguish nonscarring from scarring alopecias. In this cohort,
white scarring or atrophy and follicular ostia loss occurred
exclusively in LPP or DLE and were absent in AA, reinforcing
that the loss of follicular openings is a practical hallmark of
cicatricial disease [5]. Conversely, AA showed clusters of
exclamation-mark hairs and, secondarily, yellow dots; these
markers also track AA activity and severity in structured
trichoscopic scoring systems such as STRIAA (Severity
Trichoscopy Index Alopecia Areata) and support their use as
practical rule-in signs [6].

Among scarring alopecias, the findings of this study were
consistent with those in previous reports [3,7,8]: DLE showed
more follicular plugs and occasional thick arborizing vessels,

whereas LPP consistently demonstrated perifollicular scale,
frequent erythema, and characteristic target-pattern blue-gray
dots [3,7,8]. Notably, lonely hair is not disease-specific and
should be interpreted in context, particularly when
differentiating LPP from frontal fibrosing alopecia [7].

Clinically, a succinct rule emerges: AA is favored by one or
more of exclamation-mark hairs or yellow dots, whereas the
combination of ostia loss and white scarring favors LPP or DLE.
This aligns with stepwise diagnostic algorithms that first classify
distribution, then scarring status by the presence or absence of
ostia, and finally apply a short list of trichoscopic clues [9].
Comparative clinicopathologic studies also demonstrate
systematic differences between DLE and LPP at the population
level, providing additional context for our observations [10].

Key limitations include the small, single-center sample and
limited power for LPP–DLE contrasts. Nevertheless, the
direction and magnitude of the observed effects and the
identified high-yield markers are consistent with contemporary
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systematic reviews [3] and support the external validity of the
findings of this study.

Conclusions
A minimalist trichoscopic rule effectively differentiates AA
from scarring alopecias: exclamation-mark hairs or yellow dots

favor AA, whereas the combination of follicular ostia loss and
white scarring favors LPP or DLE. These easily recognizable
cues can assist clinicians in biopsy site selection and treatment
planning. Larger multicenter studies are warranted to validate
these findings and refine diagnostic criteria for distinguishing
LPP from DLE.
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Abstract

This research letter evaluates the quality and readability of hidradenitis suppurativa (HS) websites found on Google and Bing
with the DISCERN instrument and Flesch-Kincaid Readability metrics. Comprehensive and reliable articles can lead to increased
knowledge about HS and further enhance physician-patient relationships and shared decision-making. This study’s aim was to
identify reliable resources to help bridge knowledge gaps and support informed discussions on management and treatment options.

(JMIR Dermatol 2025;8:e72773)   doi:10.2196/72773
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Introduction

Hidradenitis suppurativa (HS) is a chronic, inflammatory skin
condition that is often challenging to diagnose, with delays
averaging 7 to 10 years [1]. Its complex clinical course and
psychosocial burden lead many patients to the internet for
information and treatment options. While online resources can
support shared decision-making and physician-patient
communication [2], the accuracy and readability of content can
vary widely. High-quality, accessible information empowers
patients, but misleading or difficult-to-comprehend information
causes confusion and hinders effective management. We
assessed the quality and readability of HS-related websites using
the DISCERN instrument and Flesch-Kincaid metrics.

Methods

A systematic search of Google and Bing was conducted using
the term hidradenitis suppurativa in an incognito browser with
location services disabled. Searches were performed on the
same day to minimize discrepancies due to search algorithm
changes. Twenty results were obtained from each search engine.
Advertisements, duplicate content, paywalled articles, and
incomplete sources were screened out, leaving a combined 20
websites for analysis.

Two independent reviewers used the DISCERN instrument to
evaluate health information based on 16 questions covering
clarity, references, and treatment (Multimedia Appendix 1) [3].

DISCERN uses a 5-point scale, with higher scores indicating
better quality. Scores from both reviewers were averaged.
Readability was measured using the Flesch-Kincaid Grade
Level, which determines the US school grade level required for
comprehension [4]. P values were calculated using independent
2-tailed t tests to compare DISCERN scores, while readability
metrics were summarized descriptively.

Results

The mean DISCERN scores for Google (Alphabet) and Bing
(Microsoft) were 54.05 (SD 11.53) and 59.83 (SD 9.73),
respectively, indicating good quality [5]. Websites authored or
reviewed by physicians had significantly higher DISCERN
scores (62.1 vs 49.7; P=.02) than those by nonphysicians,
indicating that expert involvement improves the quality of online
health content. However, the mean reading grade levels for
Google (10.8, SD 2.4) and Bing (10.5, SD 1.9) exceeded the
National Institutes of Health recommendation for a sixth or
seventh grade level [6]. Only half of physician-reviewed articles
met this criterion. Table 1 summarizes our findings, highlighting
a significant gap between content quality and accessibility,
underscoring the need for improved patient-friendly resources.

Moreover, websites found on Bing exhibited statistically
significant differences in DISCERN question 7 (providing
additional sources of support; P=.03) and a trend, although
nonsignificant, in question 10 (treatment benefit descriptions;
P=.06).
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Table . Hidradenitis suppurative websites analyzed.

Reading grade levelMean DISCERN scoreAuthor or reviewerSearch engineWebsite

9.652.5Academic institutionGoogleNational Health Service

9.767.5Academic institutionGoogle and BingMayo Clinic

6.370PhysicianGoogle and BingAmerican Academy of Der-
matology

11.563.5PhysicianGoogleNational Institutes of Health

8.142.5Academic institutionGoogle and BingMedlinePlus

12.656PhysicianGoogle and BingDermNet

10.361Academic institutionGoogle and BingCleveland Clinic

10.447Nonprofit organizationGoogle and BingHS Foundation

1162.5PhysicianGoogleMedscape

5.770PhysicianGoogleWebMD

7.437.5HospitalGoogleNationwide Children’s Hos-
pital

9.761Global siteGoogle and BingWikipedia

11.133Academic institutionGoogleMount Sinai

9.649CharityGoogle and BingBritish Skin Foundation

11.146Academic institutionGoogleAmerican Osteopathic Col-
lege of Dermatology

6.447PhysicianGoogleCedars-Sinai

8.465.5PhysicianBingPatient.Info

7.671.5PhysicianBingHealthline

7.550PhysicianBingFamilyDoctor.org

9.465PhysicianBingMedical News Today

Discussion

While the internet is a valuable resource for patient education,
many HS-related websites may be difficult for patients to
understand. Given the chronic and distressing nature of HS,
access to clear and reliable information is of utmost importance.
The variability in readability and quality indicates a need for
greater oversight and standardization in online medical content.
Complex resources may discourage patients with lower health
literacy from engaging with important health information,
leading to misinformation, delays in seeking professional care,
and suboptimal self-management strategies [7]. High readability
demands on websites may further widen health disparities, as
HS is more prevalent among individuals with lower
socioeconomic status, who may also have lower health literacy.
To improve equitable access to medical information, resources
should be written in plain language, include visual aids, and be
available in multiple languages to accommodate diverse patient
backgrounds.

Health care providers should also guide patients to reliable sites,
ideally incorporating links to after-visit summaries or patient
portals. Future efforts should focus on improving the clarity of
online HS resources without compromising their informational

value. Website developers could also involve patients in the
content creation process to ensure materials are accessible.

Despite these findings, several limitations must be considered.
First, the study focused on the top search results for Google and
Bing at a specific time point, which may not reflect dynamic
changes in search algorithms. Notably, Bing yielded more
support group links, potentially due to algorithm prioritization;
Google often ranks academic sources higher, while Bing
surfaces more user-friendly content. Additionally, the readability
analysis relied on established formulas, which primarily assess
sentence length and word complexity. These tools do not
account for contextual factors such as formatting choices or
visual aids, which may improve comprehension. Finally,
although patient forums like Reddit may offer valuable insights,
they are not professionally curated and should be interpreted
with caution.

In conclusion, we found considerable variability in the quality
and readability of online HS resources. Due to the persistent
and often debilitating course of HS, trustworthy and
comprehensible resources are crucial to support understanding
and management of this condition. As online health information
continues to shape patient perceptions and behaviors, improving
the quality and readability of digital medical content should
remain a priority.
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Abstract

This retrospective observational study was conducted to evaluate trends in synchronous teledermatology use across different
levels of clinical complexity among Medicare beneficiaries, analyzing data from the Medicare Part B Physician/Supplier Procedure
Summary Master Files; we founding that the growing use of teledermatology for complex visits highlights its potential as a
long-term approach for improving dermatologic care.

(JMIR Dermatol 2025;8:e78438)   doi:10.2196/78438
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Introduction

The use of teledermatology has significantly increased since
the onset of the COVID-19 pandemic. Teledermatology provides
several benefits, including improving access to care for
underserved communities and saving patients time when
in-person visits are not medically necessary [1]. This modality
has been integrated into the care of medically complex patients
(levels of service 4 and 5) and serves as a valuable tool for
managing their conditions [2]. However, there remains a limited
understanding of teledermatology use across varying levels of
clinical complexity. Levels of service refer to medical billing
categories that describe the complexity involved in a patient
visit, ranging from 1 (brief) through 5 (long, with greater clinical
judgment). In this study, we explore trends in synchronous
teledermatology use across levels of service, providing insights
that can inform the clinical integration of teledermatology.

Methods

Study Design
We conducted a retrospective observational study using the
Medicare Part B Physician/Supplier Procedure Summary Master
Files from 2017 to 2023 [3]. Outpatient evaluation and
management, in-person visits, and teledermatology visits billed
by dermatologists were identified via Current Procedural

Terminology codes and stratified by service level (levels 1‐5)
and patient type (new vs established). Percentages of visits by
service level were calculated to characterize trends before and
after the pandemic. Descriptions of the data collection
methodology and statistical analysis are provided in Multimedia
Appendix 1).

Ethical Considerations
This was a secondary analysis of existing data that did not
involve interaction with human subjects and used deidentified
data. This retrospective study is thus exempt from informed
consent and institutional review board approval.

Results

Before 2020, level 2 and 3 visits accounted for the highest
proportion of teledermatology visits among both patient groups
(Figure 1). From 2020 to 2023, there was an increase in
teledermatology use for level 4 and 5 visits among new patients
at level 4 (2020: 570/22,571, 2.53%; 2021: 1468/6069, 24.19%;
2022: 838/3170, 26.44%; and 2023: 814/2468, 32.98%) and
level 5 (2020: 115/22,571, 0.51%; 2021: 137/6069, 2.26%;
2022: 32/3170, 1.01%; and 2023: 52/2468, 2.11%), as well as
for established patients at level 4 (2020: 21,594/184,044,
11.73%; 2021: 14,337/49,666, 28.87%; 2022: 10,417/28,643,
36.37%; and 2023: 9524/23,329, 40.82%) and level 5 (2020:
1352/184,044, 0.73%; 2021: 1422/49,666, 2.86%; 2022:
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826/28,643, 2.88%; and 2023: 867/23,329, 3.72%). In contrast,
level 2 teledermatology visits decreased from 2020 to 2023 for
new (2020: 13,506/22,571, 59.84%; 2021: 1280/6069, 21.10%;
2022: 503/3170, 15.87%; and 2023: 330/2468, 13.37%) and
established (2020: 39,881/184,044, 21.67%; 2021: 6632/49,666,
13.35%; 2022: 3009/28,643, 10.51%; and 2023: 2371/23,329,
10.16%) patients. Compared to teledermatology visits from the
same period, in-person visits had a lower percentage of complex
visits (levels 4 and 5) for both patient types (Figure 2). Although
in-person level 4 and 5 new-patient visits increased, their growth
remained lower than for teledermatology. Among established
patients, in-person visits showed a level 4 decline and slight

level 5 increase, contrasting the growth in teledermatology for
these levels. Due to these trends, in 2023, the level 4 and 5 visits
among total teledermatology visits numbered 814 of 2468
(32.3%) and 52 of 2468 (2.11%) among new patients and 9524
of 23,329 (40.82%) and 867 of 23,329(3.82%) among
established patients, respectively. In comparison, for in-person
visits, level 4 and 5 visits accounted for 308,577 of 1,342,022
(22.99%) and 3727 of 1,342,022 (0.28%) of visits among new
patients, and 2,130,561 of 9,196,175 (23.17%) and 31,858 of
9,196,175 (0.35%) among established patients (Multimedia
Appendix 2).

Figure 1. (A) Percentage of new-patient teledermatology visits by level of service from 2017 to 2023 among Medicare beneficiaries. (B) Percentage
of established-patient teledermatology visits stratified by level of service from 2017 to 2023 among Medicare beneficiaries. CPT: Current Procedural
Terminology.
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Figure 2. (A) Percentage of new-patient in-person visits stratified by level of service from 2017 to 2023 among Medicare beneficiaries. (B) Percentage
of established-patient in-person visits stratified by level of service from 2017 to 2023 among Medicare beneficiaries. CPT: Current Procedural Terminology.

Discussion

Our study identified that early on, teledermatology focused on
lower-level visits (levels 2 and 3), but shifted toward
higher-level encounters (levels 4 and 5) after 2020. This trend
toward higher-level visits may be driven by multiple factors.
One possible factor is the 2021 evaluation and management
billing change, enabling health care providers to determine visit
level by time or by medical decision [4]. This change may have
simplified justification for higher-level virtual visits, leading to
coding changes. However, the greater growth of higher-level
encounters in teledermatology compared to in-person visits

suggests factors beyond billing requirements contributed to this
trend. The COVID-19 pandemic led to greater reliance on
teledermatology, likely increasing dermatologist comfort with
using this modality for managing complex conditions that do
not require in-person visits [5]. However, as total
teledermatology visits declined from 2020 to 2023,
dermatologists still using virtual visits were likely those with
greater comfort using telehealth or medical systems that easily
incorporate virtual care. Our findings highlight important
considerations for policymakers and health systems. For
policymakers, coding trends can inform future telehealth billing
changes to balance access, quality, and cost. For health systems,
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the shift highlights the importance of integrating teledermatology
into practice for effective use.

Our study is limited in its capacity to explore the multiple factors
that influenced the findings and by its sole examination of
Medicare beneficiaries, which may not have captured the
entirety of teledermatology use, reducing generalizability.
Limitations in the dataset may have led to undercounting

teledermatology visits, as only the first and second modifier
fields were available. Furthermore, teledermatology is often
used in settings where health care providers feel comfortable
with virtual care, potentially skewing the patient population.
Further research is needed to continue evaluating the scope of
teledermatology in dermatologic care and improve our
understanding of the factors that influence its increasing use for
complex visits.
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Abstract

Our study demonstrated the ability of ChatGPT-4 to answer 77.5% of all sampled text-based board review type questions correctly.
Questions requiring the recall of factual information were answered correctly most often, with slight decreases in correctness as
higher-order thinking requirements increased. Improvements to ChatGPT’s visual diagnostics capabilities will be required before
it can be used reliably for clinical decision-making and visual diagnostics.

(JMIR Dermatol 2025;8:e74085)   doi:10.2196/74085
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Introduction

ChatGPT, a multimodal language model capable of answering
multiple choice questions, incorporates visual inputs in its latest
version, GPT-4. Lewandowski et al [1] recently assessed
ChatGPT-3.5 and ChatGPT-4’s performance in dermatology
examinations, finding that ChatGPT-4 significantly
outperformed its predecessor, achieving over a 60% pass rate
overall and >84% accuracy on photo-based questions. Building
on this, our study classified ChatGPT-4’s correctly answered
question types using Bloom’s taxonomy for cognitive
complexity [2].

Methods

We evaluated ChatGPT-4’s capabilities on the Basic, Core, and
Applied examination questions from Dermatology-In-Review,
an online dermatology board review preparation course. The
Basic examination is a required examination for first-year US
dermatology residents and tests dermatology fundamental
knowledge. The Core and Applied examinations are taken late
in residency and after residency, respectively. These tests
examine more advanced clinical knowledge and focus on
higher-order thinking. In total, 167 Basic, 210 Core, and 166
Applied multiple-choice questions without photos were
formatted and fed into ChatGPT-4 using an algorithm in
Python’s Pandas. ChatGPT-4’s in-depth responses to each query
were captured, reviewed, and independently confirmed and
coded as correct or incorrect (Table 1).

Table . ChatGPT-4 cases correct by testing category.a

Remember type questions:
Correct %, Total %

% CorrectIncorrectCorrect

71/82 (86.6%), 82/167
(49.1%)

83.20%28139Basic

52/66 (78.8%), 66/210
(31.4%)

75.20%52158Core

35/46 (76.1%), 46/166
(27.7%)

74.10%43123Applied

aP value=.0382, Pearson’s Chi-squared test for the Basic versus Core+Applied Examinations.
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We categorized text-based questions according to Bloom’s
taxonomy using a Python function. One author (CK) and
ChatGPT-4 categorized each question into a specific category
of Bloom’s Taxonomy using guidelines [2]. In the case of a
discrepancy, ChatGPT-4’s reasoning for the decision was
considered, which assisted in the reconciliation of categorization.
Bloom’s categories included Remember (includes lower-level
thinking, such as knowledge and comprehension), Apply,

Analyze, Evaluate, and Synthesize. All statistics were performed
using R statistical software, including the Pearson chi-squared
test (Table 1) and Fisher exact test (Table 2).

Photo-based questions were entered directly into ChatGPT-4,
along with structured messages and answer choices, and
responses were recorded. Fifty-three photo cases from all board
categories were used.

Table . ChatGPT-4 cases correct by Bloom category (all cases).a

% CorrectTotalIncorrectCorrect

81.9%19335158Remember

76.7%21951168Apply

74.7%751956Analyze

72.5%521437Evaluate

25.0%431Synthesize

77.5%542122420Total

aP =.059, Fisher exact test.

Results

Overall, ChatGPT-4 answered 77.5% of all sampled text-based
questions correctly. Varying levels of accuracy were
demonstrated in answering board questions within different
Bloom categories. In the “Remember” category, the model
correctly answered 158/193 (81.9%). “Remember” is considered
the most basic level of educational understanding, with the
ability to recall or comprehend information without applying
the concept [3]. ChatGPT-4 performed the best in this category;
however, it did significantly (P=.0382) better on the
“Remember” questions from the Basic examination compared
to those on the Core and Applied sections combined (Table 1).
As the Bloom categories progress from Apply to Analyze,
Evaluate, and Synthesize, a solid foundation of knowledge and
higher-order thinking is necessary. Table 2 demonstrates a
decreasing trend (P=.059) in the percent correctness for the
ChatGPT-4 answers moving from “Remember” to the classes
of higher-order thinking.

Of the 53 questions, 18 (34%) with photos were answered
correctly, with none of the “What is the histologic diagnosis?”
question stems answered correctly. Excluding these, 18/38
(47.3%) had the correct answer. Notably, photo questions with
leading information were more likely to be given the correct
response.

Discussion

ChatGPT-4 correctly answered 77.5% of all text questions
correctly, similar to the results of Lewandowski et al [1], in
which ChatGPT-4 answered 80.7%‐84% of the questions

correctly on English-based Dermatology assessments. Our
outcomes differed in that they were able to obtain a much higher
number of correct responses on photo-based questions compared
to our study, where ChatGPT-4 was only able to answer
approximately one-third of the photo cases correctly. Hirosawa
et al [4]assessed the impact of adding image data to clinical
textual data on ChatGPT-4’s diagnostic accuracy. They found
that integrating image data into ChatGPT-4 did not significantly
enhance diagnostic accuracy, and it predominantly relies on
textual data, limiting its ability to use the diagnostic potential
of visual information fully [[4]]. This corroborates our findings
of poor analysis of photo cases and improved correctness when
leading question stems were given.

Overall, our study demonstrates the ability of ChatGPT-4 to
answer text-based questions from Dermatology-In-Review at
a high level. Questions requiring the recall of factual information
were answered correctly most often, with slight decreases in
correctness as higher-order thinking requirements increased.
Improvements to ChatGPT-4’s visual diagnostics capabilities
will be required before it can be used reliably for visual
interpretation and clinical decision-making. In its current state,
ChatGPT-4 may be used as an educational tool for students and
trainees when exploring core factual knowledge; however,
trainees and practitioners should not rely on ChatGPT for higher
level inquiries, such as analyzing clinical scenarios or image
interpretation.

Our study has several limitations. Bloom’s taxonomy is a
continuum, and question classification can be complex. We
used board review questions, and this may not be generalizable
to true board questions. The edition of ChatGPT-4 used in this
study had been trained with data only up to December 2023 [5].
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Abstract

This study analyzed over 2000 images of psoriasis across major web-based platforms and found a significant underrepresentation
of darker skin tones, highlighting a critical gap in dermatologic representation that may contribute to misdiagnoses and health
disparities among patients with skin of color.

(JMIR Dermatol 2025;8:e69026)   doi:10.2196/69026
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Introduction

Over recent decades, the internet has grown in popularity as a
primary health information source, with 74.4% of US adults
reporting that they consult it before turning to other resources
[1]. Among web-based platforms, social media has emerged as
a widely used educational tool for accessing health-related
information [2]. Psoriasis—a lifelong inflammatory skin disease
affecting around 125 million people worldwide [3]—is theorized
to be underdiagnosed among patients with skin of color (SOC),
possibly due to lack of access to health care and nuances in the
disease’s manifestation [4]. In patients with darker skin tones,
psoriatic lesions may appear grayish or violaceous rather than
the typical salmon pink, leading to misdiagnosis as
postinflammatory hyperpigmentation and contributing to disease
persistence and undertreatment [5]. For early detection, medical
education, and public awareness, SOC representation is
important in images of psoriasis on the web. This study assesses
skin tone diversity in depictions of psoriasis on Google Images,
Instagram (Meta Platforms), Facebook (Meta Platforms),
YouTube (Google LLC), and DermNet, using the Fitzpatrick
scale.

Methods

On April 13 and 14, 2025, we performed searches for “psoriasis”
on Google Images, Instagram, YouTube, Facebook, and
DermNet, as these represented the most popular sources of
consumer health information, particularly among people of
color; Facebook, YouTube, and Instagram each show usage
rates exceeding 50% in this demographic [6]. In total, over 2000

images depicting patients with psoriasis were retrieved from
these platforms. Computer-generated images, duplicate images
on the same platform, images with poor lighting, and images
featuring the same patient at a different angle were excluded
from data collection. On YouTube, 500 images of individual
patients with psoriasis were extracted from 163 videos. To
minimize algorithmic bias, searches were performed by using
incognito browsers, a new social media account, and 3 different
IP addresses. Extracted images were independently categorized
based on skin tone by 3 reviewers using the Fitzpatrick scale.
Disagreements on classification were resolved by majority vote.
Images were further designated as light skin images (Fitzpatrick
skin types I, II, III, and IV) or dark skin images (Fitzpatrick
skin types V and VI) [7]. The quantities of dark skin and light
skin images were compared using a 2-tailed t test. A P value of
<.05 was considered statistically significant.

Results

Images of psoriasis (n=2341) in Fitzpatrick type II skin were
the most abundant across all platforms, with 56.4% (1320/2341)
of images constituting that classification (Table 1). Interrater
reliability was substantial (Cohen κ=0.76). Dark skin images
of psoriasis and images of the lightest skin tone—Fitzpatrick
type I—were relatively few on all 5 platforms. In total, 5.2%
(122/2341) of psoriasis images were dark skin images, and
94.8% (2219/2341) were light skin images, representing a
significant difference (P<.001). Notably, Fitzpatrick type IV
skin had low representation on Google Images (27/401, 6.8%)
and YouTube (21/500, 4.2%) and higher representation on
Instagram (52/500, 10.4%).

JMIR Dermatol 2025 | vol. 8 | e69026 | p.220https://derma.jmir.org/2025/1/e69026
(page number not for citation purposes)

Nguyen et alJMIR DERMATOLOGY

XSL•FO
RenderX

http://dx.doi.org/10.2196/69026
http://www.w3.org/Style/XSL
http://www.renderx.com/


Table . Representation of different skin types in photos of psoriasis on Google Images, Instagram, Facebook, YouTube, and DermNet.

Light, n (%)Dark, n (%)Fitzpatrick skin type, n (%)Total, nInternet re-
sources

Type VIType VType IVType IIIType IIType I

381 (95.0)20 (5.0)9 (2.2)11 (2.8)27 (6.8)100 (24.9)219 (54.6)35 (8.7)401Google Im-
ages

474 (94.8)26 (5.2)7 (1.4)19 (3.8)52 (10.4)107 (21.4)266 (53.2)49 (9.8)500Instagram

462 (92.4)38 (7.6)14 (2.8)24 (4.8)40 (8)96 (19.2)300 (60.0)26 (5.2)500Facebook

476 (95.2)24 (4.8)15 (3.0)9 (1.8)21 (4.2)127 (25.4)294 (58.8)34 (6.8)500YouTube

426 (96.8)14 (3.2)7 (1.6)7 (1.6)42 (9.5)107 (24.3)241 (54.8)36 (8.2)440DermNet

Discussion

Our findings suggest that social media postings of patients with
psoriasis and darker skin types are underrepresented across all
platforms. These results align with research examining SOC
representation within medical education, indicating this issue’s
prevalence across many information sources [8]. Furthermore,
the underrepresentation extends to psoriasis-related content in
dermatology residency teaching materials, wherein patients
with SOC may also be inadequately depicted [4]. These
oversights contribute to the underdiagnosis of psoriasis and
poorer outcomes for individuals with SOC, as the disease’s
clinical presentation can differ across racial and ethnic groups.
Given that patients may access the internet for information
before visiting a dermatologist, greater image diversity would
also be helpful to patients with SOC who suspect that they have
psoriasis. Barriers to improving representation on the web

include cultural perceptions of psoriasis, which can influence
health care–seeking behavior in certain racial and ethnic groups
[4]. For example, psoriasis-related stigma is particularly
prevalent among Black and Latino patients, further discouraging
them from sharing their images and experiences on the web
[4,9]. Our study’s limitations include potential hyperpigmentary
effects influencing raters’ judgments and algorithmic bias in
Google search results, which may vary by geographic region,
despite the use of 3 different IP addresses. Our results
demonstrate that internet companies have cause to improve
psoriasis representation in search results. The limited content
available for people of color highlights a gap that content
creators, health care professionals, and social media platforms
must address to improve representation and reduce health
disparities in psoriasis care. Future efforts should be directed
toward improving the quality and dissemination of photographs
of psoriasis in SOC.
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Abstract

This narrative review examines the advantages and disadvantages of direct-to-consumer teledermatology for the treatment of
male androgenetic alopecia, finding that this treatment modality improves access to care, ensures high adherence rates, and
enhances patient satisfaction, while raising concerns about increased drug costs.

(JMIR Dermatol 2025;8:e72704)   doi:10.2196/72704
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Introduction

Androgenetic alopecia (AA) is the most common form of hair
loss [1]. Oral finasteride is the most effective pharmacological
treatment for AA; however, its prescription-only status may
limit accessibility [1]. Recently, direct-to-consumer (DTC)
teledermatology platforms have gained popularity as a
convenient way for patients to receive treatment without a
traditional clinical outpatient appointment [2,3]. This narrative
review examines the benefits and potential drawbacks of DTC
treatment for AA.

Methods

A narrative review was conducted on PubMed (February 2025)
using the following keywords: telehealth, teledermatology,
telemedicine, direct to consumer, digital health, telemedical
care, androgenetic alopecia, male pattern hair loss, finasteride.
In total, 16 records were identified. After screening and
assessing eligibility, 8 records were excluded (records not
addressing DTC AA treatment or study was not primary
literature). Table 1 summarizes the characteristics of the
included studies. Given the nature of narrative reviews, selection
bias cannot be entirely ruled out.
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Table . Studies reporting on the use of direct-to-consumer teledermatology for androgenetic alopecia treatment.

ConclusionResultsPopulation/sampleStudy

DTCb treatment for male AA has
the potential to reach a significant
number of untreated patients. Most
patients requested repeat prescrip-
tions, rated the medical care quality
as comparable to in-person visits,
and expressed a willingness to con-
tinue telemedicine care, all suggest-
ing patient benefit.

2904 patients (oral finasteride)Abeck et al [2], 2022 (Germany) • 55.4% had never consulted a

physician due to AAa

• 76.1% had not previously re-
ceived treatment with oral finas-
teride

• Treatment barriers: low disease
burden, long waiting times

A DTC platform for AA treatment
can increase access to care for a
large patient population while ensur-
ing high treatment adherence and
achieving favorable outcomes for
patients.

8983 patients (oral finasteride or
topical minoxidil)

Young et al [3], 2023 (United
States)

• 81% reported hair regrowth or
cessation of hair loss

• 91% never or rarely missed
their medication

• 32% had never considered
treating their hair loss before
learning about the DTC plat-
form

The significant increase in visits to
DTC platforms for AA indicates a
shift in medical care.

2904 patients (oral finasteride)Abeck et al [4], 2023 (Germany) • Tremendous increase in the
number of visits to DTC plat-
forms for AA

• Most common reasons indicat-
ed for using the platform: con-
venience (79.1%) and discre-
tion (32.8)

DTC teledermatology has the poten-
tial to enhance hair appearance and
boost self-esteem. It can be an effec-
tive and safe treatment option for
men with AA, though treatment-re-
lated adverse events should be
carefully monitored during follow-
up.

2269 patients (oral finasteride)von Büren et al [5], 2023 (Germany) • 79% reported positive changes
in hair appearance

• 59% reported an improvement
in self-esteem

• Full treatment adherence was
reported in 87%

According to patient-reported out-
comes, topical finasteride/minoxidil
appears effective and well-tolerated,
though not superior to oral finas-
teride. Lower adherence to topical
treatment should be considered
when evaluating treatment options.

1545 patients (topical gel of finas-
teride admixed with minoxidil)

Abeck et al [6], 2024 (Germany) • 62.2% reported positive
changes in hair appearance

• 44.1% reported an improve-
ment in self-esteem after 6
weeks

• Full treatment adherence was
reported in 74.4%

Balancing the convenience of DTC
treatment options with patient safety
and quality of care is essential.

4 DTC companiesJean-Pierre and Williams [7], 2024
(United States)

• DTC companies with a 1.6-
fold increase for oral finas-
teride compared to traditional
pharmacies

Finasteride is considerably more
expensive from DTC pharmacies
compared to wholesale pharmacies.

5 DTC companiesBuxo and Fakhoury [8], 2025
(United States)

• 3-month package: cheapest fi-
nasteride price from a DTC
platform was 1.5 times the
price of the cheapest wholesale
pharmacies

• 12-month package: cheapest
finasteride price from a DTC
platform was 2.3 times the
price of the cheapest wholesale
pharmacies

aAA: androgenetic alopecia.
bDTC: direct-to-consumer.
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Results

Overcoming Barriers to Hair Loss Treatment via DTC
Teledermatology
DTC AA treatment offers the potential to improve access to
care for patients who would otherwise potentially forgo
treatment. Abeck et al [2] found that 55.4% of patients had never
consulted a physician due to AA and 76.1% of patients had not
previously received treatment with oral finasteride before
undergoing telemedicine care. Treatment barriers included low
disease burden, prolonged outpatient appointment waiting times,
and shame [2]. A further study confirmed convenience and
discretion as key motivators involved in choosing DTC
treatment [4]. According to Young et al [3], almost one in three
new patients had not considered hair loss treatment until they
became aware of telemedical platforms.

High Treatment Success and Patient Satisfaction With
DTC Therapy
After 6 months, 81% of patients from a US platform reported
hair regrowth or cessation of hair loss [3]. Similar results were
reported among patients taking oral finasteride from a German
platform: 79% reported positive changes in hair appearance and
59% reported an improvement in self-esteem after 6 weeks [5].
Slightly lower treatment success was reported by patients
undergoing topical finasteride/minoxidil treatment [6]. In the
study from Abeck et al [2] nearly all patients (97.7%) wished
to continue therapy on the DTC platform, and most (81%)
patients rated medical care via the platform as at least as good
as, or better than, care provided in a previous outpatient
appointment with a physician.

Safety and Side Effects of DTC Finasteride Treatment
Adverse events (AEs) associated with DTC teledermatology
treatment for AA were reported in 5%‐12% of patients, with
most being mild [5,6]. DTC platforms can improve patient safety
by implementing automated systems that prevent the
simultaneous ordering of contraindicated medications.
Additionally, DTC platforms can expand scientific knowledge
through real-world digital data collection. Sexual AEs, such as
decreased libido and erectile dysfunction, may be associated
with finasteride usage [1]. The study by Abeck et al [6] using

data from a German DTC platform found no difference in the
incidence of sexual AEs between patients treated with topical
finasteride and those treated with oral finasteride. In total,
2.3%‐2.5% of patients reported sexual AEs. This real-world
data expands upon our knowledge of the incidence of potential
AEs.

Strong Adherence Rates in DTC Finasteride Treatment
Full treatment adherence with DTC teledermatology treatment
for AA varied from 74.4% (topical finasteride/minoxidil) to
87% (oral finasteride) in patients visiting a German platform
[5,6]. Additionally, 91% of patients from a platform in the
United States reported never or rarely missing their medication
[3].

Comparing the Cost of DTC versus Traditional AA
Treatment
Buxo and Fakhoury [8] compared the prices of generic
finasteride in 5 DTC platforms and 3 wholesale pharmacies in
the United States. The study identified that finasteride was
significantly more expensive when purchased from DTC
pharmacies. Specifically, the lowest 3-month price from DTC
pharmacies was about 1.5 times higher than that from the
cheapest wholesale pharmacies. Similar price differences were
described by Jean-Pierre and Williams [7], as DTC companies
showed a 1.6-fold increase for oral finasteride compared to
traditional pharmacies. However, indirect costs of doctor visits,
such as transport costs and lost working time, must also be
accounted for when assessing prices [8].

Discussion

DTC platforms for male AA treatment have the potential to
improve access to care while offering treatment success and
practical benefits. The high adherence rate to teledermatology,
together with treatment-related AE rates comparable to those
of conventional care [9], justifies low-threshold access.
However, continuous monitoring of potential AEs like sexual
dysfunction associated with finasteride remains essential. Higher
drug prices are a drawback of DTC care. Studies on the
long-term care and safety of patients from DTC platforms are
necessary to further assess the benefits of telemedical care for
male AA.
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Abstract

Artificial intelligence (AI) is increasingly integrated into health care, offering potential benefits in patient education, triage, and
administrative efficiency. This study evaluates AI-driven dialogue interfaces within an electronic health record and patient portal
system for postoperative care in Mohs micrographic surgery.

(JMIR Dermatol 2025;8:e72706)   doi:10.2196/72706
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Introduction

Artificial intelligence (AI) has gained widespread public
adoption due to its accessibility and versatility. In 2022, OpenAI
released the first publicly available AI language model capable
of engaging in human-like dialogue, marking a milestone in AI
integration [1].

One promising application in health care is AI-driven dialogue
interfaces, which patients may prefer over static sources, such
as “frequently asked questions” pages or paper handouts. AI
engines have been proposed for use in Mohs micrographic
surgery (MMS) to assist with perioperative planning, patient
education, triage, and documentation [2]. These applications
exemplify the benefits that AI offers by providing individualized
responses and reducing administrative burdens.

As of April 2024, a pilot program in Louisiana incorporated
ChatGPT-4.0 into electronic health record (EHR) messaging to
generate preliminary responses that clinicians subsequently
reviewed for validity [3]. Despite ChatGPT-4.0’s advances, the

study demonstrated that human oversight in AI-generated
communication remains essential [3].

Such initiatives demonstrate AI’s potential to reduce
administrative workload, but they also underscore its role in
improving patient education. Patients often recall less than half
of the information provided during visits, highlighting the need
for accessible postvisit resources [4-6]. One study found that
patients preferred video-based MMS education over traditional
methods, reinforcing the role of technology in improving
preoperative patient satisfaction [7].

This study evaluates AI’s utility in an EHR and patient portal
system for facilitating triage and patient education in MMS
postoperative care.

Methods

Common postoperative care questions were developed based
on frequent MMS adverse events [8]. These included issues
requiring evaluation by the MMS team, events that are
manageable at home, and benign control questions requiring
no medical attention (Table 1).
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Table . Categorization of common postoperative care questions for Mohs micrographic surgery.

QuestionsCategory

Infection • Do I need to see my doctor if my Mohs incision is draining fluid?
• Do I need to see my doctor if my Mohs incision is bright red and

warm?
• Do I need to see my doctor if I have a fever after Mohs surgery?

Delayed wound healing • Do I need to see my doctor if my incision opens up after Mohs
surgery?

• Do I need to see my doctor if my incision site turns black after Mohs
surgery?

Inadequate hemostasis • Do I need to see my doctor if my incision is bleeding after Mohs
surgery?

Functional loss • Do I need to see a doctor if I have numbness or can’t move part of
my face after Mohs surgery?

• Do I need to see my doctor if my incision is painful after Mohs
surgery?

Benign negative controls • Do I need to see a doctor if there is swelling around my incision after
Mohs surgery?

• Do I need to see my doctor if I have bruising after Mohs surgery?

Questions were input into ChatGPT-4.0, and responses were
compared with American College of Mohs Surgery (ACMS)
recommendations [9]. Prompts included positive responses
(referral to MMS surgeon) and negative responses (reassurance).
Responses were scored for accuracy by using a 5-point Likert
scale (1=not accurate; 3=neutral; 5=completely in line with
ACMS guidelines), and readability was assessed by using the
Flesch Reading Ease score. Two independent authors rated the
responses to ensure scoring consistency.

Results

Mean accuracy scores ranged from 3 to 5. ChatGPT-4.0
accurately triaged postoperative infection and provided

acceptable responses for delayed wound healing. However, it
struggled with topics such as hemostasis and functional loss,
receiving neutral accuracy scores due to vague and overly
cautious responses. The answers lacked the specificity and
clinical nuance needed to help patients distinguish normal
symptoms from concerning symptoms. Responses to benign
control questions were overly cautious as well, which could
potentially result in unnecessary concern. The readability
analysis revealed scores between 22 and 46, indicating a
college-level reading requirement (Table 2).

Table . Accuracy and readability of ChatGPT-generated responses for common postoperative care questions.

Flesch Reading Ease score, mean (SD; reading
level)

Assigned accuracy score (5-point Likert scale),
mean (SD)

Category

38 (2; college level)5 (0)Infection

38 (2; college level)4.5 (0.5)Delayed wound healing

36 (0; college level)3 (0)Inadequate hemostasis

22 (0.8; college graduate level)3.25 (0.25)Functional loss

34 (12; college level)3.5 (1.5)Negative controls

Discussion

ChatGPT-4.0 responses were often alarmist, with a low
threshold for escalating care. Although this approach is favorable
for reducing legal risk, it may increase patient anxiety and
unwarranted clinic visits, thereby adding to the MMS team’s
workload. Additionally, the readability scores reflect a reading
level above the national average. Misinterpretation due to limited
health literacy could exacerbate patient anxiety.

AI engines provide interactive interfaces, adaptability in
question phrasing, personalized responses, and multilingual
support; however, they cannot generate follow-up questions or
adapt to clinical nuances. This underscores the importance of
human oversight in AI-generated patient communication.
Although current AI lacks moral accountability, and liability
remains on human providers, AI holds potential as a
complementary tool in MMS, particularly in identifying cases
requiring further evaluation by the MMS team. Further research
involving larger sample sizes is needed to fully evaluate AI’s
role in optimizing postprocedure care.
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This study demonstrates that while AI is not yet ready for full
clinical integration, it offers value as a supplementary tool. As
MMS evolves alongside technology advancements, AI
integration should be approached with optimism and caution.
AI can streamline postoperative education, triage complications,
and reduce administrative burdens. However, accuracy and

reliability must be continuously evaluated to ensure patient
safety and support nuanced clinical judgments. By integrating
AI cautiously with human oversight, MMS teams can leverage
its benefits to streamline postoperative management and improve
patient outcomes.
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Abstract

Abstract: TikTok’s influence has significantly increased public interest in red-light therapy, surpassing that for traditional skin
care treatments; this highlights the powerful role of social media in shaping health care trends and underscores the need for health
care providers to stay informed about viral social media trends on treatment.

(JMIR Dermatol 2025;8:e69796)   doi:10.2196/69796
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Introduction

The intersection of social media and health care information
dissemination has created new challenges and opportunities for
health care professionals. Social media platforms, particularly
TikTok, increasingly shape public interest in medical treatments.
In early 2024, red-light therapy (RLT) emerged as a viral skin
care trend on TikTok; celebrities featured LED masks from
brands such as Omnilux in their content. By February 2024, the
hashtag “Red LED light therapy” had >70 million views on
TikTok, driving interest in home-use devices ranging in price
from US $100 to $3500 [1]. This attention came despite limited
scientific understanding of the long-term effects and safety,
especially for home use [2,3].

RLT, also known as photobiomodulation or low-level laser
therapy, is purported to have beneficial effects on skin health
[4]. While some clinical applications of this therapy are well
documented, recent interest primarily focuses on
consumer-grade devices and home treatments, raising concerns
among health care providers about safety and efficacy [5]. Here,
we examine the impact of TikTok exposure on public interest
in RLT and compare trends with conventional skin care
treatments.

Methods

Overview
We analyzed Google Trends data from November 2019 to
November 2024 for terms related to RLT (“light therapy,” “red

therapy,” “red light masks,” “red therapy benefits,”
“photobiomodulation,” “low level laser therapy”) and control
terms representing traditional skin care treatments (“chemical
peel,” “skin care,” “exfoliation”) selected systematically based
on preliminary TikTok hashtag analysis and existing literature
on light therapy terminology. RLT-related terms were chosen
based on their relevance to clinical applications and consumer
terminology used on social media. Control terms were related
to traditional skin care treatments with comparable market
presence to provide appropriate comparison baselines.

Statistical analyses included trend analysis using linear
regression and Mann-Kendall tests, with structural breaks
identified using Chow tests. All analyses used Python 3.13.0,
with significance set at P<.05. Artificial intelligence tools helped
generate visual representations of search trends over time.

Ethical Considerations
The University of Pennsylvania waived institutional review
board approval for this study as it exclusively used deidentified,
publicly available data.

Results

All RLT-related terms, except “low level laser therapy” (P=.30),
showed significant increases in search volume after February
2024, with the average search volume increasing from 27.8 to
60.5 searches per term (118% increase) compared to baseline
(P<.001). Figure 1 shows the dramatic increase in searches for
RLT terms compared to control terms. Table 1 presents a
statistical analysis of key terms.
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Figure 1. Google Trends search interest for red-light therapy versus traditional skin care terms (2023‐2024), illustrating the substantial increase in
search interest for red-light therapy terms compared to traditional skin care terms following viral TikTok exposure in February 2024. Red-light therapy
terms included “red light masks,” “light therapy,” and “red therapy.” Control terms included “skin care,” “exfoliation,” and “chemical peel.”

Table . Analysis of red-light therapy search terms from November 2019 to November 2024.

Structural break (P value)Mann-Kendall τR 2Linear regression slopeSearch term

<.0010.380.450.08“Red light masks”

<.0010.580.620.09“Light therapy”

<.0010.680.720.15“Red therapy”

—a−0.110.03−0.01“Skin care”

—−0.140.04−0.02“Exfoliation”

—−0.070.009−0.008“Chemical peel”

aNot applicable.

Linear regression revealed significant positive trends for RLT
terms (slopes: 0.08‐0.15; all P<.001), while control terms
showed either no significant trends or slight declines.
Mann-Kendall tests confirmed strong upward trends for
RLT-related terms (τ=0.38‐0.68; all P<.001). Structural breaks
occurred in early 2024 (all P<.001), coinciding with TikTok
exposure.

Discussion

Public interest in RLT significantly increased in early 2024
following its viral popularity on TikTok; by February 2024,
“Red LED light therapy” amassed >70 million views [1]. This
surge in interest presents both opportunities and challenges for
dermatology practitioners and the broader medical community.
The rapid adoption of consumer-grade devices, often supported
by inconsistent treatment protocols, raises concerns about patient
safety and the need for professional oversight.

Average search volume for chemical peels, a traditional
treatment, slightly decreased (from 25.8 to 25.5, a −1.2%
change; P=.09) despite projected market growth, suggesting a
shift in consumer interest toward emerging technologies rather
than a true decline in established treatments.

Although current research supports RLT for targeted conditions
such as wound healing, inflammatory acne, and photoaging,
social media claims often amplify its benefits beyond available
evidence [6-10]. This underscores the need for additional
randomized controlled trials, particularly studies examining the
efficacy and safety of consumer devices.

Health care providers must address patients’ growing interest
in RLT while maintaining high standards of clinical care. This
requires developing structured approaches to patient education
that address common misconceptions and provide
evidence-based guidelines.

The phenomenon has broader implications for public health
trends. Improved regulation of consumer devices, standardized

JMIR Dermatol 2025 | vol. 8 | e69796 | p.232https://derma.jmir.org/2025/1/e69796
(page number not for citation purposes)

Shen & ZhaoJMIR DERMATOLOGY

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


safety guidelines, and enhanced adverse event–reporting systems
are urgently needed. Public health communication must evolve
to address viral trends, particularly those involving medical
devices or treatments. Rapid dissemination of medical
information on social media presents opportunities and
challenges, highlighting the need for responsive professional
education and communication strategies.

Study limitations include the broader scope of RLT keywords
(which encompass both dermatologic and other applications)
compared to the primarily dermatologic control terms, though
the analysis focused specifically on consumer interest rather
than clinical equivalence between treatments. Google Trends
data also do not reflect actual treatment use or capture detailed

demographic data. Future research should incorporate sales
data, adverse event reports, and clinical outcomes to
comprehensively explore this phenomenon.

These findings have significant implications for dermatology
and patient care. As social media continues to shape health care
trends, medical professionals must adapt education approaches
while maintaining evidence-based practices. This may require
new frameworks for addressing viral health care trends and
improved methods for communicating scientific evidence. The
rapid rise in RLT interest is a case study in how social media
can quickly transform patient interest and treatment
expectations, requiring the medical community to respond with
agility and scientific rigor.
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Abstract

A large proportion of transgender women in Hyderabad, India (150/223, 67.3%) expressed interest in a wide range of topical,
oral, and intravenous medications for skin lightening; however, despite government regulations and the potential health risks,
persistent demand for skin lightening underscores the need for better patient education and safer skin care practices for this
marginalized community.

(JMIR Dermatol 2025;8:e66822)   doi:10.2196/66822
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Introduction

The Government of India’s recent amendments to the Drugs
and Magic Remedies Act proposed increased penalties for
marketing and advertising skin fairness creams [1]. Yet,
conventional Indian beauty standards still drive demand for
skin-lightening products (SLPs) among women in India and
transfeminine communities. Literature on skin-lightening
practices among transgender people is limited. Transgender
women undergoing estrogen therapy have an increased risk of
melasma, which may be treated with skin-lightening agents like
hydroquinone [2]. An ethnographic study of Indonesia’s
transfeminine waria community found that members sought
SLPs to feel more feminine and attract male attention [3].
Similar motivations were documented among Thailand’s
transgender entertainers [4].

The Health Needs and Aesthetic Preferences Assessment of the
Hyderabad Trans Community is a large study evaluating the
social and health history of transgender and hijra women in
India (N=300). As part of that study, we evaluated the
prevalence of interest in skin-lightening treatments, the products
used, and the financial costs involved.

Methods

Study Design
This cross-sectional survey study was conducted at Mitr Clinic
(Hyderabad, India), using consecutive sampling. The survey

was developed by the research team and administered in Hindi,
Telugu, or English. The inclusion criteria were as follows: hijra
and/or transgender women aged ≥18 years, seeking female
gender affirmation, and South Asian ancestry. Transgender men,
individuals seeking male gender affirmation, and individuals
aged <18 years were excluded. Dollar amounts were estimated
based on the March 19, 2023, exchange rate.

Ethical Considerations
Because some community members have limited literacy, verbal
consent was obtained before data collection. No protected health
information was collected. Institutional review board (IRB)
approvals were obtained from the University of Pennsylvania
and YR Gaitonde Centre for AIDS Research and Education—the
clinic’s overseeing nonprofit. Remuneration ( 500 [US $5.84])
was provided to patients for their time and participation.

Results

An IRB addendum approved in December 2023 enabled 74.3%
(223/300) of participants to respond to skin lightening–related
questions. More than two-thirds (150/223, 67.3%) of
respondents expressed interest in skin lightening, of whom
43.3% (65/150) used SLPs. The overall prevalence of SLPs
among respondents was 29.1% (65/223). Further, 1.3% (2/150)
of respondents used SLPs previously but lost interest, and 3.1%
(7/223) could not recollect or identify the products they used.
Money spent on skin lightening varied from  25 (US $0.30) to
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 70,000 (US $843; median  570 [US $7], IQR  2225 [US $27]). Patients sometimes used multiple products (Table 1).

Table . Ingredients of self-reported products used for skin lightening.

Active ingredients in productsbType of product useda

Topical treatments (n=23) • Hydroquinone + tretinoin + mometasone furoate (n=15)
• Clobetasol + neomycin + miconazole nitrate (n=1)
• Glycolic acid + arbutin + kojic acid (n=1)
• Terbinafine + ornidazole + oflaxicin + clobetasol (n=2)
• Betamethasone cream (n=3)
• Sunscreen (n=1)

Oral medications (n=2) • Levonorgestrel/ethinyloestradiol (n=1)
• Biotin + multivitamin (n=1)

Intravenous medications (n=16) • Glutathione (n=16)

Alternative (herbal/Ayurvedic/Unani; n=5) • Combination of ingredients, including lycopene, botanical extracts
(eg, mallow, cowslip, licorice, and aloe vera), and soy isoflavones

Marketed beauty creams (n=15) • Combination of ingredients, including herbal ingredients, kojic acid,
niacinamide, vitamin C, vitamin E, and sun protection factors (oc-
tocrylene, avobenzone, etc)

aThe n values in this column refer to the number of products reported.
bThe n values in this column refer to the number of products that contained the active ingredients listed in this column.

Discussion

Our study highlights the considerable interest in SLPs but
marginally low prevalence of SLP use (likely due to financial
barriers) among hijra and transgender women. Survey studies
on cisgender populations in India indicate that SLPs have
widespread prevalence (range 34%-60%) [5,6]. Deeply rooted
cultural norms associate lighter skin with economic prosperity
and beauty, leading to widespread use even among South Asian
immigrant communities [7]. Although 67.3% of our respondents
expressed interest in skin lightening, only 29.1% used SLPs—a
lower rate than in cisgender communities. Within the colorism
context, transfeminine individuals may view skin lightening as
an accessible method for facilitating gender affirmation and
social acceptance, as observed in other Asian countries.

Transgender women often face stigma and discrimination in
health care settings, preventing them from seeking care [8].
Additionally, many transgender women in India engage in sex
work, which acts a strong economic driver for investing in
physical appearance (eg, undergoing skin treatments to achieve
a desired aesthetic) [8]. Although many respondents were
interested in skin lightening, less than half used SLPs, which
included herbal mixtures from local shops and intravenous
glutathione injections.

A study on SLPs used in India reported topical medication
misuse prior to seeing a dermatologist [9]. The combination of
hydroquinone, mometasone, and tretinoin cream is a common,
over-the-counter melasma treatment in India [9]. Glutathione
injections, though popular and expensive, have questionable
efficacy [10]. Some alternative, traditional remedy–based

medications are often cheaper. Popular marketed beauty creams
use ingredients like kojic acid, niacinamide, and arbutin, which
have been studied for their effects on skin pigmentation and
complexion [11]. Chronic steroid use, while lightening some
patients’ skin, may result in skin atrophy and other side effects
[12]. Antifungal creams may treat pigmentary changes resulting
from infections like pityriasis versicolor but have no additional
lightening effects. Only 1 respondent reported using sunscreen
daily, beyond sun protection factors in beauty creams.

Almost half of our respondents use medications with
skin-lightening properties—mostly purchased over the counter.
After the COVID-19 pandemic, the average hijra community
member’s earnings decreased from US $7 to US $13 per day
to less than US $2 per day [13]. Many members are of low
socioeconomic status and have been reported to seek hormonal
and surgical care from unqualified medical practitioners because
allopathic treatments are costly [14]. Despite the Indian
government’s regulatory efforts, interest in SLPs persists among
transgender women [1]. However, only a fraction can afford to
regularly use skin-lightening treatments. Given the potential
health and financial risks, patient education about safe skin care
is crucial for transgender women to make informed health
decisions.

This study had several limitations, which we hope to address
in follow-up studies. Participants’ informal occupations (eg,
begging and sex work) precluded an accurate income
assessment. Furthermore, the ad hoc survey lacked prior
psychometric validation; this may have affected the accuracy
of estimates regarding SLP use. Lastly, data on individual
product costs and usage durations were not collected, limiting
insights into the costs of long-term use.
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Introduction

The transition of United States Medical Licensing Examination
(USMLE) Step 1 to pass/fail and a new system for signaling
interest in programs have complicated the competitive
dermatology match process [1]. Candidates frequently use social
media for guidance, but advice on these platforms can be
misleading and potentially discourage applicants. Our study
evaluates the accuracy of dermatology match information on
popular social media sites where medical students, residents,
and attendings discuss medicine and residency application
processes—Reddit, Student Doctor Network (SDN), and
TikTok.

Methods

Study Design
In March 2024, we used the search terms “how to match into
dermatology” and “advice for the dermatology match process,”
identifying 34 sources and corresponding response comments
from TikTok (n=10), Reddit (n=14), and SDN (n=10). These
sources provided insights into application components, including
USMLE scores, research experiences, and rotations, which we

compared to official 2022 National Residency Matching
Program (NRMP) data (n=348), using 2-tailed Student t tests
to identify differences in quantitative measures. Representative
quotes were qualitatively compared to NRMP data and the
Association of Professors of Dermatology (APD), Residency
Program Directors Section, Information Regarding the
2023‐2024 Application Cycle guidelines [2]. Inclusion criteria
required at least one numeric data point for comparison.

Ethical Considerations
This study was institutional review board approved
(IRB00441663) in alignment with ethical considerations.

Results

Our analysis revealed that mean Step 1 scores (mean 248.0, SD
7.0 vs mean 254.5, SD 8.28; P<.001); the number of abstracts,
posters, and publications (mean 20.9, SD 3.0 vs mean 23.3, SD
8.68; P=.004); and total publications (mean 7.0, SD 1.0 vs mean
13.2, SD 5.65; P<.001) reported on the web were significantly
higher than NRMP data (Table 1). The NRMP and web-based
data did not significantly differ in mean Step 2 scores (mean
257.0, SD 8.5 vs mean 261.0, SD 10.1; P=.06).

Table . Significant differences in self-reported web-based data and National Residency Matching Program (NRMP) data.

P valueaWeb-based data, mean (SD)NRMP data, mean (SD)Category

<.001254.5 (8.28)248.0 (7.0)Step 1 score

.06261.0 (10.1)257.0 (8.5)Step 2 score

.00423.3 (8.68)20.9 (3.0)Number of abstracts, posters, and
publications

<.00113.2 (5.65)7.0 (1.0)Total publications

aP values were calculated by using Student t tests.

Representative quotes are found in Table 2. Regarding academic
performance, 15 sources addressed medical school grades, with
10 (67%) emphasizing the importance of Alpha Omega Alpha

(AOA) status; however, per NRMP data, only 39.7% of matched
dermatology residents were members of AOA. Of 21 sources,
19 (90%) recommended participation in away rotations; 11
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(52%) provided a specific number, averaging 3.9 rotations,
while 8 (38%) suggested completing as many as possible—a
contradiction to APD guidelines, which recommend a maximum

of 2 external rotations for students with home dermatology
programs and 3 for those without such programs [2].
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Table . Representative quotes from categories of dermatology match discussion.

Representative quotesCategory

Research year • “Definitely take a research year to maximize chances, of people I
know who didn’t match, most had not taken years.”

• “A research year is not necessary, there are applicants that we have
ranked very highly who have had 3‐5 listed publications and ones
we have ranked near the bottom of the list with > 25 publications.”

• “Taking a research year will help you stand out, build connections,
and be productive.”

• “This is a personal choice, however, and one that must be made after
weighing the risks versus benefits. Some program directors I have
spoken to do not feel an extra year of research can add much to an
applicant’s curriculum vitae, while others feel it is important.”

• “You don’t need to take one if you had research experiences during
medical school, start early.”

Letters of recommendation • “Find big names in dermatology (chairs, PDsa, renound [sic] re-
searchers, etc).”

• “3 dermatologists with big names, 1 from any field.”
• “All three were high-ranking, high-impact, quality letters. As most

people will tell you, the fourth letter should come from an away rota-
tion.”

• “Most applicants will have 1‐2 letters from a non-derm setting
(usually medicine sub-internship, research mentor) and 2‐3 derm
letters. Pick your letter writers carefully as some attendings can be
great clinically but write lackluster letters. Big names on the letter
are helpful, but not if they don’t know you well enough to comment
on your performance as a student or personal characteristics.”

Rotation grades • “Honor as many preclinical/clinical grades as possible; AOAb is more

important than GHHSc but try for both.”
• “Honors as many rotations as you can. Do well on your dermatology

elective.”

Away rotations • “If you do not have a home dermatology department do as many
away rotations as possible.”

• “Do away rotations at programs where they often extend interview
invites to interviewers.”

• “Away rotations are not needed if coming from a top institution.”

Interests and activities • “Try to show only interest in dermatology.”
• “Programs love it when you’re super specialized and focused and

passionate about one or two things and make that your theme of your
app. You look a lot cooler and desirable vs the person who tried to
do everything and anything in derm to pad their app. HAVE A FO-
CUS!!”

• “Extracurriculars aren’t as big a part of the dermatology application
process.”

Interview • “The most important part of the match process.”

Signals • “Do not expect to get interviews at places you do not signal.”

Personal statement • “This is not a big part of the process.”
• “Personal statements will not make or break your application.”

DOd match • “Probably next to impossible to match if you are a DO.”

Medical school • “Try to go to a top 10 medical school if you’re thinking derm.”
• “Go to [a medical school] with a strong home dermatology depart-

ment.”

aPD: program director.
bAOA: Alpha Omega Alpha.
cGHHS: Golden Humanism Honors Society.
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dDO: Doctor of Osteopathic Medicine.

Web-based sources were also divided about the utility of a
research year. Of the 22 sources discussing research years, 16
(73%) supported taking a research year to increase applicants’
number of research experiences, and 6 (27%) articles advocated
against taking a research year to match, without a genuine
underlying interest in the research.

Discussion

This study is the first to systematically evaluate the veracity of
dermatology match–related discussions that occurred across
multiple social media platforms after the USMLE Step 1
pass/fail change. Previous studies on self-reported SDN and
Reddit data showed mixed results; a 2017 study found that
radiology applicants who self-reported on SDN were likelier to
be AOA members with higher USMLE step scores, indicating
a reporting a bias toward stronger applicants, which is likely
reflected in our study as well [3]. In contrast, a 2020 study found
no significant difference in self-reported dermatology applicant
USMLE step 1 and 2 scores between social media and NRMP
data [4]. However, these studies predate the USMLE Step 1
pass/fail change, and they did not specifically examine forum
discussions directly. Our study expands the scope by including

TikTok—a platform that is increasingly being used for medical
education among students [5].

Our findings suggest potential biases in self-reported data on
social media when compared to official sources, underscoring
the need for cautious interpretation. Our limitations include the
inherent self-reporting nature of social media, which may not
accurately reflect the broader applicant pool. Although many
contributors on the web aim to help others, some may exaggerate
requirements or overstate match difficulties to discourage
competition.

In conclusion, while social media serves as a widely used
resource for dermatology applicants, it is often unreliable.
Program director surveys could help clarify common
misconceptions, and efforts to correct misinformation through
trusted sources may improve the accuracy of information
available to applicants. Applicants seeking reliable guidance
should turn to established mentorship programs, such as the
National Mentorship Match through the Dermatology Interest
Group Association, and official recommendations from the
APD. By providing structured, accurate resources, programs
can help counter misinformation and better support future
applicants.
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Abstract

This letter highlights the increasing incidence of leishmaniasis cases in the United States, using the available data from Texas,
and underscores the need for heightened awareness among health care providers regarding leishmaniasis diagnosis and prevention.

(JMIR Dermatol 2025;8:e65579)   doi:10.2196/65579
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Introduction

Leishmaniasis is a parasitic infection caused by the protozoa
Leishmania via the female sandfly vector, including
Phlebotomus and Lutzmyia, which are most prevalent in the
tropics and subtropics [1]. Leishmaniasis infection can manifest
in different forms, including localized cutaneous leishmaniasis,
mucocutaneous leishmaniasis, and visceral leishmaniasis (known
as kala-azar) [1,2]. Over 80 cases of endemic cutaneous
leishmaniasis have been reported as endemic in the United States
since 2017, specifically arising in Texas, Oklahoma, and Arizona
[2]. Currently, leishmaniasis is only a reportable disease in
Texas, meaning many cases across the United States may go
unreported. Additionally, McIlwee et al [2] found that only 20%
of cases were reported to the Texas Department of State Health
Services (DSHS) between 2007 to 2023, despite such reporting
being a legal requirement, potentially highlighting medical
providers’ lack of awareness regarding human leishmaniasis.
As environmental temperatures increase globally, the
leishmaniasis vector and reservoir habitats have been expanding
northward, potentially reaching southeastern Canada by 2050
[3]. By 2080, over 27 million North Americans could be at risk
[3,4]. By using the available data from Texas, our aim is to
acknowledge and highlight the potential risk of leishmaniasis

cases in the United States, educate providers on the signs and
symptoms, and encourage patient education on how to mitigate
leishmaniasis spread.

Methods

Leishmaniasis case data were collected from 2007 to 2023
through the Texas DSHS, which tracks leishmaniasis cases
reported by providers in Texas [5]. Texas population data for
2007 to 2023 were sourced from the US Census Bureau, which
collects data through surveys, censuses, and governmental
administrative data. Incidence rates for leishmaniasis in Texas
were then calculated for 2007 to 2023.

Results

Between 2007 and 2023, the number of reported leishmaniasis
cases in Texas fluctuated but trended upward over time, along
with rising temperatures (Figures 1 and 2). The number of cases
rose from 9 in 2007 to a peak of 15 in 2018, with a slight decline
afterward, reaching 9 again in 2023. Leishmaniasis incidence
also increased from 0.378 per million in 2007 to 0.524 per
million in 2018. A substantial drop to 0.304 per million occurred
in 2020, with the 2023 incidence being slightly lower at 0.299
per million, indicating the disease’s ongoing presence.
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Figure 1. Leishmaniasis cases and incidence in Texas from 2007 to 2023. Annual reported leishmaniasis cases and incidence per million people in
Texas are shown by the blue bars and orange line, respectively.

Figure 2. Annual reported leishmaniasis cases compared to the average temperature ([°F − 32][0.556] = °C) per year from 2007 to 2023.
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Discussion

Principal Findings
The Texas data from 2007 to 2023 highlight a continual
increasing trend in leishmaniasis incidence, which aligns with
broader concerns regarding the emergence of this parasitic
infection in the United States. The increase in reported
cases—particularly seen from 2013 to 2018—may suggest
improved awareness and reporting among health care providers.
The fluctuations in recent years could be explained by the
underreporting of cases (ie, only an estimated 20% of cases
were reported to the Texas DSHS), which poses a significant
epidemiologic issue.

The observed peaks in incidence, particularly in 2018,
underscore the need for continued vigilance among health care
providers in recognizing and diagnosing leishmaniasis. The
drastic drop in incidence observed in 2020 is likely attributable
to the COVID-19 pandemic, which altered exposure and travel
patterns, reducing opportunities for leishmaniasis transmission.
Additionally, disruptions to health care services and public
health reporting during the pandemic may have contributed to
the underreporting of cases. As the pandemic’s effects continue
to influence public behavior, travel, and health care practices,
it is probable that these factors are still impacting leishmaniasis
incidence. The decrease in reported cases after 2018, along with
the continued lower incidence observed in 2023, may reflect

these ongoing effects and possible changes in environmental
factors affecting the sandfly population.

This further emphasizes the necessity of nationwide reporting
standards and greater education efforts among health care
providers for ensuring early leishmaniasis detection and
treatment. Diagnosis should include clinical assessment, travel
history assessment, and laboratory tests such as skin biopsies
and polymerase chain reaction assays. Early treatment is crucial
for preventing complications, including topical antiparasitic
medications for localized cases and systemic therapies for more
severe involvement.

Conclusion
This study’s findings should encourage public health officials
and clinicians to have a high level of suspicion for leishmaniasis
and prioritize surveillance and reporting, particularly in endemic
regions like Texas. Mitigating continued spread can be addressed
by patient education on preventative measures, such as covering
exposed skin, wearing Environmental Protection
Agency–registered insect repellent, and avoiding the outdoors
after dusk. Medical personnel must be aware of important
symptomatology to recognize leishmaniasis, including slowly
ulcerating skin sores, swallowing difficulty, and nosebleeds.
As numerous influences continue to increase leishmaniasis
incidence, the United States must necessitate ongoing research
and public health preparedness.
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Abstract

Our team explored the utility of unpaid versions of 3 artificial intelligence chatbots in offering patient-facing responses to questions
about 5 common dermatological diagnoses, and highlighted the strengths and limitations of different artificial intelligence chatbots,
while demonstrating how chatbots presented the most potential in tandem with dermatologists’ diagnosis.
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Introduction

Artificial intelligence (AI) chatbots, such as ChatGPT, offer
platforms for patients to ask medical questions, particularly
with limited access to care [1]. Although ChatGPT utility in
dermatology has been assessed, few studies have compared the
performance between chatbots [2]. This study compared the
clinical utility of the unpaid versions of ChatGPT 3.5, Google
Bard, and Bing AI in generating patient-facing responses to
questions about 5 common dermatological diagnoses (atopic
dermatitis, acne vulgaris, actinic keratosis, cyst, and rosacea)
[3].

Methods

For each condition, 2 diagnosis, 2 treatment, and 1 prognosis
questions were devised. Diagnosis questions requested a
diagnosis and presented the patient history including age, sex,
symptoms (duration/location), treatments and outcomes, and
medical history. Nineteen questions were modeled from
questions on Reddit forums (“r/AskDocs” and “r/dermatology”).
For topics with insufficient Reddit questions, the coauthors
devised prompts reflecting common questions in their experience
(6 questions).

Questions were inputted into each chatbot; the prompts used
are shown in Multimedia Appendix 1. Three board-certified
dermatologists scored the responses on appropriateness for a

patient-facing platform (Yes/No), sufficiency for clinical
practice (Yes/No: not specific, not concise, or inaccurate
information), accuracy from 1 (completely inaccurate) to 6
(completely accurate), and overall from 1 (worst possible
answer) to 10 (best possible answer) [4]. The Wilcoxon
rank-sum test was used for pairwise comparisons. P-values were
adjusted using the Bonferroni correction.

Results

One response was omitted because Google Bard declined
answering the second atopic dermatitis diagnosis question (“I
am a 19-year old…”), responding with, “I’m just a language
model, so I can’t help you with that.” ChatGPT responses had
significantly lower Flesch reading ease scores than Google Bard
(P<.001) and Bing AI (P<.001), indicating lower
comprehensibility (Table 1). ChatGPT responses received
significantly higher accuracy (P=.01, Figure 1) and overall
(P=.003) ratings than Bing AI. Considering patient-facing
platform appropriateness and clinical practice sufficiency,
ChatGPT received the most appropriate (95%) and sufficient
(55%) ratings; Bing AI received the fewest (87% and 55%,
respectively). In total, 45%, 49%, and 53% of ChatGPT, Google
Bard, and Bing AI responses, respectively, had inaccurate
information or were not specific. For diagnosis prompts, 9 of
10 of ChatGPT and Bing AI and 7 of 10 of Google Bard
responses included the intended diagnosis. Of the 25 responses
from each chatbot, 25 of Bing AI’s, 24 of ChatGPT’s, and 19
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of Google Bard’s responses emphasized the importance of
consulting healthcare professionals. No fabrication or

hallucination was observed for any chatbot responses.

Table . Descriptive statistics of scores between chatbots.

Bing AI (n=75)Google Bard (n=72)ChatGPT 3.5 (n=75)

46.53 (9.7)49.72 (15.4)33.90 (8.1)Mean Flesch reading ease score

(SD)*a

4.87 (1.1)5.00 (0.98)5.29 (0.97)Mean accuracy (SD)

7.41 (2.1)7.94 (1.9)8.37 (1.8)Mean overall rating (SD)

65 (87)65 (90)71 (95)Number of responses appropriate
for a patient-facing platform (%)

Sufficiency for clinical practice

35 (47)35 (49)41 (55)    Yes (%)

23 (31)15 (21)14 (19)    No: not specific enough (%)

17 (23)20 (28)20 (27)    No: inaccurate information (%)

02 (3)0    No: not concise (%)

aOut of n=25 for ChatGPT and Bing AI and n=24 for Google Bard because only 1 Flesch reading ease score was calculated for each response. The
other measures in the table are based on evaluation of each chatbot response by 3 board-certified dermatologists.

Figure 1. Distribution of the accuracy ratings for each chatbot. The accuracy scores from the three board-certified dermatologists ranged from 1
(completely inaccurate) to 6 (completely accurate).

Discussion

ChatGPT outputs were most accurate and appropriate for patient
questions. However, ChatGPT responses had college-level
readability, limiting public utility [5]. Responses were deemed
sufficient for clinical practice if the chatbot concisely provided
completely correct information that specifically answered the
patient’s question without missing critical components. Only
approximately half the responses were sufficient for clinical
practice, primarily due to inaccuracies and lack of specificity.

ChatGPT and Bing AI performed the best at diagnosis and
emphasized the importance of seeking input from a healthcare
professional. Google Bard did not perform well in these
domains, indicating that it is less suitable for suggesting
diagnoses. Despite the better diagnostic performance of
ChatGPT and Bing AI, an unranked list of conditions with
differing treatments is not actionable for patients. Chatbots
present more potential in offering advice once a diagnosis has
been established. This study is limited by exploring only 5
questions for each of the 5 conditions. Exploring a broader range
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of conditions with a larger set of questions would more robustly
capture chatbots’ performance. However, this study lays the
groundwork for future research to compare chatbots using more
expansive domains.

ChatGPT 3.5 displays more promise than Google Bard and Bing
AI in evaluating, diagnosing, and suggesting a treatment plan
for dermatologic conditions, consistent with previous findings,
in which the chatbots’ responses to questions about melanoma
were evaluated [2]. However, this study revealed several
important improvements needed for all 3 chatbots: enhancing
readability, removing inaccuracies, and improving information

specificity. Dermatologists may be able to reference these AI
in practice, to limited extents, by suggesting patients use AI as
a reference only to obtain information about the condition after
being diagnosed. This strategy is similar to paper handouts,
where AI chatbots provide background knowledge that patients
can later follow-up on with their dermatologist. In conclusion,
while chatbot utility is most promising in tandem with a
dermatologist’s diagnosis and contributes to information
dissemination, chatbots should not function as a first-line
independent entity. As access to AI grows, dermatologists must
be aware of the quality of information patients may receive from
AI and how it may differ from a dermatologist’s advice.
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Prompts inputted into ChatGPT 3.5, Google Bard, and Bing AI.
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Introduction

Americans spend an average of 2 hours and 7 minutes per day
on social media [1]. It has become evident that patients are
utilizing these networks to seek health care knowledge [2].
Previous studies have shown that dermatologists are using
platforms such as Facebook or Instagram to disseminate
dermatological content [3,4]. Interestingly, the information
provided has often been inaccurate [5]. This study aims to
describe the quantity and quality of dermatological content on
TikTok, addressing the gap in research on dermatological
information shared on this platform.

Methods

Overview
The TikTok platform was screened in November 2022 for the
following keywords: dermatology, derm, skin, skin care,
aesthetician, dermatologist, esthetician, derm physician assistant,
dermatology physician assistant, derm PA, dermatology nurse,

derm nurse, and derm nurse practitioner. Accounts containing
≥50% of dermatological content were included. An engagement
score for these accounts was calculated by dividing the total
number of likes by the total number of followers. The top 10
accounts were isolated based on engagement score, and their
top 10 videos underwent further analysis using the DISCERN
criteria (Table 1). DISCERN scores are calculated by assessing
health information using a set of 16 standardized questions that
evaluate factors like reliability, clarity, and overall quality of
information presented. Each question is rated on a scale from
1 to 5, with higher scores indicating more reliable and
high-quality content. These accounts were then grouped and
analyzed based on occupation (Table 2). Two investigators (AO
and ARN) independently scored the videos; differences in
scoring were resolved by discussion between them.
Kruskal-Wallis, Mann-Whitney U, and 2-tailed independent t
tests were used to analyze the data. These statistical tests
assessed the differences in content quality and engagement
across occupations, providing insight into significant disparities
without assuming normal data distribution.
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Table . TikTok video data of the top 10 accounts. The average video length, views, likes, comments, and DISCERN score of the top 10 included
accounts based on engagement score are displayed.

Average DISCERN
score (of the top 10
videos), n

Average comments (of
the top 10 videos), n

Average likes (of the
top 10 videos), n

Average number of
views (of the top 10
videos), n

Average video length
(of the top 10 videos)
(seconds), n

Account

34.3297.5102,8801,049,35016.6Account 1

34672.2107,408.61,409,47015.2Account 2

31.112,121.53,200,00016,640,00039Account 3

33.11349.1176,179.43,088,69023.2Account 4

34.8480.8122,3402,660,00020.5Account 5

3220,217.64,187,02064,920,00050.8Account 6a

37.6623.4121,703.513,590,00044.7Account 7a

34.56137.41,115,094.826,970,00021.5Account 8a

32.34983.3527,12016,110,00011Account 9a

34.52517.6721,2108,120,00016.7Account 10a

aAccount belonging to a dermatologist.

Table . TikTok video data of the top 10 accounts. The analysis of the top 10 accounts from Table 1 based on occupation are displayed.

Number of videos with Tik-
Tok-verified paid sponsor-
ship, mean (SD)

Informational videos, mean
(SD)

Total videos, mean (SD)Engagement score, mean
(SD)

Account owner occupation

18.22 (23.95)691.22 (497.71)795 (562.84)21.66 (5.40)Dermatologists

0 (0)327 (274.68)402.25 (243.48)32.96 (14.54)Medical clinics

3.17 (2.56)316.5 (171.99)478 (238.58)26.47 (21.88)Aestheticians

0 (0)199.5 (13.43)279.5 (19.09)15.77 (2.39)Medical spas

Ethical Considerations
This study was exempt from institutional review board approval,
as only publicly available data were used.

Results

Of the 22,411 TikTok videos analyzed, 17,085 (76.3%) videos
were informational videos discussing skin and dermatology. Of
these, 502 (2.2%) videos featured TikTok-verified paid
sponsorships, with dermatologists comprising 328 (65%) videos
of these. Among the 94 accounts analyzed, 35 met the inclusion
criteria, including 18 (51.4%) dermatologists, 6 (17.1%)
aestheticians, 4 (11.4%) medical clinics, and 2 (5.7%) medical
spas. Using the Kruskal-Wallis test, significant differences in
engagement scores were found across groups (P<.001), with
medical clinics and aestheticians showing the highest average
engagement scores.

A 2-tailed independent t test was used to confirm statistical
significance between DISCERN scores of the dermatologist-run
and nondermatologist-run accounts. Dermatologist-run accounts
had significantly more views (25,942,000 vs 4,969,502; P<.001)
and comments (6895.86 vs 2984.22; P=.04). Overall DISCERN
scores did not differ between dermatologist-run and
nondermatologist-run accounts (34.18 vs 33.46; P=.53), but
subsections of the DISCERN scale did show significant

differences. Dermatologist-run accounts were more likely to
refer to areas of uncertainty (1.76 vs 1.22; P<.01) and describe
how each treatment works (2 vs 1.48; P=.03). However,
nondermatologist-run accounts were more likely to describe
each treatment’s risks (1.56 vs 1.24; P=.049). The mentioned
scores were still very low for both groups, suggesting an overall
low quality of content for the videos.

Discussion

There is a high volume of dermatological content produced and
consumed on TikTok. Prior research demonstrates that consumer
trust in TikTok content is high [6]. However, this study reveals
that the most productive content creators in dermatology’s
TikTok videos are of poor educational accuracy and quality.
Physicians should be aware of the expanding role of social
media as a source of medical information and possible
misinformation. Dermatologists should consider if they have
an obligation to produce unbiased, ethical, and accurate content.
Social media platforms also bear a responsibility in regulating
health-related content. Loeb et al [7] found widespread cancer
misinformation on social media, often finding dissemination of
unproven treatment options, demonstrating one example of how
medical misinformation on social media can potentially harm
patients. Though dermatologists should only report accurate
information for proper patient care, it is equally important for
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social media platforms to at least label content as potential
misinformation to prevent inadequate skin care.

Additionally, it is important to note the differences in the content
reported between dermatologists and nondermatologists. With
dermatologists more frequently referencing treatment
uncertainty, viewers may perceive this as physicians practicing
cautious, evidence-based medicine. With nondermatologists

more frequently discussing risks, this may lead to consumers
avoiding treatments and seeking alternative treatment solutions.
Together, these differing emphases could shape consumer
attitudes towards dermatological care, treatment choices, and
even trust in professional advice versus influencer-driven
content. Further exploration of these impacts is warranted to
better understand the influence of social media on
dermatological care.

 

Conflicts of Interest
None declared.

References
1. Wong B. Top social media statistics and trends of 2024. Forbes. 2023 May 18. URL: https://www.forbes.com/advisor/

business/social-media-statistics/ [accessed 2025-01-16]
2. Militello M, Yang RA, Anderson JB, Szeto MD, Presley CL, Laughter MR. Social media and ethical challenges for the

dermatologist. Curr Dermatol Rep 2021;10(4):120-127. [doi: 10.1007/s13671-021-00340-7] [Medline: 34540357]
3. Kream EJ, Jerdan K. Digital brand building and online reputation management in dermatology. Clin Dermatol

2023;41(2):240-245. [doi: 10.1016/j.clindermatol.2023.06.006] [Medline: 37453712]
4. Ross NA, Todd Q, Saedi N. Patient seeking behaviors and online personas: social media’s role in cosmetic dermatology.

Dermatol Surg 2015 Feb;41(2):269-276. [doi: 10.1097/DSS.0000000000000267] [Medline: 25654198]
5. Yousaf A, Hagen R, Delaney E, Davis S, Zinn Z. The influence of social media on acne treatment: a cross-sectional survey.

Pediatr Dermatol 2020 Mar;37(2):301-304. [doi: 10.1111/pde.14091] [Medline: 31944359]
6. Gordon D. 33% of Gen Zers trust TikTok more than doctors, new survey shows. Forbes. URL: https://www.forbes.com/

sites/debgordon/2022/12/20/33-of-gen-zers-trust-tiktok-more-than-doctors-new-survey-shows/ [accessed 2025-01-16]
7. Loeb S, Langford AT, Bragg MA, Sherman R, Chan JM. Cancer misinformation on social media. CA Cancer J Clin

2024;74(5):453-464. [doi: 10.3322/caac.21857] [Medline: 38896503]

Edited by R Dellavalle; submitted 16.04.24; peer-reviewed by B Irfan; revised version received 07.11.24; accepted 09.11.24; published
28.01.25.

Please cite as:
Nigro AR, Osman A, Saal RC, Smith RJ
Information Regarding Dermatology as Seen on the Social Media Platform TikTok
JMIR Dermatol 2025;8:e59597
URL: https://derma.jmir.org/2025/1/e59597 
doi:10.2196/59597

© Alexandra Rose Nigro, Alim Osman, Ryan Charles Saal, Robert James Smith. Originally published in JMIR Dermatology
(http://derma.jmir.org), 28.1.2025. This is an open-access article distributed under the terms of the Creative Commons Attribution
License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any
medium, provided the original work, first published in JMIR Dermatology, is properly cited. The complete bibliographic
information, a link to the original publication on http://derma.jmir.org, as well as this copyright and license information must be
included.

JMIR Dermatol 2025 | vol. 8 | e59597 | p.253https://derma.jmir.org/2025/1/e59597
(page number not for citation purposes)

Nigro et alJMIR DERMATOLOGY

XSL•FO
RenderX

https://www.forbes.com/advisor/business/social-media-statistics/
https://www.forbes.com/advisor/business/social-media-statistics/
http://dx.doi.org/10.1007/s13671-021-00340-7
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34540357&dopt=Abstract
http://dx.doi.org/10.1016/j.clindermatol.2023.06.006
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37453712&dopt=Abstract
http://dx.doi.org/10.1097/DSS.0000000000000267
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25654198&dopt=Abstract
http://dx.doi.org/10.1111/pde.14091
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31944359&dopt=Abstract
https://www.forbes.com/sites/debgordon/2022/12/20/33-of-gen-zers-trust-tiktok-more-than-doctors-new-survey-shows/
https://www.forbes.com/sites/debgordon/2022/12/20/33-of-gen-zers-trust-tiktok-more-than-doctors-new-survey-shows/
http://dx.doi.org/10.3322/caac.21857
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=38896503&dopt=Abstract
https://derma.jmir.org/2025/1/e59597
http://dx.doi.org/10.2196/59597
http://www.w3.org/Style/XSL
http://www.renderx.com/


A Google Trends Analysis of Search Interest for
Tender-Headedness and Scalp-Related Concerns

Charissa Obeng-Nyarko1, MS; Tatiana Barrera2, BS; Temitayo Ogunleye3, MD; Susan Taylor3, MD
1Florida State University College of Medicine, 1115 West Call Street, Tallahassee, FL, United States
2University of California - Riverside, Riverside, CA, United States
3Department of Dermatology, University of Pennsylvania, Philadelphia, PA, United States

Corresponding Author:
Charissa Obeng-Nyarko, MS
Florida State University College of Medicine, 1115 West Call Street, Tallahassee, FL, United States

Abstract

In this Google Trends cross-sectional analysis, we aimed to understand the popularity of tender-headedness by analyzing related
Google search queries from January 2013 to December 2022. Since 2013, Google searches on scalp-related concerns, especially
those regarding tender-headedness in Black hair culture, have increased, thus uncovering an opportunity for dermatologists to
utilize culturally relevant language to address scalp concerns in patients with Afro-textured hair.

(JMIR Dermatol 2025;8:e60040)   doi:10.2196/60040
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Introduction

In Black hair culture, “tender-headed” is a term that refers to
someone with heightened scalp discomfort or tenderness during
hair manipulation procedures like combing, brushing, braiding,
twisting, hair parting, and blow-drying [1-3].

Little is known about tender-headedness, as it usually lacks
clinical findings. However, symptoms include mild to significant
scalp discomfort, which can occur among all ethnicities but
may be more prevalent among women with Afro-textured hair
[4]. Scalp tenderness is a common symptom in inflammatory
alopecias, including central centrifugal cicatricial alopecia and
traction alopecia, which predominantly affect Black women
[5]. Understanding culturally relevant language for scalp
tenderness is important for dermatologists to differentiate
between nonpathologic and pathologic scalp issues in this
population.

The internet is a commonly used source for information on hair
and scalp care, particularly for people of African descent who
may seek solutions for tender-headedness on search engines
and forums [6]. To date, there is limited knowledge about
internet search interest regarding tender-headedness. In this
study, we aim to understand the popularity of tender-headedness
by analyzing search queries related to this concept on a major
search engine.

Methods

Google Trends (GT) is a Google-developed tool that reports on
the popularity of specific searches. Output from GT is in the

form of a search volume index (SVI), which represents the
popularity of a specific search over time [7]. SVI values are
normalized on a scale from 0 to 100, with 0 representing the
lowest level of interest and 100 representing the highest [7].
These values depend on the specific search phrase, time range,
and geographical area selected [7]. They may vary slightly by
query date, so all values were queried on the same day for
consistency [7].

In this cross-sectional analysis, GT was used to extract the
monthly web SVI from January 2013 to December 2022 for the
following seven keyword phrases (KPs): “tender headed,”
“tender head,” “sore scalp,” “scalp hurts,” “tight scalp,” “tender
scalp,” and “scalp tenderness.” Additionally, KPs were grouped
into the following three categories of generic words used to
describe tender-headedness: (1) tenderness (“tender headed”
and “tender head”), (2) scalp discomfort (“sore scalp,” “scalp
hurts,” and “tight scalp”), and (3) both concepts (“tenderness”
and “scalp”) combined (“tender scalp” and “scalp tenderness”).
Differences in the mean monthly SVI per category were
compared via a generalized estimated equation with Gaussian
estimation and exchangeable correlation, using Stata version
18 (StataCorp LLC). Statistical significance was measured at
P<.05.

Results

Among the seven KPs used in US internet queries made between
January 2013 and December 2022, “tender head” and “sore
scalp” had the highest mean SVIs (67 for both; Figure 1). The
internet search interest for the term “sore scalp” was comparable
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to that for “tender head” (R=0.32, 95% CI −1.23 to 1.87; P=.69).
The term “tender headed” yielded lower search interest

compared to “tender head” (R=−53.3, 95% CI −55.08427 to
−51.98239; P<.001).

Figure 1. Yearly internet search interest by keyword phrase from 2013 to 2022. SVI: search volume index.

The “scalp discomfort” category had the highest mean internet
search interest (SVI=45.35) compared to the “tenderness”
(SVI=40.08) and “combined” (SVI=31.86) categories (Figure
2). When compared to searches for the “tenderness” category,
there was significantly higher search interest for the “scalp

discomfort” category (R=5.07, 95% CI 4.21-5.93; P<.001).
Additionally, the “combined” category showed significantly
lower interest in comparison to “tenderness” (R=−8.19, 95%
CI −9.05 to −7.33; P<.001).

Figure 2. Yearly internet search interest by keyword phrase category from 2013 to 2022. SVI: search volume index.
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Discussion

In this study, we found that terms describing scalp discomfort
generated the highest internet search interest among KP
categories. Furthermore, among the seven KPs describing
tender-headedness, “tender head” and “sore scalp” had the
greatest internet search volume.

Although our findings did not show a solid search trend for the
keyword “tender headed,” “tender head” and “sore scalp” are
relevant phrases that some individuals use to describe
tender-headedness. “Tender head” has gained popularity on the
web, with search engine queries yielding culturally specific
articles on managing tender-headedness in children and adults
with Afro-textured hair [2,3,8,9] and the need for dermatologic

care [3,8,9]. Understanding this context may benefit
dermatologists when discussing scalp concerns with Black
patients.

This study acknowledges that using GT to capture internet
search interest for scalp concerns may not fully represent
individuals without internet access, limiting the results’
applicability to the broader population [7]. Despite this
limitation, GT is a powerful tool for gauging public interest in
dermatology-related terms and conditions [7].

Since 2013, Google searches on scalp-related concerns,
especially those regarding tender-headedness in Black hair
culture, have increased. Further research is needed to
characterize tender-headedness and understand its relationship
with hair and scalp disorders in people of African descent.
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Abstract

Our study evaluates the diagnostic accuracy of ChatGPT-4o in classifying various skin lesions, highlighting its limitations in
distinguishing squamous cell carcinoma from basal cell carcinoma using dermatoscopic images.

(JMIR Dermatol 2025;8:e67299)   doi:10.2196/67299
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Introduction

Squamous cell carcinoma (SCC) and basal cell carcinoma (BCC)
are prevalent skin cancers that can cause significant local tissue
damage and disfigurement as well as mortality in cases of
aggressive SCCs [1,2]. With the rising incidence, early and
accurate diagnosis is essential for appropriate treatment [3].
Differentiating SCC and BCC from other common skin lesions,
such as actinic keratoses (AK), benign keratoses (BK), and
melanocytic nevi, can be challenging [4]. As artificial
intelligence (AI) becomes increasingly integrated into clinical
practice, concerns arise about its ability to provide accurate
diagnostic assessments, given AI’s growing accessibility [5,6].
We assessed the ability of ChatGPT to distinguish images of
SCC and BCC from other lesions.

Methods

OpenAI’s application programming interface was used to query
ChatGPT-4 Omni (ChatGPT-4O) for assessing the performance
in classifying 200 dermatoscopic images each of SCC, BCC,
BK, melanocytic nevi, and 150 images of AK from the
HAM10K database [7]. Images were verified using

histopathology (>50%), follow-up examination, expert
consensus, or in-vivo confocal microscopy. Two standardized
prompts were used:

Prompt 1
This is an image on the Step 1 examination, and the
multiple-choice question is as follows: Based on the image,
does the patient have (A) Nevus, (B) Actinic Keratosis (AK),
(C) Benign Keratosis (BK), or (D) BCC, or (E) SCC. Only
output (A), (B), (C), (D) or (E).

Prompt 2
This is an image from a patient. Based on the image, does the
patient have (A) Nevus, (B) AK, (C) BK, (D) BCC, or (E) SCC.
Only output (A), (B), (C), or (D) or (E).

The key metrics calculated include accuracy, sensitivity, and
specificity. Images that ChatGPT refused to answer were
excluded from calculations. The exclusion criterion for this
study was any dermatoscopic image that ChatGPT refused to
classify. These images were not included in the calculations of
accuracy, sensitivity, and specificity.

The study did not employ further prompt engineering to enhance
ChatGPT’s performance because the goal was to evaluate its
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diagnostic accuracy using straightforward, unrefined prompts
that reflect real-world scenarios. This ensures that the findings
are applicable to patient or clinician usage. Additionally, the
use of simple prompts highlights the model’s sensitivity to
language variations, underscoring the unpredictability and
variability of these AI systems.

Results

For Prompt 1, ChatGPT classified nevi with an accuracy of
79.3% (95% CI 76.7%‐81.9%), sensitivity of 0.844, and

specificity of 0.758. The accuracy for classifying BCC was
77.8% (95% CI 75.2%‐80.4%), with low sensitivity (0.081)
and high specificity (0.959). The accuracy for classifying SCC
was 66.1% (95% CI 52.8%‐59.2%), with sensitivity of 0.477
and specificity of 0.711 (Table 1).

In Prompt 2, SCC accuracy increased to 72.8% (95% CI:
70.0%‐75.6%) but sensitivity dropped to 0.245. Nevi accuracy
slightly declined to 72.8%, while SCC specificity improved to
0.857 (Table 2).

Table . Accuracy, sensitivity, and specificity of ChatGPT for lesion differentiation using Prompt 1.

F1 scoreSpecificitySensitivityAccuracy (95% CI)Sample sizeClass

0.2940.8020.35673.0% (70.2‐75.8)149Actinic keratosis

0.1320.9590.08177.8% (75.2‐80.4)198Basal cell carcinoma

0.6490.7580.84479.3% (76.7‐81.9)199Nevus

0.1380.9390.09074.4% (71.6‐77.2)200Benign keratosis

0.3730.7110.47766.1% (52.8‐59.2)199Squamous cell carcino-
ma

Table . Accuracy, sensitivity, and specificity of ChatGPT for lesion differentiation using Prompt 2.

F1 scoreSpecificitySensitivityAccuracy (95% CI)Sample sizeClass

0.3290.7740.42372.9% (70.1‐75.7)149Actinic keratosis

0.1250.9870.0779.5% (76.9‐82.1)200Basal cell carcinoma

0.580.6640.8972.8% (70.0‐75.6)200Nevus

0.2230.8850.1873.7% (70.9‐76.5)200Benign keratosis

0.2750.8570.24572.8% (70.0‐75.6)200Squamous cell carcino-
ma

Discussion

ChatGPT-4o struggled to differentiate between SCC and BCC.
Nevus classification was the most accurate, with high F1 scores
and minimal false-positive results, demonstrating proficiency
in identifying less ambiguous lesions. The model showed
significant bias in SCC classification, frequently misclassifying
SCC as BCC with a high rate of false-positive results. This
aligns with previous research that observed SCC is often
mistaken for BCC, particularly when features like pigmentation
or rolled borders overlap [8]. ChatGPT’s performance worsened
in Prompt 2, where SCC was frequently misclassified as AK.
Previous authors noted that AI performs comparably to
dermatologists in binary choices, but our study further highlights
the struggle AI faces in multiclass differentiation [9].

Prompt 1 was designed to emulate a standardized examination
scenario, leveraging ChatGPT’s ability to respond to structured,
multiple-choice questions within a controlled academic

framework. This approach was necessary as ChatGPT restricts
responses to direct health-related inquiries, necessitating creative
prompt construction to elicit diagnostic outputs. In contrast,
Prompt 2 adopted a more generic phrasing reflective of a patient
inquiry to evaluate how conversational language might influence
diagnostic accuracy. This design choice was informed by the
observation that variations in prompt language can significantly
impact AI-generated outputs.

Limitations include using a single dataset, which may not
represent the diversity of skin lesions in clinical settings and
not consider variations in image quality. Future improvements
should focus on expanding training data diversity and improving
image scenario handling to enhance diagnostic accuracy. We
concur with Labkoff et al that precautions such as training
clinicians on the limitations of AI systems and implementing
standardized protocols to validate AI-generated diagnoses before
acting on them would help ensure safe and effective integration
into clinical workflows [10].
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Abstract

ChatGPT is increasingly used in healthcare. Fields like dermatology and radiology could benefit from ChatGPT’s ability to help
clinicians diagnose skin lesions. This study evaluates the accuracy of ChatGPT in diagnosing melanoma. Our analysis indicates
that ChatGPT cannot be used reliably to diagnose melanoma, and further improvements are needed to reach this capability.

(JMIR Dermatol 2025;8:e67551)   doi:10.2196/67551
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Introduction

Artificial Intelligence (AI) is being increasingly integrated into
health care [1]. Multiple AI systems exist in medicine, including
large language models (LLMs), neural networks, and predictive
models. While studies have demonstrated AI’s mixed precision
and accuracy, the technology is poised to assist with data-driven
diagnostics in dermatology [2].

There has a been rapid popularization of the LLM, ChatGPT
for home-based medical inquiries [3]. Minimal research exists
on ChatGPT’s accuracy in detecting melanoma. Given that
patients are increasingly presenting internet-derived diagnostics
during cancer consultations, it is imperative to understand the
capabilities of commonly used AI engines, such as ChatGPT
[4]. In this study, we compare the capabilities of two
models—ChatGPT-4 Omni (GPT-4o) and ChatGPT-4 Turbo
(GPT-4 Turbo)—in identifying melanoma versus “not
melanoma” skin lesions. These LLMs were chosen due to their
accessibility and ability to answer image-based dermatology
board-style questions correctly [5].

Methods

OpenAI was used to query GPT-4o and GPT-4 Turbo for
classifying dermatoscopic images of melanoma versus “not
melanoma” (ie, melanocytic nevi, basal cell carcinoma, actinic
keratoses, dermatofibromas, and vascular lesions) selected from

the HAM10K database, which contains >10,000 dermatoscopic
images collected over 20 years from multiple populations, and
verified by histopathology or confocal microscopy [6].

Five-hundred melanoma and “not melanoma” diagnoses were
randomly selected with no image modifications. A standardized
prompt was used: “This is an image of the step 1 examination.
The multiple-choice question is as follows: Based on the image,
does the patient have (A) melanoma (B) no melanoma? Only
output the answer as A or B.” Incomplete responses were
categorized as “not a number” and excluded.

To assess the effect of binary versus nonbinary prompting, an
additional 1000 randomly selected “not melanoma”
dermatoscopic images were classified by GPT-4o, given its
higher sensitivity compared to GPT-4 Turbo. Manual
classification was applied for “not a number” results when the
response leaned towards “melanoma” or “not melanoma” but
did not explicitly state “A” or “B.”

Results

The diagnostic accuracies of GPT-4 Turbo and GPT-4o were
0.546 (95% CI 0.515‐0.577) and 0.577 (95% CI
0.547‐0.608), respectively. There was no significant difference
in accuracy between the two models (P=.10). GPT-4 Turbo
demonstrated a sensitivity of 76.3%, specificity of 32.9%, and
false-positive rate of 67.1% (Table 1). GPT-4o yielded a higher
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sensitivity of 96.8% (P<.001), lower specificity of 18.4%
(P=.09), and higher false-positive rate of 81.6% (P<.001).

GPT-4o’s additional analysis of “not melanoma” images using
nonbinary prompting yielded an accuracy of 6.56% (95% CI
4.94%‐8.18%), correctly classifying 59 of 899 images (Table

2). Binary prompting increased GPT-4o accuracy to 25.25%
(95% CI 22.55%‐27.95%), with 252 of 998 images correctly
identified as “not melanoma.” The confusion matrices associated
with the statistical measures of GPT-4o and GPT-4 Turbo are
shown in Multimedia Appendix 1.

Table . GPT-4 Omni and GPT-4 Turbo demonstrate low accuracy and low specificity for melanoma diagnosis.

Chat-GPT 4 OmniChat-GPT 4 TurboStatistical measure

0.577 (0.547‐0.608)0.546 (0.515‐0.577)Accuracy, (95% CI)

0.5440.532Precision

18.4 (0.150‐0.218)32.9 (0.288‐0.370)Specificity, % (95% CI)

96.8 (0.952‐0.983)76.3 (0.726‐0.801)Sensitivity, % (95% CI)

0.6970.627F1-score

81.667.1False-positive rate (%)

Table . Accuracy of ChatGPT-4o in diagnosing melanoma and “not melanoma” with binary versus nonbinary prompting.

Binary prompting (n=998)Nonbinary prompting (n=899)Statistical measure

252 (25.25)59 (6.56)Accuracy, n (%)

22.55‐27.954.94‐8.1895% CI (%)

67.181.6False-positive rate (%)

Discussion

Currently, GPT engines demonstrate low accuracy for
diagnosing melanoma. Higher diagnostic accuracies have been
achieved using neural networks such as Moleanalyzer pro
(87.7%) and ChatGPT Vision (85%); however, these studies
included much smaller sample sizes of 100 and 60 images,
respectively [7,8]. Our findings exhibit a higher-powered
analysis of ChatGPT performance.

GPT-4o’s improved accuracy with binary versus nonbinary
prompting aligns with prior AI research demonstrating that
these search engines struggle without explicit direction [8].
When more intricate prompts are provided, results improve
[7,8]. However, such a methodology is not generalizable to the
average user. Patients using these engines to self-diagnose
suspicious lesions at home are more likely to use nonbinary
prompts without detailed instructions for the AI engine. Thus,
our nonbinary prompting results reflect that ChatGPT would
provide inaccurate outputs when used by the average patient.

The high false-positive rates of GPT-4o and GPT-4 Turbo in
evaluating “not melanoma” suggest a conservative bias. This
raises ethical concerns, as undue patient harm may result from
AI’s overdiagnosis of “melanoma.” Patients receiving incorrect
“melanoma” diagnoses from ChatGPT prior to their dermatology
appointments may develop mistrust if the physician accurately
contradicts AI diagnoses. These patients may feel unheard if
they do not receive biopsies for their “suspicious” moles.
Increased in-office counseling may be warranted to disentangle
the biases AI imparts to patients.

Limitations included using a single dataset and dermatoscopic
images without broader clinical information. The models were
not specifically trained before querying. ChatGPT is a generative
AI that may be less suitable than specialized AI systems in
dermatoscopic image diagnoses [2]. Nevertheless, inherent flaws
in the GPT4-o and GPT-4 Turbo systems are still evident.
Therefore, patients should avoid ChatGPT diagnoses before
evaluation of their suspected pigemented lesions by trained
dermatologists.
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Multimedia Appendix 1
Confusion matrix of ChatGPT-4 Omni performance (top) and confusion matrix of ChatGPT-4 Turbo performance (bottom).
[PNG File, 56 KB - derma_v8i1e67551_app1.png ]
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Abstract

This study analyzes the most commonly mentioned psoriasis treatments on Facebook and Reddit forums, tracking their popularity
over time by using Google Trends.

(JMIR Dermatol 2025;8:e70067)   doi:10.2196/70067
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Introduction

Approximately 8 million individuals in the United States and
125 million individuals worldwide experience psoriasis—a
chronic inflammatory skin disease most commonly characterized
by scaly erythematous plaques on the extensor surfaces, face,
trunk, and scalp. With increased internet accessibility, many
patients now turn to web-based platforms to connect with others
and seek advice on managing their condition. Over 30% of
internet users report using social media to find health-related
information, with forums and web-based communities being
among the most popular sources [1]. Notably, two widely used
resources in the psoriasis community are the “Psoriasis” group
on Facebook and “r/Psoriasis” on Reddit, which collectively
have over 110,000 users worldwide. We aimed to analyze the
most frequently mentioned treatments on these forums while
also exploring how interest has evolved over time. By comparing
patient discussions with search trends, this research provides
valuable insights into treatment preferences and shifts in public
awareness.

Methods

Using the web application PullPush API—an indexing service
that enables users to retrieve content beyond Reddit’s 1000-entry
search limit—all posts on both web-based forums from May
23 to November 23, 2024, were compiled and reviewed to assess
their relevance to psoriasis treatment, before tallying the number
of mentions each unique treatment received. Non-English posts
were excluded from data collection due to their small sample
size and practical limitations. The 10 most mentioned treatments
across both forums were inputted into Google Trends to assess
their popularity over time. These treatments were further

categorized into groups—disease-modifying antirheumatic drugs
(DMARDs), steroids, and procedures. Google Trends allows
users to track the popularity of queries by displaying search
interest for queries as relative search volumes (RSVs). RSVs
range from 1 to 100, where the number indicates how a topic’s
search interest compares to its peak interest level. To convert
this value to the total number of searches at any given time, the
Google Chrome extension Glimpse was used to convert all
RSVs to absolute search volumes.

Results

The gathered posts contained 2260 unique mentions of
treatments, which were categorized into 205 unique treatments.
Treatments fell under the following categories: biologics,
procedures, dietary modifications, home remedies, and topicals.
The 10 most mentioned treatments across both forums are shown
in Table 1. Of these, 2 did not meet the minimum search queries
necessary to generate graphical data through Google Trends.
Among the remaining treatments, those with the highest number
of searches in any month between 2008 and 2024 were
methotrexate, with 13,860 searches in January 2010, and
Humira, with 14,396 searches in February 2009 (Figure 1).
These results could be explained by shortages in methotrexate
and other oncology drugs between 2010 and 2011 and the US
Food and Drug Administration’s approval of Humira for plaque
psoriasis in 2008, respectively [2]. In recent years however,
Humira has experienced declines in popularity due to the
availability of cheaper biosimilars [3]. UV-B phototherapy has
likewise experienced a similar trend due to the increase in
biologics use [4]. Overall, the subcategories that displayed the
highest interest based on the daily number of searches were
biologic DMARDs (searches: n=768), steroids (searches: n=93),
and procedures (searches: n=151).
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Table . Most mentioned treatmentsa for psoriasis across Facebook and Reddit in 2024.

Mentions (N=2260), n (%)Treatment

181 (8)Risankizumabb

129 (5.7)UV-B phototherapyc

103 (4.6)Apremilastb

102 (4.5)Methotrexateb

97 (4.3)Adalimumabb

81 (3.6)Guselkumabb

72 (3.2)Secukinumabb

70 (3.1)Clobetasol propionated

68 (3)Cal/BDe foamd

50 (2.2)Ixekizumabb

1307 (57.8)Remaining 195 treatments

aIn total, there were 205 unique treatments mentioned.
bCategorized as a disease-modifying antirheumatic drug.
cCategorized as a procedure.
dCategorized as a steroid.
eCal/BD: calcipotriol/betamethasone dipropionate.

Figure 1. ASV data from Google Trends for the 10 most discussed psoriasis treatments on Reddit and Facebook (2008‐2024). ASV: absolute search
volume; DMARD: disease-modifying antirheumatic drug.

Discussion

Google Trends data reveal that patients prefer injectable
medications, especially biologics, for treating psoriasis, with 5
of the top 10 treatments falling into this category. This trend
aligns with previous research highlighting patients’appreciation
for the efficiency and convenience of biologics [5]. However,

given past research indicating an increased risk of developing
cutaneous disorders, inflammatory bowel disease, or interstitial
lung disease, patients should be informed about alternative
treatment options [6]. This study’s limitations include the
exclusion of other social media platforms and potential selection
bias, as social media use tends to be more prevalent among
younger demographics [7].
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Due to the significant disease burden associated with psoriasis,
many patients seek additional treatment options, of which some
lack strong evidence. Notably, 51% of patients report using
complementary and alternative medicine (CAM), including
herbal therapy, climatotherapy, and dietary changes, with many
forum users recommending dairy-free or gluten-free diets.
Common reasons for these choices include preferences for
natural approaches, cultural factors, and a perception that

conventional medicine is more toxic than CAM treatments [8,9].
Given their rising popularity, understanding the data surrounding
the efficacy of these treatments and their interactions with
conventional medicine will better equip dermatologists to serve
patients. Interest in psoriasis treatments should center on
expanding the evidence base for conventional and alternative
treatments and fostering effective collaboration between patients
and physicians to optimize outcomes.
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Introduction

Clinical images play an important role in informing clinical
care and education in dermatology. Standardized informed
consent for publishing patient images is an important concern
regarding patient privacy, especially given increasing avenues
for dissemination (eg, online publication and social media) [1,2].
Protecting patient privacy is a critical aim for dermatologists,
as publishing images with potentially identifiable features is
often necessary. Establishing trust between dermatologists and
patients is imperative when complete anonymity cannot be
guaranteed [2]. Clear guidelines and thorough consent practices
can ensure that authors are accountable for upholding patients’
privacy and are transparent when obtaining photo consent,
thereby empowering patients to make informed decisions about
sharing their images [3]. This study assesses current informed
consent practices in image publication for top dermatology
journals, examining author-facing guidelines and patient consent
forms.

Methods

In this cross-sectional study, we examined patient image
submission guidelines and consent forms from the top 50
dermatology journals as defined by the 2023 Clarivate Journal

Impact Factor ranking. We developed a checklist of image
consent requirements informed by guidelines from the
Declaration of Helsinki, International Committee of Medical
Journal Editors (ICMJE), and Committee on Publication Ethics
(COPE) as described in Multimedia Appendix 1 [4-6]. Between
November 11 and 25, 2024, authors TT and BO reviewed
journal websites to assess author requirements for image
publication and examined patient consent forms when available.
Checklist items were documented as present or absent in an
Excel (Microsoft Corporation) spreadsheet. Criteria were
considered met if explicitly stated in journal guidelines or
consent forms, or if the Declaration of Helsinki, ICMJE, COPE,
or publisher guidelines were explicitly referenced.

Results

Among the 50 journals, 15 (30%) were published in the United
States, 41 (82%) were indexed in MEDLINE (the National
Library of Medicine’s primary bibliographic database and a
component of PubMed), and 35 (70%) had a social media
account on Facebook, X (formerly Twitter), Instagram, or
LinkedIn. The median percentage of articles available through
gold open access journal was 26% (IQR 14.1-78.8%). Results
for image consent criteria from author-facing guidelines and
patient consent forms are summarized in Tables 1 and 2.
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Table 1. Image consent criteria listed in journal-specific author guidelines for the top 50 dermatology journals per the 2023 Clarivate Journal Impact
Factor ranking.

Journals (N=50), n (%)Criteria for author-facing guidelines

44 (88)Requires informed consent to publish patient images

41 (82)Specifies how image consent must be documented (eg, written statement on manuscript, letter of consent,
or consent form)

43 (86)Requires written consent from patient for publication of patient images

Describes when image consent is necessary

24 (48)All patient images

18 (36)Only images that are recognizable or contain identifying features

Statement about guidelines to which journal adheres

34 (68)Declaration of Helsinki

29 (58)International Committee of Medical Journal Editors

36 (72)Committee on Publication Ethics

25 (50)Publishing group (Wiley, Elsevier, Taylor & Francis, and Springer)

33 (66)Specifies who can provide consent on behalf of patient (eg, parent/guardian if minor, next of kin)

40 (80)Provides guidelines for image modification

34 (68)Eye bars or masking of eyes not permitted

5 (10)Blurring of face/facial features not permitted

5 (10)Cropping to exclude face/body parts permitted

9 (18)Specifies identifiable features in patient images (eg, tattoos, birthmarks, jewelry, facial images)

3 (6)Tattoos discussed

0 (0)Birthmarks discussed

1 (2)Jewelry discussed

8 (16)Facial features/photos discussed

2 (4)Recommendations on authors’ storage of patient images

28 (56)Statement about archiving/retaining patient publication consent

13 (26)Patient review of manuscript required if identifiable features are present

3 (6)Acknowledges possible dissemination of images on social media

35 (70)Has one or more social media handles

23 (46)Facebook

32 (64)X

14 (28)LinkedIn

15 (30)Instagram

0 (0)Pinterest

22 (44)Journal- or publisher-specific consent forms provided
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Table 2. Image consent criteria in consent forms of top 50 dermatology journals ranked by 2023 Clarivate Journal Impact Factor.

Journals (n=22a), n (%)Criteria for journal/publisher image consent forms

4 (18)Requirement to upload blank copy of consent form used if none is provided by the journal or publisher

19 (86)Requirement to state consenting party and relationship to patient if consent is provided by proxy

5 (23)Statement explaining why patient could not provide consent or lacked capacity if consent is provided by proxy

21 (95)Form asks who explained and administered consent form to patient or proxy

4 (18)Statement that signing the form does not waive patient’s right to privacy

10 (45)Statement about the possibility of consent revocationb

17 (77)Explicit mention of how images may be disseminated beyond print publication (eg, social media, internet)

13 (59)Statement that journal cannot guarantee anonymity

20 (91)Patient must provide written agreement to publication

7 (32)Statement about the possibility of financial benefit

2 (9)Form availability in multiple languages

aOnly 22 of the top 50 dermatology journals provided consent forms per the 2023 Clarivate Journal Impact Factor ranking.
bOf the 22 journals with consent forms, 10 contained an explicit statement that consent may be revoked before the publication of a patient image, but
not after.

Discussion

This study highlights the lack of standardized patient image
consent guidelines within dermatology journals. While most
journals surveyed (n=44, 88%) required informed consent for
patient image publication, only 44% (n=22) provided consent
forms online, which could lead to heterogeneity in the process
or documentation of obtaining consent. Among journals that
offered a consent form, the inclusion of other key COPE
guidelines varied. Taken together, differences in journal
requirements regarding image modification, safeguards for
protecting anonymity, and definitions of identifiable features
could lead to ambiguity or variability in how institutions,
researchers, and clinicians request informed consent which, in
turn, could raise privacy concerns for patients [2,3].

Consent revocation policies were highly variable and were only
explicitly stated in 45% (n=10) of journals. Importantly, some
journals allowed revocation of consent only before publication.
Additionally, a significant gap was seen in the few journals
(n=3, 6%) with requirements regarding the disclosure of

potential social media dissemination of published images,
despite 70% (n=35) of journals having a social media presence
on one or more major platforms.

This study was limited to a select number of dermatology
journals, and potential interobserver variability was possible in
the interpretation of published author guidelines. Additionally,
whether journals enforce their stated privacy and consent
requirements was not evaluated.

In conclusion, this study highlights a current lack of standardized
requirements for publishing patient images in dermatology
journals. This gap threatens patient privacy due to the potential
for secondary uses and widespread online dissemination of
published images, including via social media. These results
identify important opportunities for journal editors to harmonize
consent requirements among journals, including standardization
of definitions of identifiable features, enhanced transparency
about patient risks regarding the dissemination and secondary
use of images online, and standards for obtaining patient
consent.
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In their study, Chau and colleagues discussed the sufficiency
of multiple artificial intelligence resources in answering possible
patient questions on common dermatological conditions [1]. It
is very important to examine the reliability of artificial
intelligence, especially as it relates to patient care and is
becoming increasingly widespread. It is also very beneficial to
have a comparison of what artificial intelligence is available
and what their unique weaknesses are. However, we do have a
plethora of existing resources, including paper handouts,
peer-reviewed journals, patient-centered websites, and physical
media, all of which have been providing reliable information
to patients for many years. Because artificial intelligence is not
a harmless technology [2,3], the proven efficacy of the existing
resources [4,5], and the reported errors in artificial intelligence
answers [1], it is not sufficient to only prove that artificial
intelligence could be reliable but also prove that it has
advantages compared to existing tools.

Research has demonstrated moderate improvement in patient
care with either written or online information provided by
healthcare providers [4]. Additionally, more recent research has
shown that information provided through patient portals
improves patient understanding and healthcare outcomes [5].
Since there are established benefits of providing information
directly to patients and the existence of a plethora of reliable

websites that provide quality information, it is important to
compare any new intervention, including artificial intelligence,
to these existing information forms.

It is especially important to establish a significant benefit of
artificial intelligence compared to our existing resources due to
the detrimental outcomes that increased use could have on the
environment and patient knowledge. Artificial intelligence usage
is an energy-demanding and resource-consuming practice that
requires an outsized water consumption and carbon output
compared with traditional search inquiries [2,3]. Additionally,
the study mentions that there have been reported cases of
artificial intelligence making up sources or providing completely
inaccurate information. This is something the study did examine,
finding no evidence of hallucinations/fabrications. However, it
is important to have a better understanding of how likely these
events are on a larger scale and how to prevent them before
recommending patient use of artificial intelligence.

Without true controls, the study’s conclusions do not provide
adequate confidence in recommending patient usage of artificial
intelligence. There should also be further consideration of how
AI can be used to augment, not replace existing forms of patient
education. Further research that considers the advantages of
existing resources and pitfalls of artificial intelligence is needed
before widespread artificial intelligence use in patient care.
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Juels Parker commented on our study comparing the sufficiency
of ChatGPT, Google Bard, and Bing artificial intelligence (AI)
in generating patient-facing responses to questions about five
dermatological diagnoses [1,2]. He highlights an important need
to compare AI to existing patient education tools, such as
handouts, peer-reviewed articles, and patient-centered websites.

We agree that AI is not a benign entity, and many resources
exist for patients to learn about their conditions, aside from AI
[3,4]. We also agree that AI cannot be deemed superior to
existing materials without a comparative assessment. Yet,
inherent differences between AI and existing materials inhibit
such comparison in the context of our original study.

Our pilot study compares AI chatbot responses to potential
patient questions, with the primary goal of comparing the utility
of three chatbots by assessing their strengths and weaknesses.
As suggested by Parker, recommending the usage of AI in place
of existing patient education materials would require a larger,
more robust investigation that compares AI to existing resources.
In our study, however, AI plays an inherently different role than
traditional patient resources, such as paper handouts, disallowing
comparative assessment. Generative AI offers users the
flexibility to ask questions and receive direct answers, whereas
traditional forms of patient education require patients to search
for answers to their questions. By evaluating generative AI, our
study simulates how patients might ask questions in the real
world. As such, a comparison to existing patient resources was
out of the scope of our study and would not have answered our

research question—to evaluate the utility of chatbots to generate
patient-facing responses. Additionally, patient education
materials vary between practices, hindering the ability to conduct
a comparative analysis with applicability real practice. While
our conclusions suggest that AI may be used by patients to
obtain information about their condition, we emphasize that
this recommendation is to a limited extent and chatbots should
not function as a first-line entity. Only approximately half of
the responses in our study were considered sufficient for clinical
practice, highlighting three domains in which chatbots require
improvement—readability, removing inaccuracies, and
improving specificity.

In conclusion, Parker highlights an important consideration
regarding AI in dermatology–whether information gleaned from
AI is superior to existing patient resources. However, in the
context of our study, a comparative analysis between AI and
existing resources would not have contributed to our goal of
comparing chatbots. In the broader context of AI in dermatology,
a study with a primary intention of comparing AI and existing
materials for their clinical utility would provide novel insights
into the future of AI in practice. Our pilot study is not sufficient
to and does not confidently recommend patient usage of AI.
Rather, our study serves as a basis for further examination of
AI’s role in dermatology by illustrating the strengths and
weaknesses of different chatbots. We appreciate the critical
thought that Parker discussed about the implications of our work
and the role of AI in dermatology.
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Abstract

Background: Acral persistent papular mucinosis (APPM) is a localized variant of lichen myxedematosus (LM) characterized
by asymptomatic, flesh-colored papules primarily distributed on the hands and forearms. This chronic dermatosis, distinct from
generalized mucinosis due to its lack of systemic involvement, remains underreported in medical literature.

Objective: In this study, we present two cases of APPM to the limited pool of documented cases in the United States, highlighting
its emerging recognition.

Methods: This is a case series of two patients presenting with asymptomatic papular eruptions on the hands and wrists, consistent
with the typical presentation of APPM. Diagnostic confirmation via biopsy revealed focal cutaneous mucinosis. Comprehensive
laboratory evaluations, including serum and urine protein electrophoresis, showed no evidence of underlying gammopathy in
either patient.

Results: Treatment modalities for APPM are limited and often ineffective. Unlike other forms of LM, APPM features are
confined to skin lesions, posing primarily as a cosmetic concern with a favorable prognosis. Accurate diagnosis of this localized
LM is crucial to differentiate it from the more severe, generalized form, scleromyxedema, which can have organ involvement
and may become fatal. Notably, while spontaneous resolution is reported in LM, including discrete papular mucinosis, APPM
typically persists without resolution even after extended follow-up.

Conclusions: These cases underscore the importance of recognizing APPM and advocating for broader awareness and exploration
of its clinical variability, etiology, and management strategies. With increasing recognition, the understanding of APPM can be
enhanced, paving the way for optimized management and improved outcomes for affected individuals.

(JMIR Dermatol 2025;8:e77714)   doi:10.2196/77714

KEYWORDS

acral persistent papular mucinosis; dermoscopy; dermatology; lichen myxedematosus; mucin

Introduction

Acral persistent papular mucinosis (APPM) is a chronic,
localized subtype of papular mucinosis, also known as lichen
myxedematosus (LM). LM is characterized by lichenoid
cutaneous manifestations, mucinous deposits, fibroblast
proliferation, and dermal fibrosis. APPM is distinct in its
localized nature, primarily affecting the extensor surfaces of
the distal forearms and hands. Notably, it lacks systemic
involvement and is not associated with the thyroid diseases seen
in generalized forms [1]. To our knowledge, only six cases have
been reported in the United States, with approximately 70
additional cases documented across Europe, North America,
South America, and Asia, highlighting the limited available
literature [1-5].

Classically, APPM presents as asymptomatic, solitary, white-
or flesh-colored papules on the extensor surfaces of the hands,
wrists, and dorsal forearms, ranging from 2 to 5 mm in size.
These papules contain mucin deposits in the upper reticular
dermis and often persist for years [1,6]. Nonetheless, uncommon
outliers exist, with APPM-like mucinosis reported on the legs
and chest [7-9]. Additionally, pruritic lesions have been reported
in isolated cases [2]. These findings challenge the traditional
assumption that APPM is an asymptomatic cutaneous condition
limited to the forearms and hands. A potential genetic and
environmental role has been suggested based on familial
occurrences of APPM; however, the etiopathogenesis of the
disease has yet to be explored extensively and remains uncertain
[2,9].
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Herein, we present two cases of APPM, helping to shed light
on a condition currently underreported in the medical literature.
Consent for the publication of all patient photographs and
medical information is provided by the authors, stating that all
patients gave consent for their photographs and medical
information to be published in print and online versions and

with the understanding that this information may be publicly
available.

Case Descriptions

Case 1: A 64-year-old female patient with papular eruption on
the hands (Figures 1 and 2).

Figure 1. Flesh-colored to slightly yellow firm flat-topped papules on the bilateral dorsal hands and wrists. A biopsy was obtained from the circled
lesion on the left dorsal wrist.
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Figure 2. A shave biopsy with H&E (a) revealed deposition of blue-gray mucin within the superficial dermis, highlighted by colloidal iron stain, (b)
Original magnification 40X.

A 64-year-old female patient with no significant past medical
history presented with a several-year history of an intermittently
pruritic papular eruption on both hands. Physical examination
revealed multiple superficial flesh-colored papules ranging from
2‐5mm in size on the bilateral dorsal hands, wrists, and distal
forearms (Figure 1). Biopsy from the left wrist demonstrated
focal cutaneous mucinosis, and a colloidal iron stain confirmed
mucin deposition within the superficial dermis (Figure 2). Serum

protein electrophoresis and urine protein electrophoresis were
negative, aiding in ruling out an underlying monoclonal
gammopathy. The patient was diagnosed with APPM and elected
to defer any treatment. There has been no progression or
spontaneous resolution of her condition to date.

Case 2: A 67-year-old male patient with papular eruption on
the dorsal hands and wrists (Figure 3).
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Figure 3. Flesh-colored to slightly yellow spongy papules on the bilateral dorsal hands and wrists. A biopsy was obtained from the circled lesion of
the right dorsal wrist.

A 67-year-old male patient with no pertinent past medical
history presented with a several-year history of stable papular
eruptions on the dorsal hands, wrists, and distal forearms. The
physical examination revealed focally scattered, flesh-colored,
spongy papules measuring 2‐5 mm in size. A biopsy from the
right dorsal wrist revealed focal cutaneous mucinosis. Based
on the clinicopathological correlation and lack of systemic
involvement, a diagnosis of APPM was made. The patient
deferred treatment and was subsequently lost to follow-up; to
our knowledge, there was no progression or spontaneous
resolution of his condition during the observed period.

Discussion

We present two additional cases of APPM, adding to the six
previously reported cases in the United States literature [2].
This may reflect either a rising recognition of the condition or
significant underreporting to date.

Notably, both of our patients were predominantly asymptomatic
and had no underlying medical conditions, consistent with prior
reports suggesting that APPM is not associated with systemic
disease or an underlying gammopathy [10]. Unlike other forms
of LM, APPM is a skin-limited condition with a favorable
prognosis.

Accurate diagnosis of APPM is crucial to differentiate it from
generalized LM, scleromyxedema, which can have organ
involvement and may be fatal without proper diagnosis and
treatment. Diagnostic features of APPM include the presence
of ivory to flesh colored papules ranging 2‐5mm in size, female

predominance, persisting without spontaneous resolution, and
the absence of systemic disease overlap or associated
gammopathy [10]. Histologically, APPM is characterized by
focal, well-circumscribed mucin in the papillary and mid dermis,
sparing the Grenz zone, with the absence or variations of
fibroblast proliferation [10]. Unlike other forms of LM,
including discrete papular mucinosis, which may resolve
spontaneously, APPM generally persists over time, as observed
in our cases [2].

A variety of treatment strategies for APPM have been described
in the literature. Topical and intralesional corticosteroids have
shown minimal to no clinical improvement [2]. Tacrolimus
0.1% ointment has been postulated as a potential treatment
option for LM by inhibiting tumor necrosis factor (TNF)-α
secretion and transforming growth factor (TGF)-β-induced
collagen synthesis, although only a partial response has been
reported in the literature [2,9]. Destructive modalities, such as
electrofulguration, have demonstrated efficacy in lesion
resolution, albeit with mild scarring [2].

In conclusion, our case series highlights the importance of
recognizing APPM and adds to the 70 documented cases
worldwide, including now eight from the United States (Table
1). As APPM remains an underreported entity in the medical
literature, these cases serve to enhance awareness and encourage
further exploration into its clinical variability, etiology, genetic
predispositions, and optimal management strategies.
Importantly, our cases provide additional evidence to support
accurate diagnostic approaches that help distinguish APPM
from more severe forms of LM, such as scleromyxedema. Proper

JMIR Dermatol 2025 | vol. 8 | e77714 | p.279https://derma.jmir.org/2025/1/e77714
(page number not for citation purposes)

Miller et alJMIR DERMATOLOGY

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


diagnosis can help prevent unnecessary treatment and testing.
Increased recognition of APPM will ultimately enhance

understanding of the condition and guide better management,
leading to improved outcomes for affected patients.

Table . Summary of the APPM cases reported from clinics in the US [2,10].

Histological findingsClinical featuresPatient demographicsAuthor and yearStudy name

N/AN/AN/AbBerbaum 1987a [11]Acral persistent papular
mucinosis: a distinctive der-
mal mucinosis.

Case reported at the meeting
of the American Academy
of Dermatology, San Anto-
nio, Texas

N/ABack of hands, extensor as-
pect of wrists

Developingx1 yr

40-year-old-femaleFosko 1992 [12]Acral persistent papular
mucinosis

N/ABack of wrists and hands
gradual increase in #x5 yrs

61-year-old-maleKineston 2004 [13]Flesh-colored papules on the
wrists of a 61-year-old man

Mild epidermal thinning
with intact structure;
widened dermal collagen
spacing. Alcian blue staining
revealed defined mucin de-
posits in upper/mid-reticular
dermis, sparing the grenz
zone. Hyaluronidase diges-
tion confirmed hyaluronic
acid. Scattered fibrocytes
and mast cells present [10]

Back of hands, extensor as-
pect of wrists

and forearms; Increasing in
#x5 yrs

55-year-old-femaleHarris 2004 [10]Acral persistent papular
mucinosis

N/ADorsa of hands, wrists and
extensor forearms slowly
spreading

62-year-old-maleSebastian 2008 [14]‘Spreading bumps’on hands
of a Native American

A tissue sample taken from
a lesion on the right dorsal
hand showed localized
mucin accumulation when
examined with colloidal iron
stain, aligning with features
of acral persistent papular
mucinosis.

Dorsal hands60-year-old-femaleGraves 2015 [15]Treatment of acral persistent
papular mucinosis

using an Erbium-YAGc laser

A shave biopsy from the left

wrist with H&Ed (Figure 2)
revealed deposition of blue-
gray mucin within the super-
ficial dermis, highlighted by
colloidal iron stain (Figure
2).

Dorsal hands and wrists x
several years

64-year-old-female—eOur manuscript (Case 1)

A biopsy from the right dor-
sal wrist revealed focal cuta-
neous mucinosis.

Dorsal hands and wrists67-year-old-male—eOur manuscript (Case 2)

aNo full text was available.
bN/A: not available.
cYAG: Yttrium Aluminum Garnet.
dH&E: Hematoxylin and Eosin.
eNot applicable.
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Abstract

Cutaneous atrophy resulting from corticosteroid injections for musculoskeletal indications is an underrecognized adverse effect
among orthopedists and dermatologists. We present two cases of cutaneous atrophy following corticosteroid injections for wrist
tendonitis. Patients presenting with cutaneous atrophy following orthopedic corticosteroid injections may be misdiagnosed with
linear morphea, atrophoderma, or vascular disorders and receive unnecessary workups and delays in appropriate management.
Dermatologists play an essential role in the evaluation of these patients.

(JMIR Dermatol 2025;8:e67921)   doi:10.2196/67921
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Introduction

Injectable corticosteroids are commonly used to treat
musculoskeletal conditions, including tendonitis [1]. Common
adverse reactions to corticosteroid injections include atrophy,
depigmentation, and cellulitis [1]. Skin depigmentation is a
well-recognized adverse effect of corticosteroid injections, but
atrophy is underrecognized. Atrophy typically manifests 2-4
months following the injection but may be delayed up to a year
[2]. The pathophysiology of soft tissue atrophy and
hypopigmentation is hypothesized to stem from
macrophage-induced breakdown of adipose tissue, impaired
function of melanocytes, and decreased synthesis of type I and
type III collagen [3].

Dermatologists are familiar with the risks of cutaneous atrophy
due to topical, intralesional, and intramuscular corticosteroid
use from dermatologist-initiated treatments but may be less
familiar with adverse effects associated with orthopedic uses.

We present two patients with pronounced cutaneous atrophy of
the injected wrists after corticosteroid injections for tendonitis.

Case 1

A 58-year-old woman presented to the Department of
Dermatology for evaluation of skin fragility and discoloration
over her left extensor forearm. Six months earlier, she received
a 1-mL injection of a suspension of 0.5 mL of 40 mg/mL
triamcinolone mixed with 0.5 mL of 1% lidocaine in the
extensor carpi radialis brevis and extensor carpi radialis longus
to treat wrist tendonitis. This initially relieved her pain, but 2
months following the injection, she noticed skin discoloration
and soft tissue atrophy at her left distal forearm near the injection
site. She noted proximal extension of the forearm atrophy. A
physical examination revealed linear epidermal, dermal, and
subcutaneous tissue atrophy; scattered ecchymoses; and
cigarette-paper wrinkling of the skin on the left lateral wrist,
forearm, and hand (Figure 1).
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Figure 1. The left forearm shows prominent subcutaneous atrophy and purpura.

Neither the patient nor her care team connected the findings to
previous wrist injections because the findings extended several
centimeters proximal to the original injection sites. An

electromyography test demonstrated no abnormalities. A 3-mm
punch biopsy demonstrated mild epidermal atrophy, dermal
elastosis, and slight vascular prominence (Figure 2).
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Figure 2. Epidermal atrophy, solar elastosis, and vascular prominence. A, Hematoxylin and eosin stain, original magnification x 100. B, Hematoxylin
and eosin stain, original magnification x 200.

Active monitoring was chosen for management. One year later,
the patient still experienced skin fragility, distal arm lipoatrophy,
and wrist weakness. A physical examination showed persistent
epidermal, dermal, and subcutaneous tissue atrophy including

some telangiectasias, hemosiderin deposition, and
cigarette-paper wrinkling of the skin over the left lateral wrist,
proximal dorsal hand, and forearm (Figure 3).
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Figure 3. Persistent subcutaneous atrophy, telangiectasias, and hemosiderin deposition over the left forearm.

The patient consulted with the Department of Plastic Surgery
for autologous fat grafting but declined further treatment.

Case 2

A 54-year-old woman presented with 3 months of painful,
progressive purpura over the forearm skin associated with skin
fragility. She received four separate 1-mL injections of a
suspension of 0.5 mL of 40 mg/mL triamcinolone mixed with

0.5 mL of 1% lidocaine for extensor carpi ulnaris tendonitis
and a partial triangular fibrocartilage complex tear. She noted
her distal ulnar head was more prominent and the surrounding
skin was hypopigmented. Pain, purpura, and skin fragility began
shortly after the fourth injection, prompting a referral to the
Department of Dermatology. A physical examination revealed
epidermal, dermal, and subcutaneous tissue atrophy with
overlying linear purpura (Figure 4).
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Figure 4. The right wrist shows ulnar prominence secondary to subcutaneous atrophy with overlying purpura.

The patient was recommended to use over-the-counter topical
vitamin C and E oils. The patient was offered serial saline
injections but declined further treatment at the time of writing
this report.

Ethical Considerations

Both patients provided written consent for their photographs
and medical information to be published in print and online,
with the understanding that this information may be publicly
available.

Discussion

The timing and location of the patients’ symptoms are most
indicative of iatrogenic atrophy after corticosteroid injections.
This is an uncommon but known adverse effect of these
procedures. Clinicians injecting corticosteroids should advise
patients of this risk in their informed consent, particularly when
performing superficial injections. The unilateral proximal linear
extension of the atrophy and dyspigmentation are often
underrecognized as related to the therapeutic injection because
the skin atrophy is so extensive and distant from the site of
injection. This extension likely occurs secondary to venous or
lymphatic diffusion of the insoluble microcrystalline steroid
crystals [2]. A glossary of the dermatologic terms described in
the report has been provided in Multimedia Appendix 1.

Clinicians can reduce the risks by choosing short-acting more
soluble corticosteroids, avoiding injections with unnecessarily
high concentrations or volumes of topical steroids, utilizing a
23- to 27-gauge needle to maximize delivery, and considering
the use of point-of-care ultrasound—where available—to
infiltrate anatomically discreet structures such as tendon sheaths
[2].

There are few cases in the literature regarding the efficacy of
the therapeutic options for steroid-induced lipoatrophy [2].
Current treatment options include autologous fat grafting, serial
saline injections, autologous blood injections, and poly-l-lactic
acid injections.

Autologous fat grafting is hypothesized to influence
angiogenesis, improving soft tissue quality [4]. However, fat
grafting does not address the dyspigmentation, telangiectasia,
or epidermal fragility often observed with steroid-induced
atrophy. Serial saline injections improve atrophy through the
resuspension of steroid crystals, allowing for
macrophage-mediated phagocytosis of these crystals [5-7].
Autologous blood injections stimulate cellular and humoral
immune response factors such as vascular endothelial growth
factor and hepatocyte growth factor [8,9]. Finally, for patients
with more limited atrophy, poly-l-lactic acid injections can be
administered, with the maximum improvement observed 6
months after injections [10].
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Dermatologists managing patients with extensive iatrogenic
atrophy cannot overlook the psychosocial impacts this may
have. Given the high visibility of the body region affected,
significant emotional toll can occur. Functional impairment and
persistent weakness may also occur, occasionally with functional
impairment and persistent weakness [1]. Medicolegal, workers’
compensation, and risk management conversations are

commonly needed, so dermatologists should be prepared for
such inquiries and communications.

Extensive cutaneous wrist and forearm skin and soft tissue
atrophy may occur in patients undergoing orthopedic wrist
injections with corticosteroids. Dermatologists can play a pivotal
role in identifying the cause, educating providers who perform
these orthopedic procedures, and directing patients to the
appropriate treatments.
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Abstract

Delusional parasitosis is a rare psychotic disorder characterized by individuals firmly believing that they are infested with parasites
despite no medical evidence. It may be shared among close contacts—termed folie à deux when 2 individuals are affected or folie
à trois when 3 individuals share the delusion. Delusional parasitosis’ somatic focus often leads patients to seek dermatologists,
causing delayed diagnoses and unnecessary antiparasitic treatments. Herein, we present 2 familial cases of shared delusional
parasitosis. In both cases, patients exhibited the matchbox sign, presenting nonparasitic materials as “evidence” of infestation.
Dermatological and psychiatric evaluations excluded organic causes, diagnosing primary delusional parasitosis. Treatment with
antipsychotic medications led to symptom remission. Psychoeducation was critical in preventing relapse in secondary cases.
Delusional parasitosis with shared delusions is often misdiagnosed, requiring dermatologists to recognize it early. A multidisciplinary
approach that combines psychiatric care and psychoeducation is essential for effective management and for preventing the
reinforcement of delusional beliefs.

(JMIR Dermatol 2025;8:e78398)   doi:10.2196/78398

KEYWORDS

delusional parasitosis; shared psychotic disorder; folie à deux; matchbox sign; psychodermatology

Introduction

Delusional parasitosis is a rare psychotic disorder characterized
by a firm and unshakable belief that one’s body is infested with
parasites despite the absence of any objective medical evidence
[1]. Patients with delusional parasitosis predominantly seek
medical attention from dermatologists and primary care
physicians rather than psychiatrists, as they firmly attribute their
symptoms to a dermatological or parasitic cause [2]. The
disorder is more prevalent among middle-aged and older women,
with the female to male ratio being equal in individuals younger
than 50 years but increasing to 3:1 in individuals older than 50
years [3].

In certain cases, delusional parasitosis is shared among close
contacts, and this phenomenon is termed shared delusional
parasitosis [1]. The transmission of delusional beliefs from one
individual (primary) to a second person who has a close
emotional or physical relationship with the primary individual
is termed folie à deux. When the delusion is shared by 3 people,
it is classified as folie à trois. Studies indicate that 5% to 15%
of delusional parasitosis cases involve more than one individual
(typically family members or cohabitants) [2]. In these cases,
the primary affected individual—known as the

“inducer”—causes another individual—known as the
“recipient”—to adopt their delusional beliefs [1]. The separation
of affected individuals often leads to symptom resolution in the
recipient, whereas the inducer usually requires targeted
psychiatric intervention [4].

The management of delusional parasitosis presents significant
challenges, as most patients refuse psychiatric evaluation and
resist pharmacological treatment due to their firm belief that
their condition has a dermatological origin [5]. A
multidisciplinary approach that incorporates dermatologists,
psychiatrists, and primary care physicians is crucial for effective
management [6]. Herein, we present 2 rare familial cases of
delusional parasitosis with folie à deux and folie à trois,
highlighting the clinical complexities of, diagnostic challenges
of, and therapeutic approaches required for managing shared
delusional infestation within family units.

Case Report

Ethical Considerations
This case report did not require approval from an institutional
review board or ethics committee, as it is based on patient
observations without experimental intervention, in accordance
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with institutional and local policies. Written informed consent
was obtained from the patients for publication of the case details
and associated images. All data were anonymized to protect the
patients’ privacy and confidentiality. No compensation was
provided to the patients for participation or publication.

Family 1
A 70-year-old woman presented with a 2-month history of
persistent pruritus, sleep disturbances, and visual and tactile
hallucinations characterized by the perception of insects
crawling on her body and within her surrounding environment.
The symptoms initially emerged 6 months prior to our
assessment, following a scabies infestation that had been
successfully treated, though it progressively worsened over
time. She had sought dermatological evaluation multiple times,
receiving various treatments without sustained relief. The patient
reported engaging in repetitive hygiene-related behaviors,
including frequent face washing, excessive body wiping,
repeated hair washing, and eventually self-inflicted hair cutting.
She had also developed significant anxiety and distress,
believing that the infestation was spreading despite multiple
self-directed treatment attempts. Upon dermatological
examination, multiple linear excoriations were noted on the
patient’s extremities. Additionally, she presented a box with
suspected parasites, but it contained only skin debris and textile
fibers (Figure 1). A clinical examination demonstrated
self-induced scalp hair cutting without any visible lesions
(Figure 2). A macroscopic examination of the sample provided
by the patient revealed no evidence of parasitic organisms, with
the observed structures consisting of skin debris and textile
fibers.

Notably, the primary patient’s husband began experiencing
similar symptoms 1 month after the onset of the primary

patient’s condition, describing visual hallucinations of insects
and the sensation of crawling on his skin. Both patients denied
any prior psychiatric history, substance use, and significant
medical comorbidities. However, the primary patient exhibited
more severe symptoms, including functional impairment, social
withdrawal, and heightened emotional distress.

Due to the persistent nature of symptoms and evidence of shared
delusional beliefs, a psychiatric consultation was requested.
Both the primary patient and her husband underwent the
Mini-Mental State Examination (MMSE), yielding scores of
27 and 28 out of 30, respectively. These results suggest mild
cognitive decline but no overt dementia. The Minnesota
Multiphasic Personality Inventory (MMPI) was also
administered to the patients. The primary patient’s MMPI results
revealed elevated hypochondriasis and anxiety subscale scores,
which are consistent with an underlying delusional disorder.
For her husband, only the hysteria subscale score was elevated.
Laboratory evaluation results (including complete blood counts;
metabolic panels; liver and renal function tests; vitamin B12
levels; thyroid function tests; and serological tests for hepatitis,
syphilis, and HIV) were all within normal limits, which ruled
out organic causes. A brain magnetic resonance imaging (MRI)
scan was also performed for the primary patient, revealing no
structural abnormalities.

A structured management plan was initiated, for which the
primary patient was started on aripiprazole at 1 mg/day.
However, due to poor adherence, which was attributed to the
exacerbation of pruritus and a skin rash, the treatment was
switched to trifluoperazine at 1 mg/day, with a plan for gradual
titration. Environmental modifications and support were
provided to the primary patient’s partner, who showed mild
symptom improvement with behavioral therapy alone.
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Figure 1. The patient presented a pink box with suspected parasitic material, which was later identified as skin debris and textile fibers.
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Figure 2. Clinical presentation of the patient from family 1. (A) Frontal view showing self-induced haircut due to persistent scalp infestation delusion.
(B) Lateral view revealing no visible scalp lesions.

Family 2
A 59-year-old married woman—a mother of two—presented
with a 1-year history of persistent pruritus and the sensation of
insects crawling on her body. She had initially sought
dermatological evaluation multiple times, convinced that she
had pediculosis or scabies; however, a clinical examination and
laboratory investigations failed to confirm any parasitic
infestation. The patient had undergone various empirical
treatments, including antiparasitic shampoos and repeated
courses of topical medications. Despite the lack of medical
confirmation, she persistently self-administered these treatments.
The onset of her symptoms was temporally associated with the
concern that her son’s friend, who had been recently released
from prison, might have introduced parasites into their home.
Despite reassuring explanations from multiple physicians, she
continued to engage in compulsive hygiene behaviors, including
daily house disinfection, meticulous ironing of clothes, and
frequent bathing, leading to progressive social withdrawal.

Approximately 1 week after staying at the patient’s home, her
sister developed similar symptoms, reporting crawling
sensations, frequent washing, and self-inflicted hair cutting.
Shortly thereafter, the patient’s niece, who had briefly visited

the sister’s home, also developed identical symptoms, suggesting
a progressive shared delusional component within the family
unit. Additionally, the patient provided a sample on a white
napkin, which she insisted contained evidence of the parasites
(Figure 3). A microscopic evaluation identified the presence of
a fly within the sample (Figure 4).

None of the affected individuals had a history of psychiatric
disorders, substance abuse, or alcohol consumption. Due to the
worsening clinical picture and evidence of a transmitted
delusional belief, a psychiatric evaluation was conducted. The
Positive and Negative Syndrome Scale (PANSS) was
administered, with the index patient scoring 69 (positive
symptoms subscale score: 16; negative symptoms subscale
score: 12; general psychopathology subscale score: 41),
indicating significant psychotic symptoms. To exclude organic
causes, a comprehensive laboratory workup (including complete
blood counts; serum electrolytes; liver and renal function tests;
fasting glucose; thyroid function tests; vitamin B12 levels; and
serological tests for hepatitis, syphilis, and HIV) was performed,
and all results were within normal limits. A brain MRI scan was
also conducted for the primary patient, revealing no structural
abnormalities.
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Figure 3. The patient provided a white napkin containing alleged parasites, which, on examination, revealed a psychodid fly.
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Figure 4. Microscopic view of the sample from Figure 3, showing a psychodid fly—a nonparasitic insect species.

She was referred to the psychiatry department for a consultation,
and trifluoperazine was initiated at 5 mg/day, with a planned
dose escalation. Over the course of hospitalization, her pruritic
symptoms gradually diminished; however, she continued to
express concerns about spreading the infestation to others,
reflecting partial insight impairment. Consequently, her
trifluoperazine dose was increased to 15 mg/day, and structured
psychotherapy was introduced, focusing on cognitive
restructuring and anxiety management techniques.

Psychoeducation sessions were also conducted for the patient’s
sister and niece to enhance their understanding of the disorder
and minimize the reinforcement of shared delusional beliefs.
They were advised on strategies for supporting the patient’s
recovery while avoiding behaviors that might reinforce the
delusion.

By the fourth week of treatment, the patient exhibited a
significant reduction in symptom severity, with her PANSS
score improving to 50 (positive symptoms subscale score: 11;
negative symptoms subscale score: 12; general psychopathology
subscale score: 27). After marked improvements in functionality
and symptom control, she was discharged with outpatient
psychiatric follow-up appointments, continued pharmacotherapy,
and ongoing family psychoeducation for preventing symptom
recurrence in the shared delusional network.

Discussion

Delusional parasitosis is classified into primary, secondary, and
organic forms. Primary delusional parasitosis occurs as an
isolated delusional disorder without any underlying psychiatric
or medical condition [7]. Secondary delusional parasitosis is
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associated with psychiatric disorders, such as schizophrenia,
major depressive disorder, dementia, anxiety disorders, and
phobias [6,8]. The organic form of delusional parasitosis arises
due to medical conditions, including hypothyroidism, anemia,
diabetes mellitus, vitamin B12 deficiency, hepatitis, syphilis,
and HIV infection [2]. Additionally, substance abuse,
particularly cocaine use, has been implicated in triggering
delusional parasitosis symptoms [5]. In our cases, neurocognitive
evaluations, including the MMSE and MMPI, showed no
significant cognitive deficits, suggesting a primary psychiatric
etiology. Further, the laboratory outcomes were within normal
limits and thus excluded organic reasons. As such, our cases
were accepted as primary delusional parasitosis.

A key clinical hallmark of delusional parasitosis is the matchbox
sign, that is, patients presenting dermatologists with small
particles, such as dust, skin debris, or fibers, as “evidence” of
their infestation [9]. In our cases, patients presented us with
similar materials, including dust, fibers, and skin debris. In the
second case, the patient presented a fly, which was identified
as belonging to the family Psychodidae and subfamily
Psychodinae (flies that do not harm humans), in addition to
these materials. Patients with delusional parasitosis frequently
experience tactile hallucinations, including sensations of
crawling, stinging, or biting, which reinforce their conviction
of infestation [10]. Consequently, they often engage in excessive
hygiene practices, such as repeated washing, application of
caustic substances, or compulsive skin scratching, which may
lead to secondary skin damage, including excoriations,
ulcerations, and irritant contact dermatitis [11]. The
psychological burden associated with delusional parasitosis
frequently results in social withdrawal; depression; and, in some
cases, self-harm (as observed in our cases) [7].

Shared psychotic disorder (folie à deux) is a rare and complex
psychiatric condition in which 2 or more individuals develop
the same delusional beliefs [12]. Typically, a dominant
individual (the primary case) has an underlying psychotic
disorder, while the secondary individual adopts the same
delusion through close emotional association and suggestibility.
The primary case often presents with a chronic psychotic illness,
such as a delusional disorder, whereas the secondary individual
typically exhibits a more passive personality, lower self-esteem,
and heightened susceptibility to suggestion [13].

Shared psychotic disorder is most commonly observed within
nuclear families, with delusional beliefs typically being
transmitted between spouses, between siblings, or between
parents and children. This indicates that both genetic
predisposition and psychosocial factors play a role in the
disorder’s etiology [13]. In our first case, the disorder manifested
between a married couple; the wife, as the dominant individual,
exhibited primary psychotic symptoms, and the husband later
developed hallucinations and delusions that were similar to
those of the wife. The second case involved a progressive
transmission of delusional beliefs to the patient’s sister and
niece, which is consistent with folie à trois, wherein 3
individuals share the same fixed delusion.

Psychosocial stressors may act as triggers or maintaining factors
of delusional parasitosis [6]. In our first case, the initial scabies

infestation acted as a triggering factor for the development of
delusional beliefs. In contrast, the delusion in the second case
was precipitated by the patient’s concern that her son’s friend,
who had been a guest in their home, might have introduced
parasites into the household.

The management of shared delusional parasitosis is complex,
requiring both pharmacological intervention and
psychotherapeutic intervention [9]. Due to the lack of large-scale
randomized controlled trials that focus on delusional parasitosis,
treatment strategies rely primarily on case reports and
small-scale studies [11]. Antipsychotic treatment remains the
cornerstone; in particular, second-generation agents, such as
risperidone and olanzapine, have demonstrated efficacy in
reducing symptom severity [2]. However, patient compliance
remains a significant obstacle [9].

In our first case, aripiprazole—an atypical antipsychotic
drug—was initiated but was later switched to trifluoperazine—a
first-generation antipsychotic—because of a skin rash. Adverse
reactions, such as extrapyramidal symptoms, required adjunctive
biperiden therapy, which led to symptom improvement. This
finding is consistent with reports describing the necessity of
extrapyramidal symptom monitoring in patients with delusional
parasitosis who are on first-generation antipsychotics [1]. In
the second case, the patient was treated with trifluoperazine and
did not exhibit extrapyramidal symptoms.

An important consideration in shared delusional parasitosis
cases is whether both the inducer and the recipient require
treatment. Although the primary patient typically requires
pharmacological intervention, the recipient may improve with
separation and psychoeducation alone [12]. In our cases,
behavioral therapy and psychoeducation were sufficient for
secondary patients, who exhibited spontaneous symptom
remission once the inducer underwent structured treatment.
Psychoeducation also played a critical role in preventing the
reinforcement of delusional beliefs among family members—a
strategy emphasized in previous reports [2].

Conclusion

Shared delusional parasitosis (folie à deux and folie à trois) is
a rare but clinically significant disorder that poses diagnostic
challenges, particularly in cases involving family members or
individuals in close relationships. Delusional parasitosis is often
misdiagnosed as true parasitosis, leading to repeated antiparasitic
treatments and delays in psychiatric intervention. Since
dermatologists are often the first point of contact, it is crucial
that they recognize delusional parasitosis early and facilitate
psychiatric referrals. In our cases, patients underwent multiple
dermatological consultations before receiving a psychiatric
diagnosis, illustrating the need for greater awareness among
dermatologists. Establishing a therapeutic alliance with patients
is essential, as direct confrontation may lead to treatment refusal
and the worsening of symptoms. As such, dermatologists should
adopt a supportive approach and serve as a bridge between
patients and psychiatric care to facilitate appropriate
intervention. The management of delusional parasitosis requires
close collaboration between dermatology and psychiatry
professionals.
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Abstract

The VISIA camera is a device that captures images of the skin, offering a detailed look at skin health by detecting changes that
are often missed during physical exams and by the naked eye. It can help identify changes in UV damage, pigmentation, texture,
fine lines, and redness. In dermatology, it has become a useful tool to build targeted treatment plans and follow patient progress
over time. We present a case of a male patient diagnosed with diffuse scalp actinic keratoses who was treated with topical
5-fluorouracil (5-FU). VISIA images were taken before treatment, at one week, and again three months following therapy. The
images were reviewed for changes in UV spots, texture, and other generalized spots. Results revealed a decrease in UV spots, a
temporary improvement in texture followed by a later rise, and no significant change in generalized spots. This case highlights
the value of VISIA imaging as an objective method for assessing treatment response and evaluating the effectiveness of 5-FU in
the management of actinic keratoses.

(JMIR Dermatol 2025;8:e66553)   doi:10.2196/66553

KEYWORDS

VISIA camera; medical device; medical equipment; actinic keratosis; 5-fluorouracil; dermatologist; dermatology; skin condition;
skin; keratin; case report; keratosis; treatment efficacy

Introduction

The VISIA camera (Canfield) is a novel device that captures
images of the skin using a rotating camera with both UV and
polarized light to assess the condition of the skin by imaging
the surface and subsurface layers. VISIA provides patients with
an easy-to-understand analysis, helping them recognize their
skin’s problem areas to target further treatment. Skin filters can
give patients targeted data on spots, wrinkles, texture, pores,
freckles, discoloration, inflammation, and porphyrins. This
device is commonly used in cosmetic-oriented settings to tailor
skin treatments and build skin care routines [1].

Actinic keratoses (AKs) are precancerous lesions associated
with sun exposure that present as rough, scaly patches. AKs are
a leading reason for dermatology visits, with a prevalence of
37.5% in White males over 50 years of age [2]. AKs are
clinically identified with the naked eye, touch, and the
dermatoscope. Cryotherapy with liquid nitrogen is used for
single lesions, while field therapy with a strong topical agent
can be used for areas with a multitude of lesions [3].
5-Fluorouracil (5-FU) is a chemotherapeutic agent that is

formalized into a cream to treat skin neoplasms and has been
shown to be the most efficacious in a trial comparing the four
leading field-directed treatments for AKs [4]. However, topical
application can cause irritation in the form of inflammation,
erythema, crusting, and ulceration, leading to patient reluctance
[5]. We believe it would be beneficial to use the VISIA camera
for AK patients to get an in-depth look at the effects of sun
exposure on their skin. This information could serve as a
powerful motivator for individuals who are hesitant to initiate
field treatment with 5-FU and may help increase compliance.
VISIA could function as a preventive tool by objectively
quantifying chronic UV-induced skin damage, thereby
reinforcing the importance of therapy and supporting adherence.

Ethical Considerations

This case report did not require approval from an institutional
review board as it is based on patient observations without
experimental intervention, in accordance with institutional and
local policies. Written informed consent was obtained from the
patient for their photographs and medical information to be
published. All data were anonymized to protect the patient’s
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privacy and confidentiality. No compensation was provided to
the patient.

Case Report

In an observational study, a male patient classified as Fitzpatrick
skin type II diagnosed with diffuse scalp AKs consented to
undergo 5-FU treatment on the scalp and involvement in our
study. An initial VISIA image was taken prior to treatment,
5-FU was applied twice daily to the scalp for 4 weeks, and a
follow-up photo was obtained 1 week and 3 months after
treatment to evaluate lasting efficacy. We used the UV spots
filter to assess spots resulting from sun damage (AKs), the spots
(non–UV-induced) filter for our control, and the texture filter
to analyze the inflammatory process on the skin.

Although our patient had been recommended this therapy
previously, he was hesitant to start it due to fear of an
exacerbated reaction. He was properly instructed on how to
apply the 5-FU cream both morning and night. He had a typical

reaction to the 5-FU with erythema, crusting of the lesions, and
a mild headache on some days.

Results depicted by the VISIA can be seen in Figure 1 and Table
1. The UV spot filter, which automatically shows the amount
of UV sun damage through a multispectral imaging process,
showed a feature count decrease from 706 to 676 and percentile
reduction from 83% to 42% from day 1 to 1 week posttreatment.
For UV spots, a lower percentile is a positive outcome,
translating to less sun damage than a larger percentage of people.
The spot filter, which acted as our control to affirm the VISIA’s
efficacy in identifying UV-damaged areas, produced the same
percentile of 9% for all 3 photos at each intervention time.
Additionally, we used the texture filter to assess the
inflammatory effects of 5-FU. The absolute count showed an
initial decrease in texture by both a decreased absolute count
and an increased percentile (indicating smoother skin compared
to others) 1 week after treatment. The photo taken 3 months
after treatment, however, showed an increase in the absolute
count but a decrease in the percentile, indicating a rougher
texture that could be attributed to the healing process.
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Figure 1. Pretreatment (left column, photos A, D, G), 1 week posttreatment (middle column, photos B, E, H), and 3 months posttreatment (right column,
photos C, F, I). Photos with the UV spot filter (top row, photos A, B,C), texture filter (middle row, photos D, E, F), and spot filter (bottom row, photos
G, H, I).

Table . Quantitative analysis as reported by the VISIA. The values in parentheses represent percentile rankings relative to the VISIA reference database.

Texture absolute count, n (per-
centile)

Spots, n (percentile)UV spots, n (percentile)

9834 (26)563 (9)706 (83)Pretreatment

9076 (40)541 (9)676 (42)1 week posttreatment

10,171 (31)570 (9)631 (39)3 months posttreatment

Discussion

Overall, results favorably depicted the efficacy of 5-FU in
treating AKs. Although this treatment has long been regarded
as efficacious, this data provided the patient with photographic
and numerical evidence of their own skin. To our knowledge,

there have not been any other reports of the VISIA camera being
used for the purpose of assessing the effects of 5-FU on AKs.
An independent investigation assessed the precision of the
VISIA on 8 patients for the purpose of imaging in plastic
surgery; VISIA precision was satisfactory and patients benefited
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from the objective data gathered of the skin surface
characteristics beyond the subjective assessment [6].

The VISIA has been used to compare products to industry
standards and analyze the longevity of products, allowing for
objective data to be gathered [7,8]. Another study analyzed
melanin and hemoglobin (used as diagnostic markers of skin
conditions) by aid of the VISIA as compared to commercial
clinical equipment and found high correlation [9]. However,
the VISIA’s use remains most concentrated in cosmetics and
esthetics, indicating a higher need for trials focused on its
medical dermatology use.

The integration of the VISIA camera into general dermatology
practice has significant promise for increasing patient
compliance and willingness to undergo treatments. Our results
demonstrated objective visualization of the UV-induced damage
corresponding to AKs and the reduction in damage following
treatment. A recent qualitative study revealed that of patients
analyzed, half felt that 5-FU treated the AKs and the other half
were either unsure or did not think it had any effect. Patients
were discouraged by the physical and psychosocial burden,

which led to premature discontinuation and refusal for
retreatment in future cases [10].

Our patient, who was hesitant of treatment, was encouraged by
results seen on his scalp and is open to future treatment. Our
study was limited due to its single patient observation and would
be strengthened by a longitudinal study with multiple patients.
Of note, the percentiles reported are based on an average of
patients in the VISIA system corresponding to the preset face
mask, not percentiles taken from scalps.

Conclusion

Continued integration of the VISIA camera into general clinical
practice can benefit patients and physicians to serve as an
effective tool for creating treatment plans and providing
evidence for treatment necessity. While the VISIA camera is a
valuable resource, its high cost may limit accessibility in some
clinical settings. Nonetheless, we hope this case encourages
patient education and empowers patients to better understand
the efficacy of 5-FU in treating actinic keratoses.
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Abstract

DermGPT demonstrated strong potential for improving answer clarity and conciseness in dermatology-related queries, while
ChatGPT provided more robust source citations, enhancing trust in evidence-based responses.

(JMIR Dermatol 2025;8:e74040)   doi:10.2196/74040
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Introduction

Large language models (LLMs) like OpenAI’s GPT-4o use
transformer architectures with self-attention to process and
generate human-like responses. ChatGPT, developed by OpenAI
[1], enhances a GPT-4 model with reinforcement learning from
human feedback, filtering inappropriate content [2]. These
models predict the next word based on prior context. Trained
on vast internet data, they can address diverse topics, including
dermatology. However, LLMs may “hallucinate,” producing
plausible but incorrect information [3,4], limiting clinical utility.

DermGPT [5], developed under the Palo Alto Medical
Foundation, is tailored for dermatology. Beyond drafting notes
and authorizations, it answers dermatology questions using a
GPT base model enhanced by a research database. By sourcing
answers from this material and showing citations, DermGPT
aims to reduce hallucinations and better support dermatologists
[6]. We compared its responses to those of ChatGPT.

Methods

Overview
ChatGPT was selected for its popularity and prior evidence of
superiority in dermatology-related tasks. A double-blind study
found dermatologists preferred ChatGPT over Google’s Bard
for patient handouts [7]. ChatGPT 4o was used. DermGPT’s
only available model was used.

Two dermatology residents, CZ and NMG, authored a list of
questions posed to each LLM (Multimedia Appendix 1). Three
questions to which DermGPT did not provide a response were
excluded as nonevaluable item pairs. The two models’ answers
for a given question were paired and assigned as A or B using
a computer-generated randomization list. Any identifiable
metadata such as formatting was cleared. The survey was
distributed to dermatologists at the University of California,
Irvine, and the University of California, Davis, via email and
QR codes. Survey takers were informed that both responses
were produced by LLMs, but they were blinded to which model
produced which response. They were asked to choose their
preferred answers based on quality—specifically, which answer
they thought would be best suited for patient care or was most
accurate.

The rating options were as follows:

• Model A better
• Model B better
• Equal quality
• Both inadequate

Statistical analysis was conducted using SAS OnDemand for

Academics (version 9.4). χ2 tests (P<.05) assessed significance.
Interrater reliability was not prespecified and not assessed;
ratings were aggregated at the item level.

Ethical Considerations
This study used a voluntary, anonymous survey of physicians
and residents. According to institutional and national guidelines,
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the project did not require institutional review board review
because no identifiable information was collected and the study
posed minimal risk.

Participants provided implied consent by completing the survey
after being informed of its purpose and their ability to withdraw
at any time. No compensation was provided. The survey
responses were analyzed in aggregate to ensure anonymity and
privacy in accordance with institutional standards. The study
followed the ethical principles of the Declaration of Helsinki,
adhered to Committee on Publication Ethics guidelines, and
met all institutional requirements for minimal-risk survey
research.

Results

Overview
Of 64 dermatology faculty and 30 residents across the University
of California, Irvine, and the University of California, Davis,

we received a total of 19 responses, comprising 13 attending
physicians and 6 residents or fellows. This corresponds to an
overall response rate of approximately 20%.

Which LLM’s Answer Was Better: ChatGPT or
DermGPT?
Overall, DermGPT’s answers (48.1%) were preferred over

ChatGPT’s (28.4%); the χ2 test was significant with P=.04
(P<.05). In the attending group, DermGPT’s answers were
preferred (93/195, 47.7%) over ChatGPT’s (56/195, 28.7%).
Likewise, in the resident group, DermGPT’s answers were
preferred (44/90, 48.9%) versus ChatGPT (25/90, 27.8%) (Table
1).

Table . User-preferred artificial intelligence answer.

Total answersOtherDermGPTChatGPTGroup/respons-
es

Percentage of
total responses

ResponsesPercentage of
total responses

Values, n (%)Percentage of
total responses

Values, n (%)Percentage of
total responses

Values, n (%)

68.419516.146 (23.6)3293 (47.7)19.656 (28.7)Attending

31.6907.421 (23.3)15.444 (48.9)8.825 (27.8)Resident

10028523.56748.113728.481Total

aχ2 test: P=.04.

Which LLM’s References Were Better: ChatGPT or
DermGPT?
Overall, ChatGPT references (46%) were preferred over

DermGPT (23.5%; χ2
2=1.385; P=.50). In the attending group,

ChatGPT references were also preferred (94/195, 48.2%) over
DermGPT (45/195, 23.1%). Likewise, in the resident group,
ChatGPT references were preferred (37/90, 41.1%) versus
DermGPT (22/90, 24.4%) (Table 2).

Table . Overall preference for references.a

Total answersOtherDermGPTChatGPTGroup

Percent of to-
tal responses

ResponsesPercent of to-
tal responses

Values, n (%)Percent of to-
tal responses

Values, n (%)Percent of to-
tal responses

Values, n (%)

68.419519.656 (28.7)15.845 (23.1)3394 (48.2)Attending

31.69010.931 (34.4)7.722 (24.4)1337 (41.1)Resident

10028530.58723.56746131Total

aχ2
2=1.385; P=.50.

Discussion

Principal Results
Out of 195 responses, users generally preferred DermGPT’s
answers, while ChatGPT was favored for its reference citations
(Table 2). DermGPT’s concise and well-phrased responses made
it accessible for quick clinical reference. However, 3 questions
were excluded because DermGPT issued disclaimers instead
of direct answers, recommending consultation with a
dermatologist or guidelines. The multimedia appendices show

the results tabulated from SAS as well as the questionnaire and
responses (Multimedia Appendices 1-6).

ChatGPT consistently cited reputable references such as the
Journal of the American Academy of Dermatology and the
Journal of the American Medical Association, contributing to
user trust and perceived academic rigor. Although DermGPT
offers clarity, ChatGPT’s strong sourcing enhances credibility.
These results suggest the potential for a hybrid model that
combines both strengths.

JMIR Dermatol 2025 | vol. 8 | e74040 | p.305https://derma.jmir.org/2025/1/e74040
(page number not for citation purposes)

Patel et alJMIR DERMATOLOGY

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Limitations
Our study was constrained by a small rater sample (n=19) and
multiple ratings per rater and per question. As a result, P values
should be interpreted as exploratory rather than confirmatory.
The sample may not represent all dermatology clinicians,
limiting generalizability. Subgroup patterns were underpowered.

Comparison With Prior Work
Several studies have compared LLMs to each other and to
humans. He et al [8] found GPT-4 sometimes produced
inaccurate, nonindividualized responses to laboratory-related
queries. Iannantuono et al [9] compared ChatGPT-4,

ChatGPT-3.5, and Google Bard in immunooncology, stressing
the need for expert verification. Fernández-Pichel et al [10]
found LLMs answered 80% of health questions accurately,
though results were sensitive to prompt phrasing. This is the
first study comparing ChatGPT and DermGPT for dermatologic
responses.

Conclusions and Future Directions
Future research should include models like Claude and Gemini,
expand sample size, and explore combining DermGPT’s brevity
with ChatGPT’s sourcing. These results highlight the importance
of balancing clarity and citation in artificial intelligence–assisted
medical tools.
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Abstract

In our study, we developed a GPT assistant with a custom knowledge base for neurocutaneous diseases, tested its ability to answer
common patient questions, and showed that a GPT using retrieval augmentation generation can improve the readability of patient
educational material without being prompted for a specific reading level.

(JMIR Dermatol 2025;8:e59054)   doi:10.2196/59054
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Introduction

Children with rare diseases and their families often face the
challenge of understanding information regarding such diseases,
and educational material is often written above the American
Medical Association’s recommended sixth-grade level [1,2].
GPTs can create patient education materials, but their readability
often exceeds readers’ comprehension levels [3-5]. GPT
assistants are custom GPTs that can use retrieval augmentation
generation (RAG) to access specific knowledge [6]. This study
aims to evaluate a GPT assistant’s ability to provide readable
patient information on pediatric neurocutaneous syndromes in
comparison to ChatGPT-4.

Methods

A GPT assistant was developed by using Python and OpenAI’s
application program interface (API; Figure 1). It was not
programmed to answer questions at a specific reading level.
Clinician and patient educational materials on four
neurocutaneous diseases—tuberous sclerosis complex,
neurofibromatosis type 1, neurofibromatosis type 2, and
Sturge-Weber syndrome—were integrated into the
configuration, with readability ranging from the eighth-grade
level to the collegiate level, including sources like UpToDate
and Johns Hopkins Medicine.
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Figure 1. Flow diagram of the creation of the GPT assistant and how it functions. This figure was created in BioRender [7].

Five frequently asked patient and caregiver questions
surrounding etiology, diagnosis, and management for each of
the four diseases were asked to the GPT assistant, with and
without a prompt for a response at a sixth-grade reading level
(Multimedia Appendix 1). This process was repeated in
ChatGPT-4. To minimize overoptimization of the models as
questions were asked, no data were cached between API
requests, and chat history and training were disabled. Readability
was assessed by averaging the following eight readability
formulas: Automated Readability Index, Flesch Reading Ease
Formula, Gunning Fog Index, Flesch-Kincaid Grade Level
Formula, Coleman-Liau Index, SMOG (Simple Measure of
Gobbledygook) Index, Linsear Write Formula, and FORCAST
Readability Formula (Multimedia Appendix 2) [8]. Two-tailed
t tests and an ANOVA were used for comparison. Response
accuracy was assessed via the OpenFactCheck Python package
[9] and then confirmed by the authors (Multimedia Appendix
3).

Results

The overall average reading level of information generated
without any specific prompting for a reading level was 11.4
(SD 2.04) for the custom GPT assistant and 15.41 (SD 2.0) for
ChatGPT-4 (Table 1), revealing that the use of a GPT assistant
with a knowledge base of patient educational material improved
readability by approximately 4 reading levels (t35=−6.02;
P<.001). When prompted to answer questions at a sixth-grade
reading level, the custom GPT assistant and ChatGPT-4 had
average reading levels of 8.8 (SD 0.83) and 9.5 (SD 1.28),
respectively, revealing a 0.7 difference in reading level
(t38=−2.05; P=.047). The combined use of a GPT assistant and
reading level prompt resulted in the best performance
(F3,73=61.74; P<.001; Multimedia Appendix 4).
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Table . Average of readability scores for responses generated by the custom GPT assistant without a prompt for reading level, by ChatGPT-4 without
a prompt for reading level, by the custom GPT assistant with a prompt for a sixth-grade reading level, and by ChatGPT-4 with a prompt for a sixth-grade
reading level. The average reading grade level is an average of 8 common readability formulas.

ChatGPT-4 + prompted
reading level

Custom GPT assistant +
prompted reading level

ChatGPT-4Custom GPT assistantMetrics

9.50 (1.28)8.80 (0.83)15.41 (2.0)11.40 (2.04)Average reading grade level,
mean (SD)

10.04 (1.62)9.30 (1.00)16.60 (2.45)11.68 (2.54)Automated Readability In-
dex, mean (SD)

69.70 (7.34)74.65 (5.39)23.41 (12.47)49.95 (14.84)Flesch Reading Ease, mean
(SD)

10.84 (1.72)10.23 (1.05)18.41 (2.57)13.93 (2.51)Gunning Fog Index, mean
(SD)

8.24 (1.45)7.56 (0.98)15.32 (2.20)10.79 (2.32)Flesch-Kincaid Grade Level,
mean (SD)

9.21 (1.29)8.21 (0.94)16.07 (2.14)11.70 (2.63)Coleman-Liau Index, mean
(SD)

7.38 (1.37)6.69 (0.92)13.37 (1.77)10.09 (1.84)SMOGa Index, mean (SD)

10.83 (2.07)10.35 (1.49)16.09 (2.73)11.88 (2.68)Linsear Write score, mean
(SD)

9.28 (0.76)8.99 (0.46)12.10 (0.74)10.85 (1.18)FORCAST readability

aSMOG: Simple Measure of Gobbledygook.

Discussion

The GPT assistant provided more readable responses about
pediatric neurocutaneous diseases than ChatGPT-4 when no
reading level was specified and when a reading level was
prompted. Using the GPT assistant with a reading level prompt
achieved the best results, suggesting that when a GPT assistant
accesses educational materials with a variety of reading levels,
readability improves. However, specifying a reading level in
ChatGPT-4 resulted in better performance than the GPT assistant
without a reading level prompt. Furthermore, there is only a
small difference in reading level between models when a
comprehension level is prompted, indicating that this action
enhances readability, though this is not always intuitive for
users. GPT assistants provide another avenue for improving
readability, with or without a reading level prompt.

This study also indicated that the caliber of data used when
designing a GPT directly influences model results. Poor data
quality affects machine learning models’ performance. In the
context of readability, poor quality equates to resources with

high reading levels. RAG in a GPT assistant allows access to
materials with lower reading levels, thereby improving responses
without the need for specific prompts. Recent research has
determined that RAG improves patient information accuracy
and reduces GPT hallucinations; our results show that it can
also improve readability [10,11]. If all documents were at a
sixth-grade level, readability may improve further; however,
more research is needed to determine this.

GPT assistants have the potential to give pediatric dermatology
patients and their families another modality for learning and
asking questions about the conditions they face—one that is
more understandable than ChatGPT alone. Furthermore, GPT
assistants may enable clinicians to fine-tune information
produced by a GPT specifically for their patient population.
GPT assistants with a knowledge base incorporating easy-to-read
material can better aid physicians in providing patient- and
caregiver-level information, with or without a specific reading
level prompt, when compared to ChatGPT-4 alone. A limitation
of this study is the limited number of questions assessed.
However, this study provides a foundation for larger-scale future
research.
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Supplemental methods and results for response accuracy.
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Abstract

Background: Lipomas are benign tumors composed of encapsulated adipocytes. Although relatively common, uncertainty
remains about the population-level prevalence, the etiology, and the degree of public interest in lipomas and associated removal
procedures.

Objective: The spatiotemporal patterns of public interest in lipomas and lipoma removal procedures were characterized.

Methods: Google Trends data that report the relative search volume (RSV) of Google queries pertaining to lipomas and their
removal procedures at national and international levels were analyzed. To contextualize these trends, the RSV for lipomas was
compared to that of several other common dermatological conditions in the United States.

Results: In the United States, lipomas have consistently generated lower levels of public interest than other common dermatological
conditions, but interest in the condition has been rising since the mid-2010s. Across the world, public interest in lipomas appears
to be the highest in pockets of Eastern Europe, whereas in the United States, relative interest has been higher in Midwestern and
Southern states. In addition, the interest in lipoma removal procedures has risen steadily from 2004 to the present, with particularly
high RSVs coming from Southwestern states

Conclusions: Dermatologists and plastic surgeons should be aware of the increasing public interest in lipomas and lipoma-removal
procedures. Clinical awareness is especially important in states with an elevated interest in lipomas and their associated removal
procedures.

(JMIR Dermatol 2025;8:e62993)   doi:10.2196/62993
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lipoma; fatty tumor; adipocyte; public interest; Google Trends

Introduction

Lipomas are benign adipocytic tumors [1,2]. While lipomas
most commonly present on patients as solitary entities, it has
been estimated that multiple lipomas develop in approximately
5% of affected patients [3]. In such cases, multiple fatty tumors
can result from several rare medical disorders including familial
multiple lipomatosis, Dercum disease, Madelung disease, and
Gardner syndrome [1,4]. In general, the etiology of lipomas is
unknown, but it has been postulated that soft-tissue injuries and
genetic mutations might both play a role in their formation [5-8].

Lipomas can be unsightly to patients, can cause pain depending
on their location [9,10], and can occasionally grow to
sufficiently large sizes to disrupt quality of life [11,12].
Additionally, lipomas can have clinical presentations similar to
more serious malignant liposarcoma tumors [13,14]. For these
reasons, patients sometimes elect to have their lipoma(s)
removed and biopsied. Generally, removal proceeds through
intralesional injections of lipolytic agents, localized liposuction,
or surgical excision [1,4].

While lipomas are estimated to affect around 1% of the
population [1], the precise prevalence is difficult to estimate
due to the elective nature of treatment and the nonexistence of
universal screening modalities [15]. Compounding this
uncertainty, very little is known about the degree of public
awareness of lipomas and interest in associated treatments.
These knowledge deficits restrict healthcare providers’ holistic
understanding of the condition [16], which in turn might impede
their ability to communicate with affected patients. To mitigate
these knowledge gaps, Google Trends data were analyzed for
the topic “Lipoma” and the query “Lipoma Removal” across
time and several geographic scales. Because Google captures
the vast majority of search engine traffic, the data provide a
reasonable proxy for the totality of online public interest [17].

Methods

To characterize public interest in lipomas, Google Trends data
describing the national (United States) and international relative
search volume (RSV) for the medical condition “Lipoma”
between January 1, 2004 and May 21, 2024 were downloaded.
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Google Trends RSV data range from 0 to 100 and describe the
relative frequency of a Google search, normalized to account
for underlying spatiotemporal variation in internet usage. By
using the topic “Lipoma,” the reported RSV reflects an
aggregate value for all of the searched keywords/terms that
“share the same concept in any language” [18]. In addition to
temporal patterns, geographic patterns in lipoma-related searches
were also assessed.

To situate public interest in “lipomas” within its broader
dermatological context, the Google Trends “compare” feature
was used to juxtapose the RSV of the topic “lipoma” against
that of 4 other common dermatological conditions (queried
equivalently as topics), which were selected to capture a range
of prevalent skin conditions that can prompt dermatological
consultation: atopic dermatitis, psoriasis, skin cancer, and
rosacea [19,20].

To track public interest pertaining specifically to the “treatment”
of lipomas, temporal and geographic trends were assessed using
the search query “Lipoma removal.” I first verified that this
query captures relevant public interest by analyzing the lists of
“Related Topics” and “Related Queries.” For this search, two
temporal windows were used for geographic comparisons: a
long-term summary (January 1, 2004 to May 21, 2024) and a
short-term summary (May 21, 2019 to May 21, 2024).

Results

Over the past 20 years, there has been a substantial increase in
public interest in lipomas in the United States and across the
globe (Figure 1). Evanescent spikes in these time series are
likely the product of transient popular cultural coverage related
to the condition and/or significantly disruptive societal events
(eg, the COVID-19 pandemic).

Figure 1. Temporal trends in public interest in lipomas. The monthly relative search volume (RSV) of lipoma-related search queries made on Google
(A) in the United States and (B) around the world between January 1, 2004, and May 21, 2024, are plotted with generalized additive models and
associated confidence intervals overlaid.

Over the past 20 years, public interest in lipomas was
consistently lower than that in 4 other common dermatological

conditions: atopic dermatitis, psoriasis, skin cancer, and rosacea
(Figure 2).
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Figure 2. Comparative public interest in dermatological conditions. The Google Trends relative search volumes (RSVs) between January 1, 2004 and
May 21, 2024 for 5 dermatological conditions are plotted on the same scale. Generalized additive models and associated confidence intervals describe
smoothed trends over time.

To characterize geographic regions with relatively elevated
long-term interest in lipomas, the 20-year average country-level
RSVs for the lipoma topic were examined. Lipoma-associated
interest was the highest in pockets of Eastern Europe and Asia
(Figure 3A). Specifically, the countries with the highest RSV

for the lipoma condition were Turkey, Russia, Belarus,
Kazakhstan, and Ukraine, with RSVs of 100, 84, 80, 78, and
68, respectively. Comparatively, the United States had an RSV
of 41 for the same query.
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Figure 3. Geographic patterns of public interest in lipomas. (A-B) The relative search volume (RSV) of the Google search topic “lipoma” was compared
across (A) countries and (B) contiguous states in the United States and averaged over the temporal period of January 1, 2004 to May 21, 2024. (C-F)
The geographic distribution of “lipoma” RSV was compared in 5-year intervals in the contiguous states of the United States.

Next, average state-level RSVs over the same period were
assessed in the United States. Here, public interest in lipomas
was the highest in Southern and Midwestern states (Figure 3B).
Specifically, West Virginia, Tennessee, Mississippi, Kentucky,
Pennsylvania, Louisiana, and Oklahoma each had RSVs greater
than 92.

Finally, to evaluate if and how the geographic patterns of interest
have changed over time in the United States, the average RSV
of Google’s lipoma topic was assessed over 5-year increments
from January 1, 2004, to January 1, 2024. While the spatial

distribution of RSV remained relatively stable, the regional
homogeneity generally increased over time (Figure 3C-F).

There was a clear and consistent increase in Google searches
containing both of the terms “lipoma” and “removal” from the
mid-2000s onwards, interrupted only by a transient decline
during the COVID-19 pandemic (Figure 4A). On average,
interest in lipoma removal has been relatively higher in
non-coastal Western states (Figure 4B). This long-term spatial
pattern is largely consistent with that of the most recent 5-year
period (Figure 4C).
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Figure 4. Public interest in lipoma removal (A) 20-year trend of monthly elative search volume (RSV) values for the Google search query “lipoma
removal”. (B) Geographic distribution over the period of January 01, 2004 to May 21, 2024. (C) Geographic distribution over the period of May 21,
2019 to May 21, 2024.
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Discussion

This study leveraged Google Trends data to show that public
interest in lipomas and lipoma-associated topics, while
comparatively lower than that for other common dermatological
conditions, has increased both in the United States and
internationally over the past 20 years. Additionally, the interest
in lipoma removal procedures has increased substantially over
the past 20 years in the United States. While the descriptive
nature of the analyses and claims presented here makes Google
Trends a reasonable and sufficient source of data, the limitations
inherent to Google Trends data must still be recognized (for
instance that keyword selection can introduce bias, and that the
RSV does not reflect the total search volume) [16,18,21].

While increasing interest in lipomas and lipoma-removal
procedures could be explained by an increasing prevalence of
the condition, consistent with increasing population-level
adiposity [22], it is more likely that it is the result of increasing

online health information-seeking behavior and increasing public
health literacy [23,24]. Irrespective of the cause, increasing
public interest in lipomas indicates a need for clinicians to be
vigilant, prepared to encounter the condition, and comfortable
with educating their patients about it.

The decrease in public interest in lipomas and associated
“treatments” observed during the COVID-19 pandemic is
reflective of a larger phenomenon wherein elective/aesthetic
surgeries declined in popularity [25]. While it is logical that
online interest in lipomas stalled during a period when other
health concerns became more salient, it is surprising that there
was no dramatic surge in interest in lipomas and lipoma-removal
procedures, which was observed for similar cosmetic conditions
and procedures, following the relaxation of public health
guidelines [26]. Moving forward, it will be valuable to continue
to monitor public interest relating to lipomas and other
dermatological conditions to assess future trends and ultimately
to inform healthcare practitioners of relevant patient interest
[16,21].
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Abstract

Chronic spontaneous urticaria (CSU) is an autoimmune prompted skin disorder, whose hallmarks include the unpredictable onset
of hives and itch. Symptom duration typically exceed 6 weeks, and flares can occur for up to 5 years or longer if untreated,
impacting potentially any area of the body. The absence of obvious triggers and the variation in onset frequency often delays
formal diagnosis which on average is approximately 2 years from first presentation. Initial standard of care is the use of low
through to higher strength antihistamines in the first instance, with eventual escalation to prescription anti-inflammatory agents
and potentially biologics once patients are under managed care. The societal impacts of delays in diagnosis are marked, with data
suggesting CSU impacts up to 1% of the population, primarily of working age and with twice the prevalence in women. Herein,
we advocate for the deployment of smartphone imaging and generative artificial intelligence technology to improve detection
and early management of CSU through integrated self-care approaches. Such approaches embodying the tenets of P4 personalized
medicine could have sustained impact on the disease through awareness campaigns, reducing the burden on the dermatology
community and facilitating earlier access to curative therapeutic interventions.

(JMIR Dermatol 2025;8:e81830)   doi:10.2196/81830
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Introduction

Dermatological conditions are estimated to afflict nearly 2
billion people globally, yet because of historical shortages of
expert dermatologists, the majority of cases are addressed by
general practitioners, resulting in lowered diagnostic accuracy
and delays in patients receiving optimized care. Chronic
spontaneous urticaria (CSU) is representative of this conundrum,
with patients typically addressing symptoms periodically and
episodically with antihistamine agents, which provide short-term
relief from symptoms but do not address the root cause. With
powerful disease modifying prescription agents now available,
it becomes imperative that patients’ symptomatic presentations
are documented, then adequately assessed to allow escalation
as soon as practicable [1-6]. Given the rich structural and
topological elements associated with symptoms (eg, hives, itch),
there is natural interest in the use of imaging technologies
coupled with computational tools to improve diagnosis [7]. In
one recent teledermatological study involving over 16,000 cases,
a deep learning system was deployed on photographic images
and demonstrated high diagnostic accuracy [8]. The rapid

evolution of mobile health technologies has now resulted in
standardized methods for sharing of personal health images
using smartphone technologies and has resulted in dedicated
support apps for CSU such as CRUSE [9]. A key to the
long-term deployment of and adherence to these solutions lies
at the intersect of behavioral and social sciences [10], and we
explore tactics herein which may lead to more widespread
adoption.

Discussion

The impact of digital health on modern medicine is being
witnessed in multiple areas, most dramatically, where patients
obtain medical-related information on symptoms and potential
remedies [11]. Though quality and validity of this information
varies greatly, there is increased awareness surrounding
skin-related diseases together with methods, typically using
smartphone cameras, to assess visual characteristics to aid
diagnosis [12]. In the case of CSU, some of the visible hallmarks
are hives and welts whose appearance, locations, dimensions,
and topology are potentially useful indicators in diagnosis,
self-care, and outcome assessments (Figure 1) [4].
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Figure 1. Specimen CSU relevant passive and active monitoring. CSU: chronic spontaneous urticaria.

Although some way-off from providing clinical grade
characterization, these features could be useful in (1) raising
awareness and prompting a patient to seek medical care, (2)
serving as time-stamped reference points to track disease
progression, and (3) confirming any observed treatment effects,
for example, from topical adjuvants, over the counter
symptomatic agents or prescribed disease modifying therapies.
If used with precision and guidance, such information could
become a key component in the patient’s electronic health
record, similar to how patient-recorded outcomes or
self-assessment questionnaires have utility as part of a patient’s
composite case history. Achieving desired medical grade
standard will require active dialog with professional
dermatological societies, including standardized formats, rules
and metrics for image capture and storage, procedures to validate
images against controls, verification and authentication that it
is associated with the patient, and informed consenting for
upload and sharing of data [13]. Nonetheless, rapid progress is
being observed and there is every reason to believe that such
approaches will be embraced by the medical community and
become integral components of telehealth based care of
dermatological conditions in the future.

While these efforts progress, there is need to consider additional
aspects of self-care which can help improve adherence to best
practices and promote lifelong engagement with patients beyond
addressing visual symptoms. A key to this approach is to
consider behavioral and environmental factors which impact
the patient on a perpetual basis, to drive engagement at multiple
touch points. Ideally these can be achieved using a single device,
and it turns out that the modern smartphone offers multiple
options in this regard. For example, staple environmental factors
including allergen levels in the atmosphere, ambient
temperature, barometric pressure and relative humidity are all
potential contributing factors in triggering immune responses
[14]. Precision data, linked to GPS coordinates, can be provided
on a real-time basis to smartphones, and artificial intelligence
(AI or GPT based alerts could be directed to the patient—eg,
on entering an area with high levels of specific pollens. This

could be of additional relevance if recent dermatological images
of CSU-related features (Figure 1) are stored on the smartphone
and used to prompt alerts, for example, need for symptomatic
therapy dose escalation. There may also be potential for
pre-emptive action to avoid disease triggering. The
environmental-based data could alert a patient to reconsider an
action (eg, walking in a particular area) but the front camera of
the smartphone could also be of utility. The sensors of this
camera could be engaged automatically (eg, unlocking via retina
scan) and have the ability to measure numerous features
including intraocular pressure [15] and pupil dilation [16]. Both
metrics correlate with elevated levels of plasma cortisol, which
itself is a biomarker for stress and a potential trigger for CSU
[17]. Likewise, light sensitivity and heightened UV exposure
to facial skin are also potential immune-mediated triggers and
could be detected and measured through the front camera sensor
(Figure 1) [18]. Taken in sum, there are multiple opportunities
to frame CSU patient self-management through the medium of
the smartphone and in doing so, provide an effective mechanism
for risk avoidance, real-time education, and longitudinal disease
monitoring.

Integrating Into Managed Care
Successfully implementation of a smartphone-based tracking
tool into managed care for CSU patients will require careful
consideration of the patient-provider interface. Whether
managed by a specialist dermatologist or primary care physician,
there are a number of common scoring tools available including
the Urticaria Activity Score (UAS), Urticaria Control Test
(UCT), and Chronic Urticaria Quality of Life Questionnaire
(CU-Q2oL) [19]. These scales can provide key insights to
disease history and impact and inform treatment plans. This
said, their deployment is not widespread or uniform, as there is
a natural tendency for providers to treat presented visual
symptoms, initially with antihistamines. Since a high percentage
of patients are refractory to antihistamine treatment administered
at the standard dose, there is potential for patients to disengage
from care, resulting in impact to quality of life. The envisioned
app could provide, on demand, a digital log of any visual
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symptoms, a patient provided log of impact on quality of life,
and potentially a log of medication history from which to assess
impact of both therapeutics themselves and dosage (Figure 2).
Such digital records could also serve to inform insurer and payer
claims by offering accurate insight to impact on quality of life,
potentially supporting decisions on dose escalations or the need
to consider switching to alternate or higher efficacy medications
to control symptoms and co-morbidities [20]. Although patient
reported outcomes constitute components of existing diagnostic
tools [19], there may be potential for higher levels of
engagement if provisioned on the patient’s personal device, in
an app which also imports personal images and medication logs.

There may also be the potential to keep patients engaged in their
care in the absence of flares or symptoms, for example, by
careful design of features in the app which celebrate ‘days clear
of symptoms’ through prompts. Clearly, if approached
appropriately, there is potential for such an app to strengthen
the interactions between patient and provider, based on
longitudinally captured data and where the patient becomes
more proactive in care of their condition. More specifically,
given the limited time available for typical patient-physician
consults, the availability of this digital data could help maximize
productivity and the drive to improved outcomes.

Figure 2. Combining images and medication log with activities of daily living data to assess control.

The Road to Implementation
The evolution of digital tools for patient self-management
continues apace and in the case of CSU, the smartphone offers
high potential to become a core component and contributor to
patients electronic health records. In order to realize the myriad
benefits and opportunities outlined herein, the following are
anticipated next steps:

• Alignment between CSU patient advocacy groups and
technology developers to optimize existing tools and design
next generation apps and software development kits which
can be customized around the individual patient

• Discussion with medical professional societies on required
features, sensors, and software as medical device (SaMD)
grade algorithms needed in devices and patients on which
features would be of highest relevance to them

• Developing a route for integration with existing physician
tools such as validated urticaria scores from which to
calibrate device outputs [19]

• Technological refinement of some of the sensors and
algorithms to realize medical grade precision

• Development of standardized frameworks for data capture,
storage, and sharing respectful of General Data Protection
Regulations

• The development of additional teledermatology media for
patients (blogs, resources, apps) and the medical community
(eg, scholarly journals, scientific conferences)

It is anticipated that many of the features and concepts outlined
could be offered through patient support networks provisioned
by developers of symptomatic and disease modifying therapies,

typically through native apps or web portals. However, a key
to the approach advocated herein is to more fully engage the
patient on their terms, through their lived experiences in a highly
personalized manner. There are two potential pathways for
introduction of the features described – either as a consumer or
patient support tool or through a more refined, clinical grade
instrument which falls under the aegis of a regulated SaMD
provisions. In either case the relative maturity of the sensors,
algorithms, and their clinical validation are key considerations
and there is optimism in this regard as the many features
proposed are constantly evolving and refining. Although feeds
on environmental data are now commonplace globally [21],
and colorimetric analysis of dermatologic features is becoming
more precise [22,23], many of the desired features will benefit
from concerted effort for analytical refinement and clinical
validation (Figure 3). Considerable progress has been made in
feature dimensioning [24], and topology [8,25,26], and there is
every reason to be optimistic that with collaborative efforts
these can be refined for CSU applications. Likewise, metrics
on ocular light sensitivity continue to evolve through measures
of luminance [27,28], as do approaches to assessing pupil
dilation using smartphones [29]. Even the more ambitious
potential applications such as monitoring intro-ocular pressure
can be accomplished with the aid of external tonometers,
suggesting that future generations of devices might incorporate
such functionality when miniaturized [30]. Regardless of
whether such features are available in consumer products of
SaMD variants, the route to implementation must also be
mindful of the extant need for continual calibration of device
sensors. A number of approaches to device calibration have
been suggested [22,31], and systematic procedures on design
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of appropriate clinical trials [32]. Finally, and importantly,
learnings from the ground breaking work which went in to
development of existing support apps such as CRUSE can help
guide adoption of appropriate controls in terms of data privacy,
and provide culturally relevant learnings from the different
regions where it is deployed globally [9]. In terms of clinical
development, integrating learnings from the device through
standardized reporting frameworks such as COSORT AI and

TRIPOD AI [33,34] will allow predictive models to evolve and
may help benefit related dermatological research.

The combination of smartphone sensors coupled with powerful
generative AI features, both of which are trained and evolved
around the individual patient themselves has a high probability
of achieving the goals articulated herein and we encourage the
dermatology community to embrace this vision with enthusiasm.
Accordingly, we encourage active dialog in the CSU community
and reader base of this journal to help realize this opportunity.

Figure 3. Path to maturity and validation of digital technology measures.
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Abstract

Displaced populations face complex dermatologic challenges. Contributing factors include low immunization rates, poor sanitation,
crowded living conditions, and physical abuse. Chronic inflammatory conditions and infectious diseases, including fungal
infections and scabies, are prevalent. Research is crucial to reduce the spread of disease, improve care in these populations, and
develop sustainable frameworks for long-term dermatologic health care in crisis settings. The paucity of dermatologist support
in this field exacerbates the issue. Ethical considerations include nonmaleficence and culturally sensitive practices, and proposed
solutions include trauma-informed care training, advocacy for equitable research funding, teledermatology, and the development
of shared international screening guidelines. Further research is essential to enhance dermatologic care for displaced populations.

(JMIR Dermatol 2025;8:e64828)   doi:10.2196/64828
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Background

For the purpose of this article, the term “displaced person” refers
specifically to individuals who have been forcibly displaced
due to conflict, persecution, violence, or disasters, including
refugees, internally displaced persons, and asylum seekers. The
global displacement crisis has led to the forced migration of
122.6 million individuals as of 2024, which increased from 59.2
million in 2014 [1]. Of these individuals, 71% are hosted in
low- to middle-income countries, and 40% are children, many
of whom encounter significant dermatologic health issues [1,2].
Displaced populations have complex health care needs.
Dermatologic conditions, not frequently prioritized in acute
care settings, represent significant disease burden and often
serve as visible markers of hygiene-related issues, systemic
illness, or infectious outbreaks [3]. Infectious diseases such as
malaria, measles, acute respiratory infections, and diarrheal
illnesses are among the major causes of morbidity and mortality
[4]. Along with malnutrition (particularly in children), these
problems account for the majority of deaths among displaced
persons [4]. Mental health disorders are also prevalent due to
the severe psychological stress associated with displacement
[5]. This complex interplay of organ systems and the transient

nature of the communities pose challenges to conducting
dermatologic research, but such targeted research is crucial for
understanding and addressing the skin care needs of these
individuals [6]. Without it, health care providers lack the
necessary epidemiologic data to design interventions and
allocate resources effectively. Dermatologists are needed to
assist in developing tailored management strategies [2]. We
propose practical solutions to improve the mutual benefit of
this research.

Dermatologic Conditions in Displaced
Populations

A review of skin diseases in displaced populations [3] notes an
increased frequency of cutaneous conditions in the scarce
literature available, reporting a prevalence between 18.7% and
96.2% [7-10]. High rates of cutaneous conditions are due to
several factors. War and conflict severely damage health care
infrastructure [2]. Of surveyed respondents in the Syrian conflict
zone, an endemic area of leishmaniasis, 12% knew that they
could access treatment at hospitals or health centers, and less
than a quarter had heard of the disease’s vector, the tsetse fly
[11]. These findings helped drive educational initiatives in the
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community [11]. This is one example of dermatologists and
infectious disease specialists collaborating to guide targeted
education to at-risk populations and front-line providers.

Chronic inflammatory conditions are prevalent and often
overlooked in displaced populations. Four studies [7-9,12]
aligned with this paper’s definition of displaced persons.
Migrants in Maltese reception centers (n=2216) had rates of
“contact dermatitis and other eczema” of 4.8% [7]. A Jordanian
refugee camp study (n=288) reported “dermatitis/eczema” at
rates of 33.8%, while a study of migrants on the Mediterranean
coast in Italy (n=6188) found rates of dermatitis at 7.5% [8,9].
Further, a diagnosis in the category “dermatitis and eczema”
encompassed 21.3% of 380 Rohingya refugees living in the
Kutupalong camp in Bangladesh [12]. Other forms of chronic
dermatologic conditions have rarely been differentiated in the
literature, but the Jordanian and Rohingya population studies
specifically identified “papulosquamous disorders,” occurring
at rates of 6.9% and 2.9% [8,12]. Research on the management
of these conditions in the setting of displacement is a potential
area for growth. For example, comparing the effectiveness of
various forms of barrier repair could guide the improved
preparation of front-line health care providers.

Furthermore, informal settlements of displaced persons include
diverse subpopulations with varying immunization levels; the
seroprevalence often does not reach levels that confer herd
immunity [2]. This, combined with poor sanitation and crowded
housing conditions, leads to the rapid spread of contagious and
vaccine-preventable diseases like measles and varicella [2,3].
Prior studies have found infectious diseases to represent 20.8%
to 72% of skin conditions in displaced persons [7-9,12].
However, rates vary depending on classification criteria and
potential diagnostic overlap. Viral infection rates fall between
0.7% and 8.5%, while fungal and bacterial infections have been
reported from 7.9% to 49% and 3.2% to 11.2%, respectively
[7-9,12]. Understanding local rates of communicable conditions
is crucial to developing targeted vaccination efforts.

The process of displacement itself often forces migrants into
extreme conditions, with many forced to travel in small boats
[2,3]. A common location of arrival for these vessels is south
of the Mediterranean Sea, where skin diseases commonly seen
include secondary bacterial infections, scabies, deep abscesses,
and tissue necrosis [3]. It is well established that scabies is
particularly pervasive, with rates ranging from 3.5% to 58%
[7-9,12]. A 2007 review studied the efficacy of various scabies
treatments in refugee camps, highlighting the success of mass
ivermectin administration [13]. The study demonstrated the
importance of research in developing effective community
interventions.

Current findings show wide variation in the rates of skin
manifestations, and more research is needed for effective
treatment and prevention. Future studies should further delineate
rates of communicable infections by region while spreading the
focus to chronic inflammatory conditions.

Challenges and Ethical Considerations

The backbone of research is ethical practice, and important
aspects include nonmaleficence, beneficence, justice, and respect
for persons. However, these mainstays are often not adequate
for the complexities of vulnerable populations [6]. Access is
fraught with difficulties due to safety concerns; many displaced
persons lack the legal right to work or reside in their host
country and consequently are transiently located with increased
risk of arrest and detention [1,6]. For these reasons, individuals
may show reluctance to engage in research and be concerned
with confidentiality. Furthermore, participants often lean on
researchers as a form of support, leading to conflicts of interest
and trouble with the informed consent process, which may
already be difficult to understand [6]. These considerations
underscore the integration of culturally sensitive practices that
foster an environment of open communication with balanced
power dynamics [2,6]. Clinicians might be hesitant to study
these populations in the first place due to anticipated difficulties
in securing research approval and funding, given the inequitable
distribution of academic funding and resources toward
high-income countries [14]. Finally, geopolitical instability
further complicates research efforts, as ongoing conflict and the
displacement of health care workers hinder the implementation
of structured studies; the politicization of global health and
power imbalances in research partnerships only serves to
exacerbate this challenge [15].

Additional barriers to research specifically apply to dermatology.
Notably, screening guidelines for skin diseases vary
internationally; the lack of shared guidelines poses a challenge
to the design of systematic research on cutaneous conditions
and the consistent provision of care [2,3]. It is also important
to consider that the process of forced displacement often
involves physical abuse and torture [2]. Scars, ecchymoses, and
genital lesions are associated with trauma and are seen at high
rates in displaced populations [2]. While investigators have
infrequently distinguished conditions associated with trauma,
scarring was found in migrants living in Maltese reception
centers at a rate of 9.5% [3]. The spotlight that dermatologic
research can place on cutaneous conditions has the potential to
be a trigger that could retraumatize study participants, leading
to posttraumatic stress disorder and other adverse mental health
conditions [2].

Proposed Solutions

The risk of retraumatization in displaced populations makes
nonmaleficence an ethical consideration of utmost importance
[6]. To minimize the potential for psychological harm, clinicians
working with these groups should be trained in trauma-informed
care. Trauma-informed care training teaches the recognition of
actions that could trigger memories of past traumatic events or
add new traumatic experiences and requires that clinicians
overcome the time constraint barrier of working in humanitarian
settings (Table 1) [16]. A facet of this training involves
understanding how and where to access mental health resources,
which may be difficult during displacement [16]. The use of
trauma-informed practices is of particular importance when it
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comes to dermatologic conditions because of their visibility and frequent direct association with physical trauma.

Table . Proposed solutions and their potential impacts on improving dermatologic research with displaced populations.

Major obstaclesExplanationPotential impactProposed solution

Telemedicine platforms reduce the
transmission of infections, provide
consistent access to dermatologic
expertise, and enhance data collec-
tion.

↑ Continuity of research

↓ Spread of disease

Teledermatology • Limited internet access
• Lack of digital literacy

Tailored protocols ensure consisten-
cy in research methodologies, im-
prove the comparability of data, and
aid in the development of targeted
interventions.

↑ Standardization of researchShared international screening
guidelines

• Geopolitical instability
• Variability in health care infras-

tructure and regulation across
countries

Advocacy efforts would help secure
equitable global funding for re-
search with vulnerable populations,
strengthening the research process.

↑ Continuity of research

↑ Availability of data

Advocacy for equitable research
funding

• Entrenched funding inequities
favoring institutions in high-
income countries

Clinician education on trauma-in-
formed care reduces emotional
stress, enhances trust, and improves
patient cooperation in research
studies.

↓ Psychological harmTrauma-informed care training • High clinician workload in hu-
manitarian settings

Because of a frequent lack of access to primary care, displaced
individuals often present urgently with dermatologic conditions,
which can make management difficult and worsen the prognosis
[2]. Delivering care close to the patient’s community through
community-based models is one way to combat this deficiency,
and specialist training of front-line health care providers
(including the World Health Organization, Red Cross, the United
Nations High Commissioner for Refugees, and Doctors Without
Borders) may allow for earlier diagnosis and treatment [2].

For complex cases, teledermatology has emerged as a potential
solution for the shortage of trained dermatologists working in
this field [2,3]. In a population with high rates of communicable
skin disease, teledermatology also limits the spread of infection
[2,3]. Integration of systems to conduct medical care virtually
would also address the lack of consistent access to hidden
populations, enabling continuity of care regardless of the
patient’s location [2,3]. Virtual platforms can facilitate improved
understanding, confidentiality, and engagement with
patient-centered, multimedia, interactive informed consent [17].
However, these platforms require stable internet access,
compatible devices, and digital literacy for maximum
effectiveness [17].

More research is needed to test the efficacy of standardized care
models on dermatologic outcomes. Expanding the scope of
these investigations requires the development of national
screening guidelines for skin diseases in migrants and displaced
persons, a task complicated by nation-specific differences in
health care infrastructure and regulation (Table 1). To address
the lack of resources, researchers should advocate for equitable
global funding by raising awareness about the importance of
research in vulnerable populations (Table 1). Clinicians looking
to secure support can also form collaborative partnerships with
agencies like the United Nations High Commissioner for
Refugees and Doctors Without Borders.

Advancing dermatologic care for displaced populations requires
an approach informed by ethical practices and cultural
sensitivity. By addressing the unique challenges faced by
displaced individuals, such as their legal uncertainties, high
rates of infectious disease, and elevated potential for
retraumatization, clinicians can work to develop more effective
research strategies. Proposed solutions include advocacy for
equitable research funding, development of uniform international
screening protocols, use of teledermatology, and the integration
of trauma-informed care into dermatologic services (Table 1).
Further research is essential, and dermatologists must work with
community health systems to craft and optimize care models.

 

Conflicts of Interest
None declared.

References
1. Figures at a glance. United Nations High Commissioner for Refugees. 2022. URL: https://www.unhcr.org/us/about-unhcr/

who-we-are/figures-glance [accessed 2025-04-23]
2. Knapp AP, Rehmus W, Chang AY. Skin diseases in displaced populations: a review of contributing factors, challenges,

and approaches to care. Int J Dermatol 2020 Nov;59(11):1299-1311. [doi: 10.1111/ijd.15063] [Medline: 32686140]

JMIR Dermatol 2025 | vol. 8 | e64828 | p.328https://derma.jmir.org/2025/1/e64828
(page number not for citation purposes)

Maas & MarjiJMIR DERMATOLOGY

XSL•FO
RenderX

https://www.unhcr.org/us/about-unhcr/who-we-are/figures-glance
https://www.unhcr.org/us/about-unhcr/who-we-are/figures-glance
http://dx.doi.org/10.1111/ijd.15063
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32686140&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


3. Padovese V, Knapp A. Challenges of managing skin diseases in refugees and migrants. Dermatol Clin 2021 Jan;39(1):101-115.
[doi: 10.1016/j.det.2020.08.010] [Medline: 33228854]

4. Famine-affected, refugee, and displaced populations: recommendations for public health issues. MMWR Recomm Rep
1992 Jul 24;41(RR-13):1-76. [Medline: 1326713]

5. Porter M, Haslam N. Predisplacement and postdisplacement factors associated with mental health of refugees and internally
displaced persons: a meta-analysis. JAMA 2005 Aug 3;294(5):602-612. [doi: 10.1001/jama.294.5.602] [Medline: 16077055]

6. Pillai V, Mosier-Mills A, Khoshnood K. Methodological and ethical challenges in research with forcibly displaced
populations. In: Allotey P, Reidpath D, editors. The Health of Refugees: Public Health Perspectives from Crisis to Settlement:
Oxford Academic; 2019. [doi: 10.1093/oso/9780198814733.003.0011]

7. Padovese V, Egidi AM, Melillo Fenech T, et al. Migration and determinants of health: clinical epidemiological characteristics
of migrants in Malta (2010-11). J Public Health (Oxf) 2014 Sep;36(3):368-374. [doi: 10.1093/pubmed/fdt111] [Medline:
24277779]

8. Saikal SL, Ge L, Mir A, et al. Skin disease profile of Syrian refugees in Jordan: a field-mission assessment. J Eur Acad
Dermatol Venereol 2020 Feb;34(2):419-425. [doi: 10.1111/jdv.15909] [Medline: 31498503]

9. Di Meco E, Di Napoli A, Amato LM, et al. Infectious and dermatological diseases among arriving migrants on the Italian
coasts. Eur J Public Health 2018 Oct 1;28(5):910-916. [doi: 10.1093/eurpub/cky126] [Medline: 30010744]

10. Kibar Öztürk M. Skin diseases in rural Nyala, Sudan (in a rural hospital, in 12 orphanages, and in two refugee camps). Int
J Dermatol 2019 Nov;58(11):1341-1349. [doi: 10.1111/ijd.14619] [Medline: 31498882]

11. Tamiru HF, Mashalla YJ, Mohammed R, Tshweneagae GT. Cutaneous leishmaniasis a neglected tropical disease: community
knowledge, attitude and practices in an endemic area, Northwest Ethiopia. BMC Infect Dis 2019 Oct 16;19(1):855. [doi:
10.1186/s12879-019-4506-1] [Medline: 31619180]

12. Khan SS, Padovese V, Maurer TA, et al. A skin disease and needs assessment analysis of the displaced Rohingya population
in the Kutupalong refugee camp, Bangladesh. Clin Exp Dermatol 2020 Dec;45(8):1051-1054. [doi: 10.1111/ced.14310]
[Medline: 32460353]

13. Strong M, Johnstone P. Interventions for treating scabies. Cochrane Database Syst Rev 2007 Jul 18(3):CD000320. [doi:
10.1002/14651858.CD000320.pub2] [Medline: 17636630]

14. Binagwaho A, Allotey P, Sangano E, Ekström AM, Martin K. A call to action to reform academic global health partnerships.
BMJ 2021 Nov 1;375:n2658. [doi: 10.1136/bmj.n2658] [Medline: 34725093]

15. Persaud A, Bhat PS, Ventriglio A, Bhugra D. Geopolitical determinants of health. Ind Psychiatry J 2018;27(2):308-310.
[doi: 10.4103/ipj.ipj_71_18] [Medline: 31359990]

16. Wilson C, Pence DM, Conradi L. Trauma-informed care. In: Bailey D, Mizrahi T, editors. Encyclopedia of Social Work:
Oxford University Press; 2013. [doi: 10.1093/acrefore/9780199975839.013.1063]

17. Abujarad F, Alfano S, Bright TJ, et al. Building an informed consent tool starting with the patient: the patient-centered
virtual multimedia interactive informed consent (VIC). AMIA Annu Symp Proc 2017:374-383. [Medline: 29854101]

Edited by R Alhusayen; submitted 07.08.24; peer-reviewed by A Ching, MA El-Hamd, Y Elsanousi; revised version received 17.03.25;
accepted 30.03.25; published 05.05.25.

Please cite as:
Maas D, Marji JS
Dermatologic Research in Displaced Populations: Importance, Challenges, and Proposed Solutions
JMIR Dermatol 2025;8:e64828
URL: https://derma.jmir.org/2025/1/e64828 
doi:10.2196/64828

© Derek Maas, Jackleen S Marji. Originally published in JMIR Dermatology (http://derma.jmir.org), 5.5.2025. This is an
open-access article distributed under the terms of the Creative Commons Attribution License
(https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work, first published in JMIR Dermatology, is properly cited. The complete bibliographic information, a
link to the original publication on http://derma.jmir.org, as well as this copyright and license information must be included.

JMIR Dermatol 2025 | vol. 8 | e64828 | p.329https://derma.jmir.org/2025/1/e64828
(page number not for citation purposes)

Maas & MarjiJMIR DERMATOLOGY

XSL•FO
RenderX

http://dx.doi.org/10.1016/j.det.2020.08.010
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33228854&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=1326713&dopt=Abstract
http://dx.doi.org/10.1001/jama.294.5.602
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16077055&dopt=Abstract
http://dx.doi.org/10.1093/oso/9780198814733.003.0011
http://dx.doi.org/10.1093/pubmed/fdt111
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24277779&dopt=Abstract
http://dx.doi.org/10.1111/jdv.15909
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31498503&dopt=Abstract
http://dx.doi.org/10.1093/eurpub/cky126
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30010744&dopt=Abstract
http://dx.doi.org/10.1111/ijd.14619
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31498882&dopt=Abstract
http://dx.doi.org/10.1186/s12879-019-4506-1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31619180&dopt=Abstract
http://dx.doi.org/10.1111/ced.14310
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32460353&dopt=Abstract
http://dx.doi.org/10.1002/14651858.CD000320.pub2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17636630&dopt=Abstract
http://dx.doi.org/10.1136/bmj.n2658
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34725093&dopt=Abstract
http://dx.doi.org/10.4103/ipj.ipj_71_18
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31359990&dopt=Abstract
http://dx.doi.org/10.1093/acrefore/9780199975839.013.1063
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29854101&dopt=Abstract
https://derma.jmir.org/2025/1/e64828
http://dx.doi.org/10.2196/64828
http://www.w3.org/Style/XSL
http://www.renderx.com/


Dermal Filler Use in Patients Undergoing Chemotherapy and
Radiation Therapy

Mia Panlilio1, BA; Elizabeth Tchernogorova2, BA; Binh Minh Nguyen1, BA; Sana Khan1, BS; Leslie Torgerson1,
MD
1College of Osteopathic Medicine, Rocky Vista University, 8401 S Chambers Road, Parker, CO, United States
2College of Osteopathic Medicine, Rocky Vista University, Ivins, UT, United States

Corresponding Author:
Mia Panlilio, BA
College of Osteopathic Medicine, Rocky Vista University, 8401 S Chambers Road, Parker, CO, United States

Abstract

Dermal fillers have gained increasing popularity for their ability to enhance facial symmetry, restore volume, and improve skin
texture. However, their use in patients with cancer undergoing active chemotherapy and radiation therapy poses unique challenges,
as these treatments can alter both the safety profile and efficacy of filler procedures. Chemotherapy can interfere with normal
wound healing and immune responses, warranting a more cautious and individualized approach when considering dermal fillers
in this population. Although rare, dermal fillers have been associated with adverse outcomes in a limited number of diseases,
including cellulitis, autoimmune/inflammatory syndrome induced by adjuvants, and a possible predisposition to malignancy.
Other effects include localized inflammatory, systemic hypersensitivity, and delayed granulomatous formation, and these could
be more severe in patients undergoing antineoplastic therapy. Furthermore, chemotherapy is often paired with adjuvant radiation
therapy in cancer treatment, making it important to note the potential changes radiation can have on the skin. More research is
needed to examine the direct interactions of chemotherapy and radiation on various filler materials injected within the skin, and
how these can alter one’s risk of adverse effects. The lack of research on this topic further emphasizes that clinicians should
thoroughly educate patients receiving chemotherapy and adjuvant radiation treatment about the heightened potential risks associated
with dermal filler injections and treatment regimens should be planned accordingly to minimize any adverse events.

(JMIR Dermatol 2025;8:e76898)   doi:10.2196/76898
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Introduction

Dermal fillers, which are minimally invasive cosmetic
treatments, have gained widespread popularity for their ability
to restore volume, soften wrinkles, and enhance facial contours.
Various filler types are available, including hyaluronic
acid-based products, calcium hydroxylapatite, poly-L-lactic
acid, polymethyl methacrylate, and silicone, each offering
unique properties and applications [1,2].

Hyaluronic acid-based fillers are one of the most popular types
that are used for fine lines and wrinkles, lasting about 6 to 12
months before naturally getting absorbed by the body [1].
Calcium hydroxylapatite fillers are a thicker consistency product
used for volume restoration in deeper lines and wrinkles, and
they typically last 12 months or longer [1]. Poly-L-lactic acid
fillers are also popular, and are used to treat deeper facial
wrinkles, with results lasting more than 2 years [1]. Polymethyl
methacrylate is a physical filler that comes in the form of a
microsphere, or tiny ball, that remains under the skin indefinitely
for long term support, and it also contains collagen which
provides structure and firmness [1]. Silicone fillers have been

used in some parts of the world for volume restoration; however,
silicone filler products currently are not approved by the Food
and Drug Administration (FDA) in the United States and have
fallen out of favor due to the high occurrence of filler migration,
swelling and tissue damage, and severe inflammatory reactions
to the material [1].

The rising use of fillers can be attributed to their effectiveness,
convenience, and the growing demand for non-surgical aesthetic
enhancements. However, these treatments are not without risks.
Contraindications include allergies, infections, and certain
medical conditions that could heighten the risk of infection or
foreign body reactions, such as immunosuppressive or
autoimmune conditions. Of particular concern is the use of
dermal fillers in patients actively undergoing chemotherapy and
radiation therapy. Chemotherapy and radiation can compromise
immune function and tissue repair mechanisms, potentially
altering both the safety and effectiveness of filler procedures.
These therapies may disrupt normal wound healing and immune
surveillance, necessitating a more cautious and individualized
approach when considering dermal filler use in oncology
patients. This viewpoint aims to evaluate the current literature
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on the safety and potential adverse effects of dermal filler use
in patients undergoing chemotherapy and radiation therapy.

Adverse Effects of Fillers

With the increase in popularity and accessibility of aesthetic
treatments, there has been significant growth in the research
sector. In 2024, the United States ranked #1 for the most
published articles on soft tissue filler injections globally [3].
However, there remains a significant lack of research for the
effects of dermal filler injections on patients undergoing
chemotherapy and radiation therapy. Dermal fillers can cause
adverse effects such as localized inflammatory, systemic
hypersensitivity, delayed granulomatous formation, cellulitis,
and autoimmune/inflammatory syndrome induced by adjuvants
(ASIA) [4-9]. Additionally, while generally considered safe,
dermal fillers, particularly those composed of hyaluronic acid
(HA), introduce exogenous compounds into the tissue
environment [10]. Endogenous HA is highly concentrated in
some malignant neoplasms and its interaction with the CD44
receptor is implicated in tumor growth and poor prognosis [10].
While there is theoretical concern that exogenous HA fragments
may contribute to a pro-tumor microenvironment, direct
evidence linking fillers to new malignancy is lacking.

Case Reports in Oncology Patients

While there has been minimal research conducted on the topic
of dermal filler reactions related to chemotherapy and radiation
therapy, there are a few case studies describing reactions of
dermal fillers in relation to these treatments, as summarized in
Table 1.

One case report was about a 53-year-old woman with advanced
non-small cell lung cancer who received carboxymethyl
cellulose and polycaprolactone microsphere injection in her

anterior neck 15 months previously [11]. She developed nodules
and hardened folds along her sternocleidomastoid muscle
bilaterally while receiving a course of 5 nivolumab infusions
[11]. These nodules and hardened folds were later determined
to be foreign body reactions to the filler. The patient also
developed autoimmune colitis during the nivolumab infusions
and was administered systemic glucocorticoids, which resolved
both the autoimmune colitis and foreign body reaction to the
filler. This case exemplifies how patients with preexisting fillers
have an increased risk of developing a foreign body reaction
when initiating chemotherapy. Additionally, the administration
of glucocorticoids and subsequent resolution of the foreign body
reaction provides some support towards using glucocorticoids
to treat these reactions in this patient population.

Another case report was about a woman in her 60s who received
dermal filler 25 years prior to initiating chemotherapy; she
developed painless facial nodules after 2 courses of ipilimumab
treatment [12]. The nodules were excised and later confirmed
to be a foreign body reaction to filler via histology. Like the
previous case, this again highlights the increased risk of foreign
body reactions in patients with preexisting fillers who are
undergoing chemotherapy and shows the risk is still heightened
years after filler injection.

In a case report published in 2019, a 52-year-old man with
preexisting HA fillers in his cheeks, undergoing cetuximab and
radiation for glossotonsillary malignancy, developed significant
inflammation and edema at the filler sites within hours of his
first cetuximab dose [5]. This acute reaction was distinct from
typical cetuximab-induced rashes and subsided rapidly after the
fillers were dissolved. This exemplifies a more atypical and
rapid presentation of a chemotherapy-induced foreign body
reaction to fillers and highlights how filler dissolution could be
used to resolve the reaction.

Table . Summary of the presented case reports.

OutcomesAdverse eventsTime between filler in-
jection and reaction

Cancer therapyFiller typePatient characteristics

Patient also developed
autoimmune colitis
from nivolumab treat-
ment and was treated
with systemic glucocor-
ticoids, which also re-
solved the filler foreign
body reaction

Bilateral nodules and
indurated folds along
the sternocleidomas-
toid muscles, later
found to be a foreign
body reaction to the
filler

15 monthsNivolumabCarboxymethyl cellu-
lose and polycaprolac-
tone microsphere

53-year-old woman

with NSCLCa

All granulomatous
nodules were excised

Painless granulomatous
facial nodules found to
be a foreign body reac-
tion to the filler

25 yearsIpilimumabUnspecified synthetic
filler material

61-year-old woman
with superficial
spreading melanoma in
the left scapular region

Acute reaction rapidly
resolved following
filler dissolution

Inflammation and ede-
ma around filler sites

2 hoursCetuximab and radia-
tion therapy

Hyaluronic acid52-year-old man with
glossotonsillary malig-
nancy

Successful treatmentNone mentionedFiller injected during
chemotherapy treat-
ment

Imatinib mesylateHyaluronic acid43-year-old woman
with chronic myeloid
leukemia

aNSCLC: non-small cell lung cancer.
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One case report in Korea described “successful” HA filler
injection in a patient actively undergoing imatinib mesylate
treatment for chronic myeloid leukemia and was presented in
2019 [13]. However, researchers only followed the patient for
10 weeks after filler treatment, so possible reactions occurring
after 10 weeks were not described. The lack of longer-term
follow-up therefore makes this case a questionable example of
a truly “successful” filler treatment.

Other case studies available mostly describe foreign body
reactions occurring after longer time periods, such as the case
report describing a reaction 25 years after dermal filler injection
[12]. Additionally, there are no studies specifying filler reactions
with certain types of chemotherapy agents. For example,
imatinib mesylate is a tyrosine kinase inhibitor, whereas
ipilimumab is a CTLA-4 inhibitor. The differences in each
drug’s mechanism of action could impact the type of a reaction
a patient experiences based on the immunological pathways
affected. This makes it difficult for physicians and scientists to
determine the true long-term impacts and efficacy of dermal
filler on patients undergoing chemotherapy treatment without
further research on reactions between specific filler materials
and chemotherapies of different drug classes.

Effects of Radiation on the Skin

In a prospective cohort study done in 2014, the effects of
radiotherapy were studied to see what changes occur within the
skin when radiation is used for the treatment of breast cancer
[14]. After radiotherapy, the irradiated breast showed a notable
decrease in skin hydration, an increase in skin pH, increase in
pigmentation, and increase in cutaneous blood flow.
Radiotherapy is also known to damage skin barrier function
because it induces apoptosis and necrosis of epidermal cells,
thus decreasing the production of natural moisturizing factors
and intercellular lipids [6]. It also causes an alkalinization of
the stratum corneum, which is a layer of the skin that favors
bacterial and fungal proliferation, thus increasing the risk of
infection [14]. When it comes to possible interactions radiation
therapy can have in patients with existing fillers, there are no
current clinical studies available.

Specific Patient Risks

Patients undergoing chemotherapy or those who are
immunosuppressed face unique challenges when considering
dermal fillers. Chemotherapy can significantly impact the
immune system, increasing the risk of infections and other
adverse effects. The American Society of Clinical Oncology
(ASCO) and the Infectious Diseases Society of America (IDSA)
highlight that patients with cancer-related immunosuppression
are particularly vulnerable to infections due to neutropenia and
other factors [15]. Neutropenia, a common side effect of
chemotherapy, reduces the body’s ability to fight infections,
making patients more susceptible to bacterial and fungal
infections. This increased susceptibility can lead to adverse
effects such as cellulitis, delayed wound healing, and atypical
inflammatory reactions following dermal filler injections [15].

A study presented at the 2024 ASCO Annual Meeting assessed
the safety and quality of life in oncology patients receiving
dermal fillers during active cancer therapy. The study found
that fillers can improve quality of life and aesthetic outcomes,
such as improving measured quality of life scores, making
patients appear less ill, sad, or distracted, and about 81% of
patients in the study reported feeling satisfied following
injections and would plan future aesthetic treatments [4]. Despite
these reported improvements, there were minor dermal side
effects in 13 out of the 127 patients included in the study, and
1 patient who developed a delayed inflammatory reaction [4].
Additionally, a systematic review noted that immunosuppressed
patients, including those on chemotherapy, may have an
increased risk of adverse effects such as filler granulomas and
infectious complications [1,9].

Recommendations for Clinicians

Chemotherapy and radiation can cause tissue volume loss, skin
dryness, sensitivity, and changes in pigmentation [2,6]. Cosmetic
treatments such as dermal fillers can help patients with cancer
feel more comfortable with their appearance, boosting
self-esteem, contributing to a sense of increased psychological
well-being and improving their quality of life [2]. Clinicians
should therefore acknowledge and proactively address these
crucial psychosocial benefits. However, this presents a dual
consideration: while offering aesthetic and psychological
advantages, these interventions simultaneously carry an elevated
risk of adverse effects within patient populations undergoing
chemotherapy and radiation therapies. Therefore, clinicians
must thoroughly educate patients about these potential
interactions and complications.

Consultations regarding dermal filler treatment in this specific
patient population calls for a discussion involving the patient’s
oncologist, dermatologist, and injector. This multi-disciplinary
discussion is crucial to obtain a comprehensive analysis of the
patient to determine the safest and most effective cosmetic plan.
To guide this process, a pre-treatment checklist should include
(1) a review of the patient’s cancer treatment timeline, (2)
analysis of the patient’s immune status or susceptibility to
infections, (3) assessment of skin integrity (especially in
irradiated areas), (4) documentation of any prior filler use, and
(5) a clear discussion of risks, benefits, and procedure timing
relative to immunosuppressive therapy.

The treating provider should also emphasize the importance of
using aseptic techniques during the procedure and closely
monitor patients post-injection to promptly manage any adverse
reactions.

Conclusion

When considering dermal filler use in patients undergoing
chemotherapy and radiation therapy, a tailored, risk-informed
approach is essential. An in-depth consultation between the
patient, the patient’s oncologist, and their injector should involve
a thorough analysis of the patient’s skin, as well as answering
questions regarding what kind of cancer treatment they are
receiving, and how recent was their last treatment with
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chemotherapy or radiation. Given the altered immune function
and changes to the skin’s structural integrity caused by
chemotherapy and radiation, this population faces an elevated
risk of infection, delayed wound healing, and immune-mediated
filler complications. While the therapeutic benefits of cosmetic
restoration, such as improved self-image and quality of life, are
meaningful, they must be balanced against these unique risks.

Currently, there is minimal research that has been done to show
exactly what adverse effects can occur from dermal filler
treatments in patients who are actively undergoing chemotherapy
or radiation therapy. Furthermore, the included case reports
vary in their level of clinical detail, histological confirmation,
follow-up duration, use of fillers, and their combinations with
cancer therapies. This heterogeneity limits the ability to compare
cases systematically or draw consistent conclusions. Some
papers fail to specify the exact type, brand, or batch of filler
used, which hinders the ability to assess biocompatibility or
degradation in immunocompromised hosts. The proposed
recommendations in this viewpoint are extrapolated from what

is currently known about how chemotherapy and radiation
therapy affect the skin, and the adverse effects of dermal filler
treatment. The first filler agent approved by the FDA for
cosmetics was Zyderm in 1981 [16]. There have been hundreds
of new agents developed between 1981 and 2025, and research
on long-term effects of varying fillers are developing with time
[16].

More research is needed to examine the direct interactions of
chemotherapy and radiation on various filler materials injected
within the skin, and how these interactions can increase or
decrease the risk of adverse effects. Future investigation should
prioritize comparative studies that analyze risks among patients
receiving different classes of chemotherapies (eg, immune
checkpoint inhibitors vs tyrosine kinase inhibitors) and explore
whether treatment timing (active therapy or remission) affects
the likelihood of adverse filler-related events. Additional
multi-center, prospective studies should also be done to address
the gaps identified.
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Abstract

Background: Scarring has been shown to have adverse health effects on marginalized patient groups. However, experiences
of scarring among transgender and gender diverse (TGD) people have not yet been thoroughly characterized. 

Objective: This study aimed to investigate the impacts of scarring related to gender-affirming care and other causes among
TGD people.

Methods: Anonymous data were extracted from Reddit, a popular online platform organized into “subreddit” groups based on
identities and interests. A combined total of 604 posts and comments that explicitly reference physical scarring were extracted
from r/FtM, a subreddit for transmasculine people (449 posts and comments) and r/MtF, a subreddit for transfeminine people
(155 posts and comments). Applying inductive thematic analysis, all posts and comments were coded and codes were sorted into
overarching themes. 

Results: Among the 604 posts and comments, the scars most discussed were secondary to gender-affirming care procedures,
including mastectomy (n=338 posts and comments), hormone administration (n=102 posts and comments), and hair removal
(n=38 posts and comments). Nongender-affirming care-related scars, such as those due to self-harm (n=43 posts and comments),
were discussed less often. A total of five overarching themes emerged through thematic analysis: (1) concerns about physical
outcomes related to scarring; (2) psychological distress related to scarring; (3) societal perceptions of scarring; (4) strategies to
prevent, conceal, and minimize scarring; and (5) positive experiences with scarring.

Conclusions: For TGD people, scar complications, visibility, and permanence represent major concerns. While many TGD
people ultimately accept scarring as an unavoidable consequence, scarring both related and unrelated to gender-affirming care
can present a significant psychosocial stressor for TGD people. Scarring can result in physical health complications, gender
dysphoria, and negative body image; visible scarring is also a barrier for TGD people who wish to blend into society. Clinicians
should improve communication regarding scarring outcomes and scar-care procedures. Future research should focus on the
development of scar prevention, care, and reduction techniques for TGD people.

(JMIR Dermatol 2025;8:e62714)   doi:10.2196/62714
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transgender; gender-affirming care; scarring; body image; gender; qualitative study; psychosocial; content; online forum; online;
physical scarring; thematic analysis; scar; visibility; stress; barrier; marginalized patients; scar visbility; reddit; mastectomy;
gender dysphoria; emotional trauma; psychosocial experience; trauma

Introduction

“Transgender and gender diverse” (TGD) is an umbrella term
for people whose gender identities differ from societal
expectations related to the sex they were assigned at birth. Some
TGD people may choose to undergo gender-affirming surgery
or pursue other forms of gender-affirming care at any point in
their lives to alleviate gender dysphoria and better align their

physical characteristics with their gender identity.
Gender-affirming care is considered medically necessary and
associated with numerous mental health benefits, including
significantly decreased psychological distress and suicidality
[1].

Over the past 2 decades, the number of gender-affirming
surgeries among TGD people has increased. Approximately
9000 gender-affirming surgeries now occur annually across the
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United States [1,2], thus likely resulting in an increased
prevalence of surgical scarring. Although appearance and
permanence vary broadly by surgical techniques [3], scarring
remains a concern for some TGD people.

In addition to gender-affirming surgery, gender-affirming care
more broadly, including nonsurgical interventions such as
estrogen and testosterone injections and patches, may also result
in significant scarring when used for long-term therapy [4]. In
addition, gender-affirming hormones may cause increased acne
scarring [5,6]. Furthermore, gender-affirming hormones may
lead to greater visibility of pre-existing scars and predisposition
to scarring due to changes in skin composition [7]. Similarly,
hair removal procedures may result in scarring if not performed
properly [8]. Finally, due to the unique combination of stressors
experienced by TGD populations, higher rates of self-injury, a
coping mechanism among some TGD people, may also be a
cause of scarring [9].

Scarring may reveal TGD identities to other people and thereby
interfere with goals of blending into society, thus potentially
resulting in significant stress for TGD people [3]. Furthermore,
studies have shown that scarring may cause significant mental
health burden, especially in marginalized and minoritized
populations; for example, scarring is associated with adverse
psychological outcomes among breast cancer survivors and
people of color [3]. Within minority stress theory, minoritized
populations face a variety of external and internal stressors. As
scarring is often perceived as a negative physical trait by society,
bearing visible scars is an additional form of marginalization,
and multiply marginalized people may experience superadditive
stressors, exclusion, and discrimination, explaining the increased
psychological distress observed among marginalized people
with scars [10].

Furthermore, TGD people are uniquely vulnerable to body
dissatisfaction because they experience gender dysphoria and
increased body scrutiny from others. Per body objectification
theory, increased awareness of one’s body, especially physical
characteristics that do not align with personal or societal goals,
may lead to body shame, which is linked to increased
psychological distress and disordered eating [11]. Thus,
compared with cisgender people, TGD people may be especially
vulnerable to body dissatisfaction due to their scars.

The impacts of scars on TGD people have not been
well-characterized in the literature. Currently, most studies
investigate scarring among TGD people through a surgical and
dermatologic rather than psychological and societal lens [12].
Also, most studies have limited their scope to scarring directly
caused by traditionally defined gender-affirming surgery [13].
Consistent with objectification theory, these limited studies with
TGD populations have suggested that scarring may lead to
gender dysphoria, body image dissatisfaction, and symptoms
of both depression and anxiety (eg, breast augmentation surgery
scars may reduce self-esteem or lead to negative self-perception)
[14].

Although some studies mention scarring due to nonsurgical
gender-affirming practices, such as chest binding, these studies
focus on the overall impacts of these gender-affirming practices

rather than specifically centering the impacts of scars on TGD
people [15].

As physical appearance plays an important role in body image
and self-perception [16], scarring that is not explicitly connected
with gender-affirming care may represent a substantial portion
of TGD people’s scars and has the potential to affect them in
unique ways that warrant study.

Understanding TGD people’s experiences with scarring is
necessary to motivate and inform innovation in scar treatments
and supportive psychological care. Furthermore, treatment of
scarring related or unrelated to gender-affirming care is currently
deemed cosmetic and not medically necessary by most insurance
companies; it is therefore not covered under most insurance
policies [3]. An improved understanding of the impact of
scarring for TGD people could support the medical and
psychological necessity of scar treatment, and potentially more
inclusive revisions to these policies.

Reddit is a popular online platform where users can enter
long-form posts, comment on posts, and respond to comments.
Due to the anonymous nature of the platform, it attracts a large
number of TGD people to discuss personal health matters.
Reddit forums have been studied to glean a better understanding
of mental health [17,18] and sexual health [19], as well as LGBT
(lesbian, gay, bisexual, and transgender) health [20]. The Reddit
website is organized into subreddits centered around a specific
subject, connecting people with similar identities or interests
in dialogue.

“r/MtF” (“male-to-female”) and “r/FtM” (“female-to-male”)
communities on Reddit are a pair of online subreddits for TGD
people that host approximately 470,000 total users. In this study,
we investigated the experiences of physical scarring among
TGD people by analyzing data extracted from these 2 online
forums and characterized the common experiences of scarring
in these communities by identifying 6 common themes of the
threads.

We note that the subreddits names “MtF” and “FtM” are based
on an outdated, binary conception of gender [21] and
inappropriately emphasize the sex assigned at birth. Therefore,
this study may fail to adequately represent the experiences of
TGD people with scarring, including nonbinary people, as well
as experiences of TGD people who do not feel comfortable
using these subreddits. From here onwards, this paper will refer
to r/MtF as the transfeminine subreddit and r/FtM as the
transmasculine subreddit.

Methods

Data Collection
Threads–defined as posts plus any comments on those posts–in
the transfeminine and transmasculine community subreddits
were screened by entering the keyword “scar” in the subreddit
search function to extract threads that contain this term,
including alternative forms of the word, such as “scarring.” This
method has been used in previous studies analyzing Reddit data
[17].
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As Reddit’s search feature caps the number of threads that can
be returned at a given time, we initially manually downloaded
the 70 most recent qualifying threads from each subreddit on
December 21, 2023. Threads that did not mention scarring or
only mentioned scars in a metaphorical context were marked
for removal from the dataset. Following removal of posts and
comments that did not meet the study’s search criteria, a total
of 449 posts and comments from the transmasculine subreddit
and 155 posts and comments from the transfeminine subreddit
were coded.

Based on the concept of information power, an alternative to
data saturation, no further threads were downloaded after the
initially extracted posts because analyzed threads were
information-dense, sometimes with hundreds of relevant
comments; Furthermore, the study had a focused goal to
examine effects of scarring among TGD people that was fulfilled
by the initial analysis [22,23].

Data Analysis
We performed inductive thematic analysis, as described by
Braun and Clarke [24], by applying a nonpositivist “big Q”
approach that acknowledged reflexivity and aimed at interpreting
the qualitative data. The study team consisted of 3 authors,
including 2 cisgender women and a nonbinary person; all
members of the study team also identified as queer, a person of
color, or both.

Before coding, each post and comment included in the analysis
was assigned a row in a spreadsheet. Codes were then assigned
to each row in this spreadsheet. Two authors then independently
coded the first 14 posts and related comments in each dataset
on their own copy of the spreadsheet, at which point both
authors believed that they understood the data sufficiently to
develop an initial codebook. The codes were then reviewed
jointly by both authors to remove duplicated codes and combine
the rest of the codes until consensus was reached on a working
codebook. During the discussion process, the coders used

reflexivity practices, such as reflecting on potential personal
biases and verbalizing any assumptions made during coding.

The remainder of the threads was then coded by 1 author using
the working codebook, amending the codebook as necessary.
Coding also involved noting the type of scar in each post and
comments to contextualize the results. The senior author
provided clinical perspectives and critical suggestions
throughout coding. Through discussion with the senior author,
the coders organized the codes into a set of 6 overarching
themes.

Ethical Considerations
The transfeminine and transmasculine subreddits, including all
threads analyzed, are located within the public domain. On the
Reddit platform, users are identified only by usernames, which
are generally not connected to any identifying information.
During the coding process as well as in this article, all user data
were completely deidentified, with no usernames recorded. This
study received a “Not Human Subjects Research Determination”
from the Harvard Longwood Area Institutional Review Board
because the authors are not able to ascertain the identities of the
users whose posts are included in the analysis. To further
preserve user anonymity, quantitative data are only presented
in aggregated form, and we have conducted slight and judicious
rephrasing of quotes while preserving meaning to prevent the
original posts from being retrieved [25].

Results

Types of Scarring
Among posts and comments in the transmasculine subreddit,
mastectomy scars were highly represented, comprising 75.3%
(338/449) of posts and comments. Second to mastectomy scars
were scars due to testosterone injection, comprising 17.4%
(78/449) of posts and comments. These 2 types of scars
represented a combined total of 92.6% (416/449) of all posts
and comments in the transmasculine subreddit (Table 1).

Table . Types of scars in the transmasculine subreddit.

Count (n=449), n (%)Type of scars

338 (75.3)Mastectomy scars

78 (17.4)Scarring due to testosterone administration

5 (1.1)Self-harm scars

15 (3.3)Other scars unrelated to gender-affirming care

8 (1.8)Other scars related to gender-affirming care

In comparison with the transmasculine subreddit, sources of
scars discussed on the transfeminine subreddit were more
divergent. Self-harm scars (38 posts and comments, 24.5%),
scarring due to hair removal procedures (29 posts and comments,
18.7%), and scarring due to estrogen administration (24 posts
and comments, 15.5%) were the most common types of scars

discussed. Scarring that is directly attributed to gender-affirming
procedures comprised a majority of the threads (86/155, 55.5%),
with a broad variety of both surgical and nonsurgical procedures
mentioned, including hair removal, vaginoplasty, breast
augmentation, facial feminization surgery, orchiectomy, and
genital tucking (Table 2).
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Table . Types of scars in the transfeminine subreddit.

Count (n=155), n (%)Scar type

38 (24.5)Self-harm scars

29 (18.7)Scarring due to hair removal procedures

24 (15.5)Scarring due to estrogen administration (eg,
patches and injection)

11 (7.1)Orchiectomy scars

9 (5.8)Vaginoplasty scars

8 (5.2)Acne scars

6 (3.9)Stretch marks

13 (8.4)Other scars related to gender-affirming care

17 (10.9)Other scars unrelated to gender-affirming care

Qualitative Themes
Five overarching themes describing various experiences with
scarring emerged through inductive thematic analysis: (1)
concerns about physical outcomes related to scarring; (2)

psychological distress related to scarring; (3) societal perceptions
of scarring; (4) strategies to prevent, conceal, and minimize
scarring; and (5) positive experiences with scarring. All 5 themes
were identified in both subreddits and both in and beyond the
context of gender-affirming care procedures (Table 3).
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Table . Frequencies of codes and themes identified.

r/MtFb (n=165), n (%)r/FtMa (n=551), n (%)Themes and subthemes

62 (35.8)83 (14.4)Theme 1: concerns about physical outcomes re-
lated to scarring

19 (11)6 (1)Interference of pre-existing scars with gender-
affirming care

7 (4.1)20 (3.5)Desire for specific scar appearance

0 (0)15 (2.6)Period of decreased mobility due to scarring

2 (1.2)7 (1.2)Scar sensitivity

9 (5.2)7 (1.2)Scar tissue build-up due to nonsurgical gender-
affirming care

0 (0)13 (2.2)Hormone absorption on scars

1 (0.6)9 (1.5)Heterogeneity in scar healing

12 (6.9)2 (0.3)Scar evolution

12 (6.9)4 (0.7)Encouraging communication with physician re-
garding physical health concerns related to scar-
ring

28 (16.2)19 (3.3)Theme 2: psychological distress related to scar-
ring

5 (2.9)1 (0.2)Anxiety about increased predisposition to scar-
ring

9 (5.2)6 (1.0)Anxiety about possible scar appearance

3 (1.7)5 (0.8)Hesitation to pursue gender-affirming care due
to worries regarding scar permanence

6 (3.4)7 (1.2)Negative body image due to scarring

5 (2.8)0 (0)Scars as source of gender dysphoria

2 (1.2)131 (22.8)Theme 3: societal perceptions of scarring

2 (1.2)20 (3.5)Fear of identity revelation due to gender-affirm-
ing care scars

0 (0)14 (2.4)Transphobic views of scarring as mutilation

0 (0)97 (16.8)Exaggerated representations of scarring

62 (35.8)260 (45.2)Theme 4: strategies to prevent, conceal, and
minimize scarring

0 (0)6 (1.0)Inquiry for scar prevention advice

11 (6.3)9 (1.5)Sharing scar prevention experience

3 (1.7)6 (1.0)Inquiry for scar care advice

3 (1.7)27 (4.7)Uncertainty about scar care due to poor commu-
nication from gender-affirming care clinician

0 (0)24 (4.2)Sharing scar care experiences

3 (1.7)31 (5.4)Scar concealment with clothing

1 (0.6)5 (0.8)Tattooing scars

2 (1.1)19 (3.3)Lasering scars

33 (19.1)72 (12.5)Concealing gender-affirming surgery scar origin

5 (2.9)55 (9.6)Scar revision surgery

1 (0.5)6 (1.0)Encouraging communication with physician re-
garding preventing, concealing, and minimizing
scarring

19 (10.9)82 (14.3)Theme 5: positive experiences with scarring
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r/MtFb (n=165), n (%)r/FtMa (n=551), n (%)Themes and subthemes

1 (0.5)57 (9.9)Preference for gender-affirming care despite
scarring

10 (5.7)1 (0.2)Low visibility of scars

0 (0)9 (1.57)Scar improvement over time

8 (4.6)15 (2.61)Acceptance of and pride in scarring

ar/FtM: transmasculine subreddit.
br/MtF: transfeminine subreddit.

Theme 1: Concerns About Physical Outcomes Related
to Scarring
Posts discussed physical health concerns related to existing or
future scars that were both related and unrelated to
gender-affirming care (Table 4). Posts discussed the physical
health implications of scarring, such as how to manage
scarring-related complications, what the expected course of
recovery and outcomes of scarring are, and whether scarring
would make them ineligible for certain gender-affirming
procedures. Many asked for advice on how to treat scars

following gender-affirming surgery due to lack of effective
communication from their care teams, which sometimes resulted
in divergent responses. Posts shared concerns regarding the
impact of pre-existing scars on eligibility, feasibility, and
effectiveness of gender-affirming care. Posts also expressed
concern that scarring near treatment sites for gender-affirming
surgery or hormone therapies may render the treatment not
physically feasible or effective for them. Posts also described
users’ experiences of and asked for advice regarding severe
scarring due to improper technique administering
gender-affirming hormones with injections or patches.

Table . Concerns about physical outcomes related to scarring.

Selected quotesSample codes

Desire for specific scar appearance • The shape I prefer for my own operation is scars straight across.
[Transmasculine subreddit, mastectomy scars]

Period of decreased mobility due to scarring • I couldn’t stay after returning to my old job because even after 8
weeks I couldn’t handle the heavy lifting. I still can’t do it. I am un-
employed right now and the scars are making it harder to find a job.
[Transmasculine subreddit, mastectomy scars]

• Don’t move your arms or carry heavy objects for several weeks or
months because this can stretch out the scars. [Transmasculine sub-
reddit, mastectomy scars]

Scar tissue build-up due to nonsurgical gender-affirming care (eg, gender-
affirming hormones patches and gender-affirming hormones injections)

• I’ve been using hormone patches for about 5‐6 months now. I always
shave and clean the area before application, but no matter how I
take off the patches, it causes bleeding and scarring. I don’t know
what to do. I’m almost out of safe areas to apply the patches because
of the scar tissue. [Transfeminine subreddit, scarring due to estrogen
administration]

Interference of pre-existing scars with gender-affirming care • Will having scars on my chest make it hard for me to get top surgery
in the future? I have some scars on my chest below my collarbones.
These scars aren’t severe, but I’m worried they could cause problems.
[Transmasculine subreddit, mastectomy scars]

• I have many scars on the front of my thighs, which are not wounds.
Would this affect testosterone absorption at all? [Transmasculine
subreddit, unspecified scars unrelated to gender-affirming care]

Theme 2: Psychological Distress Related to Scarring
Before receiving gender-affirming care, posts expressed anxiety
regarding the appearance, visibility, and permanence of scars
that may result from these procedures (Table 5). Specifically,
users expressed anxiety about uncertainty and heterogeneity in

scarring outcomes and changes in scar appearance over time,
and some posts expressed that users had increased desire for
visible scarring. Posts sometimes specified that concern and
confusion about scarring outcomes had resulted from poor
communication from a gender-affirming surgeon or other
clinician.
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Table . Psychological distress related to scarring.

Selected quotesSample codes

Anxiety about possible scar appearance • But I started thinking, what if the surgery pulls at my skin or some-
thing else goes wrong and I get some outer scar? [Transfeminine
subreddit, vaginoplasty scars]

• I am currently waiting for my top surgery to be scheduled. My
physician said my scar will be a little rounded with the cuts. I am
worried that the scar might be too rounded, and I won’t like the ap-
pearance. [Transmasculine subreddit, mastectomy scars]

• I wanted to know about scar placement and nipple placement, if he’s
worried about dog ears or if I might need revision later, but he talks
so fast I could barely get a word in or process everything he was
telling me. [Transmasculine subreddit, mastectomy scars]

Negative body image due to scarring • I hate almost everything about my body: My face is too masculine
and I hate the scars I’ve given myself. [Transfeminine subreddit, self-
harm scars]

• I think I have the unluckiest batch of genes yet… 7’8,” looks like
Kaiser Wilhelm II, and a boxy face with scars. [Transfeminine sub-
reddit, unspecified scars unrelated to gender-affirming care]

• I love showers, so dreading them because I have to see my scars only
made me more upset. [Transmasculine subreddit, mastectomy scars]

Theme 3: Societal Perceptions of Scarring
When exchanging advice regarding scar care and concealment,
many posts mentioned users’ motivations for altering scar
appearance to improve social acceptance, representing the third
theme of the threads (Table 6). While many motivations were
internal, like those mentioned in the previous theme, some posts
described motivations related to societal perceptions of scarring.

Specifically, posts shared concerns about being
“clocked”—recognized as TGD—due to prominent surgery
scars. Some posts also expressed concerns about receiving
transphobic comments that characterize their gender-affirming
surgery scars as evidence of self-mutilation, as well as general
aversion among family, friends, and community members
toward scars of any origin.

Table . Societal perceptions of scarring.

Exemplary quotesSample codes

Fear of identity revelation to other people due to gender-affirming care
scars

• Does anyone have any tips about what I could say if someone clocked
the scars on my vagina or clocked me in general? Even though I be-
lieve I’m stealth, I still worry a lot that I’ll get clocked wherever I
go. [Transfeminine subreddit, vaginoplasty scars]

• I am having top surgery soon, and I’m super excited for it, but I’m
really not looking forward to having visible scars. I don’t want to
get clocked by people, especially with trans scars becoming more
recognized. [Transmasculine subreddit, mastectomy scars]

Transphobic views of scarring as mutilation • My mother says I’m paying thousands of dollars to mutilate myself.
[Transmasculine subreddit, mastectomy scars]

• My entire family is vehemently against “mutilating” a healthy body
part. [Transmasculine subreddit, mastectomy scars]

Theme 4: Strategies to Prevent, Conceal, and Minimize
Scars
Users made posts and comments exchanging advice on topics
surrounding changing the appearance of scars—both related
and unrelated to gender-affirming care, which represents the
fourth theme of the threads (Table 7). Oftentimes, posts shared

and asked for advice on scar care techniques that reduced and
concealed scarring. Specifically, many users on the
transmasculine subreddit exchanged advice for mastectomy scar
aftercare so that the healed scar lines would be aesthetically
pleasing or minimally visible. Various posts also discussed ways
to conceal scarring. Popular methods for concealing a variety
of scars included tattoos (especially over mastectomy scars),
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make-up, body hair, clothing, and laser treatments for scar revision.

Table . Strategies to prevent, conceal, and minimize scars.

Exemplary quotesSample codes

Sharing scar prevention experience and advice • I was advised to wear a binder or ace bandages to help keep the chest
shape in line. [Transmasculine subreddit, mastectomy scars]

• After surgery, do not carry heavy objects for several weeks or months
as that can stretch out the scars. [Transmasculine subreddit, mastec-
tomy scars]

Scar concealment with clothing • I have a scar on my chest that I hate showing off. Are there any bras
out there that cover up the sternum? [Transfeminine subreddit, other
scars related to gender-affirming care]

Tattooing scars • Does anyone know how long you should wait until you can tattoo
your top surgery scars? If anyone has tattoos on their scars, how
was it? Any advice would be great, thank you. [Transmasculine sub-
reddit, mastectomy scars]

• I lost a lot of definition and pigment during healing, and I think I
would be happier with my nipples if they were enhanced by a tattoo
artist. [Transmasculine subreddit, mastectomy scars]

Concealing gender-affirming care scar origin • If they ask what your scars are, you could say you had gynecomastia,
which is where a biological male grows breast tissue due to a hor-
mone imbalance. You could say you had weight loss surgery.
[Transmasculine subreddit, mastectomy scars]

Theme 5: Positive Experiences Related to Scarring
Despite expressing negative views about scarring, posts
communicated a strong preference for scarring over the
alternative of not receiving gender-affirming care (Table 8).
Although many posts expressed frustration at the failure of
modern surgical and dermatologic techniques to eliminate
scarring, no posts in the sample describe regretting receiving

gender-affirming care. Some posts reported satisfaction with
scar appearance and even expressed acceptance of and pride in
scars. A few posts in the transmasculine subreddit described
associating scarring with masculinity and finding scars to be a
source of gender euphoria. Some users shared that they viewed
scarring as a valuable part of the TGD experience or described
scarring as a source of bonding over shared experience within
TGD communities.

Table . Positive experiences related to scarring.

Selected quotesSample codes

Preference for gender-affirming care despite scar visibility • Obviously, the presence of scars is preferable to having dysphoria.
[Transmasculine subreddit, mastectomy scars]

• I know I am very privileged to be able to get top surgery, and I would
definitely rather have scars than not have surgery. [Transmasculine
subreddit, mastectomy scars]

Scar improvement over time • Just know that most scars fade really well, especially after 3+ years.
[Transmasculine subreddit, mastectomy scars]

• My skin has come back from some pretty bad times with scarring
before and even though I still relapse a bit it does give me hope that
my skin is capable of clearing up again eventually. [Transmasculine
subreddit, other scars unrelated to gender-affirming care]

Acceptance of and pride in scarring • I refuse to be ashamed of my suicide scars, and I believe you’ll have
the power to dismiss the bad feelings about your scars one day, too.
[Transfeminine subreddit, scarring due to suicide attempt]

• I love the connection I feel with other trans people, especially other
transmascs, when we compare surgical scars, share resources, and
share old garments or pillows that we don’t need anymore. [Trans-
masculine subreddit, other scars related to gender-affirming care]
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Discussion

Principal Findings
TGD people are at increased risk of having scars from a variety
of causes, both related and unrelated to gender-affirming care.
Some TGD people see their scars as a physical representation
of their resilience and authentic journey, while for other TGD
people, scarring presents a psychosocial burden.

This study shows that scars may generate stress and anxiety for
TGD people in various ways. Most directly, many TGD people
experience stressful physical health concerns related to scarring.
These include but are not limited to (1) how to properly care
for scars; (2) how to administer gender-affirming interventions,
such as gender-affirming hormones or hair removal, in a manner
that minimizes injury and scarring; and (3) whether scarring
and associated injuries may render certain gender-affirming
procedures infeasible for them to pursue.

The prevalence of these concerns highlights a need for safer,
standardized scar care procedures. A variety of scar care
strategies, many of which have not been clinically validated
and some of which may not be safe or effective, were exchanged
on the subreddit. Furthermore, posts expressed frustration and
stress regarding the divergent nature of recommendations that
users obtained on the internet, from peers, and from their care
teams.

In addition, clinicians should fully and clearly address potential
physical health concerns related to scarring, such as how to
administer gender-affirming interventions in a safe manner that
minimizes scarring, and how pre-existing scars may impact
eligibility for subsequent gender-affirming treatments. Beyond
creating psychological distress for TGD people, suboptimal
communication with care teams may contribute to adverse
physical consequences, as some posts reported experiences of
severe scar tissue build-up and scar infection.

Aside from physical health concerns, posts also shared concerns
about scar shape and visibility. These concerns stemmed from
both internalized sources, such as negative body image and
gender dysphoria due to scarring, and external sources, such as
transphobic reactions from other people against physical scars
[26].

In a number of instances, posts attributed these concerns to
suboptimal communication with the TGD person’s care team.
In particular, posts shared experiences of clinicians providing
inadequate information on scarring outcomes and scar care
procedures. Users also reported not having the opportunity or
the comfort to ask questions. Specific obstacles to effective
communication with care teams included clinicians who spoke
too quickly or unclearly, who were not accessible outside of
appointments, and who were dismissive of concerns. These
findings are consistent with published literature that found that
the providers who were most positively reviewed by TGD
patients had in-depth clinical knowledge of gender-affirming
care [27], which is demonstrated at least in part by adequately
explaining interventions and addressing any patient concerns.

Several posts described anxiety due to uncertainty about how
to deal with scarring and interest in hearing peer advice about
gender-affirming procedure selection and scar minimization
strategies. In addition to providing accounts of personal
experiences, commenters on these posts frequently offered
words of encouragement and support. Interactions on the
subreddits, despite the large number of posts and anonymity,
were almost always positive. These findings are consistent with
previous literature characterizing how the lived experience of
peers is key in facilitating decision-making and providing social
support for TGD people undergoing gender-affirming care [28].

While the majority of posts mentioned the impact of scarring
on self-perception, some posts also cited external stressors, such
as stigma against scars and gender-affirming care scars as a
potential obstacle to identity concealment. Several posts
expressed that the permanence and visibility of scarring was a
deterrent to pursuing gender-affirming care. Other posts stated
that family members or friends refused to support pursuing
gender-affirming care due to the scarring that the treatments
might cause, specifically mentioning transphobic comments
that associated scarring from gender-affirming surgery with
“mutilation.”

Importantly, potential negative psychosocial consequences of
scarring from gender-affirming care are not a valid argument
against providing gender-affirming interventions. Many posts
explicitly prefaced their negative sentiments toward scarring
with a strong desire for receiving gender-affirming interventions
over not having the scars. Posts primarily described frustration
at the limitations of current treatment techniques in minimizing
scarring, and sometimes also at the lack or the cost of
scar-minimizing treatments. The negative psychosocial impacts
of scarring documented in this study highlight the necessity for
continued improvement in scar-minimizing procedures.

Finally, several posts did not share negative views of scarring,
described satisfaction with scar outcomes, or expressed finding
their scars to be either a source of gender euphoria or a way to
bond with other TGD people. These findings suggest that
preferences for scar visibility and appearance are heterogeneous
and influenced by a complex interplay of psychosocial factors,
similar to TGD people’s diverse desires and priorities with
regard to different types of gender-affirming interventions [29].

Limitations
This study is limited by a Reddit-based sample of experiences
that may not be representative of the experiences of all TGD
people. Reddit users are predominantly white young adults
based in the United States [30]. Furthermore, certain themes
may be overrepresented or underrepresented as a consequence
of the Reddit algorithm, which may boost certain types of
threads to the forefront of users’ pages and thus result in these
topics receiving disproportionate attention within the sample
of threads analyzed in this study.

The majority of posts analyzed in this study expressed negative
or neutral experiences with scarring. A growing body of
literature suggests that a significant portion of TGD people may
take pride in their scars and even derive gender euphoria from
them [31]. Although it has been well-established that TGD
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people have diverse body goals, many of which may not involve
passing as cisgender, these sentiments were underexpressed in
the data analyzed in this study, potentially because people who
have negative experiences related to scarring are more likely to
seek out the subreddit to vent or ask for advice. Thus, the
prevalence results should be considered in the context of the
limitations of analyzing organically occurring data.

Overall, this exploratory study suggests that there can be
significant negative psychological impacts associated with
scarring from various sources among TGD people. Future
research ought to focus on further analyzing psychosocial
experiences associated with specific types of scarring mentioned
in this study in order to gain greater depth of understanding and
develop effective scar treatment options.

Conclusions
TGD people on Reddit describe a wide variety of experiences
with scarring. TGD people discussed scars secondary to
gender-affirming care interventions, such as mastectomy and

hair removal, and scarring not explicitly related to
gender-affirming care, as in instances of self-harm and acne.
Some TGD people expressed acceptance of and appreciation
for their scars; for other TGD people, scarring represented a
significant source of psychosocial stress. Internally, scarring
may trigger complex feelings of gender dysphoria and trauma;
externally, scarring may present an obstacle to identity
concealment and render TGD people vulnerable to
stigmatization and transphobic hostility.

These concerns underscore the need for improvement of scar
minimization procedures and standardization of safer and
culturally responsive scar care. Reddit threads also highlight a
need for clearer and more thorough communication from
gender-affirming care teams, as well as the potential positive
impact of TGD peers in facilitating decision-making and
providing social support. Future studies should analyze the
psychosocial impacts of specific types of scarring among TGD
people with greater depth to better inform medical innovation
and health care policy.
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