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Abstract

Background: Cellulitisisabacterial skin infection that tends to recur. Previous studies have identified several risk factors that
may contribute to its pathogenesis. Obesity isan increasingly prevalent worldwide disease that has been associated with skin and
soft tissue infections.

Objective: Theam of our systematic review and meta-analysis was to investigate the association of cellulitis with obesity.

Methods: The Ovid MEDLINE, Embase, Cochrane Central Register of Controlled Trials, and Web of Science databases were
searched for the relevant studies from the inception of each respective database to March 13, 2021. Case-control, cross-sectional,
or cohort studies that examined the odds or risk of increased BMI in patients with cellulitiswere included. This study was carried
out in accordance with the PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) guidelines. The
Newcastle-Ottawa scale (NOS) was used to evaluate the risk of biasin included studies.

Results: Intotal, 9 case-control studies wereincluded in our quantitative meta-analysiswith atotal of 68,148 study participants.
A significant association was found between cellulitis and obesity (pooled oddsratio [OR] 2.67, 95% Cl 1.91-3.71). No significant
association was observed between cellulitis and being overweight (pooled OR 1.69, 95% CI 0.99-2.88). Patients with cellulitis
were also found to have 1.63-fold increased odds of being male (pooled OR 1.63, 95% Cl 1.12-2.38).

Conclusions: Our findings suggest that cellulitis is significantly associated with obesity. Maintaining a healthy BMI may be
indicated for patients presenting with cellulitis.

(JMIR Dermatol 2024;7:€54302) doi: 10.2196/54302
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warmth, edema, and pain, in addition to systemic symptoms
such as the acute onset (typically within 48 hours) of fever or
Cellulitis is an acute skin infection commonly caused by the Cills. The severity of cellulitis varies widely, ranging from a
gram-positive bacteria Saphylococcus aureus and Streptococcus  WelI-demarcated erythematous area on the skin with raised
species[1]. Cellulitis resultsfrom the entry of bacteriathrough ~ Porderstoarapidly spreading erythemaand possible sepsis[3].
abreached epidermis into the dermal and subcutaneous layers 1€ former definition is widely known s erysipelas and is

of the skin, causing an infection that most frequently affectsthe  @9ued to be a more superficia type of cellulitis. Previous
lower limb, but may involve any part of the body [2]. The studies have shown that recurrent cellulitisis common, with up

clinical findings that characterize cellulitis include erythema, [0 35%-49% of patients with cellulitis reporting a previous
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history of cellulitis[4,5]. Several local and general risk factors
that may contribute to the devel opment of primary and recurrent
cellulitis have been studied, the most prevalent ones being
disruption of the skin barrier (such as ulcers, trauma, infection
of the toe webs, and dermatomycosis), lymphedema,
saphenectomy, history of cellulitis, varicose veins, alcohol
abuse, cardiovascular disease, smoking, diabetes, and
malignancy [4-12].

Obesity isbecoming increasingly prevalent, with over 1.9 billion
adults worldwide considered overweight, and of those, 650
million people considered obese [13]. Obesity has been
associated with an increased risk of systemic diseases such as
cardiovascular disease, type 2 diabetes mellitus, and cancer, as
well asinfections, particularly of the skin and soft tissue[14-18].
Given the global popularity of various physical exercise
programs, it is reasonable to consider the role of physical
exercise in decreasing adipose tissue, thereby potentially
decreasing the risk of such diseases, including skin and
soft-tissue infections [19]. There have been severa proposed
mechanisms to explain the role by which increased adipose
tissue in obese individuals leads to their susceptibility to
infections. Oneisthat adipose tissue exertsimmunosuppressive
effects on the body through key adipokines, and another is that
impeded lymphatic flow causes increased bacterial growth,
decreased tissue oxygenation, and lymphedemacommonly seen
in individuals with high BMI [20-22].

There remains some controversy regarding whether systemic
factors, such as obesity, play a significant role in the
development of cellulitis. Several previous studies have reported
no significant association between cellulitis and increased BMI
[8,9]; however, other recent studies demonstrate that patients
with cellulitis are more likely to be overweight or obese
[5,6,10,11]. In 2016, Quirke et a [23] analyzed therisk factors
for cellulitis of the lower limbs and found a significant
association between being overweight or obese and having
cellulitis. However, their review included patientswho are obese
into their definition of overweight, which may have skewed the
association between being overweight and cellulitis toward a
more positive direction. As new studies reporting on cellulitis
have emerged in the past 5 years [6,10,11], we am to
incorporate the current literature into our analysisto determine
whether there is a significant association between cellulitis and
obesity. In addition, we aim to explore the potential mechanisms
that underlie the association between skin infections and
increased BMI and identify possible risk factors that may
contribute to the development of cellulitis, such as previous
history of skin infections and associated pathogens.

Methods

Overview

We conducted a systematic review and meta-anaysis of
observational studies (including case-control and cohort studies)
on the association of cellulitisand obesity. This study was done
in accordancewiththe PRISMA (Preferred Reporting Itemsfor
Systematic Reviews and Meta-Analyses) guidelines [24].

https://derma.jmir.org/2024/1/e54302
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The Ovid MEDLINE, Embase, Cochrane Central Register of
Controlled Trials, and Web of Science databases were searched
for the relevant studies from the inception of each respective
database to March 13, 2021. No geographic or language
restriction was imposed on our search. Our search strategy is
detailed in Table S1 in Multimedia Appendix 1.

Study Selection

Included studies met the following criteria: (1) observational
studies examining the association of cellulitis and BMI,
including cross-sectional, case-control, or cohort studies; (2)
studies including overweight (25 to 29.9 kg/m? or >120% of
the ideal weight as calculated by Lorentz formula) or any class
of obesity including class | (30 to 34.9 kg/m?), class Il (35to
39.9 kg/m?), or class Il (=40 kg/m?); (3) the case group was
composed of patients with acute or recurrent cellulitis and the
control group was composed of individuals without acute or
recurrent cellulitis; and (4) the study contained control groups
of n>3.

Excluded studies met the following criteria: (1) studies with
nonhuman participants, (2) studies not availablein English, (3)
conference abstracts with no corresponding full-text paper, and
(4) studies with case patients who developed cellulitis as a
postoperative complication of surgery. Authors MW and KT
independently screened the search results to assess their
digibility by reading thetitles and abstracts of all citations. Full
texts of potentially eligible studies and studies that met the
inclusion criteria were read by both authors. Disagreement
regarding the eligibility of a study was resolved by a third
author, WG.

Data Extraction and Risk of Bias Assessment

We extracted the following datafrom the included studies: first
author, year of publication, country, study design, diagnosis
method of cellulitis, selection criteria of cases and controls,
location of cellulitis, definition of obesity/overweight, cultured
microbes, and alcohol usage. Quantitative data that were
extracted include total number of participants, number of cases
and controls, age of participants, percentage of femae
participants, and univariate and multivariate odds ratios (ORS)
with 95% CI on the association of cellulitis with obesity. We
used the Newcastle-Ottawa scale (NOS) to assess the risk of
biasinincluded studies [25].

Statistical Analysis

A pooled OR on the association between cellulitis and obesity,
being overweight, as well as sex prevalence, were calculated
and depictedin forest plotsusing the Review Manager software
(version 5.4; Cochrane) [26]. Raw patient data were used to
calculate available unadjusted pooled ORs. A random effects
model of Mantel-Haenszel was used for the OR due to high

heterogeneity, as determined by 12 values greater than 50%.
Calculationsfor pooled multivariate ORswere cal culated using
an inverse variance method that included adjusted ORs with a
random effects model as determined by the 12 degree of
heterogeneity. All calculations were performed with a 95% ClI.
P values less than .05 were considered significant.
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Results

Search Results

The PRISMA study flow chart isshown in Figure 1. Our search
yielded 1342 citations after removing duplicates. An additional
1266 citations were excluded after reading titles and abstracts.
After assessing 76 full-text studies, we excluded 66 studies due
to reasons, such as studies not meeting our inclusion criteria
(n=50), studies containing confounding factors (n=10), studies

Taraetd

not providing raw data (n=3), and studies grouping cellulitis
together with other skin and soft tissueinfections (n=3). A study
by Roujeau et a [12] contained adequate patient data for
analysis but was ultimately not included in the quantitative
meta-analysis for overweight as it did not meet the inclusion
criteria of overweight, which is defined as BMI >25 and <30
kg/m?. The study did not include data on obesity. A total of 8
studies were ultimately included in our meta-analysis on
cellulitis and obesity, and 9 studies were included in our
meta-analysis on cellulitis and sex.

Figurel. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) study flow chart. SSTI: skin and soft tissue infection.
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Characteristics of Included Studies

A summary of the characteristics of included case-control
studies is listed in Table 1. Our meta-analysis incorporated 9
case-control studies consisting of 68,148 total participants. Out
of the total, 37,303 participants were patients with cellulitis,
and 30,845 participantswereindividual swho served as controls.
In total, 5 studies used controls matched for age and sex; 2
studies used controls matched for age, sex, and location; and 2
studies used controls matched for age, sex, location, and timing
of case. In addition, 6 studies used hospitalized patients as

https://derma.jmir.org/2024/1/e54302

controls, 2 studies used community controls, and 1 study had
no description regarding controls. The majority of studies used
clinical findings to identify case patients except for 1, which
used the ICD-10 (International and Satistical Classification
of Diseases, Tenth Revision) codes. A total of 7 studies
examined cellulitis solely located on the lower limbs. The study
locationsincluded Africa(n=2), Australia(n=1), Europe (n=5),
andtheMiddle East (n=1). Additional characteristics of included
case-control studies can be found in Table S2 in Multimedia
Appendix 2.
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Table 1. Characteristics of included case-control studies including study design, description of case and control groups, and odds ratios [4-12].

Source Study design  Case group patients Control group patients OR®(95%
Cl)
Total Overweight, n Obese, n  Total Overweight, n Obese, n
Dupuy et al 1999 Case-control 167 patients 68 _b 294 hospital con- 97 — 1.39 (0.94-
[7 with celluli- trols matched for 2.07)
tis (80 fe- age, sex, and hospi-
malesand 87 tal (140 females
males) and 154 males)
Roujeau et a Case-control 243 patients 152 — 467 hospital con- 174 — —
2004 [12] with celluli- trols matched for
tis (50:50 age, gender, hospi-
M/FS) tal, and date of ad-
mission (50:50
M/F)
Mokni et al 2006 Case-control 114 patients 64 — 208 hospital con- 89 — 1.71 (1.08-
[9] with celluli- trols matched for 2.71)
tis (1.6 M/F) age, sex, and hospi-
tal (79 femalesand
129 males)
Bjornsddttir et al  Case-control 100 patients 37 39 200 hospital con- 86 36 291 (1.70-
2005 [4] with celluli- trols matched for 5.00)
tis (29 fe- age and sex
malesand 71
males)
Halpern et a Case-control 150 patients — 47 300 ageand sex- — 70 1.50 (0.97-
2008 [8] with celluli- matched controls 2.32)
tis (78 fe- (156 females and
malesand 72 144 males)
males)
Karppelinet a Case-control 90 patients — 37 90 community — 15 3.49 (1.74-
2010[5] with celluli- controls matched 7.00)
tis(32fe- for age and sex
malesand 58
males)
Nassgji etal 2016 Case-control 102 patients 37 20 102 community 17 1 24.63
[10] with celluli- controls matched (3.24-
tis (38 fe- for age and gender 187.45)
malesand 64 (35femalesand 67
males) males)
Njimeta 2017 Case-control 61 patients — 27 122 hospital con- — 21 3.82 (1.92-
[11] with celluli- trols matched for 7.62)
tis (40 fe- ageand sex (80 fe-
malesand 21 males and 42
males) males)
Cannon et a Case-control 36,276 pa — 1192 29,062 hospital — 401 3.06 (2.73-
2018 [6] tientswith controls matched 3.43)
cellulitis for age, sex, loca
tion (postcode),
and timing of with-
in 1 month of case
80R: odds ratio.
BNot applicable.

M/F: male to female sex ratio.

Risk of Bias of Included Studies

Overall, al 9 studies were rated as low risk of bias according
to the NOS. Of the 9 included case-control studies, 8 studies
were listed as high risk in ascertainment of exposure. The main
reason underlying a high risk in ascertainment of exposure was

https://derma.jmir.org/2024/1/e54302
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that most studies did not include a description regarding how
obesity statuswas ascertained among study participants beyond
areporting of ICD codes. In total, 7 case-control studies were
listed as high risk of bias in the definition of controls because
there was no description regarding the history of disease

JMIR Dermatol 2024 | vol. 7 | €54302 | p. 4
(page number not for citation purposes)


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

JMIR DERMATOLOGY

(cellulitis). Inaddition, 7 of 9 included case-control studieswere
listed as high risk in the selection of controls due to the use of
hospital controls. Werated the study by Cannon et al [6] ashigh
risk in the adequacy of case definition because ICD diagnosis
codeswere used to define the case group. All other studiesused
clinicians to independently validate the definition of case

Taraetd

patients. Finally, we rated the study by Karppelin et al [5] as
high risk in nonresponse rate because the respondent rate
differed between the case group and control group. The risk of
bias in included case-control studies is summarized in Figure
2.

Figure 2. Risk of bias of included case-control studies [4-12]. A green dot denotes low risk of bias and ared dot denotes high risk of bias.
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Univariate Pooled Odds Ratio of Cdllulitis With
Obesity

Pooling data from 7 case-control studies, our meta-analysis
demonstrates a significant association between cellulitis and

https://derma.,jmir.org/2024/1/€54302
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obesity (pooled OR 2.67, 95% CI 1.91-3.71; Figure 3). With
the exception of Halpern et a [8], 6 case-control studies showed
a significant association between cellulitis and obesity. There
was considerable statistical heterogeneity across all 8 studies

(1%=70%).
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Figure 3. Forest plot on the association of cellulitis with obesity [4-6,8-11]. M-H: Mantel-Haenszel.

Cellulitis Control Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Bjornsdottir 2005 39 100 36 200 15.0% 2.91[1.70, 5.00) e
Cannon 2018 1192 29062 401 29062 24.3% 3.06[2.73,3.43) =
Halpern 2008 47 150 70 300 17.5% 1.50[0.97, 2.32] [~
Karppelin 2009 37 90 15 a0 11.9% 3.49[1.74,7.00] —
Mokni 2005 64 114 89 208 16.9% 1.71[1.08, 2.71] —
MNassaji 2016 20 102 1 102 2.4% 24.63[3.24,187.45]
Njim 2017 27 61 21 122 12.0% 3.82[1.92,7.62) —
Total (95% CI) 29679 30084 100.0% 2.67[1.91,3.71] ‘
Total events 1426 633
Heterogeneity: Tau®= 0.11; Chi*=19.83, df= 6 (P = .003); F=70% 001 01 10 100

Test for overall effect: Z= 5.80 (P = .001)

A separate meta-analysis was conducted on the 6 case-control
studiesthat used BMI to identify patientswho were overweight
and obese. The study that was excluded, Mokni et a [9], used
Lorentz formula (>120% of ideal body weight) to identify

Favours Control Favours Cellulitis

patients with obesity. In this subgroup analysis, we identified
increased odds of obesity in association with cellulitis (pooled
OR 2.91, 95% CI 2.04-4.14; Figure 4). Substantial statistical

heterogeneity was found across the 6 studies (12=66%).

Figure 4. Forest plot on the association of cellulitis with obesity excluding studies using Lorentz formula[4-6,8,10,11]. M-H: Mantel-Haenszel .

Cellulitis Control Odds Ratio Odds Ratio

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl Year M-H, Random, 95% CI
Bjornsdattir 2005 39 100 36 200 18.0% 2.91[1.70, 5.00] 2005 —
Halpern 2008 47 150 70 300 21.0% 1.50[0.97, 2.32] 2008 i
Karppelin 2009 37 90 15 90 14.1% 3.49[1.74, 7.00] 2009 —
Nassaji 2016 20 102 1 102 2.8% 24.63[3.24, 187.45] 2016
Njim 2017 27 61 21 122 14.2% 3.82[1.92, 7.62]) 2017 —
Cannon 2018 1192 29062 401 29062 30.0% 3.06 [2.73, 3.43] 2018 L]
Total (95% ClI) 29565 29876 100.0% 2.91 [2.04, 4.14] <&
Total events 1362 544

. : _ . Chit = _ _ 2 _ I 1 ' |
Heterogeneity: Tau® = 0.11; Chi* = 14.60, df = 5 (P=.01); I' = 66% o1 o1 o 100

Test for overall effect: Z = 5.91 (P < .001)

Association of Cellulitis With Being Overweight

Intotal, 4 case-control studies provided data on the association
between cdlulitis and being overweight. Out of these 4,
Bjornsdéttir et al [4] was the only study that showed no
association between cellulitis and being overweight while the

Favours control Favours cellulitis

other 3 suggested that patients with cellulitis had an increased
odds of being overweight. This meta-analysis illustrates that
there is no significant association between cellulitis and being
overweight (pooled OR 1.69, 95% CI 0.99-2.88; Figure 5).
Across the 4 studies, substantial statistical heterogeneity was

found (1°=78%).

Figure5. Forest plot on the association of cellulitis with being overweight [4,7,9,10]. M-H: Mantel-Haenszel.

Cellulitis Control 0Odds Ratio 0Odds Ratio

Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% Cl Year M-H, Random, 95% CI
Dupuy 1999 68 129 97 294 26.9% 2.26 [1.48, 3.45] 1999 —m—
Mackni 2005 64 114 89 208 26.1% 1.71[1.08, 2.71] 2005 .
Bjornsdottir 2005 37 100 86 200 25.4% 0.78 [0.48, 1.27] 2005 .
Nassaji 2016 37 102 17 102 21.7% 2.85[1.47,5.50] 2016 —
Total (95% Cl) 445 804 100.0% 1.69 [0.99, 2.88] .
Total events 206 289

. 2 _ . Chi? — _ _ = } . t {
Heterogeneity: Tau® = 0.23; Chi‘ = 13.72, df = 3 (P =.003); I = 78% o1 o1 1 o 100

Test for overall effect: Z = 1.92 (P =.05)

Association of Cellulitis With Sex

We conducted a meta-analysis on 9 case-control studies that
reported data on the association between cellulitis and sex. Of
these, 3 case-control studies found no significant association
between cellulitis and either sex, while 1 case-control study
found a significant association between cellulitis and female

https://derma.,jmir.org/2024/1/€54302
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sex. The remaining 5 case-control studies demonstrated
significantly increased odds of being male and having cellulitis.
Substantial statistical heterogeneity was observed across these
9 studies (1>=89%). When data was pooled from al 9
case-control studies, there was asignificant association between
cellulitis and male sex (pooled OR 1.63, 95% Cl 1.12-2.38;
Figure 6).
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Figure 6. Forest plot on the association of cellulitis with sex [4-12]. M-H: Mantel-Haenszel.
Male Female Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl Year M-H, Random, 95% CI
Dupuy 1999 87 167 80 167 11.7% 1.18 [0.77, 1.82] 1999 I
Roujeau 2004 122 243 121 243 12.3% 1.02 [0.71, 1.45] 2004 —
Mokni 2005 70 114 44 114 10.8% 2.53[1.48,4.31] 2005 —
Bjornsdottir 2005 71 100 29 100 10.2% 5.99 [3.25, 11.04] 2005 —_—
Halpern 2008 72 150 78 150 11.5% 0.85 [0.54, 1.34] 2008 e
Karppelin 2009 58 S0 32 90 10.2% 3.29[1.78, 6.05] 2009
Nassaji 2016 64 102 38 102 10.5% 2.84 [1.61, 5.00] 2016 _—
Njim 2017 21 61 40 61 9.0% 0.28 [0.13, 0.58] 2017 _—
Cannon 2018 21044 36376 15231 36276 13.8% 1.90 [1.84, 1.95] 2018 -
Total (95% CI) 37403 37303 100.0% 1.63 [1.12, 2.38] -
Total events 21609 15693
Heterogeneity: Tau® = 0.27; Chi* = 73.65, df = 8 (P <.001); I = 89% ?0.1 sz 0*5 ’é é 10"

Test for overall effect: Z = 2.53 (P=.01)

Multivariate Analysis on the Association of Cellulitis
With Obesity
Intotal, 6 case-control studies conducted multivariate analyses

on the association between cellulitis and obesity. There was
significant statistical heterogeneity across these 6 studies

(1=78%). Asshown in Figure 7, the meta-analysis demonstrated

Favours [female] Favours [male]

asignificant association between cellulitis and obesity (pooled
OR 1.91, 95% CI 1.08-3.39). When excluding studies that used
the Lorentz formula, we did not observe asignificant association
between cellulitis and obesity on a meta-analysis of the
remaining 5 studies (pooled OR 1.68, 95% CI 0.90-3.13; Figure

8). These 5 studies had high statistical heterogeneity (12=81%).

Figure 7. Multivariate analysis on the association of cellulitis with obesity [4-6,8,9,11]. IV: instrumental variable.

Cellulitis Control

Odds Ratio Odds Ratio

Study or Subgroup log[Odds Ratio] SE Total Total Weight IV, Random, 95% CI IV, Random, 95% CI

Bjornsdottir 2005 1.0852 0.5852 100 200 127% 2.96 [0.94,9.32] 1

Cannon 2018 0.7178 0.0607 36276 29062 255% 2.05[1.82,231] =

Halpern 2008 -0.4005 0.2632 150 300 21.3% 0.67[0.40,1.12] i

Karppelin 2009 16487 07073 90 90 10.3% 5.20[1.30, 20.80] e

Mokni 2005 0.2624 0.3945 114 208 175% 1.30 [0.60, 2.82] -1

Njim 2017 15476 05827 61 121 127% 4.70[1.50,14.73] —_—

Total (95% CI) 36791 29981 100.0% 1.91[1.08, 3.39] -

Heterogeneity: Tau?= 0.33; Chi*= 22,92, df=5 (P < .001); F= 78% 0 0 0%1 1%0 1un{

Test for overall effect: Z= 2.21 (P =.03)
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Figure8. Multivariate analysis on the association of cellulitiswith obesity excluding studiesusing Lorentz formula[4-6,8,11]. 1V: instrumental variable.

Cellulitis Control Odds Ratio Odds Ratio

Study or Subgroup log[Odds Ratio] SE Total Total Weight IV, Random, 95% Cl Year IV, Random, 95% CI
Bjérnsdéttir 2005 1.0852 0.5852 100 200 14.7% 2.96 [0.94, 9.32] 2005 1
Halpern 2008 -0.4005 0.2632 150 300 24.4% 0.67 [0.40, 1.12] 2008 -
Karppelin 2009 1.6487 0.7073 90 90 11.9% 5.20([1.30, 20.80] 2009 o
Njim 2017 0.2624 0.3945 114 208 20.1% 1.30 [0.60, 2.82] 2017 e
Cannon 2018 0.7178 0.0607 36276 29062 29.0% 2.05[1.82, 2.31] 2018 =
Total (95% CI) 36730 29860 100.0% 1.68 [0.90, 3.13] -

N 2 _ . ChiZ o _ P P I } + {
Heterogeneity: Tau’ = 0.34; Chi* = 20.64, df = 4 (P < .001); | 81% b0t o1 10 100

Test for overall effect: Z = 1.64 (P= .10)

Discussion

Analysis

In this study, we found that patients with cellulitis are more
likely to be obese. The findings from our meta-analysis
demongtrate that patientswith cellulitis have 2.67-fold increased
odds of being obese when compared with controls. I nterestingly,
our results show that thereisno significant association between
cellulitis and being overweight. While most studies used BMI
to determine overweight and obesity status, Dupuy et al [7] and
Mokni et al [9] used the Lorentz formula. When these 2 studies
are excluded from the primary analysis, our findings show that
patients with cellulitis are still more prone to being obese.

https://derma.,jmir.org/2024/1/€54302
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Finally, our analysis on the association between cellulitis and
sex showed that patientswith cellulitis have 1.63-fold increased
odds of being male.

In accordance with the NOS, our included studies were ranked
as relatively low risk of bias. Of the 9 included case-control
studies, 7 studies were scored 6/9, while 2 studies were scored
7/9 and 8/9. The most common reasons for high risk of bias
included use of hospitalized patients as controls, absent
description regarding how obesity status was obtained, and
absent history of the disease (cellulitis).

The results from our analysis on the association of cellulitis
with obesity align with those observed by Quirke et al [23] in
their previous systematic review. While Quirke et al [23]
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included studiesthat exclusively analyzed patientswith cellulitis
of the leg, 2 of our studies included patients with cellulitisin
other areas of the body, such as the upper extremities, trunk,
head, face, and genitals[5,10]. Their analysisfound asignificant
associ ation between obesity and having nonpurulent leg cellulitis
(OR 2.37, 95% CI 1.39-4.05) [26]. Our results reinforce these
findings, as we observed an even stronger association of
cellulitis in patients with obesity, with a pooled OR of 2.67
(95% Cl 1.91-3.71).

However, our findings differ from Quirke et a [23] regarding
the association between cellulitis and being overweight. Their
analysis found an association of nonpurulent leg cellulitis in
patients who were overweight (OR 1.87, 95% Cl 1.26-2.79)
while our results demonstrate no significant association between
cellulitis and being overweight. This discrepancy may be
attributed to our different definition of overweight. Quirke et
al defined overweight asaBM I of greater than 25 kg/mz, which
included patients with obesity in their analysis, and thus may
skew theresultstoward amore positive association. In contrast,
we defined overweight as a BMI between 25 and 29.9 kg/n.
Due to our narrower definition of overweight, we believe that
our findings suggest a more accurate representation of the
association between cellulitis and being overweight. However,
it is possible that there is a greater association between
nonpurulent leg cellulitis and being overweight when compared
with cellulitis of other parts of the body. In addition, being
overweight may not be associated with cellulitis because
overweight individuals have a decreased proportion of adipose
tissue compared with obese individuals. Thus, they may
experience less immunosuppressive effects from adipokines
released by adiposetissue and may have greater lymphatic flow
compared with obese individuals [22,27]. Finally, since our
study was performed 5 years after the previous analysis, it
includes 3 more studies in our analysis on obesity and also
includes pooled multivariate and univariate data.

In addition to investigating the association between cellulitis
and obesity, we explored certain risk factorsthat may contribute
to the development of cellulitis. One of these factorsis having
a positive history of cellulitis. Several studies reported this
finding. Overall, 183 patients of 685 (26%) with cellulitis had
aprevious history of cellulitis[4,5,8,10-12]. Karppelinet a [5]
also performed an analysis of risk factors between patientswith
and without ahistory of cellulitis. They found that patientswith
a positive history of cellulitis were more likely to have had a
previous operation and werelikely to stay in the hospital longer
than those without a previous history of cellulitis [5]. These
patientswere also found to have agreater inflammatory response
than patients without a history of cellulitis, as demonstrated by
a higher peak C-reactive protein level, higher peak leukocyte
count, and longer duration of fever after hospital admission.

Some studies aso reported on the dermatophytes and bacteria
found ininterdigital spacesin patientswith cellulitis[4,9,11,12].
In cases with foot dermatomycosis, Trichophyton rubrum was
the most common, followed by Trichophyton mentagrophytes
and Epidermophyton floccosum. In swabs of toe-web spaces
with bacteriological culture, beta-hemolytic streptococci and
staphylococci were commonly found, while few gram-negative
bacilli were identified. Bjornsdottir et al [4] reported that the
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presence of Staphylococcus aureus or beta-hemolytic
streptococci in the toe webs was strongly associated with
cellulitis. When removing the presence of bacteria from their
multivariate model, they found that toe-web dermatophytosis
was also strongly associated with cellulitis[4].

Interestingly, some studies described a relationship between
cellulitis and patient ethnicity. Halpern et al [8] suggested that
patients of White ethnicity are at higher risk of developing
cellulitis compared with Asian or Afro-Caribbean patients. In
addition, Cannon et a [6] found that Indigenous Australians
were more likely than non-Indigenous Australians to develop
cellulitis. Explanationsfor these observed differencesarelargely
speculative, ascurrently thereislittle research donein thisarea.
Previous studies have identified that the structure and function
of darker skin have properties that may serve as a barrier to
bacterial entry, which can influence the risk of developing
cellulitis. These propertiesinclude greater transepidermal water
loss, a greater spontaneous desquamation rate, a lower pH,
greater variation in blood vessel reactivity, larger mast cell
granules, differences in melanin content and melanosome
dispersion, hair structure, fibroblast size, and a more compact
stratum corneum, which has greater strength to chemical and
mechanical challenges[27-30]. Studies carried out in the United
Kingdom have al so shown that patients of Caribbean and Asian
descent are more likely to seek care from primary care
physicians, which may lead to earlier identification and
treatment of cellulitis [31-33].

Erysipelas is another acute skin infection, commonly caused
by beta-hemolytic group A streptococci, and is often referred
to asasuperficial type of cellulitis. It affects the upper layer of
the skin and is characterized by a warm, dightly painful
erythema with a well-demarcated margin, along with an acute
systemic response such as fever [34,35]. In contrast, cellulitis
is thought to affect the deep dermis and subcutaneous tissue.
Erysipelasand cellulitiswere historically differentiated because
they were thought to be caused by different bacteria; however,
agrowing body of literature has suggested that they overlap in
etiology [34]. Thus, we conducted areview of 5 case seriesand
1 case-control study which explored theincidence of high BMI
in patients with erysipelas. In total, there were 2019 patients
with erysipelas, of which 487 (24.1%) were overweight or obese
[34-4Q].

The link between obesity and developing skin infections has
been investigated in previous cohort studies[36,41,42]. Among
Danish blood donors, Kaspersen et a [36] found that obese men
were a a 2-fold increased risk of developing skin and
subcutaneous tissue infections. In contrast, Harpsge et al [41]
found that overweight and obese women were at an increased
risk of skin and subcutaneous tissue infections. In particular,
obese women had a 5-fold increased risk of developing
erysipelas. Similarly, a Korean cohort study conducted by
Cheong et al [42] demonstrated an increased risk of cellulitis
and cellulitis-related hospitalization in metabolically healthy
and unhealthy obese men and women. However, it isimportant
to notethat Kaspersen et al [36], Harpsee et al [41], and Cheong
et a [42] used select individualsin their cohorts (healthy Danish
blood donors, Danish women of reproductive age, and healthy,
young, and middle-aged educated Koreans, respectively). Thus,
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the findings may not be generalizable to other populations.
Nevertheless, these results suggest that adiposity itself may be
an important contributor to the development of skin infections.

Currently, the pathogenesi s underlying the association between
obesity and cellulitisis unclear. However, several mechanisms
have been proposed to explain the relationship between
increased BMI and infection. One possible mechanism involves
the effect of excess adipose tissue on the immune system. It is
suggested that obesity disrupts the balance between existing
adipocytes and immune cells through adipocyte secretion of
various adipokines, such as adiponectin and leptin [20-22]. This
dysregulation results in impaired macrophage differentiation,
chemotaxis, and immune response, all of which may predispose
an obese individual to being more susceptibleto infections[27].
Obesity may also impair the immune system by contributing to
leptin resistance. Leptin plays an important role in regulating
immune function through proper signaling in the central nervous
system [43,44]. Thus, obeseindividuals may be morevulnerable
to infections because of decreased leptin signaling. Another
mechanism provides amore anatomical perspective, citing that
the increased skin folds present in obese individual s contribute
to decreased blood perfusion of peripheral tissues, thereby
increasing the likelihood of abscesses and skin infections[36].
Patient behavior, specifically physical exercise, can play arole
in decreasing both body adiposity and hormonal dysregulation,
factors that are implicated in the development of cellulitis.
Previous studies have shown that exercise that engages both
the cardiovascular and the musculoskeletal systems improves
anthropometric and body composition, as seen by adecreasein
BMI, body fat, and fat-free mass [45]. Recommendation of
multicomponent exercise to obese adults can therefore be used
as an additional intervention to potentially decrease the
likelihood of developing cdllulitis.
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Limitations

Our study has several limitations. First, none of our included
studies were conducted in Asia or North or South America
Thus, the findings from our meta-analysis may not be
generalizable to different ethnic populations, or individuals
living in those areas. Second, we were unable to find cohort
studies that provided the appropriate data on the association
between cellulitisand obesity. More cohort studiesare warranted
in this areato assessthe risk of developing cellulitisin patients
who are obese more comprehensively. Finally, the majority of
our included studies included hospitalized patients for the case
group, control group, or both. The use of hospitalized patients
may introduce selection bias, asthese patientstend to have more
severe sickness, more comorbidities, and older age [5].
Furthermore, community-based studies are needed to investigate
cellulitistreated in outpatient settings, asthese findings may be
more applicable to the general public.

Future Areas of Research

Future research should be conducted in Asia and North and
South America. Given the increased prevalence of obesity in
the United States compared with other regions of the world, it
would beinteresting to explore how studiesinthe United States
may influence the strength of the association between cellulitis
and obesity. In addition, it would be beneficial to incorporate
cohort studies into future analyses, to strengthen the definitive
relationship between cellulitis and obesity. Finally, as cellulitis
isalso commonly seenin outpatient clinicsand in the emergency
department, research should focus on the association of cellulitis
and obesity in patients from more diverse clinical practices.

Conclusions

We found that cellulitisis associated with obesity but not with
being overweight. Given that the prevalence of obesity continues
to increase globally, emphasis on maintaining a healthy BMI
may beindicated for patients presenting with cellulitis.

KGT was affiliated with the Renai ssance School of Medicine and Stony Brook University at the time of the study and is currently
affiliated with the Mayo Clinic School of Graduate Medical Education.

Conflictsof Interest
None declared.

Multimedia Appendix 1

Supplementary tablesillustrating search strategy and additional characteristics of included studies.

[DOCX File, 26 KB-Multimedia Appendix 1]

Multimedia Appendix 2

PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) checklist.

[DOCX File, 31 KB-Multimedia Appendix 2]

References

1.  Sullivan T, de Barra E. Diagnosis and management of cellulitis. Clin Med (Lond). 2018;18(2):160-163. [FREE Full text]
[doi: 10.7861/clinmedicine.18-2-160] [Medline: 29626022]

https://derma.jmir.org/2024/1/e54302

JMIR Dermatol 2024 | vol. 7 | €54302 | p. 9
(page number not for citation purposes)


https://jmir.org/api/download?alt_name=derma_v7i1e54302_app1.docx&filename=b48d2674def56d0b417604cfbb1e4fdc.docx
https://jmir.org/api/download?alt_name=derma_v7i1e54302_app1.docx&filename=b48d2674def56d0b417604cfbb1e4fdc.docx
https://jmir.org/api/download?alt_name=derma_v7i1e54302_app2.docx&filename=adc1fe5c9f9eb2d944d73c72d95ec7a3.docx
https://jmir.org/api/download?alt_name=derma_v7i1e54302_app2.docx&filename=adc1fe5c9f9eb2d944d73c72d95ec7a3.docx
https://www.zotero.org/google-docs/?L0coOA
http://dx.doi.org/10.7861/clinmedicine.18-2-160
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29626022&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR DERMATOLOGY Tairaet a

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

Han J, Faletsky A, Mostaghimi A. Cellulitis. JAMA Dermatol. 2020;156(12):1384. [doi: 10.1001/jamadermatol .2020.2083]
[Medline: 32965485]

Raff AB, Kroshinsky D. Cellulitis: areview. JAMA. 2016;316(3):325-337. [doi: 10.1001/jama.2016.8825] [Medline:
27434444]

Bjornsdéttir S, Gottfredsson M, Thorisdéttir AS, Gunnarsson GB, Rikardsdéttir H, Kristjansson M, et a. Risk factorsfor
acute cellulitis of the lower limb: a prospective case-control study. Clin Infect Dis. 2005;41(10):1416-1422. [EREE Full
text] [doi: 10.1086/497127] [Medline: 16231251]

Karppelin M, Siljander T, Vuopio-VarkilaJ, Kere J, HuhtalaH, Vuento R, et a. Factors predisposing to acute and recurrent
bacterial non-necrotizing cellulitisin hospitalized patients: a prospective case-control study. Clin Micrabiol Infect.
2010;16(6):729-734. [FREE Full text] [doi: 10.1111/].1469-0691.2009.02906.x] [Medline: 19694769]

Cannon J, Rgjakaruna G, Dyer J, Carapetis J, Manning L. Severe lower limb cellulitis: defining the epidemiology and risk
factors for primary episodes in a population-based case-control study. Clin Micrabiol Infect. 2018;24(10):1089-1094.
[FREE Full text] [doi: 10.1016/j.cmi.2018.01.024] [Medline: 29427797]

Dupuy A, Benchikhi H, Roujeau JC, Bernard P, Vaillant L, Chosidow O, et al. Risk factors for erysipelas of the leg
(cellulitis): case-control study. BMJ. 1999;318(7198):1591-1594. [FREE Full text] [doi: 10.1136/bmj.318.7198.1591]
[Medline: 10364117]

Halpern J, Holder R, Langford NJ. Ethnicity and other risk factorsfor acute lower limb cellulitis: a U.K.-based prospective
case-control study. Br JDermatol. 2008;158(6):1288-1292. [doi: 10.1111/j.1365-2133.2008.08489.x] [Medline: 18341662]
Mokni M, Dupuy A, Denguezli M, Dhaoui R, Bouassida S, Amri M, et al. Risk factorsfor erysipelas of theleg in Tunisia:
amulticenter case-control study. Dermatology. 2006;212(2):108-112. [doi: 10.1159/000090649] [Medline: 16484815]
Nassgji M, Ghorbani R, Ghashghaee S. Risk factors of acute cellulitisin adult patients: acase-control study. Eastern JMed.
2016;21(1):26-30. [doi: 10.5505/ejm.2016.95605]

Njim T, Aminde LN, Agbor VN, Toukam LD, Kashaf SS, Ohuma EO. Risk factors of lower limb cellulitisin alevel-two
healthcare facility in Cameroon: a case-control study. BMC Infect Dis. 2017;17(1):418. [EREE Full text] [doi:
10.1186/s12879-017-2519-1] [Medline: 28606058]

Roujeau J, Sigurgeirsson B, Korting HC, Kerl H, Paul C. Chronic dermatomycoses of the foot as risk factors for acute
bacterial cellulitisof theleg: acase-control study. Dermatol ogy. 2004;209(4):301-307. [doi: 10.1159/000080853] [Medline:
15539893]

Obesity and overweight. Geneva, Switzerland. World Health Organization URL : https.//www.who.int/news-room/fact-sheets/
detail/obesity-and-overweight [accessed 2021-11-20]

Prospective Studies Collaboration, Whitlock G, Lewington S, Sherliker P, Clarke R, Emberson J, et al. Body-mass index
and cause-specific mortality in 900 000 adults: collaborative analyses of 57 prospective studies. Lancet.
2009;373(9669):1083-1096. [FREE Full text] [doi: 10.1016/S0140-6736(09)60318-4] [Medline: 19299006]

Renehan AG, Tyson M, Egger M, Heller RF, Zwahlen M. Body-mass index and incidence of cancer: a systematic review
and meta-analysis of prospective observational studies. Lancet. 2008;371(9612):569-578. [doi:
10.1016/S0140-6736(08)60269-X] [Medline: 18280327]

Emerging Risk Factors Collaboration, Wormser D, Kaptoge S, Di Angelantonio E, Wood AM, PennellsL, et al. Separate
and combined associations of body-massindex and abdominal adiposity with cardiovascular disease: collaborative analysis
of 58 prospective studies. Lancet. 2011;377(9771):1085-1095. [FREE Full text] [doi: 10.1016/S0140-6736(11)60105-0]
[Medline: 21397319]

Seidell JC, Halberstadt J. The global burden of obesity and the challenges of prevention. Ann Nutr Metab. 2015;66 Suppl
2:7-12. [FREE Full text] [doi: 10.1159/000375143] [Medline: 26045323]

FalagasME, Kompoti M. Obesity and infection. Lancet Infect Dis. 2006;6(7):438-446. [doi: 10.1016/S1473-3099(06) 70523-0]
[Medline: 16790384]

Kercher VM, Kercher K, Levy P, Bennion T, Alexander C, Amaral PC, et al. 2023 Fitness trends from around the globe.
ACSM's Health and Fitness Journal. 2023;27(1):19-30. [doi: 10.1249/fit.0000000000000836]

Wolf AM, Wolf D, Rumpold H, Enrich B, Tilg H. Adiponectin induces the anti-inflammatory cytokines|L-10 and IL-1RA
in human leukocytes. Biochem Biophys Res Commun. 2004;323(2):630-635. [FREE Full text] [doi:
10.1016/j.bbrc.2004.08.145] [Medline: 15369797]

Yosipovitch G, DeVore A, Dawn A. Obesity and the skin: skin physiology and skin manifestations of obesity. JAm Acad
Dermatol. 2007;56(6):901-916; quiz 917-920. [doi: 10.1016/j.jaad.2006.12.004] [Medline: 17504714]

Kataru RP, Park HJ, Baik JE, Li C, Shin J, Mehrara BJ. Regulation of lymphatic function in obesity. Front Physiol.
2020;11:459. [FREE Full text] [doi: 10.3389/fphys.2020.00459] [Medline: 32499718]

Quirke M, Ayoub F, McCabe A, Boland F, Smith B, O'Sullivan R, et a. Risk factors for nonpurulent leg cellulitis: a
systematic review and meta-analysis. Br J Dermatol. 2017;177(2):382-394. [FREE Full text] [doi: 10.1111/bjd.15186]
[Medline: 27864837]

Moher D, Liberati A, Tetzlaff J, Altman DG, PRISMA Group. Preferred reporting items for systematic reviews and
meta-analyses: the PRISMA statement. PLoS Med. 2009;6(7):€1000097. [EREE Full text] [doi:
10.1371/journal.pmed.1000097] [Medline: 19621072]

https://derma.,jmir.org/2024/1/e54302 JMIR Dermatol 2024 | vol. 7 | €54302 | p. 10

(page number not for citation purposes)


http://dx.doi.org/10.1001/jamadermatol.2020.2083
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32965485&dopt=Abstract
http://dx.doi.org/10.1001/jama.2016.8825
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27434444&dopt=Abstract
https://www.zotero.org/google-docs/?L0coOA
https://www.zotero.org/google-docs/?L0coOA
http://dx.doi.org/10.1086/497127
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16231251&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S1198-743X(14)61719-5
http://dx.doi.org/10.1111/j.1469-0691.2009.02906.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19694769&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S1198-743X(18)30142-3
http://dx.doi.org/10.1016/j.cmi.2018.01.024
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29427797&dopt=Abstract
https://europepmc.org/abstract/MED/10364117
http://dx.doi.org/10.1136/bmj.318.7198.1591
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10364117&dopt=Abstract
http://dx.doi.org/10.1111/j.1365-2133.2008.08489.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18341662&dopt=Abstract
http://dx.doi.org/10.1159/000090649
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16484815&dopt=Abstract
http://dx.doi.org/10.5505/ejm.2016.95605
https://bmcinfectdis.biomedcentral.com/articles/10.1186/s12879-017-2519-1
http://dx.doi.org/10.1186/s12879-017-2519-1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28606058&dopt=Abstract
http://dx.doi.org/10.1159/000080853
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15539893&dopt=Abstract
https://www.who.int/news-room/fact-sheets/detail/obesity-and-overweight
https://www.who.int/news-room/fact-sheets/detail/obesity-and-overweight
http://linkinghub.elsevier.com/retrieve/pii/S0140-6736(09)60318-4
http://dx.doi.org/10.1016/S0140-6736(09)60318-4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19299006&dopt=Abstract
http://dx.doi.org/10.1016/S0140-6736(08)60269-X
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18280327&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S0140-6736(11)60105-0
http://dx.doi.org/10.1016/S0140-6736(11)60105-0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21397319&dopt=Abstract
https://www.karger.com?DOI=10.1159/000375143
http://dx.doi.org/10.1159/000375143
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26045323&dopt=Abstract
http://dx.doi.org/10.1016/S1473-3099(06)70523-0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16790384&dopt=Abstract
http://dx.doi.org/10.1249/fit.0000000000000836
https://www.zotero.org/google-docs/?L0coOA
http://dx.doi.org/10.1016/j.bbrc.2004.08.145
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15369797&dopt=Abstract
http://dx.doi.org/10.1016/j.jaad.2006.12.004
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17504714&dopt=Abstract
https://www.zotero.org/google-docs/?L0coOA
http://dx.doi.org/10.3389/fphys.2020.00459
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32499718&dopt=Abstract
https://www.zotero.org/google-docs/?L0coOA
http://dx.doi.org/10.1111/bjd.15186
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27864837&dopt=Abstract
https://air.unimi.it/handle/2434/1043588
http://dx.doi.org/10.1371/journal.pmed.1000097
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19621072&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR DERMATOLOGY Tairaet a

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

45,

Wells GA, Shea B, O'Connell D. The Newcastle-Ottawa Scale (NOS) for ng the quality of nonrandomised studies
in meta-analyses. URL : https://www.ohri.ca/programs/clinical _epidemiology/oxford.asp [accessed 2021-11-20]

Review manager (RevMan) [Computer program]. The Cochrane Collaboration; 2020. URL : https://training.cochrane.org/
system/files/uploads/protected file/RevMan5.4 user_guide.pdf [accessed 2024-07-20]

Huttunen R, Syrjanen J. Obesity and the risk and outcome of infection. Int J Obes (Lond). 2013;37(3):333-340. [doi:
10.1038/ij0.2012.62] [Medline: 22546772]

Johnson LC, Corah NL. Racial differencesin skin resistance. Science. 1963;139(3556):766-767. [doi:
10.1126/science.139.3556.766] [Medline: 17829126]

Wesley NO, Maibach HI. Racial (ethnic) differences in skin properties: the objective data. Am J Clin Dermatol.
2003;4(12):843-860. [doi: 10.2165/00128071-200304120-00004] [Medline: 14640777)

Taylor SC. Skin of color: biology, structure, function, and implications for dermatologic disease. JAm Acad Dermatol.
2002;46(2 Supp! Understanding):$41-S62. [doi: 10.1067/mjd.2002.120790] [Medline: 11807469]

Rawlings AV. Ethnic skin types: are there differences in skin structure and function? Int J Cosmet Sci. 2006;28(2):79-93.
[FREE Full text] [doi: 10.1111/j.1467-2494.2006.00302.x] [Medline: 18492142]

Baargian R, Yuen P, Soni Raleigh V. Ethnic differencesin general practitioner consultations. BMJ. 1989;299(6705):958-960.
[FREE Full text] [doi: 10.1136/bmj.299.6705.958] [Medline: 2508952]

Gillam SJ, Jarman B, White B, Law R. Ethnic differences in consultation rates in urban general practice. BMJ.
1989;299(6705):953-957. [FREE Full text] [doi: 10.1136/bm|.299.6705.953] [Medline: 2508951]
Brishkoska-Boshkovski V, Kondova-Topuzovska |, Damevska K, Petrov A. Comorbidities as risk factors for acute and
recurrent erysipelas. Open AccessMaced JMed Sci. 2019;7(6):937-942. [EREE Full text] [doi: 10.3889/0amjms.2019.214]
[Medline: 30976336]

Li A,Wang N, GelL, XinH, Li W. Risk factors of recurrent erysipelasin adult Chinese patients: a prospective cohort study.
BMC Infect Dis. 2021;21(1):26. [FREE Full text] [doi: 10.1186/s12879-020-05710-3] [Medline: 33413190]

Kaspersen KA, Pedersen OB, Petersen M S, Hjalgrim H, Rostgaard K, Mgller BK, et al. Obesity and risk of infection:
results from the Danish blood donor study. Epidemiology. 2015;26(4):580-589. [doi: 10.1097/EDE.0000000000000301]
[Medline: 25978794]

Koztowska D, Mysliwiec H, Kiluk P, Baran A, MilewskaAJ, Flisiak I. Clinical and epidemiological assessment of patients
hospitalized for primary and recurrent erysipelas. Przegl Epidemiol. 2016;70(4):575-584. [FREE Full text] [Medline:
28221013]

Pavlotsky F, Amrani S, Trau H. Recurrent erysipelas: risk factors. J Dtsch Dermatol Ges. 2004;2(2):89-95. [doi:
10.1046/j.1439-0353.2004.03028.x] [Medline: 16279242]

Pereira de Godoy JM, Galacini Massari P, Yoshino Rosinha M, Marinelli Branddo R, Foroni Casas AL. Epidemiological
data and comorbidities of 428 patients hospitalized with erysipelas. Angiology. 2010;61(5):492-494. [doi:
10.1177/0003319709351257] [Medline: 20147345]

Saputa M, Krankowska D, Wierciriska-Drapato A. In search of risk factors for recurrent erysipelas and cellulitis of the
lower limb: a cross-sectional study of epidemiological characteristics of patients hospitalized due to skin and soft-tissue
infections. Interdiscip Perspect Infect Dis. 2020;2020:1307232. [FREE Full text] [doi: 10.1155/2020/1307232] [Medline:
32454817)

Harpsge MC, Nielsen NM, Friis-Mgller N, Andersson M, Wohlfahrt J, Linneberg A, et al. Body massindex and risk of
infections among women in the Danish national birth cohort. Am J Epidemiol. 2016;183(11):1008-1017. [doi:
10.1093/aje/kwv300] [Medline: 27188940]

Cheong HS, Chang Y, Joo E, Cho A, Ryu S. Metabolic obesity phenotypes and risk of cellulitis: a cohort study. JClin
Med. 2019;8(7):953. [FREE Full text] [doi: 10.3390/jcm8070953] [Medline: 31262086]

Tschép J, Nogueiras R, Haas-Lockie S, Kasten KR, Castafieda TR, Huber N, et al. CNS leptin action modulates immune
response and survival in sepsis. J Neurosci. 2010;30(17):6036-6047. [FREE Full text] [doi:

10.1523/INEUROSCI .4875-09.2010] [Medline: 20427662]

Jung CH, Kim M. Molecular mechanisms of central leptin resistance in obesity. Arch Pharm Res. 2013;36(2):201-207.
[doi: 10.1007/s12272-013-0020-y] [Medline: 23359004]

Batrakoulis A, Jamurtas AZ, Metsios GS, PerivoliotisK, Liguori G, Feito Y, et al. Comparative efficacy of 5 exercisetypes
on cardiometabolic health in overwei ght and obese adults: asystematic review and network meta-analysis of 81 randomized
controlled trials. Circ Cardiovasc Qual Outcomes. 2022;15(6):€008243. [doi: 10.1161/CIRCOUTCOMES.121.008243]
[Medline: 35477256]

Abbreviations

ICD-10: International and Statistical Classification of Diseases, Tenth Revision
NOS: Newcastle-Ottawa scale

OR: oddsratio

PRISMA: Preferred Reporting Items for Systematic Reviews and Meta-Analyses

https://derma.,jmir.org/2024/1/e54302 JMIR Dermatol 2024 | vol. 7 | €54302 | p. 11

(page number not for citation purposes)


https://www.ohri.ca/programs/clinical_epidemiology/oxford.asp
https://training.cochrane.org/system/files/uploads/protected_file/RevMan5.4_user_guide.pdf
https://training.cochrane.org/system/files/uploads/protected_file/RevMan5.4_user_guide.pdf
http://dx.doi.org/10.1038/ijo.2012.62
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22546772&dopt=Abstract
http://dx.doi.org/10.1126/science.139.3556.766
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17829126&dopt=Abstract
http://dx.doi.org/10.2165/00128071-200304120-00004
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=14640777&dopt=Abstract
http://dx.doi.org/10.1067/mjd.2002.120790
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11807469&dopt=Abstract
https://doi.org/10.1111/j.1467-2494.2006.00302.x
http://dx.doi.org/10.1111/j.1467-2494.2006.00302.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18492142&dopt=Abstract
https://europepmc.org/abstract/MED/2508952
http://dx.doi.org/10.1136/bmj.299.6705.958
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=2508952&dopt=Abstract
https://europepmc.org/abstract/MED/2508951
http://dx.doi.org/10.1136/bmj.299.6705.953
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=2508951&dopt=Abstract
https://europepmc.org/abstract/MED/30976336
http://dx.doi.org/10.3889/oamjms.2019.214
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30976336&dopt=Abstract
https://bmcinfectdis.biomedcentral.com/articles/10.1186/s12879-020-05710-3
http://dx.doi.org/10.1186/s12879-020-05710-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33413190&dopt=Abstract
http://dx.doi.org/10.1097/EDE.0000000000000301
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25978794&dopt=Abstract
http://www.przeglepidemiol.pzh.gov.pl/pobierz-artykul?id=2117
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28221013&dopt=Abstract
http://dx.doi.org/10.1046/j.1439-0353.2004.03028.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16279242&dopt=Abstract
http://dx.doi.org/10.1177/0003319709351257
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20147345&dopt=Abstract
https://doi.org/10.1155/2020/1307232
http://dx.doi.org/10.1155/2020/1307232
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32454817&dopt=Abstract
http://dx.doi.org/10.1093/aje/kwv300
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27188940&dopt=Abstract
https://www.mdpi.com/resolver?pii=jcm8070953
http://dx.doi.org/10.3390/jcm8070953
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31262086&dopt=Abstract
http://www.jneurosci.org/cgi/pmidlookup?view=long&pmid=20427662
http://dx.doi.org/10.1523/JNEUROSCI.4875-09.2010
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20427662&dopt=Abstract
http://dx.doi.org/10.1007/s12272-013-0020-y
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23359004&dopt=Abstract
http://dx.doi.org/10.1161/CIRCOUTCOMES.121.008243
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35477256&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR DERMATOLOGY Tairaet a

Edited by R Dellavalle; submitted 04.11.23; peer-reviewed by SAnand, EE Sobberingh, A Batrakoulis; commentsto author 02.01.24;
revised version received 21.02.24; accepted 08.07.24; published 20.08.24

Please cite as:

Taira KG, Wang M, Guo W, Kam O, Kaufmann T

Association of Cellulitis With Obesity: Systematic Review and Meta-Analysis
JMIR Dermatol 2024;7:€54302

URL: https:.//derma.jmir.org/2024/1/e54302

doi: 10.2196/54302

PMID: 39163102

©Kimi Gabriella Taira, Madelyn Wang, William Guo, Olivia Kam, Tara Kaufmann. Originally published in IMIR Dermatol ogy
(http://derma.jmir.org), 20.08.2024. Thisisan 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 origina work, first published in IMIR Dermatology, is properly cited. The complete bibliographic
information, alink to the original publication on http://dermajmir.org, aswell as this copyright and license information must be
included.

https://derma.,jmir.org/2024/1/e54302 JMIR Dermatol 2024 | vol. 7 | €54302 | p. 12
(page number not for citation purposes)

RenderX


https://derma.jmir.org/2024/1/e54302
http://dx.doi.org/10.2196/54302
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=39163102&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

