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Abstract
Background Pyoderma gangrenosum (PG) is an uncommon but severe extra-intestinal manifestation (EIM) of inflammatory 
bowel disease (IBD). The incidence and risk factors for PG are disputed.
Aims To assess the incidence of PG and identify factors associated with PG in IBD patients.
Methods A search of electronic databases (Ovid and PubMed) was conducted between 1966 and 2019. Studies that cal-
culated the incidence of PG in IBD patient cohorts were included. Patient demographics, IBD subtype, and EIM presence 
were recorded. A review of our institutional database of 1057 IBD patients was conducted. A multivariate regression model 
and meta-analysis were conducted to identify risk factors for PG. A random effects model was used to combine the data of 
included studies.
Results Fourteen studies were included in addition to 1057 IBD patients and 26 PG cases from the Louisville cohort. In total, 
there were 379 cases of PG in the cumulative cohort of 61,695 IBD patients. The PG incidence in individual studies ranged 
from 0.4 to 2.6%. In the institutional cohort, ocular EIMs and a permanent stoma were significant risk factors for PG. In the 
meta-analysis, PG was associated with female gender (RR = 1.328, 95% CI 1.161–1.520), Crohn’s disease (RR = 1.193, 95% 
CI 1.001–1.422), erythema nodosum (RR = 9.281, 95% CI 6.081–14.164), and ocular EIM (RR = 4.55, 95% CI 3.04–6.81). 
There was study heterogeneity when assessing IBD subtype, ocular, and joint EIMs.
Conclusions There are conflicting data on the incidence and risk factors for PG. This meta-analysis confirms an association 
between PG and female gender, Crohn’s disease, erythema nodosum, and ocular EIM that have been described in smaller 
studies.

Keywords Pyoderma gangrenosum · Inflammatory bowel disease · Systematic review · Meta-analysis · Extra-intestinal 
manifestations

Introduction

Inflammatory bowel disease (IBD) is a chronic inflamma-
tory disorder of the gastrointestinal tract and is classically 
subdivided into Crohn’s disease and ulcerative colitis. In the 
USA, an estimated 1.3 million individuals suffer from IBD 
[1]. The effects of IBD are not limited to the digestive sys-
tem. Almost every organ system, including musculoskeletal, 

ocular, integumentary, and hepatobiliary systems, can be 
affected. Approximately 21–54% of IBD patients have at 
least one “extra-intestinal manifestation” (EIM). Of these 
patients, about one-third are diagnosed with a cutaneous 
manifestation. Most studies report an overall higher inci-
dence of EIMs in patients with Crohn’s disease than in 
patients with ulcerative colitis [2–5].

The most common cutaneous manifestations are ery-
thema nodosum and pyoderma gangrenosum (PG). It has 
been reported that erythema nodosum occurs in 3–8% of 
IBD patients, whereas PG occurs in 0.75–1.5% of IBD 
patients [5, 6]. IBD can also be associated with other skin 
disorders including hidradenitis suppurativa [7], psoriasis 
[8], and Sweet’s syndrome [9].
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PG is a relatively uncommon disorder associated with 
autoimmune and inflammatory conditions including IBD 
and rheumatoid arthritis. A recent meta-analysis indicated 
that systemic disease is associated with 57% of PG, and that 
IBD is the most common systemic disease associated with 
PG (18%) [10]. The legs are the most commonly affected 
site in classic ulcerative lesions of PG. In addition, PG can 
occur in patients postoperatively including peristomal sites 
and other site of surgical incisions (Fig. 1), most often fol-
lowing breast or abdominal surgery [11, 12].

While some individual studies suggest that cigarette 
smoking, the presence of intestinal stomas, a history of 
other EIMs, and demographic factors such as race and fam-
ily history of IBD are associated with PG, there are limited 
and conflicting data concerning the incidence of PG in this 
population and risk factors for development of PG in IBD 
patients overall. We hypothesized that combining studies 
in the literature with data from our large institutional IBD 
database and through a systematic review and meta-analysis 
approach we would more clearly delineate the incidence and 
risk factors associated with PG in patients with IBD.

Methods

Systematic Review

Study Selection

This study was conducted using the “Preferred Reporting 
Items for Systematic Reviews and Meta-analysis Guide-
lines” [13, 14]. The PubMed (NCBI, Bethesda, MD) and 
Ovid (Wolters Kluwer Health, Netherlands) databases were 
searched from January 1966 to June 2019 using the follow-
ing search terms: “pyoderma gangrenosum,” “inflammatory 
bowel disease,” “Crohn’s disease,” “ulcerative colitis,” and 

“extraintestinal manifestations.” A search of the gray litera-
ture was also performed. The Boolean operators (and/or/not) 
were used to expand the search. No language restrictions 
were applied.

Inclusion and Exclusion Criteria

Eligible studies included prospective or retrospective cohort 
studies with at least 5 years of follow-up. Variables of inter-
est were PG incidence, gender, IBD type, EIMs, ethnicity, 
family history, previous IBD-related operations, the pres-
ence of an intestinal stoma, and cigarette smoking status. 
Only IBD populations were included. Studies were required 
to report data both upon PG patients and upon the larger IBD 
cohort of which they were a part. In the case of duplicate 
patient cohorts, the most recent publication was used unless 
variables of interest were only included in the older manu-
script. Case series, case reports, and review articles were 
excluded. Studies that did not report the number of patients 
in both PG and total IBD cohorts were excluded. Full-text 
articles meeting these criteria were selected for review.

Data Extraction and Outcomes

The following information for each study was recorded: 
names of authors, year of publication, study type, gender, 
total number of cases of IBD, IBD subtype, duration of fol-
low-up, number of cases of PG, presence of other EIMs, and 
presence of a stoma. Two of the authors performed the litera-
ture search and extracted data from the papers (VS, SO’B). 
A third author verified the extracted data (MP). When the 
data were unclear, the senior author (SG) was contacted to 
clarify the data extraction. Study quality was assessed using 
the Newcastle–Ottawa scale [15].

University of Louisville Cohort

A retrospective review of a prospectively maintained IBD 
database from a tertiary referral center was performed. This 
database is derived of patients from a geographic area com-
prising Kentucky and Southern Indiana and accrued during 
the period from November 1997 through November 2016. 
All patients signed written informed consent, and Univer-
sity of Louisville Institutional Review Board approval was 
obtained. The patients in this cohort were followed by their 
gastroenterologists, surgeons, and enterostomal therapists. 
The diagnosis of IBD was verified by conventional radio-
logic, endoscopic, and/or histopathologic findings. Patients 
with PG were assessed by a dermatologist, and the diagno-
sis of PG was made through a combination of clinical and 
histological findings. Patients with an ocular manifestation 
were followed by an ophthalmologist. Family history was Fig. 1  Representative image of peristomal and incisional pyoderma 

gangrenosum lesion prior to treatment
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defined as the presence of IBD in the first- or second-degree 
relatives.

The frequency of the following EIMs was examined: (1) 
cutaneous EIMs (PG, erythema nodosum, cutaneous Crohn’s 
disease, Sweet’s syndrome); (2) arthritis (peripheral arthri-
tis/arthralgia and ankylosing spondylitis and excluding 
osteoarthritis); (3) ocular EIMs (iritis/uveitis/episcleritis/
scleritis). The location of PG was defined by anatomical 
location. Surgical incision PG was defined as PG at the mid-
line incision from a previous laparotomy.

Smoking data were obtained through a modified Behav-
ioral Risk Factor Surveillance System survey [16]. Current 
smokers were defined as patients who smoked at least 100 
cigarettes in their lifetime and reported smoking “some 
days to everyday” over the past 6 months. Former smokers 
reported smoking at least 100 cigarettes in their lifetime and 
had not smoked in the past 6 months.

A total of 579 patients had complete documentation con-
cerning cutaneous manifestations, while the remainder had 
partial or missing data. Patients with partial or missing data 
were not included for further multivariable analysis regard-
ing predisposing variables for PG. Data on patient age, age 
of diagnosis, duration of disease, disease location, gender, 
IBD type (Crohn’s disease or ulcerative colitis), ethnicity, 
family history, EIMs, previous IBD-related operations, 
presence of an intestinal stoma, and smoking status were 
recorded and analyzed.

Statistical Analysis

A univariate logistic regression model was used to iden-
tify risk factors for the development of PG in the institu-
tional cohort. Significant variables in the univariate analysis 
were included in the multivariate logistic regression model. 
Results were declared significant at a level of 0.05. SAS soft-
ware (v9.4, SAS Institute Inc. Cary, NC, USA) was used for 
the univariate and multivariate regression model. Random 
effects models were used for all meta-analyses. Risk ratios 
were calculated for each study, and the pooled relative risk 
was calculated using a random effects model, as described 
by DerSimonian and Laird [17]. Publication bias across 
studies was assessed using a funnel plot. Forrest plots for 
the meta-analysis were created using Stata software (v14.2, 
Stata corporation, College Station, TX, USA). The studies 
were determined to be heterogeneous when the  I2 statistic 
was > 50% and the Cochran’s Q statistic was p < 0.01 [18, 
19].

Results

Systematic Review

A total of 990 titles and abstracts were screened. Of the 
examined studies, 14 included demographic data regarding 
PG patients within IBD cohorts. These 14 studies were 
included for analysis (Supplementary Figure 1). They 
included both prospective and retrospective cohort stud-
ies that examined the incidence of cutaneous EIMs of IBD. 
A total of 60,638 IBD patients and 353 PG patients were 
identified from the included studies [61,695 IBD patients 
and 379 cases of PG including the Louisville cohort (1057 
cases of IBD with 26 cases of PG)]. Study characteristics 
are summarized in Table 1 [2, 20–32].

The average incidence of PG across the studies was 
0.6% and ranged from 0.1 to 2.6%. Of the studies, only 
six provided statistical analysis of data concerning PG. 
The other studies recorded demographic data regard-
ing PG patients but did not conduct statistical analysis. 
Six studies reported on the difference in PG incidence 
between genders. Although five studies demonstrated 
that ≥ 50% of the patients were female, no study reported 
a significant gender association with PG (Supplementary 
Table 1a). Twelve studies described the distribution of PG 
between Crohn’s disease and ulcerative colitis patients, but 
no study reported a significant association between PG 
and Crohn’s disease or ulcerative colitis (Supplementary 
Table 1b). Studies that examined the relationship between 
PG and other EIMs are shown in Supplementary Table 1c. 
Three studies found erythema nodosum to be significantly 
associated with PG [20, 22, 24]. Three studies also found 
ocular manifestations to be significantly associated with 
PG [21, 22, 24]. In contrast, there were differing results 
regarding the association between joint manifestations 
and PG. Yuskel et al. and Vavricka et al. both found joint 
manifestations to be associated with PG; however, Farhi 
et al. did not [21, 22, 24]. Only one study reported on the 
association between PG and intestinal stomas, the authors 
identifying a significant association between a perma-
nent intestinal stoma and PG (p < 0.001) (Supplementary 
Table 1d) [22]. Additionally, several studies analyzed asso-
ciations not described in the tables. Vavricka et al. found 
an association between aphthous ulcers and PG (p < 0.05) 
[24]. Similarly, Farhi et al. found perianal Crohn’s disease 
(p = 0.001) and aphthous ulcers (p < 0.0001) to be signifi-
cantly associated with PG [22]. In a multivariate analy-
sis, Farhi et al. reported that PG also was independently 
associated with (black) African origin, a family history of 
ulcerative colitis, and the presence of pancolitis; however, 
tobacco use was not found to be related to the presence of 
PG [22].
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University of Louisville Cohort

There were 1057 patients with IBD in the institutional colo-
rectal surgery IBD database, with 26 confirmed cases of 
PG, yielding an incidence of 2.5% (26/1057). All patients 
with PG are followed by the senior author (SG). Complete 
data regarding the presence of other EIMs existed for 579 
patients, and these data were included for further statisti-
cal analysis. The demographics of all PG patients and the 
patients with complete EIM data are shown in Table 2. The 
median disease duration was 26 years. Three hundred and 
forty-one patients (59%) were female. Three hundred and 
sixty-five patients (63%) had Crohn’s disease, and 214 (37%) 
had ulcerative colitis. Fifty-one patients had confirmed 
cutaneous EIMs, of which 26 were diagnosed with PG. All 
of the PG cases were of the ulcerative subtype. Of these 
patients, 21 (81%) were female and 5 (19%) were male. The 
mean patient age was 58 ± 18 years, while the mean age 

of diagnosis was 32 ± 18 years. Twenty-five patients (96%) 
underwent IBD-related surgery, and seventeen (65%) had 
either a temporary or permanent stoma. For patients with 
a permanent stoma, the PG developed within 6–12 months 
after stoma creation. The distribution of PG is described 
in Supplementary Figure 2. Seventeen patients (50%) had 
peristomal PG, six (23%) had PG involving a surgical inci-
sion, six (23%) had PG involving the extremities, two (8%) 
had PG of the breast, and two (8%) had PG of the perineum. 
All of the cases of surgical incision PG were at the location 
of a previous laparotomy for intestinal resection for Crohn’s 
disease. Other cutaneous manifestations included 17 patients 
(17/579, 3.0%) with erythema nodosum and 8 with cutane-
ous Crohn’s disease (8/579, 1.4%). No patients were diag-
nosed with both PG and erythema nodosum, concomitantly.

A univariate and multivariate regression analyses were 
conducted to identify risk factors associated with the devel-
opment of PG (Table 3). In univariate regression analysis, 

Table 1  Characteristics of studies identified from the systematic review and the Louisville cohort

References Type of cohort 
study

Location Patient source Enrollment 
interval

Total study 
population

Total 
PG 
patients

PG incidence Newcastle-
Ottawa score

Polcz et al. [20] Prospective Australia Hospital 1998–2009 612 8 1.3 8
Yuksel et al. 

[21]
Prospective Turkey Community and 

hospital
2002–2007 352 8 2.3 7

Farhi et al. [22] Prospective France Hospital 2000–2005 2402 18 0.7 8
Moravvej et al. 

[23]
Retrospective Iran Hospital 1995–2005 404 4 1 6

Lakatos et al. [2] Prospective Hungary Community and 
hospital

25 years 873 7 0.8 8

Vavricka et al. 
[24]

Retrospective Switzerland Community and 
hospital

2006–2015 950 17 1.8 8

Mebazza et al. 
[25]

Prospective Tunisia Hospital 2007–2009 195 5 2.6 4

Isene et al. [26] Prospective Norway, Den-
mark, Nether-
lands, Spain, 
Italy, Greece, 
Israel

Community and 
hospital

1991–2004 1145 7 0.6 7

Ampuero et al. 
[27]

Retrospective Spain Hospital 2003–2011 395 9 2.3 8

Karmiris et al. 
[28]

Retrospective Greece Hospital Not given 1860 15 0.8 7

Cardoneanu 
et al. [29]

Retrospective Romania Hospital 1995–2016 517 4 0.8 6

Roth et al. [30] Prospective Switzerland Community and 
hospital

Not given 3266 54 1.7 7

Halling et al. 
[31]

Prospective Denmark Community and 
hospital

1977–2013 47,325 193 0.4 7

Vide et al. [32] Prospective Portugal Hospital 2009–2011 342 4 1.2 7
States et al., cur-

rent study
Retrospective United States Community and 

hospital
1997–2018 1057 26 2.5 –

Total 61,695 379 0.6
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female gender (OR 3.06, 95% CI 1.1–8.23, p = 0.03), an IBD 
subtype of Crohn’s disease (OR 4.73, 95% CI 1.4–15.95, 
p = 0.01), the presence of ocular EIMs (OR 2.83 95% CI 
1.19–6.75, p = 0.02), and the presence of a permanent stoma 
(OR 9.6 95% CI 3.6–25.58, p < 0.001) were risk factors for 
PG. In multivariate regression analysis, only the presence of 

ocular EIMs (OR 2.77 95% CI 1.09–7.07, p = 0.03) and the 
presence of a permanent stoma (OR 6.77 95% CI 3.6–25.58, 
p < 0.001) were risk factors for PG.

Table 2  Demographics of 
University of Louisville cohort

Variable All patients with PG
(N = 26)

Patients without PG 
and complete EIM data
(N = 553)

Age (mean ± SD) 58 ± 18 58 ± 15
Gender
 Male 5 233
 Female 21 320

Ethnicity
 Caucasian 25 515
 African–American 1 38
 Age at IBD diagnosis (mean ± SD) 31 ± 18 30 ± 14

IBD subtype
 Crohn’s disease 23 342
 Ulcerative Colitis 3 211

History of IBD surgery
 Yes 25 473
 No 1 80

Stoma
 Temporary 4 46
 Permanent 13 56
 None 9 412
 N/A 0 39

Extra-intestinal manifestations
 Any organ system 14 294
 Joint 12 268
 Cutaneous 4 23
 Ocular 8 75

Pyoderma location
 Breast 2 –
 Abdominal surgical incision 1 –
 Abdominal surgical incision + peristomal 5 –
 Peristomal 11 –
 Extremity + peristomal 1 –
 Extremity 4 –
 Perineal + extremity 1 –
 Perineal 1 –

Family history IBD
 Yes 12 222
 No 12 331
 N/A 2 0

Smoking status
 Yes 14 235
 No 10 281
 N/A 2 37
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Meta‑Analysis

Meta-analysis was conducted to calculate the pooled risk 
estimates of a number of variables associated with PG 
(Fig. 2a–e). Using the calculated relative risk from data in 
each study, female gender was associated with an increased 
relative risk of PG compared to males (RR = 1.328 95% 
CI 1.161–1.520, p < 0.001). Crohn’s disease was associ-
ated with an increased pooled relative risk of PG compared 
to ulcerative colitis (RR = 1.193, 95% CI 1.001–1.422 
p = 0.048); however, there was heterogeneity seen between 
studies. Each of the individual studies which examined for 
the presence of EIMs demonstrated an association between 
erythema nodosum and PG. The meta-analysis showed a 
strong positive pooled relative risk between erythema nodo-
sum and PG (RR = 9.281, 95% CI 6.081–14.164, p < 0.001). 
There were heterogeneous individual and pooled results with 
regard to the presence of joint EIM, and there was no sig-
nificant association between PG and joint EIM (RR = 1.981 
95% CI 0.835–4.701, p = 0.121). All of the studies which 
examined for the presence of ocular EIMs showed a sig-
nificant individual risk associated with PG, and the pooled 
relative demonstrated a significant positive association as 
well (RR = 5.248 95% CI 2.396–11.497, p < 0.001), but there 
was heterogeneity seen in these studies. Finally, analysis of 
the funnel plot revealed a slight publication bias across the 
included studies (Fig. 3).

Discussion

The reported incidence of PG in the literature ranges from 
0.6 to 2.6% which is comparable to our institutional inci-
dence of 2.5% [22, 25, 26, 33, 34]. The association of PG 
with specific risk factors has been debated in the literature, 
but in this meta-analysis, female gender, Crohn’s disease, 
erythema nodosum, and ocular manifestations were all sig-
nificantly associated with PG.

Patients with one existing EIM have a 70% risk of devel-
oping a second during the next 10 years [18]. In our cohort, 
86% of patients underwent surgery for their IBD and 64.3% 
of patients had ≥ 1 EIM. This patient cohort may therefore 
not be representative of the other reported series and may 
represent a population with a more severe disease pheno-
type. This relatively high incidence of EIMs may in turn 
suggest that EIMs are associated with a more severe dis-
ease phenotype. Cutaneous EIMs commonly present within 
2 years of IBD diagnosis [35]. Multiple studies report an 
increased incidence of PG in IBD patients with coexisting 
EIMs. Associations between arthritis, ocular manifestations, 
erythema nodosum, and the development of PG have been 
previously reported [21, 22, 24, 36]. Skin manifestations 
often overlap, and this may explain the association that 
was observed between PG and erythema nodosum in this 
study. Ocular PG is a rare manifestation but is recognized to 
have major consequences for patients. A systematic review 
identified 34 cases, the majority of whom were treated with 

Table 3  Univariate and 
multivariate regression analysis 
for risk factors of pyoderma 
gangrenosum

Bold values indicate statistical significance

Variable Univariate analysis Multivariate analysis

Odds ratio 95% CI p value Odds ratio (95% CI) p value

Age 1 0.98–1.03 0.97
Age at diagnosis 1.01 0.98–1.04 0.54
Disease duration 0.99 0.96–1.04 0.82
Female Gender 3.06 1.1–8.23 0.03 0.49 0.18–1.38 0.18
Ethnicity
Caucasian

> 999.99 0–infinity 0.97

Family history of IBD 1.49 0.66–3.38 0.34
IBD subtype-CD 4.73 1.4–15.95 0.01 2.64 0.75–9.34 0.13
Smoking—yes 1.63 0.73–3.66 0.24
EIM
 Any organ system 1.37 0.61–3.1 0.45
 Joint 0.98 0.44–2.19 0.96
 Cutaneous 3.15 0.88–11.29 0.08
 Ocular 2.83 1.19–6.75 0.02 2.77 1.09–7.07 0.03

Stoma
 Any 13.08 5.2–32.931 < 0.001
 Temporary 1.85 0.61–5.60 0.28
 Permanent 9.6 3.6–25.58 < 0.001 6.77 2.27–20.22 < 0.001
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Fig. 2  a Meta-analysis of the studies examining the difference in the 
incidence of PG between IBD subtype. The individual studies and 
the pooled relative risk show heterogeneous results, but there is a 
significant positive pooled relative risk with Crohn’s disease. How-
ever, more studies are needed to calculate a more accurate pooled risk 
(RR = 1.193, 95% CI 1.001–1.422, p = 0.048, Cochran’s Q = 16.75 
(d.f. = 12) I2 = 55.1%, p = 0.008). b Meta-analysis of the studies 
examining the difference in the incidence of PG between male and 
female genders. The majority of studies showed an individual trend 
toward an association with the female gender. The overall pooled esti-
mate showed a significant increased relative risk trend (RR = 1.328, 
95% CI 1.161–1.520, p < 0.001, Cochran’s Q = 1.89 (d.f. = 6) I2 = 0%, 
p = 0.929). c Meta-analysis of the studies examining the association 
between erythema nodosum and PG. The individual studies showed 
a positive association between erythema nodosum and PG, and the 

pooled relative risk showed a statistically significant positive trend 
(RR = 9.281, 95% CI 6.081–14.164, p < 0.001, Cochran’s Q = 0.07 
(d.f. = 2), I2 = 0%, p = 0.964). d Meta-analysis of the studies examin-
ing the association between joint EIMs and PG. The individual stud-
ies showed variable results, but there was no difference in the pooled 
relative risk between joint EIMs and PG. However, more studies are 
needed to calculate a more accurate pooled risk (RR = 1.981 95% CI 
0.835–4.701, p = 0.121, Cochran’s Q = 39.45 (d.f. = 3) I2 = 92.4%, 
p = < 0.001). e Meta-analysis of the studies examining the associa-
tion between ocular EIMs and PG. All of the individual studies and 
the pooled relative risk showed a positive association between ocular 
EIMs and PG. However, more studies are needed to calculate a more 
accurate pooled risk (RR = 5.248, 95% CI 2.396–11.497, p < 0.001, 
Cochran’s Q = 9.36 (d.f. = 3) I2 = 67.9%, p = 0.025)
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corticosteroids and a systemic immunomodulatory and sur-
gery for reconstruction as required [37, 38].

The incidence of PG in Crohn’s disease compared to 
ulcerative colitis has been disputed. Several publications cite 

an association with either Crohn’s disease or with ulcerative 
colitis [21, 39–41]. In our cohort, Crohn’s disease patients 
were not more likely to have PG in the multivariate analysis 
(p = 0.13). Although other groups have found no correlation 
between PG and IBD type [22, 25], our meta-analysis results 
would indicate a small increased relative risk in patients with 
Crohn’s disease.

Peristomal PG occurs in approximately 0.6% of all 
patients with intestinal stomas [42]. This may be as a result 
of the repeated skin “trauma” observed with intestinal stomas 
during removal and application of stomas appliances, but 
further study is required to identify a temporal association. 
In a case–control study of patients with peristomal PG, Wu 
et al. [43] determined that female gender, autoimmune dis-
ease, and BMI were risk factors. Farhi et al. [22] conducted 
a prospective study of 2402 IBD patients and found a statis-
tically significant association between intestinal stomas and 
PG in both univariate and multivariate analyses. Peristomal 
PG accounted for 65% (17/26) of our PG cohort. This large 
discrepancy is likely due to the senior authors’ patient cohort 
consisting of complex surgical patients. This may be a limi-
tation as other patients with PG that do not require surgical 

Fig. 2  (continued)

Fig. 3  Funnel plot assessing publication bias
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intervention for IBD would not be captured in this dataset. A 
recent systematic review of peristomal PG described that the 
majority of patients had a multimodal approach for treatment, 
but there is no consensus on the type of intervention [44]. In 
both univariate and multivariate analyses, the presence of a 
permanent stoma was a risk factor for the development of 
both PG and peristomal PG in our cohort.

Farhi et al. reported that IBD patients of African race 
were associated with a higher risk of developing PG. In con-
trast, Nguyen et al. did not find any associations between 
race and the development of cutaneous EIMs [45]. We did 
not examine race in our cohort due to a significant majority 
of Caucasian patients (93%).

Smoking has been correlated with an increased incidence 
in the total number of EIMs in IBD patients, most notably 
joint and ocular manifestations. A number of studies sug-
gest that smoking is not a risk factor for the development of 
cutaneous EIM (when including both PG and EN) in IBD 
patients [3, 28, 46]. However, in one prospective cohort 
study of ulcerative colitis patients, there was a significant 
relationship between (current) smoking and the development 
of PG [47]. In our IBD cohort, a history of tobacco use (for-
mer or current cigarette smokers) was not correlated with an 
increase in PG incidence.

While family history of IBD was not a significant vari-
able in our study, it has been correlated with an increased 
risk of EIMs in Crohn’s disease patients [24]. In a multi-
variate analysis, Farhi et al. [22] found that a family history 
of ulcerative colitis was independently associated with PG. 
This may suggest that there is a genetic predisposition to the 
development of certain EIMs [48].

While this study presents a large cohort of patients with 
long follow-up, it is limited by missing data with respect to 
certain variables including BMI and medical management of 
IBD and EIMs. In addition, the Louisville cohort included a 
disproportionately large number of female, Caucasian, and 
surgical patients. Thus, the results of the meta-analyses 
should be carefully interpreted. The limited number of stud-
ies included in the separate analyses, taken together with the 
relative rarity of PG, impacts the power of the conclusions 
derived from the data. All patients with an ocular EIM had a 
diagnosis prior to referral to the colorectal surgery practice, 
but the exact timing was not available from the database or 
the electronic medical record.

PG has typically been defined as a diagnosis of exclusion, 
which represents a major challenge in studying this condi-
tion. Delphi consensus guidelines for the diagnosis of PG 
have recently been published [49]. Therefore, the results of 
this study should be carefully considered as the majority of 
the included studies were published prior to the consensus 
guidelines for PG diagnosis.

Literature concerning risk factors for PG is limited and 
conflicting. This systematic review and meta-analysis has 

reviewed a large number of studies reporting this incidence 
of PG and has identified that female gender, Crohn’s disease, 
erythema nodosum, and ocular EIM are associated with PG.
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