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Abstract

Background The association between pyoderma gangrenosum (PG) and rheumatoid arthritis (RA) was not investigated in the
setting of controlled studies. The risk of PG among patients with RA is not established.

Objective The study aims to evaluate the magnitude of the association between RA and the subsequent development of PG.
Additionally, we aimed to characterize patients with RA-associated PG relative to other patients with PG.

Methods A population-based case-control study was conducted comparing PG patients (z = 302) with age-, sex-, and ethnicity-
matched control subjects (n = 1497) with respect to the presence of RA. Logistic regression models were utilized for univariate
and multivariate analyses.

Results The prevalence of RA was greater in patients with PG than in control subjects (4.7% vs. 1.5%, respectively; P < 0.001).
More than threefold increase in the odds of PG with RA (OR, 3.29; 95% CI, 1.66—6.50) was noted. This association retained its
statistical significance following a sensitivity analysis excluding RA cases diagnosed up to 2 years prior to PG (OR, 2.72; 95%
CI, 1.25-5.91) and after adjusting for confounding factors (adjusted OR, 2.80; 95% CI, 1.23-5.86). RA preceded the diagnosis of
PG in the majority of patients by a mean (SD) latency of 9.2 (7.4) years. Patients with RA-associated PG were older relative to the
remaining patients with PG (62.2 [15.0] vs. 53.4 [20.9] years, respectively; P =0.006).

Conclusions RA increases the odds of developing PG by more than threefold. Physicians managing patients with RA should be
aware of this increased burden. Patients with RA may be advised to avoid additional precipitating factors of PG.

Key Points

* The odds of developing PG are increased by more than threefold in patients with RA.

* PG followed the diagnosis of RA in the majority of patients with these coexistent conditions by an average latency of 9.2 years.
* Patients with RA-associated were older relative to other patients with PG at the onset of PG.
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Introduction
Khalaf Kridin and Giovanni Damiani contributed equally to this work. Pyoderma gangrenosum (PG) is a rare, chronic, and cutaneous
ulcerative disease with a distinctive morphologic presentation
D Khalaf Kridin typified by painful ulcers with violaceous, undermined bor-

dr_kridin@hotmail.com ders, typically on the lower extremities. While the pathogen-

esis of PG is yet to be fully elucidated, several lines of evi-

! Liibeck Institute of Experimental Dermatology, University of dence suggest that neutrophil dysfunction and aberrant sys-
Liibeck, Ratzeburger Allee 160, 23562 Liibeck, Germany temic inflammation play a vital role in the induction of PG
2 Young Dermatologists Italian Network, GISED, Bergamo, Italy lesions [1, 2]. A recent immunohistological study postulated
3 Clinical Dermatology, IRCCS Istituto Ortopedico Galeazzi, that a T cell response resulting in destruction of pilosebaceous
Milan, Italy units is involved in the pathogenesis of PG [3]. More than half
4 Clalit Health Services, Tel-Aviv, Israel of patients with PG are associated with an underlying systemic

disease at their presentation, with inflammatory bowel disease
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(IBD), inflammatory arthritis, and hematological malignan-
cies being the most frequently encountered conditions [4].

RA is a chronic, usually symmetric, inflammatory autoim-
mune disease, primarily affecting peripheral joints [5].
Although the precise pathomechanism underlying RA is not
fully comprehended, environmental factors such as smoking,
in a genetically predisposed individual, are thought to arouse
the emergence of RA [5]. Patients with RA may experience a
wide array of cutaneous manifestations [6, 7]. These include,
among others, rheumatoid nodules, accelerated rheumatoid
nodulosis, rheumatoid vasculitis, palisaded neutrophilic and
granulomatosis dermatitis, Felty syndrome, and pyoderma
gangrenosum (PG) [6, 7].

Several case reports and case series had pointed to the
coexistence of RA and PG in individual patients. A recent
meta-analysis depicted that the pooled prevalence of RA
among reported patients with PG was estimated at 8.7%
(95% CI, 7.2-10.3) [4]. However, the current literature lacks
controlled observational studies investigating and quantifying
the association between PG and RA. The likelihood of the
occurrence of PG among patients with RA was not evaluated.

Aiming to fill the aforementioned gap, we sought to perform a
population-based case-control study to explore the association
between RA and the subsequent development of PG. Moreover,
we aimed to disclose the epidemiological features of patients with
coexistent PG and RA relative to other patients with PG.

Methods
Study design and database

We conducted a retrospective population-based case-control
study aiming to identify the risk of developing subsequent PG
following the diagnosis of RA. For this design to be imple-
mented, only patients in whom the exposure (RA) preceded
the outcome (PG) were included in the analysis. In another
cross-sectional sub-analysis, all patients with a dual diagnosis
of RA and PG were included regardless of the sequence in
which the investigated conditions appeared.

The current study was performed on the basis of the com-
puterized database of Clalit Health Services (CHS). CHS is
the largest healthcare organization in Israel, ensuring and pro-
viding healthcare services for approximately 4,927,000
enrollees as of October 2018 (57% of the general population
of Israel based on the Central Bureau of Statistics). CHS pro-
vides a wide spectrum of both public and private healthcare
services. The computerized database of CHS is grounded on
persistent real-time data input from clinical, pharmaceutical,
and administrative operating systems. This database was prov-
en very effective in facilitating the performance of epidemio-
logical studies.
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The chronic disease registry of CHS extracts data from
various sources, including hospital and primary care reports,
purchase of medications, health services utilization, and labo-
ratory and imaging data. These accumulated data is then man-
ually cross-checked and validated by the primary care practi-
tioner of each patient. This registry was shown to be of high
validity and reproducibility [8].

The ethical committee of Ben-Gurion University approved
the current study in accordance with the declaration of
Helsinki.

Study population and covariates

Between the years 2000 and 2018, we identified all indi-
viduals given a diagnostic code consistent with the diag-
nosis of PG. Afterward, the inclusion of PG cases in this
study was based on the following criteria: (i) a document-
ed diagnosis of PG registered by a community board-
certified dermatologist at least twice or (ii) documentation
of the diagnosis of PG in hospital discharge letters from
dermatological wards.

The diagnosis of RA was based on its documentation in the
chronic registry of CHS. It is based on the documentation of
board-certified rheumatologists, the purchase of RA-related
drugs, and suggestive laboratory and imaging data and is even-
tually validated by the managing general healthcare provider.

The control group encompassed up to 5 controls per every
patient, matched randomly by age, sex, and ethnicity. The date
of diagnosis served as an index date for every case and for the
corresponding matched control patients. Before their recruit-
ment, controls were ascertained to be alive and to contribute
longitudinal data for the CHS dataset.

Outcome measures were controlled for underlying comor-
bidities utilizing the Charlson comorbidity index, a validated
epidemiological method of quantifying comorbidities. This
index has been evidenced to be reliable in forecasting lethal
outcomes [9]. Smoking status was classified as a current
smoker or never/past smoker. The adjustment for smoking
was performed owing to its predisposing role in RA [10]
and owing to conflicting evidence regarding its role in trigger-
ing inflammatory bowel disease-associated PG [11-14].

A sensitivity analysis was performed to ensure that the ob-
served association was not overestimated due to ascertainment
bias. This analysis was based on reiterating the calculations with
an exclusion period of 2 years prior to the index date (diagnosis
of PG and recruitment of controls). Thus, all individuals given a
diagnosis of RA in this period were omitted from calculations.

Statistical analysis
Baseline characteristics are described with means and stan-

dard deviations (SD) for continuous variables, whereas per-
centages are used to signify categorical values. A comparison
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of sociodemographic and clinical factors between patients
with PG and controls was performed using the chi-square test
and ¢ test, as indicated.

Logistic regression was used to calculate odds ratios (ORs)
and 95% Cls to compare cases and control with respect to the
presence of RA. The association was calculated based on in-
dividuals who developed PG following the diagnosis of UC in
accordance with the presence of a temporal relationship be-
tween exposure and outcome in case-control studies. In the
cross-sectional sub-analysis, all patients with both diagnoses
were included. Two-tailed P values less than 0.05 were con-
sidered as statistically significant. All statistical analyses were
performed using SPSS software, version 25 (SPSS, Armonk,
NY: IBM Corp).

Results
Characteristics of the study population

Three hundred two patients with PG and 1497 matched
control individuals were included in the current study.
The mean (SD) age at the diagnosis of patients and re-
cruitment of control subjects was 54.0 (20.8) years. One
hundred seventy-five (57.9%) patients with PG were fe-
males, and 255 (84.4%) were of Jewish ancestry. The two
groups were comparable in terms of sex and ethnic com-
position, average body mass index (BMI), and the preva-
lence of smoking (Table 1). The mean (SD) Charlson

comorbidity score was greater in cases than in controls
(2.3 [2.7] vs. 1.3 [1.8], respectively; P <0.001). Severe
comorbidities were encountered more frequently among
cases relative to controls (37.4% vs. 19.2%, respectively;
P <0.001). The features of the study population are
outlined in Table 1. Selection of study population and
main study outcomes are pictorially illustrated in Fig. 1.

Cross-sectional study design

The lifetime prevalence of RA was higher among patients
with PG than among control subjects (5.6% vs. 1.7%, respec-
tively; OR, 3.51; 95% CI, 1.87-6.59; P <0.001). When a
stratified analysis was held, the association between PG and
RA was greater among younger (<45 years; OR, 10.28; 95%
CL, 1.86-56.68) and male (OR, 4.06; 95% CI, 1.08-15.33)
patients. It is noteworthy that the association was still signif-
icant among patients older than 45 years of age, as well as
among female patients (Table 2). When patients were divided
according to the ethnic background and the smoking status,
the association held significance only among Jewish (OR,
3.44; 95% CI, 1.72-6.86) and nonsmoker (OR, 4.22; 95%
CI, 2.01-8.83) patients (Table 2).

Case-control study design

Among patients with coexistent PG and RA (n=17), the
diagnosis of PG followed that of RA in the majority of
patients (82.4%; n=14). In cases where PG followed the

Table 1 Descriptive

characteristics of the study Characteristic Patients with pyoderma Controls (N =1497) P value
population gangrenosum (N = 302)
Age, years
Mean + SD 54.0+20.8 54.0+20.8 1.000
Median (range) 55.8 (0.2-95.1) 55.9 (0.2-95.6)
Male sex, N (%) 157 (57.9) 629 (58.0) 0.974
Ethnicity, N (%)
Jews 255 (84.4) 1264 (84.4) 1.000
Arabs 47 (15.6) 233 (15.6)
BMI, mg/kg?
Mean + SD 28.0+6.3 27.8£6.2 0.614
Smoking, N (%) 115 (38.1) 521 (34.8) 0.274
Charlson comorbidity score
Mean score £ SD 23£27 1.3+£1.8 <0.001"
None (0) 111 (36.8) 777 (51.9) <0.001"
Moderate (1-2) 78 (25.8) 432 (28.9) 0.276
Severe (>3) 113 37.4) 288 (19.2) <0.001"

PG pyoderma gangrenosum, N number, SD standard deviation, BMI body mass index

* Significant values
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Fig. 1 Selection of study
population and main study 4,927,000 CHS enrollees
outcomes were screened for the
diagnosis of PG

302 patients with PG were
detected and 1,497
matched control subjects
were recruited

1,799 individuals were 1,793 individuals were
included in the cross- fincluded in the case-control}
sectional analysis analysis

The prevalence of
preexisting RA was 4.7%
and 1.5% among patients
with PG and controls,

The lifetime prevalence of
RA was 5.6% and 1,7%
among patients with PG

and controls, respectively

repsectively
OR=3.51; 95% Cl, 1.87- OR=3.29; 95% Cl, 1.06-
6.59; P<0.001 6.50; P<0.001
Table 2 The association between
pyoderma gangrenosum and Subgroup Number  RA in patients RA in controls OR (95% CI) P value
rheumatoid arthritis stratified by with PG (n=302),n (%) (n=1497), n (%)
age, sex, and ethnicity (a cross- ,
sectional design) All 1799 17 (5.6) 25(1.7) 3.51 (1.87-6.59) <0.001
Age, years
<54 841 429 2(0.3) 10.28 (1.86-56.68)  <0.001"
>54 958 13 (8.0) 23(2.9) 2.93 (1.45-5.92) 0.002"
Gender
Male 756 43.1) 5(0.8) 4.06 (1.08-15.33) 0.026"
Female 1043 13 (7.4) 20 (2.3) 3.40 (1.66-6.98) <0.001"
Ethnicity
Jews 1519 14 (5.5) 21 (1.7) 3.44 (1.72-6.86) <0.001"
Arabs 280 4 (8.5) 1(04) 3.90 (0.84-18.05) 0.062
Smoking status
Smokers 636 4(3.5) 8(1.5) 2.31 (0.68-7.81) 0.166
Nonsmokers 1163 13 (10.2) 17 (1.7) 422 (2.01-8.83) <0.001"

PG pyoderma gangrenosum, RA rheumatoid arthritis, OR odds ratio, » number, C/ confidence interval
" Significant value
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onset of RA, the mean latency between the conditions was
9.2 (7.4) years. Of these patients, 71.4% (n =10) devel-
oped PG after at least 4 years from being diagnosed with
RA. In 17.6% (n=3) patients, the diagnosis of PG pre-
ceded that of RA by a mean (SD) latency of 6.2
(3.1) years.

We then performed a case-control study, including on-
ly cases where the exposure (RA) preceded the outcome
(PG; Table 3). The prevalence of RA was greater among
patients with PG than among control subjects (4.7% vs.
1.5%, respectively; P <0.001). More than threefold in-
crease in the odds of PG was observed with preceding
RA (OR, 3.29; 95% CI, 1.06-6.50). When stratified by
age, sex, and ethnicity, the association between RA and
subsequent PG was more protruding among younger (<
54 years; OR, 10.28; 95% CI, 1.86-56.68), male (OR,
5.07; 95% CI, 1.01-25.43), and Jewish (OR, 3.15; 95%
CI, 1.47-6.76) patients. The association was only of
marginal statistical significance among patients of Arab
ethnicity (OR, 3.90; 95% CI, 0.84-18.05). In a stratified
analysis based on the smoking status, the association was
only significant among nonsmokers (OR, 4.04; 95% CI,
1.83-8.95; Table 3).

A sensitivity analysis excluding patients diagnosed
with RA up to 2 years before PG was carried out. The
association of RA and later PG retained its statistical sig-
nificance (OR, 2.72; 95% CI, 1.25-5.91). Moreover, we
performed a multivariate analysis adjusting for confound-
ing factors like comorbidities, smoking, and body mass
index. The association was proven independently signifi-
cant in this analysis (adjusted OR, 2.80; 95% CI, 1.23—
5.86; P=0.006).

The clinical characteristics of patients with RA-
associated PG as compared with other patients with
PG

We then addressed the epidemiological characteristics of pa-
tients with RA-associated PG (n =17) as compared with the
remaining patients with PG (n =285). Patients with a dual
diagnosis of PG and RA were significantly older at the onset
of PG (62.2 [15.0] vs. 53.4 [20.9] years, respectively; P=
0.006) and had higher prevalence of ischemic heart diseases
(41.2% vs. 20.4%, respectively; P=0.043). The sex distribu-
tion, ethnic background, BMI, frequency of smoking, hyper-
lipidemia, hypertension, and diabetes mellitus were compara-
ble between the two subgroups (Table 4).

Discussion

The current population-based study has revealed a more than
threefold increase in the odds of developing PG in patients with
RA. The association was found stronger among young, male,
and Jewish patients and was robust to multivariate analysis
adjusting for confounding factors. PG followed RA in the ma-
jority of cases by an average duration of 9.7 years. Compared
with other patients with PG, patients with RA-associated PG
were younger at the onset of the cutaneous disease.

A recent meta-analysis reviewed the literature and summa-
rized the distribution and frequency of underlying diseases
among patients with PG. This study synthesized data across
21 studies encompassing 2611 patients with PG and found
that 57% of these patients have at least one underlying comor-
bid condition. The prevalence of inflammatory arthritis in

Table 3 The risk of pyoderma

gangrenosum (PG) in patients Subgroup Number  RA in patients RA in controls OR (95% CI) P value
with a preceding diagnosis of with PG (n=299), n (%)  (n=1494), n (%)
rheumatoid arthritis (RA) -
stratified by age, sex, and All 1793 14 (4.7) 22 (1.5) 3.29 (1.66-6.50) <0.001
ethnicity (a case-control design) Age, years
<54 841 4(2.9) 2(0.3) 10.28 (1.86-56.68)  0.001"
>54 952 10 (6.3) 20 (2.5) 2.59 (1.19-5.65) 0.013"
Gender
Male 753 324 3(0.5) 5.07 (1.01-25.43) 0.028"
Female 1040 11(6.4) 1922) 3.03 (1.42-6.49) 0.003"
Ethnicity
Jews 1513 11 (4.4) 18 (1.4) 3.15 (1.47-6.76) 0.002"
Arabs 280 3(8.5) 4 (1.7) 3.90 (0.84-18.05) 0.062
Smoking status
Smokers 634 3(2.6) 7(1.3) 1.98 (0.50-7.78) 0.318
Nonsmokers 1159 11 (5.9) 15(1.5) 4.04 (1.83-.8.95) <0.001"

PG pyoderma gangrenosum, RA rheumatoid arthritis, OR odds ratio, » number, CI confidence interval

* Significant value
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Table 4 Comparison between

patients with pyoderma PG with RA (n=17) PG without RA (n=285) P value
gangrenosum and rheumatoid -
arthritis relative to the remaining Age at the onset of PG, years; mean (SD) 65.2 (15.0) 53.4 (20.9) 0.006
patients with pyoderma Male sex, 1 (%) 4 (23.5) 123 (43.2) 0.111
gangrenosum Jewish ethnicity, n (%) 14 (82.4) 241 (84.6) 0.808
Body mass index; kg/mz, mean (SD) 29.4 (6.8) 279 (6.2) 0.386
Smoking, n (%) 4 (23.5) 111 (38.9) 0.205
Ischemic heart disease, 1 (%) 7 (41.2) 58 (20.4) 0.043"
Hyperlipidemia, n (%) 12 (70.6) 155 (54.3) 0.189
Hypertension, n (%) 11 (64.7) 123 (43.2) 0.084
Diabetes mellitus, n (%) 7 (41.2) 86 (30.2) 0.341

PG pyoderma gangrenosum, RA rheumatoid arthritis, » number, SD standard deviation

* Significant value

these eligible studies ranged between 0.0% [15] and 32.6%
[16], whereas its pooled prevalence was estimated at 12.8%
(95% CI, 9.2-16.9), representing the second most common
comorbidity [4]. Among these 21 eligible studies, 18 specified
the precise prevalence of RA, which ranged between 0% [15,
17-21] and 19.2% [22], providing a pooled prevalence of
8.7% (95% CI, 7.2-10.3) [4].

Despite this evidence, the extent in which RA predisposes
to the development of later PG is yet to be established. This
gap stems from the lack of case-control studies comparing
patients with PG and controls with regard to the presence of
RA, as well as from lack of cohort studies tracking patients
with RA for the occurrence of PG. This knowledge may be of
great benefit for physicians managing patients with PG since
early detection of the comorbid underlying disease may atten-
uate the overall disease course and lead to favorable outcomes
in PG [23]. Additionally, awareness of this association is of
help for physicians managing RA since it sheds light on the
real-life likelihood of developing a devastating and hard-to-
treat extra-articular manifestation.

Our study signifies that patients with a dual diagnosis of
PG and RA were significantly older than the remaining pa-
tients with PG. This observation is attributable to the differen-
tial distribution of comorbidities in patients with PG across
various age strata. The remaining patients with PG assumingly
include a considerable portion of patients with underlying
(IBD), the most common underlying condition in PG [4],
which tends to present in the second to fourth decades of life
[24]. This finding accords with the findings of Ashchyan et al.
[23] showing that PG patients older than 65 years were more
likely to have RA (13.3%) relative to those younger than
65 years of age (6.2%; P=0.02). In our study, the absolute
prevalence of RA was higher among patients older than
54 years, but the association of RA with PG was more prom-
inent among younger patients in the age-stratified analysis.
The latter finding probably reflects the lower prevalence of
RA in the control group in this age category, increasing the
OR of the association in younger patients.

@ Springer

Our findings denote that the likelihood of PG was higher
among nonsmokers. Although the influence of smoking on
the risk of RA-associated PG was not investigated, several
studies in IBD-associated PG yielded inconclusive results.
While several studies suggested that cigarette smoking does
not impose a risk for cutaneous manifestations in IBD (includ-
ing PG) [12-14], cigarette smoking emerged as a significant
predictor of PG in a cohort of patients with ulcerative colitis
[11]. Our observation, therefore, aligns with the conclusions
postulated from the majority of studies examining the role of
smoking in IBD-associated PG. Further research is required to
recognize the role that smoking plays in the induction of PG. It
is noteworthy that topical nicotine had been anecdotally uti-
lized in the management of PG, resulting in favorable re-
sponse [25, 26]. The latter may lend weight to the current
observation.

The current study provides epidemiological evidence
concerning the magnitude of the association between PG
and RA. The population-based nature enabled the inclusion
of patients originating from primary, secondary, and tertiary
care settings, a feature that increases the generalizability and
validity of the findings and lowers the risk of selection bias. In
order to minimize the likelihood of ascertainment bias, a sen-
sitivity analysis was performed. The case-control design en-
abled identification of the temporal relationship between dis-
eases. This contributed to delineating the risk of having PG in
patients with prior RA based on the assumption that OR ap-
proaches relative risk in case-control studies investigating rare
diseases [27]. Our study, however, has several limitations to
consider. The lack of data regarding the clinical characteris-
tics, severity (as estimated by the acceptable severity scores
like DAS28), and immunoserological profile (like seroposi-
tivity of anti-CCP and RF antibodies) of patients was the main
of these drawbacks. Additionally, we were not able to retrieve
data regarding important laboratory variables like acute phase
reactant (C-reactive protein erythrocyte sedimentation rate).

In conclusion, we found that the presence of RA is associ-
ated with a more than threefold increase in the odds of having
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subsequent PG. This association was strongest among male,
younger, Jewish, and nonsmoker patients. The findings were
not altered substantially in a sensitivity analysis excluding
diagnoses up to 2 years prior to PG and in multivariate anal-
ysis adjusting for confounding factors. RA preceded PG in the
majority of patients with dual diagnoses by a mean latency of
9.2 years. Relative to other patients with PG, patients with
RA-associated PG were significantly younger at the onset of
PG. Further research is required to reproduce these findings in
other study populations. Awareness of the likelihood of this
severe extra-articular manifestation is of great help for physi-
cians managing RA. Patients with RA should be advised to
avoid further predisposing factors of PG.

Compliance with ethical standards

The ethical committee of Ben-Gurion University approved the current
study in accordance with the declaration of Helsinki.

Disclosures None.
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