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Increased incidence of inflammatory bowel disease
on etanercept in juvenile idiopathic arthritis
regardless of concomitant methotrexate use
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Abstract

Objective. To describe risk factors for IBD development in a cohort of children with JIA.

Methods. JIA patients who developed IBD were

identified from the international Pharmachild register.

Characteristics were compared between IBD and non-IBD patients and predictors of IBD were determined using
multivariable logistic regression analysis. Incidence rates of IBD events on different DMARDs were calculated, and
differences between therapies were expressed as relative risks (RR).

Results. Out of 8942 patients, 48 (0.54% ) developed IBD. These were more often male (47.9% vs 32.0%) and
HLA-B27 positive (38.2% vs 21.0%) and older at JIA onset (median 8.94 vs 5.33 years) than patients without IBD
development. They also had more often a family history of autoimmune disease (42.6% vs 24.4%) and enthesitis-
related arthritis (39.6% vs 10.8%). The strongest predictors of IBD on multivariable analysis were enthesitis-related
arthritis [odds ratio (OR): 3.68, 95% CI: 1.41, 9.40] and a family history of autoimmune disease (OR: 2.27, 95% CI:
1.12, 4.54). Compared with methotrexate monotherapy, the incidence of IBD on etanercept monotherapy (RR: 7.69,
95% Cl: 1.99, 29.74), etanercept with methotrexate (RR: 5.70, 95% ClI: 1.42, 22.77) and infliximab (RR: 7.61, 95%
Cl: 1.27, 45.57) therapy was significantly higher. Incidence on adalimumab was not significantly different (RR: 1.45,
95% CI: 0.15, 13.89).

Conclusion. IBD in JIA was associated with enthesitis-related arthritis and a family history of autoimmune dis-
ease. An increased IBD incidence was observed for etanercept therapy regardless of concomitant methotrexate

use.
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Rheumatology key messages

o Inflammatory bowel disease (IBD) significantly impairs quality of life in juvenile idiopathic arthritis (JIA).
« IBD in JIA was associated with enthesitis-related arthritis and a family history of autoimmune disease.
o Incidence of IBD was raised on etanercept therapy, regardless of whether it was combined with methotrexate.

Introduction

JIA is the most frequent chronic rheumatic disease in
childhood with a reported prevalence varying from 16 to
150 per 100000 children [1]. As per ILAR criteria, seven
mutually exclusive categories of JIA with distinct clinical
features can be identified [2]. Treatment of JIA is mainly
targeted towards reducing disease activity and com-
monly used drugs are NSAIDs, steroids, conventional
synthetic (cs)DMARDs and biologic (b))DMARDs whose
administration is now subject to several recommenda-
tions and guidelines [3].

A rare comorbidity in JIA is presented by IBD, a
chronic inflammatory condition of the gastrointestinal
tract that comprises ulcerative colitis, Crohn’s disease
and indeterminate colitis [4]. Entheropathic arthritis may
also present as an extra-intestinal manifestation prior to
gastrointestinal symptoms in IBD [5, 6]. A previous study
reported an incidence of 1.31/1000 patient-years for IBD
in a registry of 3071 JIA patients treated with and with-
out bDMARDs [7]. This figure is much higher than the
reported incidence of paediatric-onset IBD in the gen-
eral population, which varies globally up to 0.23/1000
person-years [8]. Reported prevalence of IBD in Western
countries varies up to 200 per 100000 children [9-12]. It
is known that IBD has a significant negative impact on
quality of life besides complicating the therapeutic ap-
proach to JIA [13].

Due to sparse data, there is currently limited know-
ledge about the characteristics of JIA patients who de-
velop IBD and risk factors for its development.
Furthermore, based on limited numbers of IBD cases,
several studies suggest an association with IBD and eta-
nercept (ETN) therapy [14] and it has also been pro-
posed that MTX is effective in preventing or treating IBD
in JIA [7, 15].

The aim of this study is to describe characteristics of
JIA patients who develop IBD in comparison with those
who did not, determine predictors for the development of
IBD and establish a possible association between drug
therapy and IBD in the largest existing pharmacovigilance
cohort of JIA patients worldwide. We wanted to explore a
possible protective effect of MTX and hypothesized
based on literature that IBD is associated with enthesitis-
related arthritis (ERA) and ETN therapy [7, 16].

Methods
Patients

Pharmachild is an ongoing international observational
registry that started in 2011 and contains both retro-
spective and prospective clinical, laboratory and demo-
graphic data from JIA patients treated in 85 member
centres of the Paediatric Rheumatology INternational
Trials Organisation (PRINTO) from 31 countries world-
wide [17]. Key objectives of Pharmachild are to capture
adverse events (AEs) in JIA patients developing under
cs- or bDMARDs and to determine efficacy of these
therapies. Inclusion criteria are children with JIA as
defined by ILAR criteria who receive NSAIDs, steroids,
cs- or bDMARDs prescribed by their treating physician.
Further details of the Pharmachild registry are available
elsewhere [18, 19]. All patients from the Pharmachild
database were included in the present study. Data lock
occurred on 3 May 2019.

For every patient, the ever occurrence of IBD (yes/no)
was determined from different sources in Pharmachild.
AEs in Pharmachild are reported using version 22 of the
Medical Dictionary of Regulatory Activities (MedDRA) hier-
archy [20]. Furthermore, IBD was one of the 23 events of
specific interest for which extra specific information such
as performed tests and medical history was reported in
cases in which IBD was diagnosed. All preferred terms
(PTs) of AEs, with a three-level monitoring check for con-
sistency [19] [treating physician, medical monitor (J.S.) and
PRINTO certified MedDRA coders], were screened.
Definite IBD cases (Crohn’s disease, ulcerative colitis or
IBD), possible IBD cases (e.g. proctitis) and tests or proce-
dures possibly related to IBD were selected (e.g. colonos-
copy). Of the latter two, free-text AE descriptions were
screened for further information on IBD diagnosis. IBD after
JIA onset could also be mentioned as a free-text comor-
bidity when the IBD was already established at the mo-
ment of inclusion into the registry. Cases were retrieved by
two authors (J.S., R.K\) and then checked for correctness
by a third reader (J.vS.).

Characteristics collected for all patients were demo-
graphics, a history of autoimmune disease(s) in first and
second degree relatives, ILAR category and ANA, HLA
B27 and RF status. For ANA positivity only one positive
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test was required. For a positive RF status, two positive
tests at least 3 months apart were required as per ILAR
classification criteria.

Statistical analysis

Patient characteristics

Descriptive statistics of patient characteristics at last
visit were summarized for patients who developed IBD
(both with and without available onset date) and patients
who did not. Categorical variables were compared be-
tween these patients by y? test or Fisher's exact test if
appropriate. Continuous variables were compared by
Mann-Whitney U-test. All tests were performed two-
sided and results were considered statistically significant
in cases of a P-value of <0.05. Subsequently, all statis-
tically significant variables were entered as independent
variables in a multivariable logistic regression based on
complete case analysis in order to develop a prediction
model for the outcome variable IBD, defined as the ever
occurrence of IBD. ILAR categories were treated as sep-
arate dichotomous variables in order to avoid fitting an
overfit model. Odds ratios with 95% confidence intervals
(Cl) of predictor variables in the model were reported
and their joint ability to predict IBD was assessed by the
area under the receiver operating characteristic curve
(AUC). Linearity of continuous variables with the logit
outcome was assessed using the Box-Tidwell test.

Drug therapy
In order to establish a possible association between IBD
and medication, incidence rates of IBD were determined

Fia. 1 Flowchart of identified IBD cases

6506 adverse events on case report forms in 8942 patients |

4 tests possibly related to IBD

+ 2 colonoscopy

+ 1 esophagogastroduodenoscopy
+ 1 rectum biopsy

Increased incidence of inflammatory bowel disease

for MTX, ETN, sulfasalazine, leflunomide, adalimumab
(ADA) and infliximab (IFX) therapy. For these analyses,
only IBD events with available onset date were
included. Incidence rates for ETN were calculated for
monotherapy (ETN without MTX) and combination
therapy with MTX. Incidence rates for MTX were cal-
culated for monotherapy only (MTX without any bio-
logic). An event of IBD was assigned to a particular
drug therapy if this therapy was received within the
last 3 months prior to IBD onset [15], and also if the
therapy was started or stopped within this interval.
Incidences were also calculated for an at-risk window
of 6 and 12months. As a sub-analysis, we repeated
all analyses for only ERA patients. Drug therapy
received after onset of IBD was censored in all analy-
ses. For all drug therapies, relative risks (i.e. inci-
dence rate ratios) compared with MTX monotherapy
were calculated. If the 95% confidence interval of the
relative risk did not contain 1 , this was considered
statistically significant.

All analyses were performed with IBM SPSS Statistics
version 25 (IBM Corp., Armonk, NY, USA) and the stats,
pROC and epitools packages for R version 3.6.3 [21].

Ethics

Pharmachild and all participating centres obtained ap-
proval from their respective ethics committees and were
conducted in accordance with the Declaration of
Helsinki. All patients provided written informed consent/
assent based on existing national regulations.

| 1994 free-text comorbidities reported in 8942 patients
L

22 definite IBD reports 3 possible IBD reports

« 11 Crohn's disease » 1 colitis

«6/BD » 1 enteritis

+ 5 ulcerative colitis + 1 hemorrhagic enterocolitis

10 possible IBD reports
= 5 enteritis

24 definite IBD reports
« 7 Crohn's disease

« 1 duodenitis

« 1 proctitis

« 17 I1BD + 2 gastrointestinal inflammation

+ 1 hemorrhagic enterocolitis

| 0 reports of IBD | | 1 report of IBD |

25 reports of IBD

1 report of IBD
23 reports of IBD

48 unique patients with IBD
= 27 with available onset date
« 21 without available onset date
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TasLe 1 Demographic and clinical characteristics of Pharmachild patients included for analysis

Total cohort

(n = 8942)

Demographics, % (n)

Female 67.9 (6072)
Family history of autoimmune 24.5(2117)
disease(s)? (n=8648)

Clinical characteristics
Age at JIA onset, median (IQR),
years
ILAR category, % (n)

5.34 (2.38-9.96)

Persistent oligoarthritis 25.2 (2250)
Extended oligoarthritis 12.7 (1132)
Systemic JIA 10.7 (956)
RF— polyarticular JIA 26.4 (2364)
RF+ polyarticular JIA 4.0 (357)
Psoriatic JIA 3.4 (301)
Enthesitis-related JIA 10.9 (977)
Undifferentiated JIA 6.8 (605)
Laboratory characteristics, % (n)
ANA positive 41.7 (3491)
(n=28375)
RF positive 4.3 (343)
(n=7906)
HLA-B27 positive 21.1(1141)
(n="5402)

No IBD P-value
(n = 8894)
68.0 (6047) 52.1 (25) 0.03"
24.4 (2097) 42.6 (20) <0.01"
(n=8601) (n=47)

5.33 (2.38-9.95) 8.94 (5.95-11.53) <0.01"
25.2 (2245) 10.4 (5) 0.49
12.7 (1128) 8.3 (4) 0.49

10.7 (953) 6.3(3) 0.48
26.5 (2354) 20.8 (10) 0.47

4.0 (357) 0.00 0.26

3.4 (300) 2.1(1) 1
10.8 (958) 39.6(19) <0.01"

6.7 (599) 12.5(6) 0.14
41.7 (3471) 43.5 (20) 0.92
(n=8329) (n=46)

4.4 (343) 0.00 0.41
(n=7868) (n=38)
21.0(1128) 38.2(13) 0.02"
(n=5368) (n=34)

Percentages listed are column percentages. Only taking into account first and second-degree relatives. *Statistically sig-

nificant. IQR: interquartile range.

Results
Patient characteristics

The number of patients included in this study was 8942,
from which 48 (0.54%) unique cases of IBD were identi-
fied from 6506 AEs and 1994 free-text comorbidities
(Fig. 1). These included 13 cases (27%) of ulcerative col-
itis, 22 cases (46%) of Crohn’s disease and 13 cases
(27%) of indeterminate colitis. Date of onset could not be
retrieved for 21/48 (44%) IBD cases (Supplementary
Table S1, available at Rheumatology  online).
Characteristics of patients who developed IBD and those
who did not are presented in Table 1. The total observa-
tion time from JIA onset to last visit of all included
patients was 56138years with a median of 5.4years
[interquartile range (IQR): 2.7-8.9]. It was observed that
patients who developed IBD were significantly more often
male (47.9%), HLA-B27 positive (38.2%) and older at JIA
onset than patients who did not develop IBD.
Furthermore, they had significantly more often a family
history of autoimmune disease(s) (42.6%) and ERA
(39.6%). The most commonly reported autoimmune dis-
eases in first and second degree relatives were psoriasis
(25%), rheumatoid arthritis (18%) and Hashimoto’s thyroi-
ditis (10%). Other ILAR categories, ANA status and RF
status did not differ significantly between IBD and non-
IBD patients. No RF positive patients developed IBD. For

cases of IBD with available onset date, the median time
from JIA onset to IBD onset was 4.2 years (IQR: 2.3-7.7)
and the median age at IBD onset was 13.7years (IQR:
11.7-15.9).

Predictors of IBD

When combining all statistically significant variables into
a multivariable prediction model, only ERA (OR: 3.68,
95% Cl: 1.41, 9.40) and a family history of autoimmune
disease(s) (OR: 2.27, 95% CI: 1.12, 4.54) remained sig-
nificantly associated with IBD at a significance level of
5% (Table 2). This model included 5272 patients with
33 IBD cases due to missing information for predictor
variables. The AUC of the model was 0.74 (95% CI:
0.66, 0.82). The median predicted probability for IBD in
the dataset was 0.4% (range: 0.2-4.6%).

Drug therapy

Of the 27 patients with known onset date of IBD, 13
(48.1%) used ETN (with or without MTX) within the last
3 months prior to IBD onset (Table 3). For these patients,
the median duration of ETN use to IBD onset was
382days (IQR: 275-853). This duration was positively
correlated with JIA disease duration until IBD onset
(r=0.8, P<0.005). For six cases (23%), no DMARD
therapy was received within the 3months at-risk
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TasLe 2 Risk factors for IBD on multivariable logistic re-
gression analysis (n =5272)

Variable OR 95%ClI

Female 0.70 0.33,1.48
Family history of autoimmune disease(s)® 2.27 1.12,4.54°
Age at JIA onset 1.05 0.96,1.15
Enthesitis-related JIA 3.68 1.41,9.40
HLA-B27 positive 0.81 0.33,2.02

Area under the receiver operating characteristic curve =
0.74 (95% Cl: 0.66, 0.82). *Only taking into account first
and second-degree relatives. *Statistically significant. OR:
odds ratio.

window. Of these cases, four (67%) had previously
stopped MTX therapy and two (33%) had stopped ETN
(58 and 4 months before IBD onset). It was observed that
incidence rates of IBD were significantly higher for combin-
ation therapy with ETN and MTX (six events during 5236
exposure years), ETN monotherapy (seven events during
4524 exposure years) and IFX (two events during 1306 ex-
posure years) compared with MTX monotherapy (three
events during 14913 exposure years). No significant differ-
ence was found for ADA therapy (one event during 3440
exposure years). The same effects were observed when
taking at-risk windows of 6 and 12 months (Supplementary
Tables S2 and S8, available at Rheumatology online).
Incidence rates of IBD on drug therapy in ERA patients
were higher compared with the total cohort. Nevertheless,
no significant differences were found between drug thera-
pies in this sub-analysis of ERA patients. Drug therapy
details for each IBD case with available onset date are pre-
sented in Supplementary Data S1, available at
Rheumatology online.

Discussion

In this study, IBD patients were older at JIA onset and
more often male and HLA-B27 positive than non-IBD
patients. Furthermore, they had more often a family his-
tory of autoimmune disease and ERA. On multivariable
analysis, ERA and a family history of autoimmune dis-
ease were the strongest predictors of IBD in JIA. The in-
cidence of IBD on therapy with both ETN and MTX, ETN
monotherapy and IFX was significantly higher compared
with MTX monotherapy.

The prevalence of IBD in our cohort was 0.54%. This a
priori risk is higher than reported prevalence rates varying
up to 0.02% in the paediatric population of Western coun-
tries [9-12], in which the burden of IBD is known to be
highest worldwide [4, 8]. Indeed, IBD and JIA share com-
mon genetic features [7] and it has been hypothesized
that asymptomatic gut wall inflammation can be present
in certain patients with JIA [16]. Following our prediction
model, the highest predicted probability of IBD in our co-
hort was 4.6%. Although this risk may not seem high, the

https://academic.oup.com/rheumatology
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implications are huge and screening for underlying IBD is
quite simple, cheap and harmless by performing a faecal
calprotectin test [22, 23]. Therefore, this screening might
be appropriate in relatively high-risk patients who accord-
ing to our analysis would be male ERA patients with older
age at JIA onset and a family history of autoimmune dis-
ease. We found a median age at IBD onset of 13.7 years,
which is in line with other studies that reported cases of
IBD in JIA [7, 16, 24].

The strongest predictor of IBD in our cohort was ERA,
which largely explains why patients with IBD were on
average older and more often male and HLA-B27 positive
than patients without IBD in our cohort [1]. Moreover,
ERA resembles spondyloarthropathy in adults [16], a
rheumatic disease known to be associated with develop-
ment of IBD [25]. A previous study by Barthel et al. also
reported a higher percentage of ERA among JIA patients
who developed IBD (2/11; 18.2%) compared with the
total cohort (425/3071; 13.8% ) [7]. The authors of the
same study also hypothesized that JIA patients with
psoriatic arthritis and extended oligoarthritis were at an
increased risk of IBD, which we cannot confirm with the
results of our current study. The other statistically signifi-
cant predictor of IBD in our multivariable analysis was a
family history of one or more autoimmune diseases. This
is consistent with existing knowledge on the pathophysi-
ology of IBD, which suggests that both genetic and envir-
onmental factors play a role [4]. In addition, familial IBD is
more common in children than in adult cases [26].
Corresponding to most studies [14, 27, 28], no RF posi-
tive polyarthritis patients developed IBD in the present
study, although IBD in RF positive polyarticular JIA has
been reported [29].

Compared with MTX monotherapy, the incidence of
IBD on ETN therapy was significantly higher. Several
studies have also reported a potential association be-
tween ETN and IBD in JIA [14, 15]. In our study, this as-
sociation was observed even when taking different at-
risk windows. In fact, for cases where ETN was received
within the last 3months prior to IBD onset, the median
duration from the start of ETN to IBD onset was little
over a year. Due to this rather long duration, the authors
believe there is not much bias in the reported IBD
events that were attributed to ETN therapy, which would
not be the case if patients had only switched to ETN
therapy shortly before IBD onset. Other studies confirm
this long duration of ETN therapy until IBD onset [7, 27].
The observed positive correlation between ETN therapy
duration and duration until IBD onset might provide
some evidence for a dose-response relationship, given
that IBD events that still occurred after the median dur-
ation of JIA until IBD onset also had a longer exposure
to ETN. Data from the BiKeR register with 14 included
IBD cases has suggested that MTX is protective against
IBD in JIA, even when combined with ETN [15]. The rate
of incident IBD on ETN and MTX combination therapy in
the BiKeR study was higher than the rate on MTX
monotherapy (0.1 vs 0.03 events per 100 person-years),
but this was not a statistically significant difference. In
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TasLe 3 Incidence rates of IBD events with available onset date on drug therapy

All patients (n = 8921)

ERA patients (n = 967)

Drug therapy® IBD events, % Incidence RR (95% CI) IBD events, % Incidence RR (95% CI)
(n) (n =27)° rate® (95% Cl) (n) (n =9)¢ rate® (95% CI)
csDMARDs
MTX mono 11.1 ) 0.02 Reference 22.2(2) 0.22 Reference
(0.00, 0.06) (0.03,0.79)
Sulfasalazine 3.7(1) 0.07 3.68 11.1(1) 0.15 0.68
(0.00, 0.41) (0.38, 35.40) (0.00, 0.83) (0.06, 7.51)
Leflunomide 3.7(1) 0.14 6.96 0.0 (0) — -
(0.00, 0.78) (0.72, 66.87)
bDMARDs
ETN mono 25.9(7) 0.15 7.69 33.3 () 0.67 3.07
(0.06, 0.32) (1.99, 29.74) (0.14,1.97) (0.51,18.37)
ETN + MTX 22.2 (6) 0.11 5.70 11.1(1) 0.27 1.24
(0.04, 0.25) (1.42,22.77) (0.01, 1.51) (0.11,13.66)
Infliximab 7.4 (2 0.15 7.61 11.1 (1) 0.53 2.44
(0.02, 0.55) (1.27, 45.57) (0.01,2.98) (0.22, 26.89)
Adalimumab 3.7(1) 0.03 1.45 0.0 (0) - —
(0.00, 0.16) (0.15,13.89)

Percentages listed are column percentages. Drug therapy was received within the last 3months prior to IBD onset. °For
six cases, no DMARD therapy was received within the last 3 months prior to IBD onset. “Number of IBD events per 100
exposure years. 9For one case, no DMARD therapy was received within the last 3months prior to IBD onset. *Statistically
significant. bDMARD: biologic DMARD; csDMARD: conventional synthetic DMARD; ERA: enthesitis-related arthritis; ETN:

etanercept; RR: relative risk.

the present study, we found a similar effect, which was
statistically significant probably due to the larger number
of IBD cases included. In our study, ETN was associated
with IBD in JIA, regardless of concomitant use of MTX. It
remains questionable, however, whether or not this is a
causal relationship. It has been suggested that in JIA
patients under ETN therapy, a pre-existing clinically silent
IBD can manifest since ETN is ineffective in the treatment
of Crohn’s disease [27]. One could even argue that
patients with silent IBD and arthropathy, misdiagnosed as
JIA patients, will not benefit from ETN therapy for their
joints either. Hence these patients will be switched to a
more effective treatment such as ADA, thereby preventing
the symptomatic occurrence of IBD. Nevertheless, IBD
onset after ETN therapy has also been reported in
patients with long-lasting definite JIA without previous ab-
dominal complaints [30]. In a systematic literature review
of 53 cases of IBD in JIA, Bieber et al. describe that most
cases that developed under ETN therapy improved after
discontinuation of ETN, suggesting a causal link [14].
Several hypotheses about the biological mechanism be-
hind a possible relationship between ETN and IBD devel-
opment exist [7, 14, 16, 27].

Unlike ETN, IFX and ADA have been proven effective
in the treatment of IBD [31-33]. We observed that the in-
cidence of IBD on ADA was not significantly higher than
MTX monotherapy, but, surprisingly, incidence on IFX
was. For two cases of IBD found in our study, IFX was

given within the last 3 months prior to IBD onset, and for
one additional case within the last 12 months. However,
two of these three cases had previously also received
ETN. Tarkiainen et al. also reported a case of IBD fol-
lowing IFX therapy and suggested that IBD can develop
in JIA patients at a low IFX dosage, which is associated
with the formation of anti-IFX antibodies that is linked to
a reduced treatment response in Crohn’s disease [24]. It
is indeed the case that the IFX dosage recommended
for JIA is 3mg/kg body weight, while this is 5mg/kg
body weight for IBD. A randomized placebo-controlled
trial of IFX in JIA also reported an increased risk for de-
velopment of antibodies to IFX at a dosage of 3mg/kg
compared with 6 mg/kg [34]. Development of IBD follow-
ing IFX treatment has also been described in an adult
spondyloarthropathy patient [35].

We did not find significant differences in rates of inci-
dent IBD between different therapies within the subset
of ERA patients due to few events. However, the higher
absolute incidence rates for all therapies in this sub-
analysis compared with our main analysis indicate that
ERA patients run a higher overall risk of developing IBD.
This confirms our multivariable analysis results.

This study has strengths and limitations. Due to miss-
ing onset dates, drug therapy prior to onset could not
be retrieved for all IBD cases. Moreover, because of
this, drug therapy could not be studied as an independ-
ent variable for IBD in addition to the current variables in

https://academic.oup.com/rheumatology

120Z JoquIaA0N g uo Jasn AusiaAiun sniujip Aq 2989£9/8/9qesy/ABojoiewnayl/c601L 0L /10p/ajonle-soueape/ABojojewnayl/woo dnoolwepese//:sdiy Woll pspeojumoq



our complete case logistic regression model. This would
have resulted in exclusion of the majority of IBD cases
and an overfit model. Missing onset dates of IBD events
have influenced absolute incidence rates reported in this
study, but the authors do not believe this has caused
significant bias in relative risks between drug therapies
given the likely missing completely at random (MCAR)
nature of the missing observations. The mentioned limi-
tations are partially covered by the relatively large sam-
ple size. Although it might be difficult to draw firm
conclusions based on 48 cases of IBD, this is the most
comprehensive single international registry of IBD in JIA
and its characteristics and risk factors. Also, ERA was
excluded as a confounding variable in our incidence
analyses by performing a sub-analysis in ERA patients
only. In this sub-analysis, similar effects were observed
as in the main analysis, but these effects were not stat-
istically significant due to a considerably reduced num-
ber of observations.

For the future, it would be ideal if a larger number of
IBD cases from different national and international
cohorts/registries could be combined, and associations
with risk factors including drug therapy could be con-
firmed using multivariable analysis in a case-control
study. Next to clinical and genetic features, also dietary
and environmental factors should be considered as pre-
dictors for IBD in JIA. A 2013 population based study in
Denmark revealed that among others high sugar intake
and urban residency were risk factors for the develop-
ment of paediatric-onset IBD [36]. Lastly, more experi-
mental work on the biological mechanism behind a
possible causal relationship between ETN and IBD (in
the presence of MTX) is required.

To conclude, this study has highlighted several risk
factors for IBD in patients with JIA, of which the most
important are ERA and a family history of autoimmune
disease. Moreover, we found that compared with MTX
monotherapy the incidence of IBD was higher on ther-
apy with ETN (regardless of concomitant use of MTX)
and IFX. Hence, it might be suggested to consider ADA
as the biologic of choice for treatment of ERA patients
with a family history of autoimmune disease.
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