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Abstract

Background and Aims: Inflammatory bowel disease [IBD] has been associated with spondyloarthritis [SpAl, but population-based estimates
are scarce. Here we compare the occurrence of SpA before and after a diagnosis of IBD with the general population, overall and by IBD subtype
and age.

Methods: \We used a nationwide registerbased cohort study of 39 203 patients diagnosed with IBD during 2006-2016, identified from Swedish
registers and gastrointestinal biopsy data, and 390 490 matched reference individuals from the general population. Conditional logistic regres-
sion models were used to estimate odds ratios [ORs] for a prior [prevalent] SpA diagnosis and conditional Cox regression to calculate hazard
ratios [HRs] for a subsequent [incident] SpA diagnosis in IBD patients.

Results: IBD patients were more likely to have prevalent SpA at IBD diagnosis [2.5%] compared with reference individuals [0.7%] with an OR
of 3.48 [95% CI: 3.23, 3.75]. They also more often received an incident diagnosis of SpA; during 23 341 934 person-years of follow-up in IBD
patients, there were 1030 SpA events [5.0/1000 person-years] compared with 1524 SpA events in the reference group [0.72/1000 person-years],
corresponding to an HR of 7.15 [95% CI: 6.60, 7.75]. In subgroup analyses, associations were most pronounced among patients with Crohn’s
disease ([OR =5.20; 95% ClI: 4.59, 5.89], and [HR = 10.55; 95% CI: 9.16, 12.15]) and paediatric onset IBD ([OR = 3.63; 95% Cl: 2.35, 5.59] and
[HR =15.03; 95% ClI: 11.01, 20.53]).

Conclusions: IBD patients more frequently experience SpA both before and after the diagnosis of IBD compared with the general population,
supporting evidence of a shared pathophysiology. The variation in SpA comorbidity, across IBD subtypes and age groups, calls for targeted ap-
proaches to facilitate timely diagnosis and intervention.
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Table 1. Association of inflammatory bowel disease with prevalent and incident
hritis, overall and by subtype and age at diagnosis.

individuals (in red), estimated using the Kaplan-Meier method
with time since index date.

1. Introduction

Inflammatory bowel disease [IBD], encompassing Crohn’s
disease and ulcerative colitis, represents a chronic in-
flammatory disease entity that mainly affects the gastro-
intestinal tract.! Extraintestinal manifestations, however,
frequently occur and may involve different organ systems.?
Among the most common extraintestinal manifestations are
spondyloarthritis [SpA], here defined as ankylosing spondyl-
itis, psoriatic arthritis, enteropathic arthritis, reactive arth-
ritis, and undifferentiated spondyloarthritis diagnosis.’* This
group of rheumatic diseases share a similar clinical presenta-
tion with involvement of the spine, sacroiliac joints, periph-
eral arthritis, and frequently also enthesitis.” Both IBD and
SpA are also highly heritable diseases, and genome-wide and
family-based association studies have demonstrated evidence
of a shared genetic basis between IBD and SpA.5-!!

Comorbidity with SpA has been associated with disability
and decreased quality of life in IBD patients.!>'* In some IBD
patients, these complications of SpA can lead to greater mor-
bidity than the typical gastrointestinal symptoms for IBD.'>-!7
Even though lower back pain is commonly reported by IBD
patients with SpA, early symptoms related to SpA may be mild
and not always recognisable. However, an early diagnosis of
SpA is important since a delayed diagnosis may potentially
lead to a more severe disease course and poor treatment re-
sponses in patients with SpA.'® There is also some evidence
suggesting that use of some SpA therapies, such as anti-IL-
17A [secukinumabl], in patients with ankylosing spondylitis
or psoriatic arthritis comorbidity may trigger the onset and
activation of IBD, even though the strength of this association
is unknown."

SpA and IBD appear to co-occur in the same families and
some overlap has been reported in genetic risk loci,”"" but
the temporal nature of the association between IBD and SpA
overall and specific subgroups is largely unknown. This is
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because existing evidence mainly comes from cross-sectional
studies®® which do not provide information on temporality,
i.e., whether an increased occurrence of SpA was already pre-
sent at the time of IBD diagnosis and how the risk of SpA
evolves over time after IBD diagnosis. Previous data further
suggest that the pattern of SpA comorbidity may be different
for patients with Crohn’s disease and ulcerative colitis, and
may also vary by age at diagnosis,?® but this has not been
studied systematically using longitudinal data.

Identifying the temporal association between IBD and SpA
overall and in specific subgroups can provide insight into the
actual nature of this association and could inform the devel-
opment of timely and targeted strategies for diagnosis and
management of SpA among IBD patients. Therefore, the aim
of this study was to assess the temporal association between
IBD and SpA using data from a nationwide cohort, and to
examine whether this association varies according to IBD
subtype and age at diagnosis.

2. Methods

2.1. Study population

This study is based on data from Swedish national registers,
details of which can be found in the [Supplementary Methods].
Each resident in Sweden is assigned a unique personal identity
number which allows data linkage across the registers used
here. We used the National Patient Register [NPR] and the
nationwide Epidemiology Strengthened by Histopathology
Reports in Sweden [ESPRESSO] cohort?! to identify patients
diagnosed with IBD in Sweden between January 1, 2006, and
December 31, 2016, and followed until December 31, 2017.
The NPR holds information on hospital admissions since
1964, with national coverage since 1987. From 2001, data on
non-primary outpatient visits have also been recorded. The
ESPRESSO cohort consists of gastrointestinal histopathology
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records obtained between 1965 and 2017 from Sweden’s
28 pathology departments. The period of this study [2006-
2016] was chosen to reflect modern diagnostic criteria and
provide sufficient coverage of inpatient and outpatient data.
For inclusion in this study, patients had to have at least two
International Classification of Diseases [ICD] codes for a
diagnosis of IBD, or one ICD code plus a colorectal biopsy
report with a morphology code suggestive of IBD, from the
Swedish NPR and the ESPRESSO from January 1, 2006, to
December 31,2016, [Supplementary Table 1]. Information on
IBD treatment was retrieved through linkage with the Swedish
IBD Quality Register [SWIBREG], Swedish Prescribed
Drug Register and NPR, based on Anatomical Therapeutic
Classification [ATC] codes [Supplementary Table 2].

Each patient with IBD was matched with up to 10 reference
individuals from the Swedish Total Population Register.??
Reference individuals had to be free of IBD when their index
case received the first IBD diagnosis [i.e., index date]. Matching
was performed with replacement, and matching variables
consisted of birth year, sex, residential area and calendar year.
The requirement of two diagnostic listings for a diagnosis of
IBD with the first diagnosis as the start of follow-up confers
a survival advantage to individuals with IBD in analysis. To
avoid possible bias resulting from this immortal time in IBD
patients, reference individuals who died or emigrated before
the second diagnosis date of their index case were excluded
from analysis [# = 1098] [Supplementary Figure 1].

2.2. Spondyloarthritis

Diagnoses of SpA were identified from the Swedish NPR.
For this study, we extracted the first in- or outpatient diag-
nosis based on relevant ICD-codes [9th and 10th revisions,
applying to diagnoses made from 1987 to 1997 and from
1997 onwards, respectively] for SpA and for the phenotypic
subtypes of SpA, including ankylosing spondylitis, psoriatic
arthritis, enteropathic arthritis, reactive arthritis and undif-
ferentiated spondyloarthritis diagnosis [Supplementary Table
3]. This means that prevalent cases of SpA could be identified
from 1987 and onwards.

2.3. Statistical analysis

The temporal association between IBD and SpA was assessed
in two separate analyses: 1] the association with having
prior SpA [i.e., prevalent SpA] was estimated using condi-
tional logistic regression to produce odds ratios [ORs] with
the matching group as stratum variable; and 2] the associ-
ation with future or incident SpA was estimated using hazard
ratios [HRs] derived from Cox proportional hazards models.
In these latter models, follow-up was defined from the index
date [i.e., first IBD diagnosis date] until the end of the study,
death, emigration, or SpA diagnosis, whichever came first.
Individuals with prevalent SpA were excluded from these
Cox models, and reference individuals who later developed
IBD after the index date were censored at their IBD diagnosis
date. As for the analysis of prevalent SpA, HRs were condi-
tioned on the matched set. To assess the temporal association
in more detail, we estimated ORs and HRs during specific
periods before and after the index date [<2 years, 2 to 5 years,
>5 years]. Besides HRs, we also provide prevalence estimates
and cumulative incidence estimates based on the Kaplan-
Meier method.

All analyses were repeated for Crohn’s disease and ulcera-
tive colitis separately and stratified by sex and age at diagnosis
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[paediatric onset <18 years, adult onset:18-60 years, and late
onset IBD >60 years]; p-values for interaction terms were de-
rived from ordinary logistic and Cox regression, including
all matching factors as covariates in the models. Interaction
terms were entered to these models and likelihood-ratio tests
were used to test consistency of associations across subgroups
of age and sex.

Since SpA represents a cluster of different rheumatic pheno-
types, we also evaluated associations with each SpA type separ-
ately [ankylosing spondylitis, psoriatic/enteropathic arthritis,
reactive arthritis, and undifferentiated SpA/sacroiliitis].

We further conducted stratified analyses by calendar
period of IBD diagnosis [2006-2010 and 2011-2016] to
explore if changing diagnostic criteria and treatment op-
tions over time might have impacted on our results. In
these analyses, follow-up was restricted to 5 years to allow
equal time periods of follow-up. To examine whether asso-
ciations varied depending on IBD treatment, we also report
HRs comparing patients treated with an anti-TNF agent, an
immunomodulator, combination therapy with an anti-TNF
and an immunomodulator, or none of these drugs with their
matched reference individuals. In these analyses, follow-up
was defined from the index date or the date of treatment
initiation if treatment succeeded the date of IBD diagnosis.
Follow-up was defined from the same date in corresponding
matched reference individuals. All analyses were performed in
Stata, 16.1 version.

2.4. Ethical considerations

The study was approved by the Regional Ethics Committee
in Stockholm in 2015 [approval numbers: 2007/785-31/5;
2011/1509-32; 2012/601-32; 2015/0004-31; 2015/615-32;
2015/1030-32; 2016/191-31/2; 2014/1287-31/4]. Informed
consent was waived due to the strict registry-based nature of
the study.?

3. Results

We identified 39 203 IBD patients [51% female] during the
study period [Table 1; Supplementary Figure 1], who were
matched to 390 490 IBD-free reference individuals from the
general population. The mean [standard deviation; SD] age at
IBD diagnosis was 41.3 [20.5] years; 22.6% were aged >60
years, and 10.6% were aged less than 18 years. In patients
with IBD, median [interquartile range; IQR] time interval be-
tween the first and second diagnostic listing of IBD was 0.08
[0.29] years. Median [IQR] observation period before the
diagnosis of IBD was 23.6 [5.6] years.

3.1. Association of IBD with prevalent and

incident SpA

SpA was more frequently observed in IBD patients than in the
general population, regardless of temporal order. At the time
of diagnosis of IBD, the prevalence of SpA was 2.5% [n = 964]
in patients with IBD and 0.7% [z = 2819] in matched refer-
ence individuals, corresponding to an OR of 3.48; 95% CI:
3.23,3.75 [Table 2]. During a median [IQR] follow-up period
of 3.9 [3.0] years, 1030 patients with IBD [5.0/1000 person-
years] and 1524 [0.72/1000 person-years] matched reference
individuals received a diagnosis of SpA, yielding an HR of
7.15 [95% CI: 6.60, 7.75] [Table 2]. Overall, higher magni-
tudes of associations were observed for Crohn’s disease than
for ulcerative colitis, both before (OR = 5.20 [95% CI: 4.59,
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5.89] vs OR =2.62 [95% CI: 2.35,2.93]] and after diagnosis
[HR = 10.55 [95% CI: 9.16, 12.15] vs HR = 5.47 [95% CI:
4.86, 6.15]) [Table 2]. Figure 1 presents the temporal asso-
ciation in more detail with effect estimates in specific time
intervals.

Associations with SpA peaked around the time of IBD diag-
nosis but remained statistically significant >5 years before and
after this date [Figure 1; Supplementary Table 4]. Cumulative
incidence curves of SpA in IBD patients and matched reference
individuals are presented in Figure 2 with corresponding es-
timates at specific time points of follow-up in Supplementary
Table 5. The 5- and 10-year cumulative incidence of SpA in
IBD patients was 2.6% [95% CI: 2.4, 2.8] and 4.4% [95%
Cl:4.1, 4.8], respectively, compared with 0.4% [95% CI: 0.3,
0.4] and 0.7% [95% CI:0.7, 0.8], respectively, in the reference
population. Consistent with the relative risk pattern, absolute
differences in risk were larger for Crohn’s disease than ulcera-
tive colitis [Supplementary Tables 6 and 7].

3.2. Stratified analyses by age and sex

Results of stratified analyses by age at diagnosis and sex are
presented in Table 3. Overall, relative risk estimates tended to
be more pronounced in patients with an early disease onset,
irrespective of IBD subtype, and were particularly high after
the diagnosis of IBD. For patients with IBD, HRs decreased
gradually in magnitude with increasing age at diagnosis

Table 1. Descriptive characteristics of the study population.
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(p for interaction <0.001; HRs for SpA =15.03 [95% CI:
11.01, 20.53] in patients aged <18 years, 7.48 [95% CI: 6.82,
8.20] in patients aged 18 to 60 years, and 4.09 [95% CI: 3.30,
5.07] in patients aged >60 years). Absolute differences in risk
of SpA were also greater among younger than older IBD pa-
tients, although differences in absolute risk were not notably
different between those aged <18 years and 18-60 years.
Compared with the reference population, differences in 5-year
cumulative incidence were 2.2% [95% CI: 1.7, 2.7], 2.6%
[95% CI: 2.4,2.8],and 1.2% [95% CI: 0.9, 1.5], respectively,
in patients aged <18 years, 18-60 years, and older than 60
years at diagnosis of IBD [Supplementary Table 7]. Whereas
ORs tended to be greatest among younger IBD patients, dif-
ferences in prevalence estimates increased with increasing age
[Supplementary Table 8]. Stratified analyses by sex revealed
no differences in ORs between male and female patients at
the time of diagnosis of IBD [p for interaction = 0.91], but
somewhat higher magnitude of HRs [p for interaction = 0.05]
and greater absolute risk differences were observed in females
compared with males in the period following diagnosis [Table
3; Supplementary Tables 7 and 8].

3.3. Analyses by SpA type

Separate analyses for each SpA type demonstrated that asso-
ciations with prevalent SpA were most pronounced for an-
kylosing spondylitis (OR =4.93 [95% CI: 4.29, 5.65]) and

IBD patients % [N]

Reference individuals % [N]

Inflammatory bowel disease 39203 390 490
Crohn’s disease 11 471 114 249
Ulcerative colitis 20 359 202 742

Sex
Male 49.3 [19 340] 49.3 [192 612]
Female 50.7 [19 863] 50.7 [197 878]

Age at diagnosis/ index date

<18 years 10.6 [4173] 10.7 [41 782]

18-60 years 66.8 [26 189] 66.8 [261 356]

>60 years 22.6 [8841] 22.4 [87 352]
Mean age at diagnosis of IBD [SD] 41.3 [20.5] 41.2 [20.5]

Calendar period of IBD diagnosis
<2010
>2010

38.0 [14 912] ]
61.9 [24 291] -

IBD, inflammatory bowel disease; SD, standard deviation; N, number.

Table 2. Association of inflammatory bowel disease with prevalent and incident spondyloarthritis.

N SpA/N total

IBD patients Reference individuals

OR [95% CI]

N SpA/N total HR [95% CI]

IBD patients  Reference individuals

Inflammatory bowel disease 964/39 203
383/11 471
394/20 359

2819/390 490
755/114 249
1519/202 742

Crohn’s disease

Ulcerative colitis

3.48[3.23,3.75]
5.20 [4.59, 5.89]
2.62[2.35,2.93]

1030/38 239
401/11 088
439/19 965

1524/387 671
407/113 494
838/201 223

7.15 [6.60, 7.75]
10.55 [9.16, 12.15]
5.47 [4.86, 6.15]

Associations of IBD with prevalent and incident SpA are represented by odds ratios and hazard ratios, respectively, comparing IBD patients with matched

reference individuals.

SpA, spondyloarthritis; IBD, inflammatory bowel disease; OR, odds ratio; HR, hazard ratio; CI, confidence interval; N, number.
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Figure 1. Associations between IBD and SpA during different time periods before and after IBD diagnosis. Associations with prevalent SpA are
presented as ORs; associations with incident IBD are presented as HRs. Estimates were obtained from analyses using matched reference individuals
from the general population as comparator and are split by prespecified time intervals before and after the index date. ORs and HRs are presented for
IBD overall [in black], and separately for Crohn's disease [in blue] and ulcerative colitis [in red]. Error bars indicate 95% confidence intervals. OR, odds
ratio; HR, hazard ratio; IBD, inflammatory bowel disease; CD, Crohn's disease; UC, ulcerative colitis; SpA, spondyloarthritis.

undifferentiated SpA/sacroiliitis (OR =4.02 [95% CI: 3.52,
4.58]), and weakest for reactive arthritis (OR =2.60 [95%
CI: 2.17, 3.12]) [Table 4]. The pattern of association with
each SpA type was somewhat different in the period following
the diagnosis of IBD, with associations being strongest for
incident psoriatic/enteropathic arthritis (HR =12.00 [95%
CI: 10.76, 13.38]) and weakest for incident reactive arthritis
(HR =3.39 [95% CI: [2.63,4.37]) [Table 4].

3.4. Other analyses

Sensitivity analyses showed that associations with preva-
lent and incident SpA were not materially different by cal-
endar period of IBD diagnosis [Supplementary Table 9; and
Figure 2]. Restricting our analyses to the first 5 years after
IBD diagnosis, HRs of SpA were also of similar magnitude in
patients diagnosed with IBD in 2006-2010 (HR = 7.65 [95%
ClL: 6.69, 8.75]) vs 2011-2016 (HR = 8.35 [95% CI: 7.33,
9.50]). Results of analyses by IBD medication are presented
in Supplementary Table 10. The magnitude of the HR for SpA
was greatest in patients receiving anti-TNF treatment, either
as monotherapy (HR =27.87 [95% CI: 13.06, 59.50]) or in
combination with an immunomodulator (HR =21.28 [95%
CI: 17.40, 26.02]).

4. Discussion

In this large population-based cohort study, we found that
compared with a general population comparison group, IBD
patients have a higher SpA prevalence and incidence. The
association of IBD with SpA was most pronounced in the
period 2 years before to 2 years after the diagnosis of IBD but
did not vanish in the preceding or following years. Overall,
higher magnitude associations with SpA were observed for

Crohn’s disease than for ulcerative colitis. Stratified analyses
by age further indicated that the relative risk of SpA was most
pronounced for paediatric onset IBD [<18 years], whereas the
greatest risk differences in absolute terms were seen among
paediatric and adult [18-60 years] onset IBD.

4.1. Comparison with previous literature

To our knowledge, this is the first population-based study
examining the temporal association between SpA and inci-
dent IBD compared with reference individuals in the general
population. Overall, the prevalence of SpA among IBD pa-
tients in our study [2.5%] falls within the lower range
of prevalence estimates reported by others [1-22%].243
Comparison with existing literature is, however, challenging,
as most previous studies were not population-based but used
small cohorts of selected IBD patients at outpatient clinics or
referral centres.?3%3 Another explanation for the substantial
variation in the reported occurrence of SpA in IBD lies in the
different diagnostic criteria used across studies. We are aware
of two previous studies examining the incidence of SpA in a
population-based cohort of IBD patients. The cumulative in-
cidence of SpA at 10 years reported in these North American
studies [6.7% in Crohn’s disease and 4.8% in ulcerative col-
itis] agrees with the estimates reported herein.?'-»

Consistent with data from some previous studies, the asso-
ciation between IBD and SpA was most pronounced among
patients with Crohn’s disease?**%3!32 and patients diagnosed
at a younger age.?° In the present study, differences in cumula-
tive incidence estimates were also more prominent in patients
with Crohn’s disease [as compared with ulcerative colitis] and
patients aged <18 years and 18-60 years at diagnosis, whereas
the magnitude of difference in prevalence estimates was most
pronounced in patients diagnosed at an older age [>60 years].
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Inflammatory bowel disease

Cumulative incidence (95%CI)

0 1 2 3 4 N 6 7 8 9 10 11
Follow-up time (years)
Number at risk

Reference individuals 387 671 359 924 323492 286 375 247660 210485 172996 135639 100379 65461 30913 0
IBD Patients 38239 34934 31212 27516 23708 20052 16360 12790 9423 6143 2893 0

Crohn’s disease

Cumulative incidence (95%CI)

T T T T T T T T T T T T
0 1 2 3 4 5 6 7 8 9 10 11
Follow-up time (years)
Number at risk

Reference individuals 113494 104173 93054 82071 7079 60204 49621 38872 28944 18926 8817 0
CD Patients 11 088 9990 8833 7728 6624 5609 4578 3567 2634 1712 794 0

Ulcerative colitis

Cumulative incidence (95%CI)

T T T T T T T T T T T T
0 1 2 3 4 5 6 7 8 9 10 11
Follow-up time (years)
Number at risk

Reference individuals 201223 187279 169269 150450 130767 111838 92447 73234 54982 36172 17350 0
UC Patients 19965 18373 16546 14673 12712 10821 8897 7024 5269 3468 1663 0

Figure 2. Cumulative incidence of SpA in IBD patients, also by subtypes and matched reference individuals from the general population. Cumulative
incidence curves of SpA in IBD patients [in blue] and reference individuals from the general population [in red] were estimated using the Kaplan-Meier
method with time since index date as underlying time scale. Shaded areas represent 95% confidence intervals. IBD, inflammatory bowel disease;
CD, Crohn’s disease; UC, ulcerative colitis; Cl, confidence interval; SpA, spondyloarthritis.

Our study confirms the previously reported absence of sex-  after the time of diagnosis of IBD differed by sex, and differ-
predilection for joint manifestations, including SpA, at the ences in cumulative incidence estimates of SpA were somewhat
time of IBD diagnosis.’> However, the association with SpA higher in female IBD patients compared with male patients.
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Table 3. Association of inflammatory bowel disease with prevalent and incident spondyloarthritis, stratified analyses by age and sex

N SpA/N total

IBD patients Reference individuals

OR [95% CI]

N SpA/N total HR [95% CI]

IBD patients Reference individuals

Inflammatory bowel disease

Age group
<18 years 28/4173 77/41 782 3.63[2.35,5.59] 102/4145 71/41 705 15.03 [11.01,20.53]
18-60 years 656/26 189 1738/261 356 3.85[3.51,4.21] 806/25 533 1129/259 618 7.48 [6.82, 8.20]
>60 years 280/8841 1004/87 352 2.82 [2.46, 3.22] 122/8561 324/86 348 4.09 [3.30, 5.07]
p interaction <0.001 <0.001
Sex
Female 493/19 340 1419/192 612 3.53[3.18,3.92] 578/18 847 792/191 193 7.78 [6.98, 8.68]
Male 471/19 863 1400/197 878 3.43[3.09, 3.82] 452/19 392 732/196 478 6.47[5.75,7.30]
p interaction 0.91 0.05
Crohn’s disease
Age group
<18 years 17/1688 28/16 899 5.94[3.25,10.85] 42/1671 31/16 871 14.14 [8.75,22.86]
18-60 years 26617525 475175 164 5.78 [4.96, 6.73] 311/7259 307/74 689 10.81[9.19,12.70]
>60 years 10072258 252/22 186 3.97[3.13,5.03] 48/2158 69/21 934 7.62[5.19,11.17]
p interaction 0.10 0.11
Sex
Female 200/5820 413/57 984 4.95[4.17, 5.88] 243/5620 219/57 571 12.15[10.06, 14.67]
Male 183/5651 342/56 265 5.50[4.58,6.60] 158/5468 188/55 923 8.77[7.07,10.88]
p interaction 0.44 0.07
Ulcerative colitis
Age group
<18 years 8/1592 31/15 984 2.62[1.20,5.72] 37/1584 30/15 953 13.33[8.11,21.89]
18-60 years 267/14 101 975/140 660 2.76 [2.41, 3.17] 350/13 834 633/139 685 5.72[5.01, 6.53]
>60 years 119/4666 513/46 098 2.34[1.91,2.86] 52/4547 175/45 585 3.16 [2.30,4.33]
p interaction 0.32 <0.001
Sex
Female 193/9944 747199 004 2.61[2.22,3.06] 238/9751 434/98 257 5.71[4.87,6.71]
Male 201/10 415 7721103 738 2.64 [2.26, 3.09] 201/10 214 404/102 966 5.20[4.38,6.18]

p interaction

0.68

0.40

Associations of IBD with prevalent and incident SpA are represented by odds ratios and hazard ratios, respectively, comparing IBD patients with matched
reference individuals. Probability values [p-values] for interaction were derived from ordinary logistic and Cox regressions, including all matching factors
as covariates in the models. Interaction terms were entered to these models and likelihood ratio tests were used to test consistency of associations across

subgroups of age and sex.

SpA, spondyloarthritis; IBD, inflammatory bowel disease; OR, odds ratio; HR, hazard ratio; CI, confidence interval; N, number.

Among the various subtypes of SpA, comorbidity with
ankylosing spondylitis and enteropathic arthritis is well-
recognised in patients with IBD.3'3%3* Of all SpA types, we
found that associations with IBD were most pronounced for
ankylosing spondylitis and psoriatic/enteropathic arthritis
and weakest for reactive arthritis, an inflammatory arthritis
typically triggered by a gastrointestinal infection.?

4.2. Potential mechanisms

The fact that the association with SpA was observed both be-
fore and after the diagnosis of IBD supports previous research
demonstrating a shared genetic susceptibility between IBD
and SpA.>!" In general, we observed stronger associations
for Crohn’s disease than ulcerative colitis. These findings may
indicate that shared genetic susceptibility between IBD and
SpA differs by IBD subtype, and agrees with reported stronger
co-heritability between ankylosing spondylitis and Crohn’s
disease [40%] than ulcerative colitis [33%].>%3¢ Besides
shared genetic factors, both diseases may also have envir-
onmental risk factors in common. A decreased gut bacterial

diversity has not only been reported in the faecal and mu-
cosal microbiomes of patients with IBD, but also in patients
with SpA.37* Also, a poor vitamin D status has been linked
to both diseases.*>** Therefore, further studies are needed to
disentangle the relative contribution of potential shared en-
vironmental and genetic risk factors between IBD and SpA.

4.3. Strengths and limitations

Strengths of this study include the large sample size and the
population-based design with prospectively recorded data
in routine medical practice and complete follow-up, which
minimises information and selection biases. These strengths
also increase the generalisability of our findings. Access to the
ESPRESSO database helped to accurately define the date of
first diagnosis of IBD, that is the index date, and to shorten
the time period to fulfil the criteria for IBD. The linkage of the
NPR with the ESPRESSO database, also ensured the inclusion
of the vast majority of incident patients with IBD in Sweden
during the study period. In this study, we also assessed the oc-
currence of SpA in subgroups of IBD patients and at various
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Table 4. Association of inflammatory bowel disease with prevalent and incident spondyloarthritis subtypes, overall and by inflammatory bowel disease

subtype.

SpA subtype

At the index date

After the index date

N total/N SpA [%]

N total/N SpA [%]

Patients Reference individuals  OR [95% CI] Patients Reference individuals  HR [95% CI]
Ankylosing
spondylitis
IBD 304/39 203 618/390 490 4.93 [4.29, 5.65] 176/38 899  288/389 872 6.35[5.25,7.67]
CD 157/11 471 153/114 249 10.32 [8.25, 12.91] 76/11 314 75/114 096 10.64 [7.69, 14.73]
ucC 99/20 359 347/202 742 2.85[2.28,3.56] 70/20 260  153/202 395 4.67 [3.51,6.22]
Undifferentiated
SpA/sacroiliitis
IBD 315/39 203 789/390 490 4.02 [3.52,4.58] 318/38 888 549/389 701 5.89[5.13,6.78]
CD 132/11 471 216/114 249 6.16 [4.96, 7.66] 115/11 339 155/114 033 7.78 16.09, 9.95]
ucC 121/20 359 446/202 742 2.72[2.22,3.32] 145/20 238 308/202 296 4.72 [3.87,5.76]
Psoriatic/
enteropathic
arthritis
IBD 324/39 203 1091/390 490 2.97 [2.63,3.37] 725/38 879  622/389 399 12.00 [10.76, 13.38]
CD 113/11 471 303/114 249 3.74[3.01,4.65] 301/11 358 149/113 946 20.47 [16.77,24.98]
ucC 141/20 359 582/202 742 2.42[2.01,2.91] 302/20 218 355/202 160 8.7717.51,10.25]
Reactive arth-
ritis
IBD 149/39 203 573/390 490 2.60[2.17,3.12] 81/39 054  242/389 917 3.39 [2.63,4.37]
CD 56/11 471 143/114 249 3.92[2.88,5.35] 31/11 415 67/114 106 4.71 [3.07, 7.24]
ucC 66/20 359 297/202 742 2.22[1.70, 2.90] 37/20 293 128/202 445 2.90 [2.01, 4.18]

Associations of IBD with prevalent and incident SpA are represented by odds ratios and hazard ratios, respectively, comparing IBD patients with matched

reference individuals.

SpA, spondyloarthritis; IBD, inflammatory bowel disease; CD, Crohn’s disease; UC, ulcerative colitis; OR, odds ratio; HR, hazard ratio; CI, confidence

interval; N, number.

time points in relation to the diagnosis of IBD. Such analyses
are essential for guiding clinicians regarding risk stratification
and disease management. We have previously also demon-
strated that age at diagnosis of IBD can be accurately defined
from the NPR.* Information on risk estimates of SpA in pa-
tients with IBD, on an absolute scale, has also been requested
by the Swedish patient organisation.*

Our study also has some limitations. First, due to the register-
based study design, we were not able to confirm diagnoses by
reviews of medical records and cannot rule out misclassifica-
tions of IBD and SpA. However, we have previously shown
that the positive predictive value [PPV] for IBD with two or
more relevant ICD codes in the NPR is 93% [95% CI:87,
971* and 95%*” with one patient register record documenting
IBD and a colorectal biopsy showing inflammation. The PPV
for ankylosing spondylitis has been reported to be 70% for
the modified New York criteria, 89% for any set of SpA cri-
teria,*® and 63-92%* for psoriatic arthritis. Also, there are
different protocols for diagnosing SpA and diagnostic delays
often occur, so some individuals may have had symptoms
of SpA without being diagnosed.® However, we anticipate
misclassification of IBD and SpA to be non-differential [i.e.,
degree of misclassification is independent of the outcome/ex-
posure], and in most instances such misclassification will only
bias estimates towards the null. Apart from this, we were un-
able to examine the specific effect of medical surveillance and
diagnostic intensity, but we acknowledge that the peak of SpA

diagnosis around IBD diagnosis might very well be an effect
of diagnostic intensity and frequent contacts with health care
because of severe disease activity or disease onset. However,
we consider it unlikely that such bias entirely explains the
associations observed, given the increased occurrence of SpA
even 5 years beyond the diagnosis of IBD. Second, although
our analyses addressed confounding by demographic factors,
we cannot rule out residual confounding by other environ-
mental factors not captured by the Swedish registers. Third,
we did not examine the occurrence of SpA in patients with
IBD-unclassified as this group of patients was too small for
meaningful analysis. Also we had limited power in some sub-
group analyses, such as in patients with paediatric IBD, but
still 173 patients with paediatric onset IBD developed SpA
during follow-up. When examining the association of IBD
treatments with subsequent risk of SpA, we defined exposure
as drug use from the date of treatment initiation. Whereas
this strategy does not fully capture all relevant drug exposures
and changes in exposure over time, it provides some insight
into how risks vary in different patient groups. However, the
observed effect estimates for the different treatments should
be interpreted with caution, since our cohort was not specif-
ically tailored to address the influence of treatment and these
results may be confounded by differences in disease charac-
teristics and severity. Last, the short study period [2006-2016]
limited our possibility to address temporal changes in effect
estimates by calendar period.
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4.4. Implications

Patients with IBD who have joint symptoms should be exam-
ined for a potential SpA diagnosis. This recommendation is
relevant both at the initial diagnostic work-up of patients
with suspected IBD and during the follow-up of patients
diagnosed with IBD. Higher magnitude of associations was
observed for Crohn’s disease than for ulcerative colitis, both
on the relative and the absolute scale, indicating the import-
ance for physicians to routinely ask questions about mus-
culoskeletal complaints, especially in patients with Crohn’s
disease. Even though relative risk estimates of SpA were most
pronounced in paediatric onset IBD, differences in absolute
risk of SpA after the time of IBD diagnosis were not not-
ably different between those aged <18 years and 18-60 years.
Furthermore, clinicians should be aware that a diagnosis of
SpA may also precede the onset of IBD and that gastrointes-
tinal symptoms among patients with SpA may indicate a need
for ileocolonoscopy to rule out an IBD diagnosis.

In conclusion, the associations observed between IBD and
SpA, regardless of temporal order, support the existence of a
common aetiology for both diseases. Based on the observed
variation in SpA comorbidity across subtypes of IBD, sex,
and age groups at diagnosis, our results call for targeted ap-
proaches to facilitate timely diagnosis and intervention.

Funding

This work [project: Newbreed] was supported by the
European Union’s Horizon 2020 research and innovation pro-
gramme under the Marie Sklodowska-Curie, grant agreement
754285, Orebro University Hospital Research Foundation,
grants OLL-936004, OLL-890291, OLL-790011, and OLL-
723021 to JH; and the Swedish Research Council, grant num-
ber 2020-02021 to JH. The funders had no role in design
and conduct of the study; collection, management, analysis,
interpretation of data; preparation, review, or approval of the
manuscript; decision to submit the manuscript for publica-
tion.

Conflict of Interest

JFL coordinates a study on behalf of the Swedish IBD qual-
ity register [SWIBREG]. This study has received funding
from Janssen corporation. OO has been PI on projects at
Karolinska Institutet partly financed by investigator-initiated
grants from Janssen and Ferring, and also reports a grant
from Pfizer in the context of a national safety monitoring
programme. None of those studies have any relation to the
present study. Karolinska Institutet also has received fees for
OO’ lectures and participation on advisory boards from
Janssen, Ferring, Takeda, and Pfizer regarding topics that
are not related to the present study. JA reports grants from
AbbVie, AstraZeneca, BMS, Eli Lilly, MSD, Pfizer, Roche,
Samsung Bioepis, Sanofi, and UCB outside the submitted
work. SM has received financial support for research from
AstraZeneca, Roche, and Novartis, advisory board: IQVIA,
lecture fee [s]: Teva. JH served as speaker and/or advis-
ory board member for AbbVie, Celgene, Celltrion, Dr. Falk
Pharma and the Falk Foundation, Ferring, Hospira, Janssen,
MEDA, Medivir, MSD, Olink Proteomics, Pfizer, Prometheus
Laboratories, Sandoz/Novartis, Shire, Takeda, Thermo Fisher
Scientific, Tillotts Pharma, Vifor Pharma, UCB, and received
grant support from Janssen, MSD, and Takeda.

S. Shrestha et al.

The SWIBREG Study Group

Malin Olsson?, Henrik Hjortswang®, Par Myrelid®, Jonas
Bengtsson®, Hans StridY, Marie Andersson?, Susanna
Jaghulte, Michael Eberhardsonf, Caroline Nordenvallsh,
Ulrika L Fagerberg®*, Martin Rejler’™, Olof Grip®, Pontus
Karling®

"Department of Surgery, County Council of Ostergotland,
Linkoping, Sweden

"Department of Gastroenterology and Department of Clinical
and Experimental Medicine, Linkoping University, Linkoping,
Sweden

‘Department of Surgery, Sahlgrenska University Hospital/
Ostra, Gothenburg, Sweden

dDepartment of Internal Medicine, Sédra Alvsborgs Hospital,
Boréds, Sweden

Stockholm Gastro Center, Karolinska Institutet, Stockholm,
Sweden

‘Department of Medicine, Karolinska Institutet, Stockholm,
Sweden

¢Department of Molecular Medicine and Surgery, Karolinska
Institutet, Stockholm, Sweden

"Department of Colorectal Cancer, Karolinska University
Hospital, Stockholm, Sweden

iCenter for Clinical Research, Vistmanland Hospital,
Visterds, Sweden and Uppsala University, Uppsala, Sweden
iDepartment of Pediatrics, Vastmanland Hospital, Visteras,
Sweden

*Department of Women’s and Children’s Health, Karolinska
Institutet, Stockholm, Sweden

'Department of Medicine, Hoglandssjukhuset Eksjo, Region
Jonkoping County Council, Jonkoping, Sweden

"Jonkoping Academy for Improvement of Health and Welfare,
Jonkoping University, Jonkoping, Sweden

"Department of Gastroenterology, Skane University Hospital,
Malmo, Sweden

°Department of Public Health and Clinical Medicine, Umea
University, Umed, Sweden

Authors Contributions

Concept and design: all authors. Acquisition of data: JJ, JA,
OO. Drafting of the manuscript: SS, JSB, JH. Interpretation
of data and critical revision of the manuscript for import-
ant intellectual content: all authors. Statistical analysis: SS,
JSB, JH. Funding acquisition: IS and JH. Final approval: all
authors

Data Availability

The data underlying this article cannot be shared publicly due
to privacy of individuals who participated in the study.

Supplementary Data
Supplementary data are available at ECCO-JCC online.

References

1. Wilson JC, Furlano RI, Jick SS, Meier CR. Inflammatory bowel
disease and the risk of autoimmune diseases. | Crohns Colitis
2015;10:186-93.

2. Hedin CRH, Vavricka SR, Stagg AJ, et al. The pathogenesis of
extraintestinal manifestations: implications for IBD research, diag-
nosis, and therapy. | Crohns Colitis 2019;13:541-54.



Association Between IBD and Spondyloarthritis

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Rudwaleit M, van der Heijde D, Landewé R, et al. The develop-
ment of Assessment of Spondylo-Arthritis International Society
classification criteria for axial spondylo-arthritis [part II]: valida-
tion and final selection. Ann Rheum Dis 2009;68:777-83.
Rudwaleit M, van der Heijde D, Landewé R, et al. The Assessment
of Spondylo-Arthritis International Society classification criteria
for peripheral spondylo-arthritis and for spondylo-arthritis in
general. Ann Rheum Dis 2011;70:25-31.

Dougados M, van der Linden S, Juhlin R, et al. The European
Spondylarthropathy Study Group preliminary criteria for the clas-
sification of spondylarthropathy. Arthritis Rheum 1991;34:1218-
27.

Amor B, Dougados M, Mijiyawa M. [Criteria of the classification
of spondylarthropathies.] Rev Rhum Mal Osteoartic 1990;57:85-
9.

Rogler G, Singh A, Kavanaugh A, Rubin DT. Extraintestinal
manifestations of inflammatory bowel disease: current concepts,
treatment, and implications for disease management. Gastroenter-
ology 2021;161:1118-32.

Chen GB, Lee SH, Brion MJ, et al. Estimation and partitioning of
[colheritability of inflammatory bowel disease from GWAS and
immunochip data. Hum Mol Genet 2014;23:4710-20.

Danoy P, Pryce K, Hadler ], et al. Association of variants at 1q32
and STAT3 with ankylosing spondylitis suggests genetic overlap
with Crohn’s disease. PLoS Genet 2010;6:¢1001195.

Morin M, Hellgren K, Frisell T. Familial aggregation and herit-
ability of ankylosing spondylitis - a Swedish nested case-control
study. Rheumatology 2020;59:1695-702.

Thjodleifsson B, Geirsson AJ, Bjornsson S, Bjarnason I. A common
genetic background for inflammatory bowel disease and anky-
losing spondylitis: a genealogic study in Iceland. Arthritis Rheum
2007;56:2633-9.

Rohekar S, Pope J. Assessment of work disability in seronegative
spondyloarthritis. Clin Exp Rheumatol 2010;28:35-40.
Nikiphorou E, Ramiro S, van der Heijde D, et al. Associa-
tion of comorbidities in spondyloarthritis with poor function,
work disability, and quality of life: results from the assessment
of SpondyloArthritis International Society Comorbidities in
Spondyloarthritis Study. Arthritis Care Res 2018;70:1257-62.
Everhov A H, Khalili H, Askling J, ez al. Sick leave and disability
pension in prevalent patients with Crohn’s disease. ] Crobns Colitis
2018;12:1418-28.

Conway G, Velonias G, Andrews E, et al. The impact of co-existing
immune-mediated diseases on phenotype and outcomes in inflam-
matory bowel diseases. Aliment Pharmacol Ther 2017;45:814-23.
Ossum AM, Palm O, Cvancarova M, et al. The impact of
spondyloarthritis and joint symptoms on health-related quality of
life and fatigue in IBD patients. Results from a population-based
inception cohort [20-year follow-up in the IBSEN study]. Inflamm
Bowel Dis 2020;26:114-24.

Qin J, Theis KA, Barbour KE, ez al. Impact of arthritis and multiple
chronic conditions on selected life domains: United States, 2013.
MMWR Morb Mortal Wkly Rep 2015;64:578-82.

Seo MR, Baek HL, Yoon HH, ez al. Delayed diagnosis is linked to
worse outcomes and unfavourable treatment responses in patients
with axial spondyloarthritis. Clin Rheumatol 2015;34:1397-405.
Fobelo Lozano M], Serrano Giménez R, Castro Fernindez M.
Emergence of inflammatory bowel disease during treatment with
secukinumab. | Crohns Colitis 2018;12:1131-3.

Karreman MC, Luime ]J, Hazes J]MW, Weel AEAM. The preva-
lence and incidence of axial and peripheral spondyloarthritis in in-
flammatory bowel disease: a systematic review and meta-analysis. |
Crohns Colitis 2017;11:631-42.

Ludvigsson JF, Lashkariani M. Cohort profile: ESPRESSO [Epide-
miology Strengthened by histoPathology Reports in Sweden]. Clin
Epidemiol 2019;11:101-14.

Ludvigsson JE Almgqvist C, Bonamy AK, et al. Registers of the
Swedish total population and their use in medical research. Eur |
Epidemiol 2016;31:125-36.

23.

24.

28.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

1549

Ludvigsson JE, Haberg SE, Knudsen GP, et al. Ethical aspects of
registry-based research in the Nordic countries. Clin Epidemiol
2015;7:491-508.

Bernstein CN, Blanchard JF, Rawsthorne P, Yu N. The preva-
lence of extraintestinal diseases in inflammatory bowel disease: a
population-based study. Am | Gastroenterol 2001;96:1116-22.
Halling ML, Kjeldsen J, Knudsen T, Nielsen J, Hansen LK.
Patients with inflammatory bowel disease have increased risk of
autoimmune and inflammatory diseases. World | Gastroenterol
2017;23:6137-4e6.

Malaty HM, Lo GH, Hou JK. Characterization and prevalence of
spondyloarthritis and peripheral arthritis among patients with in-
flammatory bowel disease. Clin Exp Gastroenterol 2017;10:259—
63.

Ossum AM, Palm @, Lunder AK, et al. Ankylosing spondylitis and
axial spondyloarthritis in patients with long-term inflammatory
bowel disease: results from 20 years of follow-up in the IBSEN
study. ] Crobns Colitis 2018;12:96-104.

Palm O, Moum B, Ongre A, Gran JT. Prevalence of ankylosing
spondylitis and other spondyloarthropathies among patients with
inflammatory bowel disease: a population study [the IBSEN study].
J Rheumatol 2002;29:511-5.

Rodriguez VE, Costas PJ, Vazquez M, et al. Prevalence of
spondyloarthropathy in Puerto Rican patients with inflammatory
bowel disease. Ethn Dis 2008;18:52-225-29.

Salvarani C, Vlachonikolis IG, van der Heijde DM, et al. Mus-
culoskeletal manifestations in a population-based cohort of
inflammatory bowel disease patients. Scand | Gastroenterol
2001;36:1307-13.

Shivashankar R, Loftus EV Jr, Tremaine WJ, et al. Incidence
of spondylo-arthropathy in patients with Crohn’s disease: a
population-based study. ] Rheumatol 2012;39:2148-52.
Shivashankar R, Loftus EV Jr, Tremaine WJ, et al. Incidence
of spondylo-arthropathy in patients with ulcerative colitis: a
population-based study. ] Rheumatol 2013;40:1153-7.

Turkcapar N, Toruner M, Soykan I, et al. The prevalence of
extraintestinal manifestations and HLA association in patients
with inflammatory bowel disease. Rheumatol Int 2006;26:663-8.
Peluso R, Di Minno MND, lervolino S, et al. Enteropathic
spondyloarthritis: from diagnosis to treatment. Clin Dev Immunol
2013;2013:631408.

Ellinghaus D, Jostins L, Spain SL, et al. Analysis of five chronic in-
flammatory diseases identifies 27 new associations and highlights
disease-specific patterns at shared loci. Nat Genet 2016;48:510-8.
Li Z, Brown MA. Progress of genome-wide association studies of
ankylosing spondylitis. Clin Transl Immunol 2017;6:¢163.

Breban M, Tap J, Leboime A, et al. Faecal microbiota study
reveals specific dysbiosis in spondyloarthritis. Ann Rheum Dis
2017;76:1614-22.

Lepage P, Hisler R, Spehlmann ME, et al. Twin study indicates loss
of interaction between microbiota and mucosa of patients with ul-
cerative colitis. Gastroenterology 2011;141:227-36.

Manichanh C, Rigottier-Gois L, Bonnaud E, et al. Reduced diversity
of faecal microbiota in Crohn’s disease revealed by a metagenomic
approach. Gut 2006;55:205-11.

Scher JU, Ubeda C, Artacho A, et al. Decreased bacterial diversity
characterizes the altered gut microbiota in patients with psoriatic
arthritis, resembling dysbiosis in inflammatory bowel disease. Ar-
thritis Rheumatol 2015;67:128-39.

Wen C, Zheng Z, Shao T, et al. Quantitative metagenomics reveals
unique gut microbiome biomarkers in ankylosing spondylitis. Ge-
nome Biol 2017;18:142.

Crotti C, Becciolini A, Biggioggero M, Favalli EG. Vitamin D and
spondyloarthritis: review of the literature. Open Rheumatol |
2018;12:214-25.

Mouli VP, Ananthakrishnan AN. Vitamin D and inflammatory
bowel diseases. Aliment Pharmacol Ther 2014;39:125-36.
Shrestha S, Olén O, Eriksson C, et al. The use of ICD codes to iden-
tify IBD subtypes and phenotypes of the Montreal classification



1550

45.

in the Swedish National Patient Register. Scand | Gastroenterol
2020;55:430-35.

Ludvigsson JF, Andersson M, Bengtsson J, et al. Swedish inflam-
matory bowel disease register [SWIBREG]: a nationwide quality
register. Scand | Gastroenterol 2019;54:1089-101.

46. Jakobsson GL, Sternegard E, Olen O, et al. Validating inflamma-

47.

tory bowel disease [IBD] in the Swedish National Patient Register
and the Swedish Quality Register for IBD [SWIBREG]. Scand |
Gastroenterol 2017;52:216-21.

Nguyen LH, Ortqvist AK, Cao Y, et al. Antibiotic use and the de-
velopment of inflammatory bowel disease: a national case-control
study in Sweden. Lancet Gastroenterol Hepatol 2020;5:986-95.

48.

49.

50.

S. Shrestha et al.

Lindstrom U, Exarchou S, Sigurdardottir V, et al. Validity of anky-
losing spondylitis and undifferentiated spondyloarthritis diagnoses
in the Swedish National Patient Register. Scand | Rheumatol
2015;44:369-76.

Lofvendahl S, Theander E, Svensson A, et al. Validity of diagnostic
codes and prevalence of physician-diagnosed psoriasis and psori-
atic arthritis in southern Sweden: a population-based register study.
PLoS One 2014;9:¢98024.

Hamilton L, Gilbert A, Skerrett J, Dickinson S, Gaffney K.
Services for people with ankylosing spondylitis in the UK:
a survey of rheumatologists and patients. Rheumatology
2011;50:1991-8.



