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Background: Ankylosing spondylitis (AS) and inflammatory
bowel disease (IBD) are chronic conditions with overlapping
pathogenic mechanisms. The genetic predisposition and inflam-
matory pathways common to both diseases suggest a syndemic
relationship. While some evidence points to a connection be-
tween the two conditions, other reports do not support this link.
Objectives: To investigate the association between AS and the
subsequent incidence of IBD. To identify potential risk factors
and effect modifiers that contribute to this relationship.
Methods: Utilizing the Chronic Disease Registry of Clalit Health
Services, we conducted a retrospective cohort study of individ-
uals diagnosed with AS between January 2002 and December
2018. We compared these patients with age- and sex-matched
controls, excluding those with a prior diagnosis of IBD. Statis-
tical analyses included chi-square and t-tests for demographic
comparisons, and Cox proportional hazards models for evalu-
ating the risk of IBD development, with adjustments for various
co-morbidities and demographic factors.
Results: The study included 5825 AS patients and 28,356
controls. AS patients demonstrated a significantly higher
incidence of IBD with hazard ratios of 6.09 for Crohn's dis-
ease and 2.31 for ulcerative colitis, after multivariate ad-
justment. The overall incidence of IBD in the AS cohort was
significantly higher compared to controls.
Conclusions: AS patients exhibit a markedly increased risk
of developing IBD. These findings advocate for heightened
clinical vigilance for IBD symptoms in AS patients and sug-
gest the need for a multidisciplinary approach to patient
care. Further research into the shared pathogenic path-
ways is needed to develop personalized treatment strate-
gies and improve patient management.
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Inﬂammatory bowel disease (IBD) and ankylosing
spondylitis (AS) are chronic conditions that signifi-
cantly impact patient health and quality of life. IBD
primarily affects the gastrointestinal tract and is charac-
terized by Crohn's disease and ulcerative colitis, with a
propensity to manifest extraintestinal symptoms, notably
spondylarthritis (SpA) [1]. AS is a severe form of SpA,
chiefly influencing the axial skeleton, with a predilection
for onset before age 40 years and a male demographic
dominance. The diagnosis hinges on clinical evaluation
of inflammatory back pain and radiographic evidence of
sacroiliitis, supplemented by the presence of extra-articu-
lar manifestations such as psoriasis, uveitis, and IBD [2].
The intersection of these diseases presents a complex
clinical picture, as evidence suggests a shared pathogenic
landscape that intertwines their etiologies. The genetic and
pathophysiological overlap, notably the human leukocyte
antigen (HLA)-B27 gene and the interleukin-23 (IL-23)
pathway, underscores a potentially intrinsic connection
that predisposes AS patients to the development of IBD
[3]. While the prevalence of concurrent AS and IBD is
estimated to be between 5—-10%, radiologic signs of sac-
roiliitis appear in up to half of IBD patients. Macroscop-
ic and microscopic bowel inflammation is notable in AS
patients, with reports indicating an occurrence in 14-37%
and 50-58% of individuals, respectively [4,5]. While some
evidence points to a connection between the two condi-
tions, there are also reports that do not support this link.
Understanding the epidemiological link between AS and
IBD is crucial for developing effective screening tools, pre-
ventive strategies, and personalized treatment approaches.
The aim of this study was to elucidate the epidemiolog-
ical association between ankylosing spondylitis and the



IMAJ - VOL 26 - APRIL 2024

ORIGINAL ARTICLES

increased incidence of inflammatory bowel disease, with
a focus on the risk factors contributing to this association.

PATIENTS AND METHODS

ETHICS CONSIDERATIONS

The investigation into the relationship between AS and
subsequent development of IBD was conducted follow-
ing a protocol approved by the ethics committee of Clalit
Health Services. The retrospective nature of the study
with adherence to participants' anonymity obviated the
need for individual informed consent.

DATA SOURCE: CHRONIC DISEASE REGISTRY OF CLALIT
HEALTH SERVICES

This study utilized the extensive central database of Clalit
Health Services, the largest integrated health service pro-
vider in Israel. This database provides a unique opportu-
nity for comprehensive epidemiological studies due to its
coverage of over 4.5 million individuals, approximately
48% of the national population. The data repository en-
compasses medical and administrative records from an
array of health facilities, including hospitals, primary care
clinics, specialty clinics, and pharmacies. The integrity of
the data is rigorously maintained through multiple verifi-
cation processes, including logical checks and cross-refer-
encing of diagnoses across various data sources, ensuring
high validity as corroborated by prior research [6,7].

STUDY POPULATION

We identified patients diagnosed with ankylosing spon-
dylitis, codified by the ICD-9 Code: 720.0, as recorded
by specialist physicians in clinical medical records from
1 January 2002 to 31 December 2018. Cases of IBD were
similarly identified using the ICD-9 Code: 555 (Crohn’s
disease) and 556 (ulcerative colitis). Controls were se-
lected from the same registry, matched by age and sex
in a five-to-one ratio to AS patients. Exclusion criteria
included a prior diagnosis of IBD. The index date was set
to the diagnosis date of AS. Follow-up for each cohort
extended to 23 June 2019.

VARIABLES AND DATA COLLECTION

The variables for this study were chosen to ensure a robust
analysis. Collected data comprised demographic details
(age, sex), socioeconomic status (SES), ethnicity, smoking
habits, treatment for ankylosing spondylitis, and a range of
co-morbid conditions. SES was calculated using the poverty

index from the 2008 national census, which integrates mul-
tiple socioeconomic indicators such as household income,
education level, housing density, workforce participation,
per capita income, and vehicle ownership. This compre-
hensive index allowed for categorization into low, medium,
or high SES groups. Smoking status was simplified to a
binary variable reflecting current smoker or non-smoker
status. The endpoint of the study was determined by the oc-
currence of the first event among the following: diagnosis
of IBD, death, or the end of the follow-up period.

STATISTICAL ANALYSIS

Differences in baseline characteristics between different
groups of independent variables were compared using a
test for continuous variables and a chi-square test for
categorical variables. P-value < 0.05 was considered
statistically significant. We evaluated the interactions
between AS and the development of IBD using an anal-
ysis of variance (ANOVA) framework. Cox proportional
hazards models provided estimates of the hazard ratio
(HR) for the incidence of IBD in AS patients versus con-
trols. Categorical variables were presented as frequen-
cies and percentages, while continuous variables were
summarized using mean values with standard deviations.
Adjustment was conducted for age, sex, ethnicity, socio-
economic status, smoking status, and body mass index
(BMI). Statistical analyses were performed using IBM
Statistical Package for the Social Sciences statistics soft-
ware, version 26 (SPSS, IBM Corp, Armonk, NY, USA).

RESULTS

BASELINE CHARACTERISTICS OF THE STUDY POPULATION

Our study involved 5825 AS patients and 28,356 con-
trols. The mean age of AS patients and controls was 50.0
+ 16 years and 49.8 £ 16 years, respectively, with a medi-
an age close to 49 years for both groups. The distribution
of sex was similar in both groups, with males constituting
63.5% of AS patients and 63.4% of controls. The propor-
tion of participants with Arab ethnicity was also compa-
rable between AS patients (17.2%) and controls (17.3%).

Smoking history showed a significant difference:
34.9% of AS patients had a smoking history compared to
33.1% of controls (P < 0.01). Recruitment periods were
evenly distributed across three intervals (2002-2007,
2008-2013, 2014-2018) without significant differences
between the groups. SES, categorized as low, medium,
and high, was similar in both cohorts.
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A notable difference was observed in BMI distribu-
tion. While 33.9% of AS patients had a BMI of 18.5-24.9
kg/m?, 37.4% of controls had a similar BMI. Conversely,
29.6% of AS patients had a BMI of > 30 kg/m? compared
to 23.9% of controls, indicating a higher prevalence of
obesity in the AS group (P < 0.001).

In terms of AS treatment, 22.8% of patients were tak-
ing tumor necrosis factor inhibitors (TNF1), 27.1% any
disease-modifying anti-theumatic drugs (DMARD:s),
14.7% DMARDs only, and 61.1% non-steroidal anti-in-
flammatory drugs (NSAIDs) only [Table 1].

INCIDENCE AND RISK OF IBD IN AS PATIENTS COMPARED
TO CONTROLS

The incidence and risk analysis for Crohn’s disease, ulcer-
ative colitis, and IBD in AS patients compared to controls

revealed significant differences [Table 2]. For Crohn’s
disease, AS patients had an incidence rate of 17.77 per
10,000 person-years, significantly higher than the 1.58
rate in controls. The unadjusted hazard ratio (HR) was
7.43, and the multivariate-adjusted HR was 6.09, both
indicating a substantially increased risk in AS patients.

Similarly, for ulcerative colitis, the incidence rate was
higher in AS patients (5.84 per 10,000 person-years)
compared to controls (1.58). The unadjusted and multi-
variate-adjusted HRs were 3.70 and 2.31, respectively,
suggesting an increased risk in the AS cohort. When con-
sidering IBD, the incidence rate in AS patients was 23.14
per 10,000 person-years versus 3.12 in controls. The un-
adjusted HR was 11.50 and the multivariate-adjusted HR
was 9.18, indicating a significantly higher risk for IBD in
AS patients.

Table 1. Baseline characteristics of the study population

Characteristics AS patients (n=5825) Controls (n=28,356) P-value
Age, mean * SD; median 50.0 £ 16; 49.3 49.8 £16; 49.1 NS
Men, n (%) 3701 (63.5) 17,975 (63.4.) NS
Arab ethnicity, n (%) 999 (17.2) 4914,17.3) NS
Smoking history, n (%) 2032 (34.9) 9379 (33.1) <0.01
Recruitment periods, n (%) NS
2002-2007 1754 (30.1) 8576 (30.2)

2008-2013 2103 (36.1) 10,212 (36.0)

2014-2018 1968 (33.8) 9568 (33.7)

Socioeconomic status*, n (%) NS
Low 787 (14.4) 4082 (15.4)

Medium 3837 (70.3) 18,570 (69.9)

High 834 (17.6) 3907 (14.7)

Body mass index** n (%) <0.001
< 18.5 kg/m? 97 (2.3) 469 (2.5)

18.5-24.9 kg/m? 1413 (33.9) 7029 (37.4)

25- 29.9 kg/m? 1428 (34.2) 6788 (36.1)

>30 kg/m? 1235 (29.6) 4499 (23.9)

AS treatment, n (%)

TNFi 1330 (22.8) -

DMARDs any 1580 (27.1) -

DMARDs only 857 (14.7) -

NSAIDs only 3560 (61.1) -

AS = ankylosing spondylitis, DMARDs = disease modifying anti-rheumatic drugs, IBD = inflammatory bowel disease, NSAIDs = non-steroidal anti-
inflammatory drugs, SD = standard deviation, TNFi = tumor necrosis factor inhibitors

*Available for 93.7% of data
**Available for 67.1 % of data
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INCIDENCE AND RISK OF IBD IN DIFFERENT AS SUBGROUPS

Further analysis showed variation in IBD incidence and
risk across different AS subgroups [Table 3]. In patients
aged < 49 years, the HR for IBD was 10.01, whereas it
was 5.27 in those > 49 years. Both age groups exhibited
significantly increased risks compared to their respective
controls. With regard to sex, men with AS had an HR of
7.77, while women had an HR of 6.83 for developing
IBD, which was significantly higher than their matched
controls. Regarding AS treatment subgroups, patients
taking TNFi had an HR of 8.97, those on DMARDs on-
ly had an HR of 10.93, and those on NSAIDs only had
an HR of 5.50, all indicating elevated risks compared to
controls. In Figure 1, we presented a forest plot of IBD
risk in AS subgroups compared to matched controls.

DISCUSSION

In our retrospective cohort study, leveraging the exten-
sive Chronic Disease Registry of Clalit Health Services,
has revealed a pronounced association between AS and

the incidence of IBD. The multivariate adjusted hazard
ratio of 6.09 for Crohn's disease and 2.31 for ulcerative
colitis highlights the increased risk that AS patients show
for developing IBD. The findings indicated that individu-
als with AS are significantly more likely to develop IBD
compared to age- and sex-matched controls without AS.
The link between AS and IBD has been a subject of
interest since the 1960s. Early observations by Moll and
colleagues [8] indicated a striking association between AS
and several other disorders, including IBD. This early work
laid the foundation for understanding the complex inter-
play between these conditions. Subsequently, Meuwissen
et al. [9] conducted a study to determine the prevalence of
IBD among patients with AS. Among the 79 AS patients
screened, 3.8% were diagnosed with IBD, highlighting a
potential connection between these conditions. As research
in this area progressed, more recent studies have continued
to explore this association. Stolwijk's research [10], for ex-
ample, demonstrated that patients with AS are at a signifi-
cantly increased risk of developing IBD compared to con-
trols (HR 3.3; 95% confidence interval [95%CI] 2.3—4.8).
Bremander and colleagues [11] similarly noted an even

Table 2. Incidence and risk for Crohn'’s disease, ulcerative colitis and inflammatory bowel disease in ankylosing spondylitis patients

compared to controls

Outcomes Variables AS (n=5825) Controls (n=28,355)
Events, n (%) 76 (1.3) 35(0.1)
Follow-up time, median (IQR) 7.29 (3.4-11.4) 7.52 (3.5-11.7)
Cumulative patient-years 42,780 221,345
Crohn’s di

Incidence rate per 10,000 person-years, (95%CI)

17.77 (14.0-22.24) 1.58 (1.10-2.20)

Unadjusted HR (95%Cl)

7.43 (5.36-10.30) reference

Multivariate HR (95%Cl)

6.09 (3.91-9.51) reference

Events, n (%)

25 (0.4) 35(0.1)

Follow-up time, median (IQR)

7.29 (3.4-11.4) 7.52 (3.5-11.7)

Cumulative patient-years

42,780 221,345

Ulcerative colitis

Incidence rate per 10,000 person-years, (95%CI) 5.84 (3.78-8.63) 1.58 (1.10-2.20)
Unadjusted HR (95%CI) 3.70 (2.16-6.32) reference
Multivariate HR (95%Cl) 2.31(0.99-5.41) reference

Events, n (%)

99 (1.7) 69(0.2)

Follow-up time, median (IQR)

7.29 (3.4-11.4) 7.52 (3.5-11.7)

Inflammatory bowel Cumulative patient-years

42,780 221,345

disease Incidence rate per 10,000 person-years, (95%Cl)

23.14(18.81-28.05) 3.12 (2.45-3.95)

Unadjusted HR (95%CI)

11.50 (7.48-17.69) reference

Multivariate HR (95%Cl)

9.18 (5.30-14.38) reference

Adjusted for age, sex, ethnicity, socioeconomic status, smoking status, and body mass index
95%ClI = 95% confidence interval, AS = ankylosing spondylitis, HR = hazard ratio, IQR = interquartile range
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Table 3. Incidence and risk for inflammatory bowel disease
in different ankylosing spondylitis subgroups compared to their
matched controls

Figure 1. Forest plot of inflammatory bowel disease risk in ankylosing
spondylitis subgroups compared to matched controls

DMARDs = disease modifying anti-rheumatic drugs,

Qe NSAIDs = non-steroidal anti-inflammatory drugs,
Subgroup AS,n (%) |~ i) | HR(95%CI) | Pvalue  TNFi = tumor necrosis factor inhibitors
Age
<49 years 54(1.9) | 28(0.2) | 10.01 (6.34-15.80) | < 0.001 <49 years —_—
> 49 years 34(1.2) 33(0.2) 5.27 (3.26-8.50) | < 0.001 > 49 years —
Sex Males —
Male 59(1.6) | 39(0.2) | 7.77 (5.18-11.64) | <0.001 Females
Female 29 (1.4) 22(0.2) | 6.83(3.93-11.89) | <0.001 NFi
AS treatment

DMARDs

TNFi 33(2.5) 18 (0.3) | 8.97(5.05-15.93) | < 0.001 only
DMARDsonly | 22(2.6) | 11(0.3) | 10.93(5.30-22.53) | <0.001  NSAIDsonly S — T T
NSAIDsonly | 33(0.9) | 31(0.2) & 5.50(3.36-8.97) | <0.001 Hazard ratio

95%Cl = confidence interval, AS = ankylosing spondylitis,

DMARDs = disease modifying anti-rheumatic drugs,

IBD = inflammatory bowel disease,

NSAIDs = non-steroidal anti-inflammatory drugs, HR = hazard ratio,
TNFi = tumor necrosis factor inhibitors

higher rate of IBD among AS patients with standardized
morbidity rate ratios of 9.28 (95%CI 7.07-11.97).
However, the assumption that patients with AS have
a higher incidence of developing IBD is not universally
supported. A study by Lai et al. [12] found no significant
increase in the incidence of IBD among AS patients in
Taiwan, challenging the notion of a straightforward causal
relationship. Lai's study indicated that while AS and IBD
might co-occur due to similar pathogenic pathways, one
did not necessarily facilitate the development of the other.
Considering these diverse findings in a large cohort, we
determined that there is an elevated incidence of IBD in
AS patients, which corroborates most of the research [13].
In addition, we explored the precise characteristics of
patients with AS who were more likely to develop IBD.
The stratified analysis by treatment subgroup revealed
intriguing insights. The fact that AS patients on TNFi
therapy have an elevated hazard ratio (HR) of 8.97 for
developing IBD, despite TNFi's efficacy in treating both
AS and IBD, raises questions about the complex inter-
play between treatment, disease progression, and the on-
set of co-morbid conditions. This finding might also be
explained by the observation that severe forms of AS are
treated with biologic medications, and patients with more
severe AS are at a higher risk of developing IBD.
Another intriguing aspect of our sub-analysis was the
higher incidence of IBD among patients with AS across

all age groups. In a related study, Wang et al. [14] also in-
vestigated the risk of developing IBD among AS patients.
While their cohort was smaller than ours, encompassing
3804 patients with AS and 7608 non-AS patients, their
findings are noteworthy. The Kaplan-Meier curves de-
picting the cumulative incidence of IBD indicate that AS
patients are at a higher risk of developing IBD compared
to non-AS patients. However, this increased risk was no-
tably evident only in patients under 40 years of age (HR
2.85, 95%CI 1.51-5.40). Interestingly, they did not ob-
serve a similar elevation in risk among the age groups of
40-64 and older than 65 years.

The elevated incidence of IBD in AS patients ob-
served in our study corroborates previous research
suggesting a shared pathogenic mechanism between
these conditions. The association between these condi-
tions is anchored in the gut-synovial axis hypothesis,
which highlights the role of environmental factors and
genetic predisposition in initiating inflammation [15].
The role of bacterial antigens and reactive T-cell clones,
activated in the gut and homing to the joints, is pivotal
yet not fully understood. Moreover, genetic predispo-
sition, including the presence of specific HLA alleles
like HLA-B27, HLA-B35, and HLA-B44, plays a sig-
nificant role in this link [16].

Central to the connection between AS and IBD is the
IL-23/IL-17 axis, which plays a crucial role in both con-
ditions. This axis is regulated primarily by IL-23, which
stimulates the production of cytokines like I1L-17, 1L-22,
and TNF by Thl7 cells and other immune cells. In the
guts of Crohn’s disease patients or those with SpA, an
increased expression of IL-23 has been observed. Simi-
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larly, in AS patients, there is an elevated presence of IL-
23R expressing Tyd cells and increased production of IL-
17, suggesting a critical role of the IL-23/-17 axis in the
pathogenesis of both AS and IBD [17].

Our study's robust methodology and the utilization of
a large, representative database strengthen the validity of
these findings. The inclusion of a wide array of co-mor-
bidities and socioeconomic variables in the fully adjusted
models mitigates potential confounding factors, providing
a clearer picture of the relationship between AS and IBD.

Despite the study's strengths, we acknowledge sev-
eral limitations. The retrospective design inherently
limited our ability to establish causality. Although we
adjusted for a broad range of co-morbidities and demo-
graphic factors, residual confounding by unmeasured
variables, such as dietary patterns and physical activ-
ity levels, cannot be excluded. The reliance on ICD-9
codes for diagnosis could introduce a misclassification
bias. However, the high validity of the Clalit database,
as demonstrated in previous studies, mitigated this con-
cern [18,19]. Moreover, the lack of data on medication
adherence and the duration of AS before the study pe-
riod may influence the observed association with IBD.
Another limitation is the generalizability of the findings.
Our study population, derived from a single health ser-
vice in Israel, may not reflect the experience of differ-
ent ethnicities or healthcare systems. Therefore, caution
should be exercised when extrapolating these results to
other populations.

CONCLUSIONS

We found a significant epidemiological association
between AS and the increased incidence of IBD. The
findings underscore the necessity for heightened clini-
cal awareness and monitoring for IBD in patients with
AS. Further research is needed into the underlying
mechanisms of this association, which could lead to
improved management and therapeutic strategies for
these patients.
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