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Abstract

Introduction: A family history of inflammatory bowel disease [IBD] is the strongest risk factor for disease. However, some first-degree relatives
(FDRs) will develop disease, while others will not.

Methods: Using the nationwide Danish National Patient Register, we examined risk factors in families with two or more affected FDRs. First, we
compared exposures between siblings with and without IBD within the same family [within-family analysis]. Second, we compared exposures
between individuals with and without IBD across all families [across-family analysis]. Exposures included sex, birth order, mode of delivery, anti-
biotics, personal and family history of immune-mediated diseases, gastrointestinal infections, and surgical history preceding diagnosis. Uni- and
multivariable conditional logistic regression analyses were conducted.

Results: In the ‘within-family analysis’, 1669 families were included [1732 cases, 2447 controls]. Female sex (adjusted odds ratio [aOR]: 1.40,
95% confidence interval [Cl] 1.23, 1.59), history of ankylosing spondylitis [aOR: 2.88, 95% CI 1.05, 7.91] and exposure to antibiotics [aOR: 1.28,
95% CI 1.02, 1.61] increased the risk for IBD. In the ‘across-family analysis’, 1254 cases and 37 584 controls were included, confirming an asso-
ciation with prior ankylosing spondylitis [aOR: 3.92, 95% CI 1.38, 11.12] and exposure to antibiotics [aOR: 1.29, 95% CI 1.04, 1.60]. Having two
or more relatives [aOR: 6.26, 95% Cl 1.34, 29.29] or a sibling with IBD [aOR: 1.36, 95% CI 1.18, 1.57] increased the risk of IBD. Appendectomy
reduced the risk of ulcerative colitis [aOR: 0.32, 95% Cl 0.14, 0.72].

Conclusion: In families with IBD, we identified risk factors for the unaffected FDR to develop disease. These findings provide an opportunity for
counselling IBD relatives.
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1. Introduction factors on those at risk for IBD. Indeed, so far it remains un-
known why some first-degree relatives [FDRs] of patients with
IBD go on to develop disease, while others do not. Therefore,
we conducted a case-control study using data from a nation-
wide cohort to determine non-genetic risk factors associated
with IBD risk in individuals with at least one FDR with IBD.

Inflammatory bowel disease [IBD] results from a complex
relationship between genetic susceptibility, environmental
exposures and intestinal microbiota changes."? A family his-
tory of IBD is the strongest known risk factor for developing
disease.® Other exposures such as antibiotics,* gastrointestinal
infections,® early life risk factors® and concomitant immune-
mediated diseases [IMIDs] have been implicated in IBD risk. 2. Methods

However, given the rarity of IBD, and the limitations of ex- 2.1, Study cohort

posure ascertainment, the impact of these factors is incon- ) ) ) )
This was a nationwide case-control study, using the pro-

sistent across studies.” Furthermore, while previous studies el ded. linked and i | Jated d
have identified non-genetic risk factors for IBD in the general ~ SPeCtively recorded, linked and continuously updated data
from the Danish Civil Registration System [CRS], the

population, there are limited data on the impact of these
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Danish National Patient Registry [NPR] and the Danish
National Prescription Registry.® All individuals registered
in the Danish CRS who lived in Denmark between January
1, 1977 and December 31, 2018 were included.®’ Through
a unique personal identification number [the CRS number]
assigned to each resident at birth, demographic, vital
status and emigration data are available. Parental data,
linked with that of their offspring, are also available. The
Danish NPR provides nationwide longitudinal registration
of detailed administrative and clinical data, and has re-
corded information on all patients discharged from Danish
non-psychiatric hospitals since 1977 and on psychiatric
inpatients and emergency department and outpatient spe-
cialty clinics dating back to January 1, 1977 and January 1,
1995, respectively.’

IBD was identified based on the International
Classification of Diseases [ICD] Eighth Revision [ICD-8] or
ICD Tenth Revision [ICD-10] codes on at least two sep-
arate registrations. Diagnoses were classified according to
the ICD-8 until the end of 1993 and the ICD-10 thereafter.’
These administrative algorithms have been validated in pre-
vious Danish studies.!®!! The date of IBD diagnosis was de-
fined as the date of first IBD admission or visit. Patients
were considered to have Crohn’s disease [CD] if all ad-
missions were registered as CD and likewise for ulcerative
colitis [UC]. If patients were registered with both UC and
CD diagnosis codes, they were categorized as IBD, but not
subcategorized further.

Within family analysis

38 284 families
* One parent with IBD
¢ One child with IBD

v

24 152 families
with >2 children

v

1699 families

* One parents with IBD
*>1 child with IBD
*>1 child without IBD

v v
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2.2. Family assessment

The Danish CRS was used to identify families. Only children
registered with both a mother and father were included. To
avoid inclusion of non-biological parents, the following al-
gorithm was used: if a person was registered with more than
one mother, then the first registered mother was considered;
likewise, if a person was registered with more than one father,
then the first registered father was considered. Individuals
with missing data on the first registered parent were excluded.
Family bonds of parents, children and siblings were included.
Maternal and paternal half-siblings were excluded.

2.3. Study design

We used a matched nested case-control study design to inves-
tigate potential risk factors for IBD in families with at least
two FDRs affected with IBD. For this, we pre-defined two
high-risk populations [Figure 1]. First, we determined risk
factors for IBD within nuclear families [within-family ana-
lysis]. For this analysis, families with at least one parent with
IBD [FDR with IBD] and at least two children, of whom at
least one developed IBD, were included. Cases were defined as
children who developed IBD during the follow-up period, and
controls were children who did not develop IBD.

Second, in a broader approach, we identified individuals
who had at least one FDR diagnosed with IBD [mother,
father, sibling or child], and from those families, we iden-
tified individuals who developed IBD during the follow-up
period [cases]. These cases were compared with matched

Across family analysis

Individuals with at least
one FDR with IBD
diagnosis (n = 52 612)

fuh e

| !

FDRs who do
not develop

FDRs who
develop IBD
(n = 1254) IBD (n = 51 358)

- 1:30 Matched controls
(n = 37 584)

Cases Controls
(n=1732) (n = 2447)
[ Comparison of exposures between cases and controls j

Figure 1. Study design. In the within-family analysis, families with at least one parent with IBD and one child affected were selected [cases are coloured
in pink, controls in grey]l. From those families, only those with at least two children, where one had IBD diagnosed, were included. Overall, there were
1699 families eligible, in whom 1732 children developed IBD [dark pink] and were compared to 2447 siblings who did not develop IBD [greyl. In the
across-family analysis, individuals with at least one first-degree relative [FDR] with IBD were selected [cases are coloured in light blue]. From those
individuals, 1254 developed IBD [dark blue] and were compared 1:30 to matched controls [greyl. In the within-family study children born after 1968 [the
year the civil registration system was established in Denmark] were included, in order to allow us to increase sample size. In the across-family study,
only children born after 1977 were included [date when the National Patient register was started].
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1:30 to at-risk individuals [controls] across families

lacross-family analysis].

2.4. Exposures

Exposures were pre-defined based on available data
[Supplementary Table 1], and included sex, birth order, mode
of delivery, maternal vs paternal IBD, history of other IMIDs
[iridocyclitis, asthma, type 1 diabetes, ankylosing spondylitis,
rheumatoid arthritis, psoriasis, psoriatic arthritis, multiple
sclerosis, pyoderma gangrenosum, Grave’s disease, sarcoid-
osis, systemic lupus erythematosus, coeliac disease/dermatitis
herpetiformis, primary sclerosing cholangitis, primary biliary
cholangitis], depression, surgery [appendectomy, bariatric sur-
gery or tonsillectomy] and gastroenteritis preceding IBD diag-
nosis. Since data on medications were only available starting
in 19935, and to ensure adequate power, we chose to focus on
antibiotics exposure only, which has increasingly been impli-
cated in IBD risk.” Using data from the National Prescription
Registry, we identified antibiotic prescriptions that were pre-
scribed prior to IBD diagnosis. We determined broad- and
narrow-spectrum antibiotic exposure, and number of anti-
biotic courses preceding IBD diagnosis as well as maternal
exposure to antibiotics during pregnancy.

2.5. Statistical analyses

2.5.1.  Within-family analysis

A case [child with IBD, who has a parent with IBD] was fol-
lowed from birth to IBD diagnosis date, while a control [non-
IBD sibling] was followed from birth until reaching the same
age as the sibling at the time of IBD diagnosis. If a control was
censored [due to death or loss to follow-up] for more than
1 year before reaching the sibling’s age at IBD diagnosis date,
the family was excluded, so that the siblings had similar ex-
posure periods. We performed univariable and multivariable
conditional logistic regression analyses, and adjusted the
latter for sex and birth order in addition to the exposure of
interest, determined a priori.

2.5.2.  Across-family analysis

We identified individuals who had at least one FDR diag-
nosed with IBD. Of these, those who developed IBD during
follow-up were cases, while those who did not develop IBD
were controls. For each case, we selected 30 controls matched
on sex, date of birth [+30 days] and disease-free risk time. In
a few instances [0.05%] fewer than 30 controls were avail-
able [lowest ratio was 1:20]. The following restrictions were
applied: the IBD diagnosis date of the FDR with IBD must
have occurred before the end of follow-up in order not to

Table 1. Description of study population
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condition on the future; and death, emigration and loss to
follow-up must have occurred after the end of follow-up.
Cases could be selected as controls until the first IBD diag-
nosis date. Individuals could be selected as controls multiple
times. If one or more FDRs were diagnosed with IBD, the
FDR with the earliest date of diagnosis was selected.

We conducted univariable and multivariable conditional
logistic regression analyses; the latter was adjusted for type
of FDR with IBD [mother, father or sibling] and the FDR’s
IBD type [CD, UC or IBD]. We also determined if there was
an interaction between antibiotic exposure and type of FDR
with IBD. All covariates were determined a priori. Sensitivity
analyses were performed stratified by IBD sub-type [CD vs
UC]. Matches were included in the analyses of the corres-
ponding case, only.

3. Results

3.1.  Study population

Overall, 63 395 patients with IBD were identified. There were
19 706 mothers and 15 620 fathers with IBD. There were
38 284 families in which at least one parent and one child had
IBD, and 24 152 families with two or more children.

3.2.  Within-family study cohort

Further applying our inclusion criteria, we identified 1699
families with one parent with IBD and at least one child with
IBD, and one child without IBD. Therefore, the study popula-
tion consisted of 4179 individuals within 1669 families cor-
responding to 1732 cases and 2447 controls [Table 1]. The
median [interquartile range; IQR] age at IBD diagnosis was
47.6 [35.3, 59.1] years in mothers, 51.7 [38.2, 62.9] years in
fathers and 26.1 [19.6, 34.2] years in the offspring. There was
a median [IQR] of two [2, 3] children per family. There was a
slight predominance of female offspring in cases [56.8%] and
male offspring in controls [51.7%]. The distribution of the
different variables studied in siblings with and without IBD is
presented in Supplementary Table 2.

The detailed results of the univariable and multivariable
conditional logistic regression are presented in detail in
Supplementary Table 3. Overall, 56.8% of the children diag-
nosed with IBD were female as compared to 48.3% of those
who did not develop IBD. In the univariable analysis, IBD
diagnosis was associated with female sex (odds ratio [OR]
1.40, 95% confidence interval [CI] 1.23, 1.59), a prior diag-
nosis of non-IBD IMID [OR 1.35,95% CI 1.00, 1.83] and his-
tory of any antibiotic exposure preceding IBD diagnosis [OR
1.29,95% CI 1.03, 1.61], both narrow- and broad-spectrum

Within-family analysis; 7 [%]

Across-family analysis; 7[%]

Cases Controls Cases Controls
Population [7] 1732 2447 1254 37,584
Mother 53.4% 52.8% 40.9% 43.7%
Father 45.7% 46.1% 31.1% 34.7%
Crohn’s disease 30.2% — 37.6% —
Ulcerative colitis 54.4% — 47.7% —
IBD unclassified 15.4% — 14.8% —
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antibiotics [OR 1.30, 95% CI 1.05, 1.60; and OR 1.68, 95%
CI 1.43, 1.98, respectively].

On multivariable analysis [Figure 2], after adjusting for sex
and birth order, IBD diagnosis remained significantly associ-
ated with female sex (adjusted OR [aOR] 1.40, 95% CI 1.23,
1.59). A history of gastroenteritis prior to IBD diagnosis was
associated with a higher odds of IBD [OR 2.61,95% CI 1.80,
3.79], but when excluding the 1-year period [OR 1.28, 95%
CI0.82,1.98] or 2-year period [OR 1.15,95% CI 0.73, 1.80]
preceding IBD diagnosis the effect estimates decreased and
were not statistically significant [Supplementary Table 3]. The
odds of IBD were higher in those with a prior diagnosis of
ankylosing spondylitis [aOR 2.88, 95% CI 1.05, 7.91], but
not other IMIDs [Table S3]. Overall, 69.3% of the children
who developed IBD were exposed to antibiotics, 65.9% to
narrow-spectrum antibiotics and 47.1% to broad-spectrum
antibiotics, as opposed to 67.0, 63.6 and 38.2% of those who
did not, respectively. Antibiotic treatment [aOR 1.28, 95%
CI 1.02, 1.61], comprising both narrow- [aOR 1.29, 95%
1.04, 1.61] and broad-spectrum antibiotics [aOR 1.68, 95%
CI 1.42, 2.00], was associated with IBD. A higher number
of antibiotic courses, broad- or narrow-spectrum, was asso-
ciated with a higher odds of IBD [Supplementary Figure 1].
Birth order, mode of delivery and history of surgery, asthma
or depression were not associated with IBD [Supplementary
Table 3]. Maternal antibiotic exposure during pregnancy was
not associated with IBD. History of surgery [appendectomy,
tonsillectomy] or a prior diagnosis of depression were not as-
sociated with IBD [Supplementary Table 3].

3.3.  Across-family study cohort

We identified 52 612 individuals who had at least one FDR
diagnosed with IBD. Of these, 16 602 FDRs were fathers,
21 281 were mothers and 14 729 were siblings. Overall,
1254 [2.38%] individuals developed IBD and were con-
sidered as cases. Of those who did not develop IBD during
the follow-up period [51 358], 37 584 were selected as
controls and matched 1:30 [99.5% match pairs] or 1:20
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[0.05%] to cases. The IBD type in cases was more frequently
UC [47.7%]. The FDR most commonly affected was the
mother both in cases [40.9%] and in controls [43.7%], and
the more common IBD type in the FDRs was UC in cases
[52.3%] as well as in controls [60.0%]. There was no differ-
ence in the distribution of the number of relatives with IBD,
birth year, or age at diagnosis or at end of follow-up be-
tween cases and controls. The median age at diagnosis or at
censoring [IQR] was 21.4 [17.3; 26.5] years. Supplementary
Table 4 summarizes the exposure distribution across cases
and controls.

On univariable analysis [Supplementary Table 5], IBD was
associated with having a sibling with IBD [OR 1.41, 95% CI
1.23, 1.63] and the odds increased with the number of FDRs
affected by IBD [more than one relative: OR 2.43, 95% CI
1.83, 3.22; more than two relatives: OR 6.92, 95% CI 1.49,
32]. Additionally, IBD was associated with a prior diagnosis
of ankylosing spondylitis [OR 3.87,95% CI 1.37,10.97] and
history of any antibiotic exposure [OR 1.29, 95% CI 1.04,
1.60], including both narrow- [OR 1.27,95% CI 1.05, 1.53]
and broad-spectrum antibiotics [OR 1.54, 95% CI 1.35,
1.75]. Furthermore, for each additional antibiotic treatment
the odds of IBD increased after four additional courses of
antibiotic [OR 1.42, 95% CI 1.05, 1.91] and even more so
with 15 courses of antibiotics [OR 2.38, 95% CI 1.81, 3.14]
[Supplementary Table 5].

On multivariable analysis [Figure 3, Supplementary Table
5], after adjusting for sex, age, follow-up time, FDR with
IBD and FDR’s IBD type, future IBD diagnosis was asso-
ciated with having a sibling with IBD [aOR 1.36, 95% CI
1.18, 1.57], and having one or more FDRs with IBD [more
than one FDR: aOR 2.47, 95% CI 1.86, 3.28; more than
two FDRs: aOR 6.26, 95% CI 1.34, 29.29]. Having an FDR
with UC was associated with a lower risk of developing IBD,
compared to having an FDR with CD [aOR 0.79, 95% CI
0.69, 0.90]. Being the third-born [aOR 0.81, 95% CI 0.67,
0.99], compared to being the first-born, was associated with
a lower risk of IBD development. While there was no associ-
ation between non-IBD IMIDs and IBD overall, ankylosing

Risk of IBD within families

Female vs male e 1.40 (1.23,1.59)

Birth order (2nd vs 1st) o 1.01 (0.91, 1.12)

Birth order (3rd vs 1st) - e 1.07 (0.90, 1.28)

>3rd vs 1st —e—i— 0.81 (0.56,1.17)

Other IMID —e— 1.34 (0.99, 1.81)

Asthma - — e 1.16 (0.79, 1.71)

Diabetes4  + ° 0.39 (0.14, 1.07)

Ankylosing spondylitis | . 2.88(1.05,7.91)

Psoriasis - _ 1.42 (0.33, 6.07)

Multiple sclerosis - . 1.22(0.31, 4.89)

ultp ) 2.33(0.85, 6.43)

Depression - L . 1 1.12 (0.59,2.10)

Appendectomy— A 1.06 (0.70, 1.63)

Tonsillectomy e 2.61 (1.80, 3.79)

Gastroenteritis | —e— 1.28 (102’ 161)

Age at 1st ABT: 1 — <5 ;:Srz_ [ ———— 1.05(0.51, 2.18)

Age at 1st ABT: 5 — <10 years 0.88 (0.18, 4.31)

Narrow sp. ABT - —e—1 1.29 (1.04, 1.61)

Broad sp. ABT b 1.68 (1.42,2.00)

Maternal ABT during pregnancy | e 0.75 (0.32, 1.75)
0.1 0 10

Adjusted odds ratio (95% CI)

Figure 2. Multivariable conditional logistic regression in within-family analysis. Results are presented as adjusted odds ratios [OR; 95% Cl] of the
association of IBD with exposure of interest. IMID: immune-mediated diseases; ABT: antibiotic; sp: spectrum.
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T
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Adjusted odds ratio (95% CI)

Figure 3. Multivariable conditional logistic regression in across-family analysis. Results are presented as adjusted odds ratios [OR; 95% Cl] of the
association of IBD with exposure of interest. IMID: immune-mediated diseases; ABT: antibiotic; sp: spectrum.

spondylitis was associated with a higher risk of IBD [aOR
3.92,95% CI 1.38, 11.12]. A prior history of gastroenteritis
was associated with IBD [aOR 2.00, 95% CI 1.62, 2.49], but
this finding was not statistically significant upon excluding the
1- and 2-year periods preceding disease diagnosis. A history
of any antibiotic exposure [aOR 1.29, 95% CI 1.04, 1.60],
including both narrow- [aOR 1.26, 95% CI 1.05, 1.52] and
broad-spectrum antibiotics [aOR 1.54, 95% CI 1.35, 1.75],
and in a dose-dependent manner [more than three additional
antibiotic treatments: aOR 1.41, 95% CI 1.04, 1.90] was as-
sociated with IBD [Supplementary Figure 2]. Appendectomy
was associated with a reduced odds of IBD [aOR 0.60, 95%
CI 0.39, 0.92]. Mode of delivery, history of tonsillectomy,
asthma, depression or a family history of non-IBD IMID were
not associated with a higher risk of IBD.

3.4. Stratified analysis by IBD type

We conducted univariate and multivariate stratified analyses
by IBD type for all the exposures studied the within-family
analysis [CD—Supplementary Table 6; UC Supplementary
Table 7] and across families [CD—Supplementary Table 8;
UC Supplementary Table 9].

In the within-family analysis [Supplementary Table 6],
CD diagnosis was associated with female sex [adjusted OR
1.56,95% CI1.23,1.98]. Both in the within- [Supplementary
Tables 6 and 7] and across-family analysis [Supplementary
Tables 8 and 9], similar trends as in the non-stratified ana-
lysis were observed for history of antibiotic exposure and in-
creased risk for CD [within-family analysis: aOR 1.03, 95%
CI 1.01, 1.05; across-family analysis: aOR 1.02, 95% CI
1.00, 1.03] and UC [within families: aOR 1.02, 95% CI 1.01,
1.04; across families: aOR 1.02,95% CI 1.01, 1.02]. As previ-
ously observed in the non-stratified analysis, the risk seems to
be higher especially with broad-spectrum antibiotics, with a
trend for significant associations for a higher number of anti-
biotic courses, especially if broad-spectrum [Supplementary
Tables 6 and 8].

Similar results as for the non-stratified analyses were also
observed for gastroenteritis and increased risk for CD and
UC, through all analyses. Likewise, an increased number of
affected FDRs increased the risk for CD or UC. In the across-
family analysis, with a larger number of individuals included,

having a sibling was associated with CD [aOR 1.48, 95%
CI 1.18, 1.86] and with UC [aOR 1.30, 95% CI 1.05, 1.61].
While in the across-family analysis in CD cases, having an
FDR with UC as opposed to CD was associated with a lower
risk of developing CD [aOR 0.26, 95% CI 0.48, 0.79]; in UC
cases, the opposite was observed, and having a UC FDR in-
creased the risk of UC [aOR 2.83,95% CI 2.08, 3.87]. Finally,
other history of IMIDs was associated with an increased risk
of UC [aOR 23.0, 95% CI 3.69, 143.41] but not with CD.

4. Discussion

The strongest risk factor for IBD is having a family history
of IBD, especially in FDRs. While many environmental risk
factors have been implicated in IBD risk in the general popu-
lation, these have not been characterized in those at increased
risk of IBD. In this nationwide and population-based case-
control study, we report the impact of exposures and clin-
ical risk factors in familial IBD. In the within-family analysis,
we found that, compared to unaffected siblings, individuals
with IBD were more likely to be women, have a history of
ankylosing spondylitis and a history of antibiotic use prior
to IBD diagnosis. The association was stronger with an
increasing number of antibiotic courses and with exposure
to broad-spectrum antibiotics. In the across-family analysis,
in which controls were not required to be siblings, the above
associations held, with similar magnitude of estimates. IBD
risk was higher if the affected FDR was a sibling, and if there
were two or more FDRs affected with IBD. Additionally, ap-
pendectomy was associated with a reduced risk of UC but not
CD. In this at-risk population, birth order, mode of delivery,
depression, tonsillectomy, family history of immune-mediated
diseases, immune-mediated diseases other than ankylosing
spondylitis, and maternal exposure to antibiotics during preg-
nancy were not associated with future IBD diagnosis.

Our two-step analysis allowed for study of environmental
risk factors within and across families at risk for IBD and
confirmed that factors implicated in IBD risk in the general
population are also relevant in a selected at-risk population.
We found an aOR of 1.40 for females to develop disease in
those with a maternal or paternal history of IBD. This risk
was also observed when stratifying the analysis by IBD type.
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Risk Factors for IBD in Familial IBD

This finding is interesting given the sex-based differences in
IBD risk described in population-based cohorts.'>!3 Indeed,
in Western populations females have a reportedly lower risk
of CD during childhood, until the age of 10-14 years, but
increasing thereafter.!> To our knowledge, this is the first time
that within a family with a parent with IBD, the sex of the
offspring has been linked with IBD risk.

While several studies have shown that IMIDs tend to co-
exist, the individual impact of each immune-mediated disease
is less clear. Few studies have shown that a preceding IMID
may increase the risk of IBD'* and may affect disease course."
In the setting of a family history of IBD, ankylosing spon-
dylitis increased the risk of future IBD, albeit with wide
confidence intervals, and not reaching significance in the
stratified analysis by IBD type. In line with an increased risk
of immune-mediated disease [IMIDs] being associated with a
future risk of IBD, we observed an increased risk of UC with
the presence of other IMIDs. The inconsistency of risk esti-
mates across analyses may be due to low prevalence of these
conditions and warrants future studies. Nonetheless, FDRs of
those with IBD who present with ankylosing spondylitis or
other immune-mediated conditions may warrant close moni-
toring or a lower threshold of suspicion for IBD if gastrointes-
tinal symptoms ensue.

Through the across-family analysis we further explored the
impact of IBD relatives’ features on IBD risk. Individuals with
a sibling with IBD and those with more than two relatives
with IBDs, especially if diagnosed with CD, had an increased
risk of IBD. This is in line with previous studies, where the re-
ported adjusted incidence risk ratio for CD and UC increases
with increasing number of FDRs affected.?

Appendectomy was associated with a lower risk of IBD,
and in the sensitivity-adjusted multivariable analysis this re-
mained significant for UC but not for CD. This is in line with
the prior observation that appendectomy performed for ap-
pendicitis in FDRs could reduce the risk of UC,'® suggesting
that the mechanisms linking appendicitis, appendectomy and
UC merit further mechanistic studies.

Gastroenteritis was associated with future risk of IBD, both
in within- and across-family analyses, and when stratifying by
disease type, but when we excluded the 1 or 2 years preceding
diagnosis, the association was no longer significant. This sug-
gests that symptoms attributed to gastroenteritis may in fact
have been the initial presentation of IBD. A previous study
showed that the association of IBD with a prior infection due
to gastrointestinal pathogens is stronger close to the time of
diagnosis.!” It is also plausible that the sudden disruption of
gastrointestinal microbiota due to an infection may have been
the trigger for disease initiation.

We describe an important impact of antibiotic exposure in
those at risk for developing IBD. Several studies have identi-
fied an association between antibiotic exposure and risk of
IBD.*!%1 In our study, antibiotic exposure, both narrow- and
broad-spectrum, was positively associated with IBD, with a
clear trend towards higher risk for those exposed to multiple
antibiotic courses. When excluding the 1- or 2-year period
preceding IBD diagnosis after the antibiotic was given for
gastroenteritis, no significant associations were found; it is
possible that antibiotic courses [especially broad-spectrum
courses] given very close in time before the IBD diagnosis for
gastroenteritis were prescribed because of early symptoms
and signs of the later diagnosed IBD. When stratifying ex-
posure by type of IBD, we observed a positive association that
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was most consistent with CD development, and a more con-
sistent signal for exposure to broad-spectrum antibiotics. Our
results are consistent with a recent population-based cohort
study that reported a dose-dependent relationship between
antibiotic exposure and IBD.?* Re-evaluation of antibiotic
prescription strategies and minimizing antibiotic use may
lower the risk of IBD and act as a primary prevention strategy.

Our study has multiple strengths. We analysed multiple ex-
posures using a nationwide population-based data.?! Previous
studies have demonstrated that these data accurately capture
IBD diagnosis.®!%*! Despite the well-known risk of IBD con-
ferred by having an affected FDR, no studies have assessed
non-genetic risk factors in an at-risk population. We chose
not to focus on a single exposure, but rather took a com-
prehensive approach looking at multiple risk factors. Using
a two-step study design, we were able to identify relevant
risk factors in a smaller population represented by the at-risk
siblings, which we then confirmed in a larger population
where all at-risk FDRs were compared with those FDRs with
disease. Importantly our results align with previous published
data identifying risk factors for IBD; in an umbrella review of
meta-analyses, Piovani et al. found that previous exposure to
antibiotics was associated with an increased risk of CD, with
a dose-response relationship, appendectomy was protective
against UC, while C-section or tonsillectomy were not asso-
ciated with IBD.”

Our study is not without limitations. We focused on fac-
tors previously reported in the literature. We were unable
to obtain data on potentially relevant variables such as to-
bacco smoking, diet or breastfeeding, as they are not available
through administrative coding. We had a higher than ex-
pected number of IBD unclassified, which relates to our strict
definition of CD and UC based on the administrative coding.
We cannot exclude potential for misclassification of or for
under-reporting of some of the variables analysed, as not all
exposures have been previously validated in the NPR. Given
the observational nature of the data and the multiple variables
analysed, it is possible that we were not powered to detect dif-
ferences between cases and controls for some of the variables;
nonetheless, our findings are in line with previous literature
and are plausible. Likewise, we did not account for multiple
testing, given the explorative study design, and our results
need to be interpreted with that in mind. Nonetheless, the fact
that we found similar results in the within- and across-family
analyses reduces the risk of fortuitous findings. Further, early
life exposures such as mode of delivery were not captured in
a consistent way in the NPR, limiting the analysis of these po-
tential risk factors in the within-family cohort. Potential limi-
tations of family linkage obtained through the CRS include the
impossibility to distinguish between biological and adoptive
relatives, or the impossibility to verify donor semen insem-
ination; however, we believe that the magnitude of this mis-
classification is likely to be low.?? Prescription data were only
available after 19935, limiting our analysis on the impact of
medications to antibiotics. Given our association with female
gender in the within-family analysis, it would be interesting to
look at contraception and hormone replacement therapy, but
due to the limitations of the National Prescription registry,
we would be limited in power. Finally, although it was not
the primary aim of our study, it would be interesting to look
into phenotypic concordance among familial cases; however,
the ascertainment of disease location in administrative coding
is imperfect,” and several previous studies have not shown



36

a clear concordance between disease location or disease se-
verity in pairs of relatives with CD or UC.**

In summary, we report on the impact of non-genetic ex-
posures in families with IBD. While we need to acknowledge
that the importance of a given risk factor depends on how
common this risk factor is, we believe that our findings pro-
vide an opportunity for counselling patients and families with
IBD, and may help to identify individuals at higher risk for
IBD who could be more intensively monitored for disease de-
velopment or targeted for IBD prevention strategies.
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