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Abstract

Familial aggregation in inflammatory bowel disease (IBD) has been established for several decades,
reflecting shared genetic and environmental susceptibility. A positive family history remains the
strongest recognizable risk factor for the development of IBD and is reported in around 8-12% of
IBD patients. Crohn’s disease shows a more frequent familial pattern than ulcerative colitis. The
risk of developing IBD in first-degree relatives of an affected proband is increased 4- to 8-fold. The
risk for twins and children born from couples who both have IBD is also substantially higher; a
cumulative effect of the number of family members affected has been described, with the highest
incidence being described for families with three or more affected members. Herein, we review
the available evidence regarding familial IBD, and briefly discuss the variation of IBD across
different races and ethnicities, hoping to provide a useful update and a practical guide that can
serve clinicians as a guide for counseling.
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Introduction
Inflammatory bowel diseases (IBD), encompassing Crohn’s
disease (CD) and ulcerative colitis (UC) are chronic, relapsing,
inflammatory diseases of the gastrointestinal tract with an
unknown etiology [1,2]. Currently, the strongest identifiable
risk factor for the development of IBD is a positive family
history [3]. Familial aggregation of IBD may be due to genetic
factors and/or to shared putative environmental factors [1,2].
The genetic influence is supported by higher concordance rates
in monozygotic (MZ) twins and the increased incidence of
IBD in first-degree relatives (FDRs) of affected probands [4].
In contrast, the presence of discordant MZ twins suggests
that other acquired factors either trigger IBD in the affected
twin or “protect” the unaffected one [4]. In fact, genomewide association studies have identified more than 200 alleles
associated with disease; however, it is estimated that only 8.213.1% of disease heritability is explained by genetic variation,
suggesting that other shared environmental and/or epigenetic
factors may be involved [5,6].
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Family studies provide information for counseling of
unaffected relatives naturally concerned about their risk of
developing the disease. Herein, we analyze the most important
studies describing familial and ethnic IBD in the last decades.
We hope this review will provide a useful update and a practical
guide for counseling.
Assessing the risk of IBD when there is a positive family
history

Over the last decades, several studies have been conducted
to predict the risk of developing IBD in relatives of an
affected proband. The increased risk in relatives is difficult to
quantify with precision, despite many published studies. The
large variation can be explained by markedly heterogeneous
methodologies and possible bias caused by differences in
population selection, study design and ascertainment of
diagnosis. Furthermore, different studies tend to use different
estimates to report on risk [7,8].
A positive family history of IBD has been reported in
1.5-28% and 1.5-24% of CD and UC probands, respectively,
highlighting the study variation [7,9-28]. White populations
have a higher prevalence of IBD family history (26-33%)
compared to African American (9-18%), Hispanic (9-16%) or
Asian (5.9%) populations [29-33].
FDRs
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Studies on familial risk in IBD have consistently reported an
increased risk of CD and UC in the FDRs of affected probands.
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Tables 1 and 2 show the results from familial studies of CD
and UC, respectively, and include the most relevant studies
published since the 1980s that reported on the prevalence
and/or the estimated risk of IBD in FDRs. The prevalence
of IBD in FDRs of a CD and UC proband ranges from 0.354.5% and 0.3-2.7%, respectively [7,10-16,22,24,25,28,34]. The
risk of developing IBD is higher in FDRs of patients with CD
compared to those with UC. The highest prevalence of IBD
in FDRs has been reported in studies in Ashkenazi Jewish
populations (4-4.5% and 2.6-2.7% for CD and UC probands,
respectively) [11,16,24,25], who per se have a higher baseline
risk for developing disease. In fact, Yang et al compared
familial aggregation between Jewish and non-Jewish patients
and found the lifetime risk for IBD among FDRs was higher in
Jews (7.8% vs. 5.2% for CD probands and 4.5% vs. 1.6% for UC
probands, respectively) [16].
To our knowledge, only one study assessed the relative risk
of IBD among FDRs in Asian populations [22]. The authors
found a risk of IBD 13.5-15 times higher in FDRs than in
the general population, concluding that familial clustering is
a common feature of IBD in both low- and high-prevalence
areas.
The most powerful study of familial IBD has recently been
published by Moller et al [26]. The main strengths of this study
were the inclusion of unselected IBD patients from the entire
Danish population, and the long follow-up period of up to
34 years. Furthermore, to ensure the validity of the diagnosis,
only patients who had at least two independent contacts with
the healthcare system resulting in an IBD diagnosis were
included. With this methodology the authors were able to
assess the incidence rate ratio (IRR) adjusted for age, sex and
time period, and to estimate the familial risk in different age
groups. The risk of CD was almost 8-fold higher in FDRs of a
CD case, whereas the risk of UC in FDRs of a UC proband was
increased 4-fold. Having a relative with UC also increased the
risk of CD and vice versa. Additionally, the risk among FDRs
was dependent on age: the increased risk was particularly
pronounced in younger relatives, especially those below the
age of 20 years, and decreased progressively with age.
Twins, siblings, offspring, and parents

Among the FDRs of patients with IBD, twins are the group at
highest risk for developing disease [26]. The relative risk among
MZ twins is significantly higher for CD than for UC [35-37].
Studies on twins with IBD reported concordance rates in MZ
twins ranging from 20-56% for both developing CD and from
6-19% for UC. In dizygotic (DZ) twins concordance rates are
lower, varying from 0-7% for both CD and UC [4,35,36,38-44].
Twins are also at increased risk of developing the opposite IBD
phenotype of their twin in up to 10% of cases [4,35,44]. Original
studies reporting on the relative risk of CD in twins estimated
this to be 95-738 times higher in MZ twins and 42-72 times
in DZ twins with CD, compared to the prevalence rates in
the background population. The corresponding risk of UC
in MZ and DZ twins with UC was 50-203 and 20-22 [35-37].
Likewise, a recently published population-based study from
Annals of Gastroenterology 30

Denmark confirmed that twins with an affected co-twin have
the highest risk among FDRs, although it was less pronounced
than previously reported: the IRR of CD was 51.4 (95%
confidence interval [CI] 29.12-90.71) in twins with a CD cotwin, and the risk of UC was 11.29 (95%CI 6.18-20.61) when
the co-twin had UC. Differences between MZ and DZ twins
were not evaluated [26].
Several studies have shown that siblings are the FDRs
with the highest risk of developing IBD, when compared
with parents or children, especially if the proband has
CD [11,13,16,17,22,34]. Studies published in the previous
decades have reported a relative risk of developing CD of
23-35 in siblings of a CD proband, and of 5-15 in siblings with
an UC proband [13,34,37]. These findings were not confirmed
in the population-based cohort study by Moller et al, which
found that the risk of developing IBD was similar between
siblings and offspring. The estimated risk for CD in patients
with a CD-affected sibling was 7.36 (95%CI 6.25-8.67)
and the IRR for UC with an UC-affected sibling was 4.08
(95%CI 3.60-4.63) [26].
The frequency of IBD in the offspring of affected parents
has also been studied. Two studies specifically assessed
whether being born from a mother with IBD conferred a
higher risk for the progeny compared to being born from a
father with the disease [45,46]. In the first study, out of 135
families identified where both a parent and a child had IBD,
parent-to-child transmission was due to the mother in 69%
of cases; this was observed only for non-Jewish CD pairs [45].
In a more recent study, familial IBD cases were compared
with sporadic IBD. Not only was there a higher proportion of
females in familial IBD, but also a significantly higher number
of mother-to-child transmissions (63%) were observed, which
again was specifically related to CD [46]. These results were not
confirmed in the recent population-based study by Moller et al,
which reported a slightly higher risk for the offspring when the
affected parent was the father: for CD the IRR was 7.53 (95%CI
6.36-8.91) vs. 6.37 (95%CI 5.07-8.00) if the mother was affected;
for UC the risk was 4.25 (95%CI 3.70-4.87) compared to 3.71
(95%CI 3.24-4.25) when the mother had the disease [26].
Two studies have reported the risk for the progeny when
both parents are affected with IBD [47,48]. In a first study by
Bennet et al, 19 couples were identified where both parents
had IBD. The diagnosis of IBD was established in 12 of 33
(36%) living offspring from these couples [47]. In a more
recent study, the prevalence of CD among 54 children from 25
couples with both parents affected with IBD was 17% (9/54)
and the probability of developing disease increased with age,
with a 33% risk estimated by 28 years of age [48]. Interestingly,
in both studies CD predominated in offspring regardless
the type of IBD in the parents, while all children born from
couples where both members had CD eventually developed
CD.
Finally, among FDRs, parents of children with IBD are
the ones with the lowest risk of developing IBD, especially if
the proband has CD [7,11,16,22,34]. Moller et al showed that
the risk of CD and UC in parents of offspring with CD and
UC is slightly lower than for other FDRs (IRR 5.52, 95%CI
4.43-6.88; and IRR 3.05, 95%CI 2.64-3.54, respectively) [26].
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Second- (SDRs) and third-degree relatives (TDRs)

The risk for SDRs and TDRs has not been so extensively
studied as in FDRs. The prevalence of IBD in SDRs of patients
with CD and UC is about 0.2% and 0.3%, respectively [13].
The study by Moller et al showed that the risk of CD and
UC was significantly increased in SDRs of probands with the
same disease compared to the general population (IRR 2.44,
95%CI 2.01-2.96; and IRR 1.85, 95%CI 1.60-2.13, respectively).
The risk in uncles, aunts, nephews, nieces, grandchildren,
and grandparents was similar to the overall second-degree
familial risk. Interestingly, the risk of IBD was higher in half
siblings from the same mother, although the difference was
not statistically significant. In previous studies the prevalence
of IBD among SDRs seems to be increased only for the same
type of IBD as the proband, whereas the prevalence of the
opposite IBD phenotype in SDRs was similar than in the
general population [13]. Moller et al did not confirm these
findings [26].
TDRs also have an increased risk of IBD, although it is
considerably less pronounced than the risk for FDRs. The
IRR of CD was 1.88 (95%CI 1.30-2.71) and the risk of UC
was 1.51 (95%CI 1.07-2.12) if the proband had CD and UC,
respectively [26].

Multiplex families
Studies on multiplex IBD families (usually defined as
at least three FDRs affected) [49-51] reported up to 7 FDRs
affected by the disease within the same nuclear family [51].
Unaffected relatives from multicase families are described as
the ones that bear the highest risk for developing IBD, with
the highest incidence being described for families with three
or more FDRs affected by IBD [51]. Joossens et al found that
there is a cumulative effect of the number of family members
affected with an increased risk of CD of approximately 10%
per additional FDR affected: the odds ratio for developing
CD increased from 1.53 (95%CI 1.27-1.84) to 2.33 (95%CI
1.62-3.37) and 3.57 (95%CI 2.06-6.19) if the unaffected FDR
had 1, 2 or 3 CD-affected members within its nuclear family,
respectively. Furthermore, the authors found a 57-fold increase
in the incidence within multiplex families as compared to that
of the general population. Moller et al also showed an increased
risk of IBD in individuals with two or more affected FDRs: the
IRR of CD was 9.77 (95%CI 7.07-13.50) and the IRR of UC
was 6.63 (95%CI 5.02-8.75) in individuals with two or more
affected FDRs. The same pattern, although less pronounced,
was observed for individuals with two or more SDRs affected
by IBD [26].

indicators of disease severity in pairs of relatives concordant
for both CD and UC. Most studies have measured concordance
using the simple concordance index (i.e., the proportion of
agreements against the total number of pairs). Two studies
evaluated Cohen’s Kappa (κ) index [52], which provides a
more conservative estimate of concordance [7,53]. Phenotypic
characteristics and disease severity have also been compared
between familial and sporadic disease in several studies.
Type of IBD

Several studies have reported high concordance rates for
the type of IBD. For CD and UC familial studies have shown
concordance rates of 67-89% [7,9,15,20,22,23,49,53,54] and
69-89%, respectively [9,15,20,22,23,49,53,54]. A recent study
published by Cabré et al showed a moderate concordance
rate according to the κ index (κ=0.58; 95%CI 0.42-0.73;
P<0.01) [53]. These results are in line with studies reporting
on familial risk that observed a lower risk of developing the
opposite IBD phenotype as in the proband, in both FDRs
and SDRs [26]. Likewise, the reported rates for different IBD
phenotypes in MZ twins are very low (<10%), as mentioned
above [4,35,44].
Phenotype

The age at onset/diagnosis has been compared in
familial and sporadic disease and has been found to be
significantly lower in familial IBD, ranging from 22-27
vs. 27-33 years in CD and 22-33 vs. 29-37 years in UC,
respectively [10,12,16,23,27,55-57]. However, in other studies
no differences were identified [7,15,19-21,24,58,59].
Several studies have reported a difference in the age
onset/diagnosis of between 15 and 23 years among different
generations [7,8,54,56,60-64]. However, the concept of
genetic anticipation, i.e., the disease being diagnosed at an
earlier age in younger generations, has been questioned and
could be related to several biases inherent to the parent–child
study design (e.g., ascertainment bias, selection bias). In fact,
in most studies within the same generation (i.e., sibling–
sibling combination) no differences in the mean age at onset/
diagnosis were found [7,24,54,60]. A recent study found that
the youngest members in the pairs were diagnosed at an
earlier age than the oldest ones, both for pairs of the same
(23.5 vs 28, P<0.0005) and different generations (21.2 vs 43.5,
P<0.0005); again, this could just be attributable to a higher
awareness for early symptoms of IBD, leading to a shorter
delay in diagnosis [53].
CD

Familial phenotypes
Studies of familial IBD have tried to assess the degree
of concordance for disease type, phenotypic features and

Studies have tried to assess whether, besides disease, there is
transmission of phenotype within affected pairs from the same
family. The concordance rates for disease location and disease
behavior in pairs of relatives with CD range from 16-86%
Annals of Gastroenterology 30
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and 17-82%, respectively, across studies [7,18,49,53-55]. One
study found a greater than expected concordance for both CD
location and behavior [18], whereas other studies observed a
higher than expected concordance only for small bowel/ileal
location [54,55] and for perianal disease, and lower concordance
for colonic location [55]. Two studies reported that concordance
rates for both disease location and behavior increased within
families with more than two affected members [7,55]. However,
studies reporting κ index showed a poor (κ=0.11) [53] to
mild concordance (κ=0.285) [7] for CD location and a mild
concordance for disease behavior (κ=0.26) [53]. Likewise, for
perianal disease and extra-intestinal manifestations (EIM)
concordance rates vary from 44-63% [7,55] and 67%, [54],
respectively; however, a poor overall concordance has been
reported according to the κ index (κ=0.07 [53] and κ=0.123 [7]
for perianal disease and κ=-0.04 for EIM [53]).
In studies comparing phenotypic features between
familial and sporadic disease, no significant differences
were
found
for
CD
location
[21,23,24,49,59],
behavior [20,21,23,24,54,56,58,59], or for the presence of
perianal disease [19,20,24,59] and EIM [19,56,59]. Nonetheless,
Colombel et al, in a study comparing 1377 CD patients with
sporadic disease and 176 CD patients with familial disease,
showed that familial cases had a higher frequency of both small
bowel and colonic involvement (61% vs. 49%, P<0.05) and
perianal disease (39% vs. 19%, P<0.001) [48]. Later, Carbonnel
et al evaluated 1316 patients with CD (1164 sporadic and 152
familial CD) and also observed an increased frequency of both
small bowel and colonic involvement (43% vs. 34%, P=0.04), as
well as a higher rate of perforating complications (46% vs. 34%,
P=0.04) [19]. Likewise, a recently published study by Andreu
et al including 6200 patients with CD from a Spanish database
(5329 sporadic and 871 familial) found that ileocolonic
location (51.7% vs 42.7, P<0.0001), penetrating phenotype
(21% vs. 17.6%, P=0.01), perianal disease at CD onset (32% vs.
27.1%, P=0.003) and EIM (30.1% vs. 23.6%, P<0.0001) were
significantly more frequent in the familial than in the sporadic
group, suggesting that familial aggregation in IBD is associated
with a more severe phenotype in CD. This pattern was seen
whether patients had FDRs or more distant relatives affected
by the disease [57].
UC

In pairs with UC concordance rates for disease extent range
from 20-50% [28,49,53,54]. Cabré et al found a poor concordance
for disease extent (κ=0.11), although the concordance rate was
similar to those previously described (41%) [53]. Only one
study found a higher than expected concordance for extensive
colitis in UC families [54]. For EIM concordance, rates range
from 13-50% [28,54], but a poor concordance was observed by
Cabré et al (κ=-0.06) [53].
As seen for CD, UC extent [20,23,49,57,59] and EIM [56,59]
were similar in familial and sporadic disease in most studies.
Only one study found an increased frequency of extensive
colitis at presentation in familial cases compared to nonfamilial (60% vs. 37%) [10] and another recent study showed
Annals of Gastroenterology 30

a higher rate of EIM in the familial group than in the sporadic
cases (17.2% vs. 14%, P=0.04) [57].
Notably, Lee et al found the lowest concordance rate for
CD location (16%) and behavior (17%) and for UC extension
(20%) in a study where only families with three or more FDRs
with IBD were included.
Disease course / severity

Indicators of disease severity, measured as the need for
steroids, immunosuppressors, biological agents or surgery
and relapse rate, have not been extensively studied. Peeters
et al found no significant agreement for the number of
bowel resections in familial CD [7]. Later, Annese et al
showed a high concordance for the need for steroids (77%),
immunosuppressive drugs (100%), and surgery (29%) and
relapse rate (36%) in CD families, as well as a high concordance
for the need for steroids (47%) and relapse rate (34%) in UC
families. However, there were no differences between the
observed and expected concordance rates of these clinical
features [54]. Likewise, Cabré et al were unable to demonstrate
any relevant concordance for the severity items assessed in both
CD and UC pairs: need for immunosuppressors (κ=0.01 and
κ=0.02, respectively) biological agents (κ=−0.04 and κ=−0.07,
respectively), or surgery (κ=0.23 and κ=-0.04, respectively) [53].
In line with these results, a Danish population-based study
found that having a family member undergoing surgery or
receiving a tumor necrosis factor (TNF)-α inhibitor did not
change the individual’s own risk of surgery or of receiving
TNF-α inhibitors [65].
Most studies comparing disease severity in familial and
sporadic cases found no differences regarding treatment
with steroids, immunosuppressors [19,23,24,59] and
biological drugs [24,65], need for surgery [19,20,23,24,56],
hospitalizations [24,26,56,59] or relapse rate [23,59]. By
contrast, two recent Korean studies found that familial
CD patients used anti-TNF-α antibodies more frequently
compared to sporadic CD cases [27,59]. In addition, one of
these studies found that family history was an independent risk
factor for the time to first intestinal resection in patients with
CD (hazard ratio [HR] 1.61; 95%CI 1.13-2.29; P=0.009) [27].
A recent study by Moller et al also observed an increased rate
of surgery among familial CD cases after 2 years of disease
duration (HR 1.62; 95%CI 1.26-2.07) and a slightly shorter
time to first anti-TNF-α therapy among familial CD (HR
1.35; 95%CI 1.10-1.67) and UC (HR 1.40; 95%CI 1.05-1.87)
as compared to sporadic cases. compared with sporadic cases.
Nonetheless, these findings may just reflect variations in care,
which may be driven by patients or doctors being more prone
to be more proactive in treatment as a result of their perception
of the disease course in their relatives [65].
In summary, while there is unquestionable evidence that
there is higher transmission of disease within families, and
perhaps of disease type as well, family history per se is not a
prognostic factor for disease phenotype or disease course.
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Twins

The results mentioned above are in contrast with the
high degree of phenotypic concordance in studies on MZ
twins [35,38,41,42,44,66]. In a recent British study, the
authors observed a very high concordance for CD location
at diagnosis (κ=0.88) and for disease behavior (κ=1.0), with
these features being identical in 9 of 10 pairs of MZ twins
with CD. Eight of 9 MZ twins concordant for UC also
presented the same disease extent (κ=0.60). Agreement for
EIM was poor in both CD and UC [44]. A previous report
from a Swedish-Danish cohort found similar results in 17 MZ
twins concordant for CD: location was identical in 65%
(11/17) and 69% (11/16) of twin pairs at diagnosis and after
10 years, respectively; and disease behavior in 76% (13/17)
and 69% (11/16) at diagnosis and after 10 years, respectively.
The concordance rate for the presence or absence of perianal
disease in CD twins was also high [88% (15/17)]. However,
a low degree of agreement was found regarding UC extent
at diagnosis (4/9) and after 10 years (3/9) [66]. The British
study also assessed the disease course, namely the need for
steroids, immunosuppressors and surgery, and a moderate
concordance was observed in MZ twins with CD (κ=0.49,
κ=0.55, κ=0.53, respectively), whereas UC pairs had high
concordance for the use of thiopurines only (κ=0.73) [44].
Due to the small numbers of individuals included, it is
difficult to assess the validity of these findings.
Ethnic risk

Racial and ethnic variations of IBD phenotypes are
poorly characterized in the literature, as most epidemiologic
cohorts are based on white populations and the racial/ethnic
studies are limited by small sample size, limited follow up and
socioeconomic heterogeneity.
The highest incidence of IBD remains among nonHispanic whites, who have a 3-fold higher risk compared to
the other racial and ethnic groups [67]. However, it is worth
mentioning that recent epidemiologic data report a rapidly
increasing incidence of IBD in Asia, the Middle East, Africa,
and South American populations [30,33,68], highlighting the
role of rapidly changing external environmental factors in the
pathogenesis of disease.
Since the earliest studies, Ashkenazi Jewish patients have
been reported to have a 2- to 4-fold higher risk of developing
IBD compared to non-Jewish ethnic groups [69]. In addition,
Roth et al reported a higher incidence of IBD in Ashkenazi
Jews compared to Sephardic Jews [11]. Several studies have
documented a higher prevalence of NOD2/CARD15 mutation
in Ashkenazi Jews [33]. Karban et al found a significantly
higher number of mutation carriers in Ashkenazi versus
Sephardic Jews (47.4% vs. 27.15%, P=0.034) [70]. Moreover,
the allele frequency of various mutations within NOD2/
CARD15 may also play an important role in explaining this
ethnic risk. The three major risk alleles of NOD2/CARD15
are Gly908Arg, Arg702Trp and Leu1007fs, associated

with a higher CD risk in white populations [30,33]. Bonen
et al reported a higher frequency of the Gly908Arg allele
in Jewish populations, whereas Arg702Trp mutations were
more frequent in the non-Jewish population [71]. Recent
studies have also identified a frameshift mutation in CSF2RB
associated with CD in Ashkenazi Jewish populations [72].
Interestingly, American and European Jewish populations
present higher incidence rates compared to those of
Ashkenazi Jews residing in Israel [73]. As mentioned above,
the highest prevalence of IBD in FDRs has been reported in
Ashkenazi Jewish populations, with Jews having a higher
lifetime risk of developing disease compared to non-Jews
(7.8% vs. 5.2% for CD probands, and 4.5% vs. 1.6% for UC
probands, respectively) [11,16,24].
African Americans have a lower prevalence of the NOD2
mutation, consistent with the lower incidence of IBD in this
population; when present, its most common polymorphism is
Leu1007fs [33,74].
While Canada presents among the highest prevalence
and incidence rates of IBD in the world, with an estimated
prevalence up to 0.67% [75], the incidence rates of IBD
among the indigenous populations (so-called First Nations,
equivalent to the Native Americans) are lower by a factor
of 3-4 in UC and by a factor of 10-12 for CD compared
to Caucasian populations [76]. Similar observations have
been made in relation to the Arab Bedouin population in
Israel [77].
Further highlighting the role of environment contributing
to disease are studies conducted in migrant populations.
In a recent population-based cohort study, Benchimol
et al assessed the risk for IBD in a population of 2,144,660
immigrants coming to Canada. While there was a lower
incidence of IBD in the first generation of immigrants,
children of immigrants from the Middle East/North Africa,
South Asia, Sub-Saharan Africa, and North America/
Western Europe had similar risk of IBD as children of nonimmigrants, especially if born in Canada or immigrating at
a younger age, highlighting the role of early life exposure in
disease pathogenesis [78].

Counseling
Voluntary childlessness is more common in women with
IBD [79]. A recent survey conducted in Europe showed that
almost 75% of women are afraid of passing diseases to their
descendants [80]. Therefore, it is important to provide accurate
risk estimates to prospective parents. The current estimated
prevalence of IBD is approximately 0.3% in Europe and North
America [81,82]. The relative risk of IBD in FDRs of patients
with disease is increased 4- to 8-fold [26]. Nonetheless, the
absolute risk is still very small, lower than 3%; therefore, this
risk estimate should be discussed and clarified clarified next to
parents parents with IBD [26]. For individuals with an affected
twin, or among families with multiple cases of IBD the risk
may be higher (Fig. 1). Likewise, certain ethnic groups, like
Ashkenazi Jews, have a 2- to 4-fold higher risk.
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Figure 1 Increased risk of developing inflammatory bowel disease compared to the baseline risk of the general population (based on the estimates
by Moller et al) [26]

UC, ulcerative colitis; CD, Crohn’s disease
Opportunities for research
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