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BACKGROUND & AIMS: Although the incidence of inﬂammatory bowel diseases (IBDs) varies with age, few studies have
examined variations between the sexes. We therefore used
population data from established cohorts to analyze sex differences in IBD incidence according to age at diagnosis.
METHODS: We identiﬁed population-based cohorts of patients
with IBD for which incidence and age data were available
(17 distinct cohorts from 16 regions of Europe, North America,
Australia, and New Zealand). We collected data through
December 2016 on 95,605 incident cases of Crohn’s disease
(CD) (42,831 male and 52,774 female) and 112,004 incident
cases of ulcerative colitis (UC) (61,672 male and 50,332 female). We pooled incidence rate ratios of CD and UC for the
combined cohort and compared differences according to
sex using random effects meta-analysis. RESULTS: Female
patients had a lower risk of CD during childhood, until the
age range of 10–14 years (incidence rate ratio, 0.70; 95% CI,
0.53–0.93), but they had a higher risk of CD thereafter, which
was statistically signiﬁcant for the age groups of 25–29 years
and older than 35 years. The incidence of UC did not differ
signiﬁcantly for female vs male patients (except for the age
group of 5–9 years) until age 45 years; thereafter, men had a
signiﬁcantly higher incidence of ulcerative colitis than women.
CONCLUSIONS: In a pooled analysis of population-based
studies, we found age at IBD onset to vary with sex. Further
studies are needed to investigate mechanisms of sex differences
in IBD incidence.

Few studies have examined differences in the incidence
of inﬂammatory bowel disease (IBD) between the sexes.
NEW FINDINGS
In a pooled analysis that included over 207,600 incident
cases of IBD among over 478 million people, age of IBD
onset varied by sex. Sex hormones might affect
pathogenesis of IBD in patients with epigenetic and
genetic risk factors.
LIMITATIONS
The data were primarily derived from developed
economies in Western population. The authors were not
able to control for possible misclassiﬁcation in patient
registries.
IMPACT
These ﬁndings complement the increasing experimental
evidence supporting hormonal inﬂuences in the
pathogenesis of IBD. The mechanisms remain largely
undeﬁned but might lead to novel therapeutic and
preventative opportunities.

diagnosis, hormonal therapy, alone or in combination with
cytotoxic chemotherapy, increased the risk of IBD reactivation.12 We hypothesize that sex hormones may be
implicated in IBD pathogenesis. The aim of the present
study was to comprehensively assess sex differences in both
CD and UC incidence according to age of diagnosis using
robust population-based data.
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rohn’s disease (CD) and ulcerative colitis (UC),
collectively known as inﬂammatory bowel disease
(IBD), are chronic inﬂammatory disorders of the gastrointestinal tract with marked heterogeneity in disease presentation and natural history.1,2 The pathogenesis of IBD
is complex and dictated by genetic susceptibility, dysregulation of the innate and adaptive immune systems, and environmental factors. Sex differences in disease incidence and
prevalence have been reported in other chronic immunemediated disorders, such as rheumatoid arthritis, scleroderma, multiple sclerosis, and systemic lupus erythematosus,
pointing to potential biological roles of sex hormones in disease pathogenesis.3–7 Differences in IBD incidence have been
reported according to the age of diagnosis, but few individual
studies have examined variations in incidence according to
sex and with inconsistent ﬁndings.
There is, however, accumulating evidence implicating
sex hormones in susceptibility to IBD, disease symptom
severity, and disease progression.8,9 A recent meta-analysis
concluded that oral contraceptive pill use is associated with
an increased risk of IBD,10 and a large cohort study of
women with IBD reported changes in symptom severity
during times of hormone ﬂuctuation (eg, menstruation,
pregnancy, postpartum, postmenopause).11 Furthermore,
among patients with inactive IBD at the time of cancer

Methods
Identiﬁcation of Population-Based Studies
We reviewed a recently published comprehensive
systematic review and meta-analysis describing the incidence
and prevalence of IBD globally in which 260 population-based
cohorts reporting incidence and prevalence rates of UC and CD
were identiﬁed between 1950 and 2010.13 An updated systematic review from 2010 to 2016 identiﬁed an additional 41
population-based studies on the incidence of UC or CD from
2010 to 2016.14 From these 2 comprehensive studies, we
identiﬁed unique population-based cohorts with incidence
data reported. We additionally performed an updated search
through December 2017 using this same methodology and
identiﬁed 1 new population-based study that included IBD
incidence data.15 We decided a priori to include only
established population-based cohorts from developed
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Abbreviations used in this paper: CI, conﬁdence interval; CD, Crohn’s
disease; ER, estrogen receptor; F:M, female-to-male ratio; HRT, hormone
replacement therapy; IBD, inﬂammatory bowel disease; IRR, incidence
rate ratio; OCP, oral contraceptive pill; UC, ulcerative colitis.
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countries/provinces in the West (ie, Europe, North America,
Australia, and New Zealand). This was done to maximize
diagnostic accuracy and minimize heterogeneity. Because IBD is
an emerging disease in the East and some developing countries,
the accuracy of IBD incidence data with respect to the total
population has not been established. Also, apparent sex-based
differences in disease incidence may or may not be biological
in origin (eg, sex-based differences in health care use and
access).16–19 Including established population-based cohorts
from developed countries/provinces in the West further minimized heterogeneity because epidemiologic data suggest that
some key established risk factors for IBD in the West have a
different risk proﬁle than in Eastern cohorts.18 Additional inclusion criteria were population-based study; clear description
of geographic area encompassed; clear description of criteria
for conﬁrmation of IBD diagnosis and, where appropriate,
a published validation study detailing diagnostic accuracy; and
access to raw incidence data stratiﬁed by sex across the full age
spectrum, starting from birth and divided into 5-year age intervals. Studies in which only prevalence data were reported,
raw incidence data were not available, incidence data were
limited to an age-speciﬁc population (eg, pediatric only), or
data stratiﬁed by age interval and sex were not available were
also excluded. There was no a priori exclusion based on language. Authors and guarantors were contacted if their incidence data were published in a format that did not strictly
follow the inclusion criteria detailed—for example, congregate
CD and/or UC incidence not stratiﬁed according to age interval—and were requested to provide data in a format appropriate to the present study. Background population data were
also requested.
Because the sex ratio of IBD onset may have varied with time,
we also analyzed sex differences among the combined cohorts
stratiﬁed by year of diagnosis (before 2000 vs after 2000).

Study Design and Analysis
Incidence rate ratios (IRR) across the full age spectrum according to sex (female [F]:male [M])) were determined. We pooled
IRRs of CD and UC across cohorts to examine the overall differences according to sex by random effects meta-analysis according
to the method of DerSimonian and Laird.20 For analyses of incidence rate according to sex and age, there were a modest number
of zero cases across categories (<10%), which signiﬁcantly
increased bias and reduced the coverage of the traditional inverse
variance method of meta-analysis. Therefore, all analyses were
performed using mixed-effects Poisson regression to estimate the
IRR of F:M and 95% conﬁdence interval (CI). This method has
previously been shown to be ﬂexible and offer substantial
improvement compared with the traditional inverse variance
method.21 Hierarchical (multilevel ﬁxed effect) models for each
age category were ﬁt to predict the number of UC or CD cases as
a function of sex (ﬁxed effect) while incorporating random intercepts representing the contribution of time period and region
(random effect). In our sensitivity analyses, we also pooled incidence rates using zero-inﬂated negative binomial regression and
obtained similar results. Additionally, IRRs were compared
temporally (based on the distribution of data and deﬁned as
incidence data reported before 2000 vs after 2000). For cohorts
that spanned the calendar year 2000, authors were requested to
supply incidence data for each category; for example, data from
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Iceland (1995–2009) were provided as January 1995–December
1999 and January 2000–December 2009. Statistical signiﬁcance
for 2-tailed hypothesis was set at P  .05. Because each population is considered distinct with no signiﬁcant overlap—that
is, each age group is independent—we did not account for
multiple testing. All analyses were carried out using STATA
11.2 (StataCorp, College Station, TX).

Results
Cohort Characteristics
After application of inclusion and exclusion criteria, we
identiﬁed 21 possible population-based inception
cohorts.15,22–43 Unpublished data were available from 5 of
the included cohorts and were provided by the respective
authors and guarantors.26,32,35,37,43–45 After exclusion of
cohorts for which the authors and guarantors did not
respond (n ¼ 1)22 and for which raw incidence data for the
full age spectrum were not available (n ¼ 3),23–25 17 distinct
cohorts from 16 separate countries/provinces met ﬁnal inclusion criteria (Figure 1). Characteristics of these cohorts
according to country/province are detailed in Table 1 and
Supplementary Figure 1A and B. Cohorts originated from
Northern Europe, Southern/Central Europe, Eastern Europe,
Australia, New Zealand, and North America. Where relevant,
we have also cited the corresponding validation studies for
the diagnostic accuracy of CD and UC diagnoses in the cohorts in Table 1; each of these validation studies conﬁrmed
the diagnoses with very high sensitivity and speciﬁcity. Diagnoses of CD and UC in the remaining cohorts were according to standard diagnostic criteria via review of patient
ﬁles by the investigators in the original studies.
Among more than 478 million people (236,181,614
males and 242,373,419 females), there were 95,605 incident cases of CD (42,831 males and 52,774 females) and
112,004 incident cases of UC (61,672 males and 50,332
females) (Table 1). Pooled incidence rates for each country
according to sex ratio (F:M) for CD and UC are available in
Supplementary Figure 1A and B, respectively. We did not
observe heterogeneity in the pooled analyses of sex ratio of
CD and UC incidence according to age (Pheterogeneity > .28 for
all age groups).

Incidence Rates of CD According to Age and Sex
Beginning in early childhood in the age group 5–9 years,
there was a trend toward lower incidence of CD in females
compared with males (IRR, 0.80; 95% CI, 0.63–1.03;
P ¼ .08), which was statistically signiﬁcant in adolescence
(age group 10–14 years), with females having a 30%
lower risk of CD compared with males (IRR, 0.70; 95% CI,
0.53–0.93). As seen in Figure 2, the rate of incident cases
of CD then increased in females compared with males
between ages 15 and 24 years. Except in the age group
30–34 years, there was a reversal in the sex ratio after age
25 years such that females remained at signiﬁcantly
higher risk of CD compared with males, with between
16% and 47% higher risk (Figure 2 and Table 2).
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Figure 1. Flow diagram of study inclusion.

Incidence Rates of UC According to Age and Sex
In contrast to CD, the incidence rates of UC were similar
for females and males until middle age (age group 40–44
years) with the exception of early childhood (age group 5–9
years), when females had a 22% higher risk of being

diagnosed with UC vs males (IRR, 1.22; 95% CI, 1.05–1.41).
As seen in Figure 3, after age 45 years, females had anywhere from 13% to 32% lower likelihood of being diagnosed with UC compared with males, a pattern that
persisted until age 70–74 years (Figure 3 and Table 3).

Table 1.Cohort Characteristics
Country/Province
Northern Europe
Denmark32
Faroe Islands26
Iceland27
Norway40–42
Sweden43,44,47
Southern/Central Europe
Germany28
France29
Croatia30
Eastern Europe
Hungary31
Australia49
New Zealand34
North America
United States39
United States15
Canada35
Canada36
Canada37
Canada38

Area Included

Years Included

Validation Study
Reference (if applicablea)
46

Nationwide
Nationwide
Nationwide
Southeastern Norway
Nationwide

1980–2013
1960–2014
1995–2009
1990–1993
2003–2014

n/a
n/a
n/a

Southern region
Northern region
Northern, Western regions

2004–2008
1988–2013
2000–2004

n/a
n/a
n/a

Veszprem province
Geelong region
South Island

2011
2010 and 2012
2014

Minnesota (Olmsted County)
Rhode Island
Manitoba
Ontario
Nova Scotia
Quebec

1970–2011
2008–2010
1988–2014
1999–2008
1996–2009
2001–2008

n/a
n/a
n/a
n/a
n/a
n/a

48

35
50
51
51

NOTE. n/a, not applicable.
a
If not applicable, diagnoses of CD and UC were conﬁrmed via manual review of patient ﬁles according to standard diagnostic
criteria by the original investigators.
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Figure 2. Trend of CD incidence according to sex ratio (F:M) for the full age spectrum.

Temporal Stratiﬁcation of Incident Rates
of CD and UC According to Age and Sex:
Before 2000 vs After 2000
Nine cohorts included data from before the year 2000
and 15 cohorts, after 2000 (Table 1). We did not observe a
distinct temporal pattern in CD before vs after 2000. Among
cohorts with CD incidence data reported before 2000, the
incidence of CD was comparable between females and
males until age 25 years. After 25 years of age, the ratio
of F:M incidence ﬂuctuated between a strong female
predominance—which ranged from 31% to 40% higher risk
of CD vs males in age groups 25–29, 35–39, 40–49, 55–59,
and 65–69 years—and no difference in disease incidence
according to sex (age groups 30–34, 40–54, 60–64, and
70þ years) (Table 4 and Supplementary Figure 2). Among

Table 2.Pooled IRRs According to Sex Ratio (F:M) for
Crohn’s Disease
95% CI
Age, y

IRR

Lower Bound

Upper Bound

P Value

0–4
5–9
10–14
15–19
20–24
25–29
30–34
35–39
40–44
45–49
50–54
55–59
60–64
65–69
70–74
75þ

0.83
0.80
0.70
1.11
1.20
1.27
1.12
1.25
1.30
1.25
1.16
1.28
1.33
1.27
1.47
1.38

0.58
0.63
0.53
0.98
0.95
1.18
0.97
1.19
1.22
1.16
1.02
1.16
1.24
1.10
1.28
1.24

1.18
1.03
0.93
1.26
1.53
1.36
1.29
1.30
1.40
1.35
1.32
1.41
1.43
1.47
1.69
1.54

.29
.08
.02
.10
.13
<.0001
.12
<.0001
<.0001
<.0001
.03
<.0001
<.0001
.002
<.0001
<.0001

cohorts with CD incidence data reported after 2000, the
sex ratio showed male predominance at the age interval
10–14 years (IRR, 0.72; 95% CI, 0.52–0.99), followed by
female predominance in disease incidence between ages
20 and 29 years and after 40 years, ranging anywhere
from 19% to 62% higher incidence compared with males
(Table 4 and Supplementary Figure 2).
Among cohorts with UC incidence data reported before
2000, the incidence of UC in females vs males was similar
from ages 0–64 years, with the exception of age interval
25–29 years (IRR, 1.17; 95% CI, 1.03–1.34). Starting at age
65 years, there was a marked male predominance, with UC
incidence 33%–37% higher compared with females during
this time (Supplementary Figure 3). Among cohorts with
UC incidence data reported after 2000, a statistically signiﬁcant female predominance in disease incidence was
observed in ages 5–9 years (IRR 1.19; 95% CI, 1.01–1.39)
and 25–29 years (IRR, 1.08; 95% CI, 1.03–1.12); otherwise,
disease incidence was comparable between females and
males until the ages of 45–70 years, during which there was
a statistically signiﬁcant male predominance in disease
incidence ranging from 11% to 21% higher risk, except for
age 50–54 years, when there was only a trend toward male
predominance (IRR, 0.83; 95% CI, 0.69–1.01, P ¼ .06). After
70 years of age, the sex ratio of UC incidence was similar.
Compared to the pre-2000 trend, the shift to male predominance in UC incidence after 2000 occurred at an earlier
age interval and was slightly attenuated in magnitude
compared with the pre-2000 pattern (Supplementary
Figure 3 and Supplementary Table 1).

Discussion
This is the ﬁrst comprehensive analysis of established
population-based cohorts that describes IBD incidence according to sex across the full age spectrum and with
conﬁrmed diagnostic accuracy. In this internationally
collaborative study of more than 207,000 incident cases of
IBD in more than 478 million people spanning more than
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Figure 3. Trend of UC incidence according to sex ratio (F:M) for the full age spectrum.

5 decades, we found several notable trends, particularly
when comparing CD and UC. Speciﬁcally, we found that the
sex ratio of CD incidence shifted from male predominance in
mid–late childhood and early adolescence (ages 5–14 years)
to a rising incidence in females thereafter, with full reversal
of the sex ratio to female predominance after age 25
until 75þ years; this trend was with the exception of age
30–34 years (when F:M incidence was comparable), which
might relate to the latter part of the childbearing period in
females. In contrast, UC incidence was comparable between
sexes until middle age, except for age 5 to 9 years, when a
female predominance was observed. After age 45 years,
there was a male predominance in disease incidence. That
the shift in sex ratio toward male predominance occurred at
an earlier age interval for UC when data were stratiﬁed by
before and after 2000 suggests temporal variation as well;
Table 3.Pooled IRRs According to Sex Ratio (F:M) for UC
95% CI
Age, y

IRR

Lower Bound

Upper Bound

P Value

0–4
5–9
10–14
15–19
20–24
25–29
30–34
35–39
40–44
45–49
50–54
55–59
60–64
65–69
70–74
75þ

1.02
1.22
1.01
1.02
1.01
1.07
1.05
1.008
0.98
0.83
0.82
0.87
0.77
0.68
0.82
0.82

0.72
1.05
0.93
0.97
0.98
0.99
0.98
0.92
0.94
0.69
0.68
0.83
0.64
0.51
0.69
0.66

1.43
1.41
1.09
1.07
1.05
1.16
1.14
1.11
1.02
0.99
0.99
0.92
0.92
0.91
0.96
1.04

.93
.008
.80
.37
.48
.09
.18
.87
.41
.03
.04
<.0001
.004
.01
.02
.10

there was no clear temporal pattern identiﬁed for CD. The
present study galvanizes robust population-based data and
extends the current literature of IBD epidemiology by
showing sex differences in disease onset according to age.
Collectively, these ﬁndings suggest that sex hormones may
be implicated in the pathogenesis of IBD.
The complex interactions of 4 common denominators
underlie both CD and UC pathogenesis: environmental exposures, an underlying genetic predisposition, immune
dysregulation and likely intestinal dysbiosis. Our ﬁndings
suggest a potential leading role of intrinsic (and perhaps
extrinsic) sex hormones in disease pathogenesis for both CD
and UC; although there is certainly crossover between the
exact underlying pathogenic mechanisms, there are likely
also idiosyncrasies given the different F:M patterns we
observed between CD and UC across the age spectrum. In
contrast to CD, where the most striking shifts in F:M incidence occurred around the age of puberty (with subtle
changes around peak childbearing age and perhaps menopause in females), we observed changes in UC incidence
only around the age corresponding to menopause in females. Although we acknowledge these patterns may be due
to variations in distributions of other known and unknown
environmental and genetic factors, the effect of sex hormones after puberty, during childbearing years, and in the
postmenopausal years may partly account for these observations; these are biologically deﬁned periods with dynamic
shifts in sex hormones, for example, estrogen, estrogen-toprogesterone ratio, and luteinizing hormone.9,52,53 The
data describing the use of oral contraceptive pills (OCPs)—
which raise serum estrogen levels and alter the estrogen-toprogesterone ratio—and the risk of IBD in genetically susceptible individuals provide some evidence for the link between sex hormones and IBD pathogenesis. In a metaanalysis of more than 75,000 women from 14 studies,
there was a 46% higher adjusted risk of CD (P < .001) and
28% higher adjusted risk for UC (P ¼ .01).52 In a comprehensive analysis of more than 115,000 women enrolled in
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Table 4.Temporal Variation in Pooled IRRs According to Sex
Ratio (F:M) for Crohn’s Disease: Before 2000 and
After 2000
Before 2000

After 2000

Age,
y

95% CI
P
P
IRR Lower Upper Value IRR Lower Upper Value

0–4
5–9
10–14
15–19
20–24
25–29
30–34
35–39
40–44
45–49
50–54
55–59
60–64
65–69
70–74
75þ

0.83
1.00
0.90
1.23
1.12
1.35
1.05
1.33
1.30
1.21
1.22
1.40
1.47
1.31
1.14
1.06

95% CI

0.38
0.66
0.61
0.95
0.75
1.16
0.71
1.18
1.07
1.03
0.86
1.17
0.86
1.07
0.93
0.82

1.82
1.52
1.32
1.59
1.68
1.57
1.54
1.50
1.57
1.43
1.72
1.67
2.53
1.59
1.40
1.36

.63
.99
.58
.12
.59
<.001
.82
<.001
.008
.03
.27
<.001
.16
.008
.21
.66

0.83
0.79
0.72
1.11
1.26
1.25
1.04
1.15
1.29
1.25
1.19
1.25
1.32
1.27
1.62
1.49

0.56
0.62
0.52
0.99
1.21
1.20
1.00
0.85
1.22
1.12
1.12
1.13
1.23
1.07
1.47
1.32

1.23
1.03
0.99
1.24
1.31
1.31
1.09
1.55
1.36
1.40
1.26
1.40
1.42
1.50
1.80
1.68

.34
.08
.045
.06
<.001
<.001
.06
.38
<.001
<.001
<.001
<.001
<.001
.006
<.001
<.001

the Nurses’ Health Study II Cohorts since 1989, there was a
more than 2-fold higher risk of CD in OCP users compared
with nonusers after adjusting for age at menarche, body
mass index, smoking, parity, and endometriosis (a common
indication for OCPs); by contrast, the increased risk of UC in
OCP users was only among smokers or prior smokers, but
there was no increased risk of UC among OCP users who
never smoked.9 Another analysis from the Nurses’ Health
Study reported that menopausal hormone replacement
therapy was associated with an increased risk of UC but not
CD in older women and further supports the possible differential effect of sex hormones on CD and UC incidence.9,54
Underlying genetic predisposition may also have sex biases.
Several genetic susceptibility loci for both CD and UC have
been identiﬁed on chromosome X, particularly haplotypes of
toll-like receptor 8, and support the prevailing hypothesis
that the gene–environment interaction is key in forming the
platform and baseline proclivity for IBD development according to sex and age. Notably, toll-like receptor 8 on
chromosome X has also been implicated in other immunemediated disorders that show sex variation, such as
systemic lupus erythematosus.55,56 Indeed, distinct
hormone-induced epigenetic modiﬁcations that affect immune regulation and vary according to age may further
underlie the sex differences in disease incidence between
CD and UC observed in our study across the age spectrum.57,58 Although the nature of the current literature implicates female sex hormones more so than male sex
hormones, the potential biological role of perturbation in
male sex hormones in IBD pathogenesis and natural course
of disease should not be discounted; unfortunately, supporting literature is sparse. Although the present study was
not designed to deﬁne etiologies and the pathobiology for

the observed trends in sex ratio across the age spectrum,
understanding these epidemiologic patterns may generate
novel mechanistic insights with clinical application.
As human data supporting the inﬂuence of sex hormones
on the natural course of IBD accumulate, investigations in
animal models continue to be fundamental in elucidating
the underlying molecular mechanisms. Substantial experimental data implicate estrogen in IBD pathogenesis. Posited
mechanisms include increased intestinal permeability via
dysregulation of the estrogen-receptor subtype b (ER-b),
the loss of estrogen-mediated immunoprotection, and
hormone-mediated gut microbial dysbiosis.59–64 ER-b plays
a critical role in colonic mucosal immune homeostasis by
maintaining the integrity of tight junctions and barrier
function in the colon.62,65 Although there is ample expression of ER-b in healthy colonic tissue, expression is
markedly decreased in active UC and CD.66 Furthermore,
very recent data suggest sex-speciﬁc differences in ER-b–
mediated protection according to experimental IBD
phenotype—UC or CD—in males and females,63,67,68 which
is particularly relevant to our ﬁndings. Speciﬁcally, ER-b
signaling protects against experimental UC in female but not
male mice, whereas ER-b signaling protects against experimental CD in male but not female mice.63,67,68 There are also
clear hormonal effects on the intestinal microbiota itself,
with intestinal dysbiosis an established factor in IBD pathogenesis and other immune-mediated and autoimmune
disorders.69–71 That the gut microbiota itself also inﬂuences
sex hormones as well as innate and adaptive immunity
further complicates our understanding.69,71–74
Although we did not observe a distinct temporal pattern
in CD before vs after 2000, the changes in the incidence of
UC according to sex and age observed over time deserve
future attention. Among plausible explanations for this
observation includes the increase in maternal age witnessed
over the past 20 years, which, in turn, is associated with
age-related changes in immune function and altered
maternal microbiome with age. Also contributory may be
the changes in the rate of menopausal HRT use before and
after 2000 because of the landmark ﬁndings of the Women’s
Health Initiative around 2002 that menopausal HRT is
associated with signiﬁcantly increased risk of cardiovascular and thrombotic events, such as stroke.75–77
We acknowledge a few limitations. First, our data may
not fully represent worldwide trends because the observations reported here represent analyses from established,
population-based cohorts from developed economies in
Western populations. Indeed, most population-based and
nationwide IBD cohorts come from North American or
European countries, and the number of high-quality, longterm epidemiologic cohorts from Asia, the Middle East,
South America, and Africa is still limited. Our study nevertheless represents the largest and most comprehensive
analysis to date that attempts to understand sex variations
in disease incidence according to age, and given the large
power of our study, we were able to detect even small differences. That said, generalizing our overall ﬁndings to the
whole IBD population, especially in countries where IBD is
an emerging disease, should be done with caution,
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particularly because some established risk factors for IBD in
Western countries have not shown the same risk proﬁle in
Eastern countries. For example, smoking and OCP use, both
risk factors for CD when investigated in Western populations, were not associated with increased risk of CD in
Eastern populations.18 A second limitation is that we were
not able to control for possible misclassiﬁcation in patient
registries, nor for possible cultural and geographic differences in health use across countries; although we would
expect that such inﬂuences would bias our estimates toward
the null (nondifferential misclassiﬁcation). Nevertheless,
although we acknowledge the potential for some intrinsic
systematic errors, by including only nationwide or
population-based inception cohorts with access to the full
age spectrum, we ensured that the included studies were at
least representative of their respective study area and time
period and thus represent the most valid data currently
available. Moreover, we maximized diagnostic accuracy by
including only validated population-based cohorts or those
in which the diagnoses of CD or UC were conﬁrmed by the
investigators of the original studies according to diagnostic
criteria. Because there are many local ethical restrictions
that limited our ability to obtain individual-level data for
purposes of a pooled analysis, we were unable to explore
sex-based differences for different phenotypic manifestations. Along these lines, we could not account for differences
in environmental exposures (eg, smoking) across countries
and provinces or between sex and age groups. Delineating
the impact of certain environmental exposures is further
complicated in that the risk of such exposures is often differential according to duration of exposure, amount or
intensity of the exposure, and timing of the exposure
(eg, antibiotic exposure in the ﬁrst years of life), among
other factors, and is particularly problematic when one is
speciﬁcally interested in disease incidence. It is also difﬁcult
if not impossible to isolate the distinct contribution of an
individual exposure, because people are confronted with a
mixture of exposures over their lifetime. Some environmental exposures have been shown to both inﬂuence IBD
risk78 and also differ according to country of origin and age
group. Smoking79 and antibiotic exposure80 are 2 examples.
Further complicating this, smoking also affects some
endogenous sex hormones, although the exact mechanisms
and patterns are not fully deﬁned.81,82 Indeed, the effect of
smoking on IBD incidence according to sex is likely complex.
We look forward not only to future studies validating our
ﬁndings in other geographic cohorts (particularly those
where IBD is an emerging disease), but also to focused investigations speciﬁcally designed to rigorously address the
impact of environmental exposures on IBD risk stratiﬁed by
sex across different age groups.
In conclusion, we have shown for the ﬁrst time signiﬁcant variations in sex according to age of IBD onset that are
particularly distinct for CD compared with UC and support
the hypothesis that sex hormones may be involved in IBD
pathogenesis. Although our study is not designed nor is it
intended to deﬁne underlying etiologies for these differences, we have provided supporting mechanisms that are
biologically plausible. We hope our ﬁndings will inspire
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future research efforts investigating the role of sex hormones in IBD pathogenesis.

Supplementary Material
Note: To access the supplementary material accompanying
this article, visit the online version of Gastroenterology at
www.gastrojournal.org, and at https://doi.org/10.1053/
j.gastro.2018.06.043.

References
1. Torres J, Mehandru S, Colombel J-F, Peyrin-Biroulet L.
Crohn’s disease. Lancet 2017;389(10080):1741–1755.
2. Ungaro R, Mehandru S, Allen PB, et al. Ulcerative colitis.
Lancet 2017;389(10080):1756–1770.
3. Fairweather D, Frisancho-Kiss S, Rose NR. Sex differences in autoimmune disease from a pathological
perspective. Am J Pathol 2008;173:600–609.
4. Schwartzman-Morris J, Putterman C. Gender differences
in the pathogenesis and outcome of lupus and of lupus
nephritis. Clin Dev Immunol 2012;2012:604892.
5. Oliver JE, Silman AJ. Why are women predisposed to
autoimmune rheumatic diseases? Arthritis Res Ther
2009;11:252.
6. Fessel WJ. Systemic lupus erythematosus in the community. Incidence, prevalence, outcome, and ﬁrst
symptoms; the high prevalence in black women. Arch
Intern Med 1974;134:1027–1035.
7. van Vollenhoven RF. Sex differences in rheumatoid
arthritis: more than meets the eye... BMC Med 2009;7:12.
8. Khalili H, Granath F, Smedby KE, et al. Association between long-term oral contraceptive use and risk of
Crohn’s disease complications in a nationwide study.
Gastroenterology 2016;150:1561–1567.e1.
9. Khalili H, Higuchi LM, Ananthakrishnan AN, et al. Oral
contraceptives, reproductive factors and risk of inﬂammatory bowel disease. Gut 2013;62:1153–1159.
10. Ortizo R, Lee SY, Nguyen ET, et al. Exposure to oral
contraceptives increases the risk for development of
inﬂammatory bowel disease: a meta-analysis of casecontrolled and cohort studies. Eur J Gastroenterol
Hepatol 2017;29:1064–1070.
11. Rolston VS, Boroujerdi L, Long MD, et al. The inﬂuence
of hormonal ﬂuctuation on inﬂammatory bowel disease
symptom severity—a cross-sectional cohort study.
Inﬂamm Bowel Dis 2018;24:387–393.
12. Axelrad JE, Fowler SA, Friedman S, Ananthakrishnan AN,
Yajnik V. Effects of cancer treatment on inﬂammatory
bowel disease remission and reactivation. Clin Gastroenterol Hepatol 2012;10:1021–1027.e1.
13. Molodecky NA, Soon IS, Rabi DM, et al. Increasing
incidence and prevalence of the inﬂammatory bowel
diseases with time, based on systematic review.
Gastroenterology 2012;142:46–54.e42.
14. Ng SC, Shi HY, Hamidi N, et al. The worldwide incidence
and prevalence of inﬂammatory bowel disease in the
21st century: a systematic review of population-based
studies. Gastroenterology 2017;152:S970–S971.

15. Shapiro JM, Zoega H, Shah SA, et al. Incidence of
Crohn’s disease and ulcerative colitis in Rhode Island:
report from the Ocean State Crohn’s and Colitis Area
Registry. Inﬂamm Bowel Dis 2016;22:1456–1461.
16. Ng SC, Bernstein CN, Vatn MH, et al. Geographical
variability and environmental risk factors in inﬂammatory
bowel disease. Gut 2013;62:630–649.
17. Thia KT, Loftus EV, Sandborn WJ, Yang S-K. An update
on the epidemiology of inﬂammatory bowel disease in
Asia. Am J Gastroenterol 2008;103:3167–3182.
18. Ng SC, Tang W, Leong RW, et al. Environmental risk
factors in inﬂammatory bowel disease: a populationbased case-control study in Asia-Paciﬁc. Gut 2015;
64:1063–1071.
19. Ananthakrishnan AN. Epidemiology and risk factors for
IBD. Nat Rev Gastroenterol Hepatol 2015;12:205–217.
20. DerSimonian R, Laird N. Meta-analysis in clinical trials.
Control Clin Trials 1986;7:177–188.
21. Spittal MJ, Pirkis J, Gurrin LC. Meta-analysis of incidence
rate data in the presence of zero events. BMC Med Res
Methodol 2015;15:42.
22. Tragnone A, Corrao G, Miglio F, et al. Incidence of
inﬂammatory bowel disease in Italy: a nationwide
population-based study. Gruppo Italiano per lo Studio
del Colon e del Retto (GISC). Int J Epidemiol 1996;
25:1044–1052.
23. Saro Gismera C, Riestra Menéndez S, Sánchez
Fernández R, et al. [Epidemiology in inﬂammatory bowel
disease in ﬁve areas of Asturias. Spain]. An Med Interna
2003;20:232–238.
24. Garrido A, Martínez MJ, Ortega JA, et al. Epidemiology of
chronic inﬂammatory bowel disease in the Northern area
of Huelva. Rev Esp Enferm Dig 2004;96:687–691.
25. Tsianos EV, Masalas CN, Merkouropoulos M, et al.
Incidence of inﬂammatory bowel disease in north west
Greece: rarity of Crohn’s disease in an area where
ulcerative colitis is common. Gut 1994;35:369–372.
26. Hammer T, Nielsen KR, Munkholm P, et al. The Faroese
IBD Study: incidence of inﬂammatory bowel diseases
across 54 years of population-based Data. J Crohns
Colitis 2016;10:934–942.
27. Björnsson S, Tryggvason Fþ, Jónasson JG, et al. Incidence of inﬂammatory bowel disease in Iceland 1995–
2009. A nationwide population-based study. Scand J
Gastroenterol 2015;50:1368–1375.
28. Ott C, Obermeier F, Thieler S, et al. The incidence of
inﬂammatory bowel disease in a rural region of Southern
Germany: a prospective population-based study. Eur J
Gastroenterol Hepatol 2008;20:917–923.
29. Gower-Rousseau C, Vasseur F, Fumery M, et al. Epidemiology of inﬂammatory bowel diseases: new insights
from a French population-based registry (EPIMAD). Dig
Liver Dis 2013;45:89–94.
 BM, Vucelic
 B, Persic
 M, et al. Incidence of
30. Sincic
inﬂammatory bowel disease in Primorsko-Goranska
County, Croatia, 2000-2004: a prospective populationbased study. Scand J Gastroenterol 2006;41:437–444.
31. Lakatos L, Kiss LS, David G, et al. Incidence, disease
phenotype at diagnosis, and early disease course in

Sex Differences in Inﬂammatory Bowel Disease Incidence 1087

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

inﬂammatory bowel diseases in Western Hungary, 20022006. Inﬂamm Bowel Dis 2011;17:2558–2565.
Lophaven SN, Lynge E, Burisch J. The incidence of
inﬂammatory bowel disease in Denmark 1980-2013: a
nationwide cohort study. Aliment Pharmacol Ther 2017;
45:961–972.
Ng SC, Zeng Z, Niewiadomski O, et al. Early course of
inﬂammatory bowel disease in a population-based
inception cohort study from 8 countries in Asia and
Australia. Gastroenterology 2016;150:86–95.e3.
Gearry RB, Richardson A, Frampton CMA, et al. High
incidence of Crohn’s disease in Canterbury, New Zealand: results of an epidemiologic study. Inﬂamm Bowel
Dis 2006;12:936–943.
Bernstein CN, Wajda A, Svenson LW, et al. The epidemiology of inﬂammatory bowel disease in Canada: a
population-based study. Am J Gastroenterol 2006;
101:1559–1568.
Benchimol EI, Manuel DG, Guttmann A, et al. Changing
age demographics of inﬂammatory bowel disease in
Ontario, Canada: a population-based cohort study
of epidemiology trends. Inﬂamm Bowel Dis 2014;
20:1761–1769.
Leddin D, Tamim H, Levy AR. Decreasing incidence of
inﬂammatory bowel disease in eastern Canada: a population database study. BMC Gastroenterol 2014;14:140.
Bitton A, Vutcovici M, Patenaude V, et al. Epidemiology
of inﬂammatory bowel disease in Québec: recent trends.
Inﬂamm Bowel Dis 2014;20:1770–1776.
Shivashankar R, Tremaine WJ, Harmsen WS, Loftus EV.
Incidence and prevalence of Crohn’s disease and
ulcerative colitis in Olmsted County, Minnesota from
1970 through 2010. Clin Gastroenterol Hepatol 2017;
15:857–863.
Solberg IC, Lygren I, Jahnsen J, et al. Clinical course
during the ﬁrst 10 years of ulcerative colitis: results from
a population-based inception cohort (IBSEN Study).
Scand J Gastroenterol 2009;44:431–440.
Solberg IC, Vatn MH, Høie O, et al. Clinical course in
Crohn’s disease: results of a Norwegian populationbased ten-year follow-up study. Clin Gastroenterol
Hepatol 2007;5:1430–1438.
Moum B, Ekbom A, Vatn MH, et al. Clinical course during
the 1st year after diagnosis in ulcerative colitis and
Crohn’s disease. Results of a large, prospective
population-based study in southeastern Norway,
1990-93. Scand J Gastroenterol 1997;32:1005–1012.
Büsch K, Ludvigsson JF, Ekström-Smedby K, et al.
Nationwide prevalence of inﬂammatory bowel disease in
Sweden: a population-based register study. Aliment
Pharmacol Ther 2014;39:57–68.
Ludvigsson JF, Büsch K, Olén O, et al. Prevalence of
paediatric inﬂammatory bowel disease in Sweden: a
nationwide population-based register study. BMC
Gastroenterol 2017;17:23.
Everhov ÅH, Halfvarson J, Myrelid P, et al. Incidence and
treatment of patients diagnosed with inﬂammatory bowel
diseases at 60 years or older in Sweden. Gastroenterology 2018;154:518–528.e15.

CLINICAL AT

October 2018

1088 Shah et al

CLINICAL AT

46. Fonager K, Sørensen HT, Rasmussen SN, et al.
Assessment of the diagnoses of Crohn’s disease and
ulcerative colitis in a Danish hospital information system.
Scand J Gastroenterol 1996;31:154–159.
47. Everhov ÅH, Olén O, Ludvigsson JF. Editorial: importance of deﬁnition of inﬂammatory bowel disease and an
increased incidence in children. Aliment Pharmacol Ther
2017;45:1369–1370.
48. Jakobsson GL, Sternegård E, Olén O, et al. Validating
inﬂammatory bowel disease (IBD) in the Swedish
National Patient Register and the Swedish Quality Register for IBD (SWIBREG). Scand J Gastroenterol 2017;
52:216–221.
49. Ng SC, Tang W, Ching JY, et al. Incidence and phenotype of inﬂammatory bowel disease based on results
from the Asia-paciﬁc Crohn’s and colitis epidemiology
study. Gastroenterology 2013;145:158–165.e2.
50. Benchimol EI, Guttmann A, Mack DR, et al. Validation of
international algorithms to identify adults with inﬂammatory bowel disease in health administrative data from
Ontario, Canada. J Clin Epidemiol 2014;67:887–896.
51. Rezaie A, Quan H, Fedorak RN, et al. Development
and validation of an administrative case deﬁnition for
inﬂammatory bowel diseases. Can J Gastroenterol 2012;
26:711–717.
52. Cornish JA, Tan E, Simillis C, et al. The risk of oral contraceptives in the etiology of inﬂammatory bowel disease: a meta-analysis. Am J Gastroenterol 2008;
103:2394–2400.
53. Khalili H, Ananthakrishnan AN, Konijeti GG, et al.
Endogenous levels of circulating androgens and risk of
Crohn’s disease and ulcerative colitis among women: a
nested case-control study from the nurses’ health study
cohorts. Inﬂamm Bowel Dis 2015;21:1378–1385.
54. Khalili H, Higuchi LM, Ananthakrishnan AN, et al. Hormone
therapy increases risk of ulcerative colitis but not Crohn’s
disease. Gastroenterology 2012;143:1199–1206.
55. Tran NL, Manzin-Lorenzi C, Santiago-Raber M-L. Tolllike receptor 8 deletion accelerates autoimmunity in a
mouse model of lupus through a Toll-like receptor
7-dependent mechanism. Immunology 2015;145:60–70.
56. Umiker BR, Andersson S, Fernandez L, et al. Dosage of
X-linked Toll-like receptor 8 determines gender differences in the development of systemic lupus erythematosus. Eur J Immunol 2014;44:1503–1516.
57. Kaminsky Z, Wang S-C, Petronis A. Complex disease,
gender and epigenetics. Ann Med 2006;38:530–544.
58. Pido-Lopez J, Imami N, Aspinall R. Both age and gender
affect thymic output: more recent thymic migrants in
females than males as they age. Clin Exp Immunol 2001;
125:409–413.
59. Pfafﬂ MW, Lange IG, Daxenberger A, Meyer HH.
Tissue-speciﬁc expression pattern of estrogen receptors
(ER): quantiﬁcation of ER alpha and ER beta mRNA with
real-time RT-PCR. APMIS 2001;109:345–355.
60. Campbell-Thompson ML. Estrogen receptor alpha and
beta expression in upper gastrointestinal tract with
regulation of trefoil factor family 2 mRNA levels in
ovariectomized rats. Biochem Biophys Res Commun
1997;240:478–483.

Gastroenterology Vol. 155, No. 4
61. Pfafﬂ MW, Lange IG, Meyer HHD. The gastrointestinal
tract as target of steroid hormone action: quantiﬁcation
of steroid receptor mRNA expression (AR, ERalpha,
ERbeta and PR) in 10 bovine gastrointestinal tract
compartments by kinetic RT-PCR. J Steroid Biochem
Mol Biol 2003;84(2–3):159–166.
62. Wada-Hiraike O, Imamov O, Hiraike H, et al. Role of
estrogen receptor beta in colonic epithelium. Proc Natl
Acad Sci U S A 2006;103:2959–2964.
63. Goodman WA, Garg RR, Reuter BK, et al. Loss of
estrogen-mediated immunoprotection underlies female
gender bias in experimental Crohn’s-like ileitis. Mucosal
Immunol 2014;7:1255–1265.
64. Mikulski Z, Johnson R, Shaked I, et al. SAMP1/YitFc mice
develop ileitis via loss of CCL21 and defects in dendritic
cell migration. Gastroenterology 2015;148:783–793.e5.
65. Looijer-van Langen M, Hotte N, Dieleman LA, et al.
Estrogen receptor-b signaling modulates epithelial barrier function. Am J Physiol Gastrointest Liver Physiol
2011;300:G621–G626.
66. Pierdominici M, Maselli A, Varano B, et al. Linking
estrogen receptor b expression with inﬂammatory bowel
disease activity. Oncotarget 2015;6:40443–40451.
67. Goodman WA, Havran HL, Quereshy HA, et al. Estrogen
receptor a loss-of-function protects female mice from
DSS-induced experimental colitis. Cell Mol Gastroenterol
Hepatol 2018;5:630–633.
68. De Simone V, Matteoli G. Estrogen-mediated effects
underlie gender bias in inﬂammatory bowel disease. Cell
Mol Gastroenterol Hepatol 2018;5:638–639.e1.
69. Markle JGM, Frank DN, Mortin-Toth S, et al. Sex
differences in the gut microbiome drive hormonedependent regulation of autoimmunity. Science 2013;
339(6123):1084–1088.
70. Org E, Mehrabian M, Parks BW, et al. Sex differences
and hormonal effects on gut microbiota composition in
mice. Gut Microbes 2016;7:313–322.
71. Gomez A, Luckey D, Taneja V. The gut microbiome
in autoimmunity: sex matters. Clin Immunol 2015;
159:154–162.
72. Klein SL, Flanagan KL. Sex differences in immune
responses. Nat Rev Immunol 2016;16:626–638.
73. Geuking MB, Köller Y, Rupp S, McCoy KD. The interplay
between the gut microbiota and the immune system. Gut
Microbes 2014;5:411–418.
74. Yurkovetskiy L, Burrows M, Khan AA, et al. Gender bias
in autoimmunity is inﬂuenced by microbiota. Immunity
2013;39:400–412.
75. Pradhan AD, Manson JE, Rossouw JE, et al. Inﬂammatory biomarkers, hormone replacement therapy, and
incident coronary heart disease: prospective analysis
from the Women’s Health Initiative observational study.
JAMA 2002;288:980–987.
76. Rossouw JE, Anderson GL, Prentice RL, et al. Risks and
beneﬁts of estrogen plus progestin in healthy postmenopausal women: principal results from the Women’s
Health Initiative randomized controlled trial. JAMA 2002;
288:321–333.
77. Wassertheil-Smoller S, Hendrix SL, Limacher M, et al.
Effect of estrogen plus progestin on stroke in

78.

79.

80.

81.

82.

postmenopausal women: the Women’s Health Initiative:
a randomized trial. JAMA 2003;289(20):2673–2684.
Maaser C, Langholz E, Gordon H, et al. European
Crohn’s and Colitis Organisation topical review on
environmental factors in IBD. J Crohns Colitis 2017;
11:905–920.
Ng M, Freeman MK, Fleming TD, et al. Smoking
prevalence and cigarette consumption in 187 countries,
1980-2012. JAMA 2014;311:183–192.
Goossens H, Ferech M, Vander Stichele R, et al.
Outpatient antibiotic use in Europe and association with
resistance: a cross-national database study. Lancet
2005;365(9459):579–587.
Windham GC, Mitchell P, Anderson M, Lasley BL.
Cigarette smoking and effects on hormone function in
premenopausal women. Environ Health Perspect 2005;
113(10):1285–1290.
Brand JS, Chan M-F, Dowsett M, et al. Cigarette smoking and endogenous sex hormones in postmenopausal
women. J Clin Endocrinol Metab 2011;96:3184–3192.

Sex Differences in Inﬂammatory Bowel Disease Incidence 1089

Received March 28, 2018. Accepted June 21, 2018.
Reprint requests
Address requests for reprints to: Shailja C. Shah, MD, 2215 Garland Avenue,
Medical Research Building IV, 1030-C (mail), Vanderbilt University Medical
Center, Nashville, Tennessee 37232. e-mail: shailja.c.shah@vanderbilt.edu or
shailja.c.shah@vumc.org; fax: (615) 343-6229.
Acknowledgments
Author contributions: Shailja C. Shah and Johan Burisch: study concept and
design, acquisition of data, analysis and interpretation of data, drafting of
manuscript, critical revision of the manuscript for important intellectual
content; Hamed Khalili: analysis and interpretation of data, drafting of
manuscript, critical revision of the manuscript for important intellectual
content; Jean-Frederic Colombel: study concept and design, analysis and
interpretation of data, drafting of manuscript, critical revision of the
manuscript for important intellectual content; Corinne Gower-Rousseau, Ola
Olen, Eric I. Benchimol, Elsebeth Lynge, Kári R. Nielsen, Paul Brassard,
Maria Vutcovici, Alain Bitton, Charles N. Bernstein, Desmond Leddin, Hala
Tamim, Tryggvi Stefansson, Edward V. Loftus, Jr, Bjorn Moum, Whitney
Tang, Siew C. Ng, Richard Gearry, Brankica Sincic, Sally Bell, Bruce E.
Sands, Peter L. Lakatos, Zsuzsanna Végh, Claudia Ott, and Gilaad G.
Kaplan: acquisition of data, critical revision of the manuscript for important
intellectual content.
Conﬂicts of interest
The authors disclose no conﬂicts.

CLINICAL AT

October 2018

1089.e1 Shah et al

Gastroenterology Vol. 155, No. 4

Supplementary Figure 1. (A) Pooled IRRs of CD according to sex for each cohort (F:M). (B) Pooled IRRs of UC according to
sex for each cohort (F:M). ID, identiﬁcation; OSCCAR, Ocean State Crohn’s and Colitis Area Registry; RR, relative risk.
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Supplementary Figure 2. Temporal trends in incidence of CD according to sex ratio (F:M) for the full age spectrum: before and
after 2000.

Supplementary Figure 3. Temporal trends in incidence of UC according to sex ratio (F:M) for the full age spectrum: pre- and
post-2000.
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Supplementary Table 1.Temporal Variation in Pooled IRRs According to Sex Ratio (F:M) for UC: Before 2000 and After 2000
Before 2000

After 2000

95% CI

95% CI

Age, y

IRR

Lower

Upper

P Value

IRR

Lower

Upper

P Value

0–4
5–9
10–14
15–19
20–24
25–29
30–34
35–39
40–44
45–49
50–54
55–59
60–64
65–69
70–74
75þ

1.22
1.40
0.55
1.09
1.09
1.17
1.13
0.97
0.95
0.85
0.80
0.98
0.73
0.67
0.73
0.63

0.66
0.97
0.25
0.87
0.87
1.03
0.98
0.78
0.86
0.63
0.56
0.65
0.50
0.47
0.64
0.43

2.25
2.01
1.21
1.37
1.36
1.34
1.29
1.20
1.04
1.14
1.13
1.47
1.05
0.97
0.83
0.92

.53
.07
.14
.45
.47
.02
.09
.75
.25
.28
.21
.92
.09
.03
<.001
.02

1.03
1.19
1.00
0.98
0.93
1.08
1.01
0.95
0.97
0.89
0.83
0.86
0.79
0.82
0.92
0.90

0.68
1.01
0.92
0.93
0.81
1.03
0.97
0.83
0.87
0.85
0.69
0.81
0.74
0.76
0.81
0.73

1.56
1.39
1.09
1.04
1.07
1.12
1.04
1.09
1.09
0.94
1.01
0.91
0.83
0.87
1.05
1.09

.89
.04
.95
.50
.32
<.001
.76
.48
.64
<.001
.06
<.001
<.001
<.001
.20
.28

