
Stress resilience and the risk
of inflammatory bowel disease:
a cohort study of men living in Sweden

Carren Melinder,1 Ayako Hiyoshi,1 Katja Fall,1 Jonas Halfvarson,2

Scott Montgomery1,3,4

To cite: Melinder C,
Hiyoshi A, Fall K, et al. Stress
resilience and the risk
of inflammatory bowel
disease:
a cohort study of men living
in Sweden. BMJ Open
2017;7:e014315.
doi:10.1136/bmjopen-2016-
014315

▸ Prepublication history for
this paper is available online.
To view these files please
visit the journal online
(http://dx.doi.org/10.1136/
bmjopen-2016-014315).

Received 19 September 2016
Revised 28 November 2016
Accepted 2 December 2016

1Department of Clinical
Epidemiology and
Biostatistics, School of
Medical Sciences, Örebro
University, Örebro, Sweden
2Department of
Gastroenterology, School of
Medical Sciences, Örebro
University, Örebro, Sweden
3Department of Epidemiology
and Public Health, University
College London, London, UK
4Clinical Epidemiology Unit,
Karolinska University
Hospital, Karolinska Institutet,
Stockholm, Sweden

Correspondence to
Carren Melinder;
carren.melinder@oru.se

ABSTRACT
Objective: To determine if low psychosocial stress
resilience in adolescence (increasing chronic stress
arousal throughout life) is associated with an increased
inflammatory bowel disease (IBD) risk in adulthood.
Subclinical Crohn’s disease (CD) and ulcerative colitis
(UC) can exist over many years and we hypothesise
that psychosocial stress may result in conversion to
symptomatic disease through its proinflammatory or
barrier function effects.
Design: National register-based cohort study of men
followed from late adolescence to middle age.
Setting: A general population cohort of men in
Sweden.
Participants: Swedish population-based registers
provided information on all men born between 1952
and 1956 who underwent mandatory Swedish military
conscription assessment (n=239 591). Men with any
gastrointestinal diagnoses (except appendicitis) prior to
follow-up were excluded.
Primary outcome measures: An inpatient or
outpatient diagnosis of CD or UC recorded in the
Swedish Patient Register (1970–2009).
Results: A total of 938 men received a diagnosis of
CD and 1799 UC. Lower stress resilience in
adolescence was associated with increased IBD risk,
with unadjusted HRs (95% CIs) of 1.54 (1.26 to 1.88)
and 1.24 (1.08 to 1.42), for CD and UC, respectively.
After adjustment for potential confounding factors,
including markers of subclinical disease activity in
adolescence, they are 1.39 (1.13 to 1.71) and 1.19
(1.03 to 1.37).
Conclusions: Lower stress resilience may increase
the risk of diagnosis of IBD in adulthood, possibly
through an influence on inflammation or barrier
function.

INTRODUCTION
The aetiology of inflammatory bowel disease
(IBD) — Crohn’s disease (CD) and ulcera-
tive colitis (UC) — is believed to involve an
interaction between genetic and environ-
mental factors that results in an atypical
immune response to gut microbiota.1–3

Genetic factors are clearly important in the
aetiology,1 4 but the importance of environ-
mental factors is signalled by temporal
trends in incidence.5 It appears that expo-
sures in early life are potentially relevant to
bowel colonisation and homoeostasis,6 such
as infections and antibiotic therapy,7 are par-
ticularly important in determining lifetime
IBD risk suggesting a long and silent natural
history8 as frank disease onset occurs in
adulthood.9 Acute appendicitis before age
20 years has been linked consistently with a
reduced risk of UC,10 11 and it has been sug-
gested recently that this may be due to
genetic factors influencing risk of appendi-
citis and UC risk.11 Some exposures in adult-
hood may be risks,5 but the best
documented risk is cigarette smoking, which
is associated with an increased risk of CD,
but a reduced risk of UC.5

Strengths and limitations of this study

▪ This study used a prospectively collected
measure of stress resilience (susceptibility to
stress) in adolescence to examine its association
with the risk of subsequent Crohn’s disease (CD)
and ulcerative colitis (UC) in adulthood.

▪ Stress resilience was measured before typical
inflammatory bowel disease (IBD) onset age, and
potential effects of prodromal disease activity in
adolescence were taken into account in the
analysis.

▪ Since we examined only stress resilience and did
not have a direct measure of coping to capture
the extent to which situations were perceived as
stressful, we may have underestimated the mag-
nitude of associations between stress and IBD.

▪ The study did not have a measure of smoking
and while this could be a pathway relevant to
CD, it cannot explain the increased risk of UC.

▪ The results are based on men up to middle age
and may not be applicable to older ages or to
women.
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Psychosocial stress may increase inflammation, includ-
ing through sympathetic nervous system influences,12

and as subclinical low-grade inflammation related to
IBD can exist over many years,8 it is possible that stress
may result in conversion to symptomatic IBD.
Inflammation can increase permeability and comprom-
ise the integrity of the gastrointestinal mucosal barrier;
thus, stress may promote passage over the epithelial
barrier of bacterial pathogens and activate mucosal
immune responses.13

Studies of psychosocial stress and IBD exacerbations
have generated inconsistent results.14–17 Low levels of
stress and better coping strategies are associated with
reduced risk of CD and UC relapses in prospective
studies14 15 but not life events.16 17 Psychosocial stress
was associated with an increased risk of CD but not UC
in a prospective cohort study18 but not in other
studies.19 20 To the best of our knowledge, no previous
study has considered individual variation in stress suscep-
tibility, a potentially important determinant of chronic
stress arousal.21 Here we use Swedish register data to
examine the association of stress resilience in adoles-
cence with CD and UC risk in subsequent adulthood.

MATERIALS AND METHODS
Study population
The study population and measures have been described
in detail elsewhere.22 23 Briefly, the participants were
men born during 1952–1956. Most men were 18–
19 years of age when they attended compulsory Swedish
military conscription assessments during 1969–1976.
The follow-up period for CD and UC was from 4 years
after the conscription assessment (to reduce the possibil-
ity of reverse causation, such that symptomatic disease
reduced stress resilience), until diagnosis, migration,
death or end of the study, 31 December 2009 (to a
maximum age of 57 years).
The entire cohort comprised 284 198 men. Exclusions

were for female sex, uncertain vital status or personal
number, emigration or death before follow-up (n=5504).
Men who emigrated or died before the follow-up period
were excluded because they could not contribute to the
results. We also excluded men who were assessed before
17 years of age, did not undertake part of the conscription
assessments or had missing data (n=35 101). Additionally,
cohort members were excluded if they had any gastro-
intestinal diagnoses (except appendicitis), including IBD,
at the conscription assessment including when recorded
in the Patient Register prior to follow-up (n=4002). In
total, 44 607 (15.7%) men were excluded. The majority of
the exclusions (11.7% of the cohort) were due to missing
data for variables used in the analysis.

Data sources and measures
Socioeconomic and demographic data
Parental socioeconomic index (SEI) during childhood
was obtained using the Population and Housing Census

in 1960. We classified parental occupation into business
owners/managers, farm owner/managers, manual
workers, agricultural workers, office workers and other.
Data on date of birth, sex, region of residence, vital
status (dead or alive) and migration were obtained from
the Total Population Register.

The Swedish Military Service Conscription Register
Military service was compulsory for all men from age
18 years, with exceptions including those with severe
medical conditions, and entry involved a detailed
assessment.23

Stress resilience
Examination of psychological function at the conscrip-
tion assessment produced a stress resilience score from 1
to 9, categorised as low (1–3), medium (4–6) and high
(7–9), to maintain consistency with previous studies.24–26

Following completion of a questionnaire, the interview
was carried out by psychologists, whose inter-rater reli-
ability was evaluated on a regular basis27 and estimated
to be high (r=0.85) by a study conducted in 1972 and
1973.28 The interview, which usually took 20–30 min,
explored the experience of potential conflicts or adjust-
ment problems, as well as the ability to take the initiative
and assume responsibilities at school, work or home.28

The measure is based on five-scale or nine-scale nor-
mally distributed ratings of psychological energy, emo-
tional control and social maturity.26–29 Emotional
control evaluated the ability to tolerate psychological
stress in general as well as mental stability and emotional
maturity.26–29 Social maturity assessed if individuals were
independent, socially extrovert and responsible.26 27 29

Psychological energy assessed the ability to engage in
various activities even when facing adversity.26 27

Height and body mass index
Height in centimetres was divided into fifths of the dis-
tribution. Height <144 cm, weight >178 kg or body mass
index (BMI) <15 kg/m2 was treated as non-valid values
and excluded. BMI was calculated from measures of
height and weight and categorised as underweight (15–
18.49 kg/m2), normal weight (18.50–24.99 kg/m2) and
overweight/obese (>25 kg/m2). Since there were few
obese men at the conscription assessment, the obese
and overweight categories (BMI≥25 kg/m2) were
combined.

Erythrocyte sedimentation rate
Erythrocyte sedimentation rate (ESR), indicating sys-
temic inflammation, was standardised for erythrocyte
volume fraction (EVF) by adjustment22 23 and grouped
into five categories: 1, 2–6, 7–10, 11–14 and ≥15 mm/hour.
ESR<1 or >98 mm/hour and EVF<0.20 or >0.75 were
considered as non-valid.
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Gastrointestinal diseases at conscription assessment
Gastrointestinal diagnoses up to the time of the con-
scription assessment were obtained from the
Conscription Register and the National Patient Register
(NPR). The codes used are the Swedish version of the
International Classification of Diseases (ICD) revision 8
(ICD-8 codes 530-539, 543, 555-558, 560-577).
Appendicitis prior to age 20 years was identified (ICD-8
codes 540-542) in the Conscription Register and surgical
procedure codes (4510 and 4511) in the NPR. We com-
bined appendectomy and appendicitis prior to age
20 years into a single variable.

Geographical regions
Sweden was divided into northern, central and southern
regions.

The National Patient Register
IBD diagnoses in adulthood were identified through
ICD 8, 9 or 10 codes in the NPR. Since 1964, the
National Board of Health and Welfare has collected
information on inpatient diagnoses and the register
achieved complete coverage in 1987. The register
expanded to include data on outpatient visits in 2001
and ∼99% of all primary hospital diagnoses are
recorded.30

IBD diagnoses
Primary and secondary diagnoses in inpatient and out-
patient records were identified: CD (563.00 for ICD-8;
555.x for ICD-9; ICD-10 K50.x), and UC (563.10 for
ICD-8; 556.x for ICD-9; ICD-10 K51.x). During the
follow-up period, 938 and 1799 men were identified as
having diagnoses of CD and UC, respectively. A total of
438 men had records of CD and UC. The most recent
diagnosis was used to define disease phenotype, but the
time of the first diagnosis defined disease onset. A total
of 286 with UC changed diagnosis to CD and 152 men
with CD changed diagnosis to UC.

Statistical analysis
The association between stress resilience in adoles-
cence and risk of subsequent IBD in adulthood was
evaluated by Cox regression. We examined the propor-
tional hazards assumption graphically, with no indica-
tion of violation. Separate models were used for CD
and UC, with adjustment for parental SEI in childhood,
appendicitis prior to age 20 years, region of residence
and markers of potential prodromal disease activity in
adolescence (ESR, EVF, height and BMI). We also mod-
elled stress resilience as an ordinal or continuous vari-
able to assess the linear trend of associations with IBD
risk for three-category and nine-category measures of
stress resilience. We examined whether stress resilience
modifies the association of BMI, height and inflamma-
tion in adolescence with IBD risk using stratification
and interaction testing. Interaction terms for ESR,
height and BMI with stress resilience were included in

Cox models, with adjustment for the main effects. Age
was used as the underlying time scale and, unless other-
wise specified, all measures were modelled as categor-
ical variables.

Sensitivity analyses
Further analyses assessed if changes in diagnostic accur-
acy influenced the findings (by the end of the 1970s, it
was higher) and to assess whether stress resilience in
adolescence is associated with a first IBD diagnosis, even
after a minimum of 15 years from assessment, as in a
previous study.22 Among those who had IBD diagnoses
(638 CD and 1469 UC) during this period (that started
15 years after the conscription assessment), 283 men
had both CD and UC diagnosis. As is in the main ana-
lysis, the most recent diagnosis was used to define
disease phenotype, but the time of the first diagnosis
defined disease onset. Men who had IBD diagnosis
during the period prior to the start of follow-up were
excluded from the analysis (n=1156). We also conducted
a separate analysis excluding men more likely to have
undiagnosed disease in adolescence, defined as low EVF
(≤39), elevated ESR (≥15) or underweight (BMI 15–
18.49 kg/m2).
SPSS software V.23 and Stata V.13 were used. We con-

sidered p values <0.05 and 95% CIs not including 1.00
as statistically significant.

RESULTS
Participant characteristics
The study comprised 239 591 men followed from 4 years
after the conscription assessment in late adolescence to
a maximum of age 57 years (table 1).
Men with CD were more likely to have lower stress

resilience and raised ESR compared with men with UC
and men without IBD. Men with IBD were more likely
to have lower parental SEI in childhood compared
with men without IBD. Men with UC were less likely to
have had an appendectomy or appendicitis prior to
age 20 years. The median age of onset was 40 years
(range 21–57) for CD and 47 years (range 22–57)
for UC.

Stress resilience in adolescence and subsequent CD in
adulthood
Men with low and moderate stress resilience had an
increased risk of subsequent CD compared with men
with high stress resilience (table 2). Modelling the three-
category variable as a linear measure, the HRs (95%
CIs) for the association of stress resilience with CD (the
average change in CD risk by one unit change in the
three stress resilience categories) are 1.23 (1.11 to 1.35)
and 1.17 (1.06 to 1.28), before and after adjustment,
respectively. Modelling the nine-category measure as
linear produces HRs of 1.09 (1.05 to 1.13) and 1.07
(1.03 to 1.11), respectively. Adjustment for any individ-
ual potential confounding factor had little influence on
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the association of stress resilience with CD, and it was
the combined adjustment that had a notable influence
(data not shown).
The analysis excluding men more likely to have

undiagnosed disease activity in adolescence (table 2)
limited the sample to 743 men with CD, and the results
are consistent with the main analysis. Also, the associ-
ation between low stress resilience in adolescence and

future risk of CD remained during the follow-up begin-
ning at least 15 years after the conscription assessment
in adolescence (table 2). A total of 638 diagnoses of CD
were identified and the median age of onset was
47 years (range 33–57). There was no statistically signifi-
cant interaction between stress resilience and markers of
subclinical disease activity in CD (p>0.05 for all, data
not shown).

Table 1 Baseline characteristics of study participants by IBD diagnosis

No IBD
n=236 854

CD
N=938

UC
n=1799

n (%) n (%) n (%)

Stress resilience

Low 50 317 (24.0) 225 (23.5) 423 (21.3)

Moderate 129 457 (58.3) 547 (55.1) 990 (54.7)

High 57 080 (17.7) 166 (21.4) 386 (24.1)

Mean (SD) 5.1 (1.9) 4.8 (1.8) 4.9 (1.9)

BMI

Mean (SD) (kg/m2) 21.2 (2.6) 21.0 (2.6) 21.0 (2.5)

ESR in adolescence

Mean (SD) (mm/hour) 3.4 (3.5) 5.1 (5.9) 3.9 (4.2)

Median (range) 2 (1–89) 3 (1–51) 3 (1–55)

Height

Mean (SD) (cm) 178.7 (6.4) 178.1 (6.4) 178.1 (6.5)

Parental SEI in 1960

Manual worker 96 493 (40.7) 423 (45.1) 766 (42.6)

Agricultural workers 9 046 (3.8) 52 (5.5) 65 (3.6)

Farm owner/managers 23 396 (9.9) 65 (6.9) 169 (9.4)

Office workers 65 495 (27.7) 230 (24.5) 468 (26)

Business owners/managers 25 267 (10.7) 98 (10.5) 182 (10.1)

Others (unknown) 17 157 (7.2) 70 (7.5) 149 (8.3)

Appendicitis <20 years

No 234 935 (99.2) 933 (99.5) 1 796 (99.8)

Yes 1 919 (0.8) 5 (0.5) 3 (0.2)

Age at diagnosis (years)

Median (range) 40 (21–57) 47 (22–57)

BMI, body mass index; CD, Crohn’s disease; ESR, erythrocyte sedimentation rate; IBD, inflammatory bowel disease; n, number; SEI,
socioeconomic index; UC, ulcerative colitis.

Table 2 Stress resilience in adolescence and subsequent Crohn’s disease risk in adulthood at least 4 years after the

conscription assessment

Stress resilience Events/n Unadjusted HR (95% CI) Adjusted* HR (95% CI)

Main analysis

Low 225/50 965 1.54 (1.26 to 1.88) 1.39 (1.13 to 1.71)

Moderate 547/130 994 1.43 (1.20 to 1.70) 1.36 (1.14 to 1.62)

High 166/57 632 Reference Reference

Sensitivity analysis — excluding those with elevated ESR, low EVF and underweight

Low 115/41 735 1.53 (1.23 to 1.91) 1.45 (1.16 to 1.81)

Moderate 301/113 417 1.34 (1.11 to 1.62) 1.32 (1.09 to 1.59)

High 101/53 007 Reference Reference

Sensitivity analysis — follow-up at least 15 years after the conscription assessment

Low 147/49 278 1.46 (1.15 to 1.87) 1.37 (1.07 to 1.75)

Moderate 377/127 750 1.42 (1.16 to 1.76) 1.39 (1.22 to 1.71)

High 114/55 644 Reference Reference

*Adjusted for BMI, ESR, EVF, height, parental SEI, appendicitis before age 20 and region of residence.
BMI, body mass index; ESR, erythrocyte sedimentation rate; EVF, erythrocyte volume fraction; n, number; SEI, socioeconomic index.
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Stress resilience in adolescence and subsequent UC in
adulthood
Men with low stress resilience have a statistically signifi-
cant increased risk of UC during follow-up compared
with men with high stress resilience (table 3) while mod-
erate stress resilience was associated with a lower magni-
tude and non-statistically significant increased risk of
UC. Modelling the three-category variable as a linear
measure produced HRs for the association of stress
resilience with UC of 1.11 (1.04 to 1.19) and 1.09 (1.02
to 1.17), before and after adjustment, respectively.
Modelling the nine-category measure as linear produced
HRs of 1.05 (1.02 to 1.07) and 1.04 (1.02 to 1.07),
respectively. When potential confounding factors were
adjusted for, there was no notable influence on the asso-
ciation of stress resilience with UC for any specific indi-
vidual factor (data not shown).
The analysis excluding men who were more likely to

have undiagnosed disease activity in adolescence (table 3)
limited the sample to 1517 men with UC. The results
are consistent with the main analysis for low stress resili-
ence. Men with moderate stress resilience also had a stat-
istically significant increased risk of UC, compared with
men with high stress resilience. Also, the association
between low stress resilience in adolescence and future
risk of UC remained during the follow-up beginning at
least 15 years after the conscription assessment in adoles-
cence (table 3). A total of 1469 diagnoses of UC were
identified and the median age of onset was 48 years
(33–57).
The only evidence of effect modification by stress

resilience for the association of prodromal disease activ-
ity markers for UC was for BMI (table 4). Underweight
was only associated with a raised risk of UC in those with
high stress resilience (p for interaction <0.05), suggest-
ing that more aggressive disease in adolescence reduces
the apparent protective influence of high stress
resilience.

DISCUSSION
In this national general population-based study of men,
we assessed if stress resilience in adolescence is asso-
ciated with the risk of a diagnosis of IBD in subsequent
adulthood, among individuals without any gastrointes-
tinal diagnoses in adolescence. Low stress resilience was
associated with an increased risk of CD and UC, diag-
nosed at least 4 years after stress resilience was assessed
in adolescence; and the association with CD was of a
somewhat higher magnitude. The increased risk
remained after adjustment for potential risk factors and
markers of prodromal disease activity, as well as after
exclusion of men with evidence of prodromal disease
activity in adolescence and after extending the follow-up
entry to 15 years after the assessment of stress resilience.
Rather than stressful exposures, we used stress resili-

ence as a marker of individual susceptibility to stress.
Psychosocial stress increases inflammatory cytokines
including interleukin-6, tumour necrosis factor-α and
interferons. Long-term exposure to cytokines may cause
impaired negative feedback regulation of the hypo-
thalamic–pituitary–adrenal (HPA) axis, resulting in in-
creased cortisol concentrations.12 Psychosocial stress may
also impair intestinal barrier integrity and this may
enable commensal bacteria to cross the gastrointestinal
mucosa and provoke inflammation and disease.13 Thus,
the mechanisms may involve proinflammatory influence
and mucosal immune response or impaired barrier
function, but the two potential mechanisms are not
mutually exclusive. A proinflammation tendency asso-
ciated with low stress resilience could be of a systemic
nature or specific to some organ systems, such as the
gut. Previously, we found no association of stress resili-
ence with multiple sclerosis,25 where inflammation is
confined to the central nervous system compartment
and is thus potentially protected from some forms of sys-
temic inflammation. In contrast, we found that low stress
resilience is associated with a raised risk of ischaemic

Table 3 Stress resilience in adolescence and subsequent ulcerative colitis risk in adulthood at least 4 years after the

conscription assessment

Stress resilience Events/n Unadjusted HR (95% CI) Adjusted* HR (95% CI)`

Main analysis

Low 423/50 965 1.24 (1.08 to 1.42) 1.19 (1.03 to 1.37)

Moderate 990/130 994 1.11 (0.98 to 1.24) 1.08 (0.96 to 1.22)

High 386/57 632 Reference Reference

Sensitivity analysis — excluding those with elevated ESR, low EVF and underweight

Low 339/41 735 1.28 (1.10 to 1.49) 1.26 (1.08 to 1.47)

Moderate 843/113 417 1.15 (1.02 to 1.31) 1.14 (1.01 to 1.30)

High 335/53 007 Reference Reference

Sensitivity analysis — follow-up at least 15 years after the conscription assessment

Low 345/49 278 1.26 (1.08 to 1.46) 1.22 (1.04 to 1.42)

Moderate 813/127 750 1.12 (0.99 to 1.28) 1.11 (0.97 to 1.26)

High 311/55 644 Reference Reference

*Adjusted for BMI, ESR, EVF, height, parental SEI, appendicitis before age 20 years and region of residence.
BMI, body mass index; ESR, erythrocyte sedimentation rate; EVF, erythrocyte volume fraction; n, number of participants; SEI, socioeconomic
index.
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stroke24 and coronary heart disease.31 Inflammation is
implicated in the aetiology of these diseases, suggesting
that there may be a somewhat general proinflammatory
tendency among those with low resilience. The HRs for
the association of stress resilience with IBD are of rela-
tively small magnitude and this is consistent with our
interpretation that stress does not initiate pathogenesis
but may influence conversion from subclinical to frank
symptomatic disease. While this suggests that stress may
be implicated in disease progression, this study provides
insufficient evidence to suggest that stress is of major
clinical importance in determining IBD risk.
We considered a range of potential confounding

factors. Socioeconomic and demographic factors in
childhood and adolescence, like parental SEI, have pre-
viously been associated with IBD risk32 and may be rele-
vant to development of stress resilience. Since
appendicitis before age 20 years has been associated
with a reduced UC risk,10 we included this measure to
increase precision when predicting risk. In this study, as
previously observed,22 we saw evidence of subclinical
disease activity in adolescence prior to IBD diagnosis in
adulthood: higher inflammation level was associated
with raised IBD risk, especially in CD, and low BMI was
also associated with increased CD risk. Shorter stature in
adolescence was associated with increased UC risk while
overweight/obesity was associated with reduced risk.
Lower BMI is often associated with malabsorption, espe-
cially in CD. Reduced growth rate in height can indicate
the potential influence of malabsorption on growth in
adolescence.33 We adjusted our analyses for these poten-
tial confounding factors (and excluded men with evi-
dence of prodromal disease activity in a sensitivity
analysis) as they might influence stress resilience.
Adjustment for these factors or exclusion of men has a
modest effect on the magnitude of the associations (the
association with UC was enhanced in terms of statistical
significance), and therefore it is less likely that stress

resilience is being driven by early disease activity in ado-
lescence. Further evidence that the direction of the asso-
ciation is from stress resilience to IBD is that the
associations persisted after excluding men more likely to
have subclinical IBD in adolescence and during the
15-year follow-up, even though this was at ages (20–
40 years) when IBD onset is more common9 and we had
reduced statistical power.
There was no evidence of an interaction between

stress resilience and the markers of prodromal disease
activity with CD. However, low BMI was a risk for UC
only among those with high stress resilience, suggesting
that the apparent protective association of high stress
resilience with UC is reduced in those with more aggres-
sive subclinical disease in adolescence.
Our results for CD are consistent with the Nurses’

Health Study,18 which looked at depressive symptoms
and IBD risk and found these to be associated with a
twofold increased CD risk. Unlike that study, we also
found a statistically significant association with UC, of
lower magnitude than we found for CD. This may be
due to statistical power as we had a larger number of
participants. A case–control study with retrospectively
reported stressful exposures19 and a cohort study of life
events20 found no independent associations with IBD.
The differences with our results could be due to a
smaller number of events in the other studies, limiting
power19 20 or because they could not address individual
variation in susceptibility to stress.
This cohort study had several practical advantages,

including a prospectively collected measure of stress
resilience before typical IBD onset age; we took into
account potential effects of prodromal disease activity in
adolescence and assessed stress resilience rather than
major stressful events as a measure of psychosocial stress,
since there are pronounced interindividual differences
in susceptibility to stress.34 Some men were excluded
due to missing conscription assessment data: since this

Table 4 BMI in adolescence and subsequent ulcerative colitis risk in adulthood at least 4 years after the conscription

assessment, stratified by stress resilience level

Stress resilience level Events/n Unadjusted HR (95% CI) Adjusted* HR (95% CI)

Low 423/50 965

Underweight 1.00 (0.77 to 1.29) 0.99 (0.76 to 1.28)

Normal weight Reference Reference

Obese/overweight 0.79 (0.53 to 1.16) 0.80 (0.54 to 1.17)

Moderate 990/130 994

Underweight 0.98 (0.81 to 1.19) 0.98 (0.81 to 1.19)

Normal weight Reference Reference

Obese/overweight 0.62 (0.46 to 0.84) 0.61 (0.45 to 0.82)

High 386/57 632

Underweight 1.71 (1.24 to 2.36) 1.72 (1.25 to 2.38)

Normal weight Reference Reference

Obese/overweight 1.02 (0.69 to 1.53) 1.00 (0.67 to 1.50)

*Adjusted for ESR, EVF, height, parental SEI, appendicitis before age 20 and region of residence.
ESR, erythrocyte sedimentation rate; EVF, erythrocyte volume fraction; n, number; SEI, socioeconomic index.
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tended to be for men unsuitable for military service
(not all tests were required), the population, while
broadly representative, would have excluded those in
somewhat worse health.
Potential limitations include the lack of smoking infor-

mation, as stress may increase the likelihood of heavier
and prolonged smoking.35 Smoking is associated with
increased CD risk and inversely associated with UC.5

Therefore, smoking might account for some of the asso-
ciation observed in CD (as a mediating mechanism), but
cannot explain the observed raised UC risk associated
with low stress resilience. Stress resilience was measured
once during adolescence. Although we have seen long-
term associations into middle age for this measure with
future depression and anxiety, providing evidence that
this measure is a stable and persistent characteristic,26 it
is possible that resilience may change during adulthood,
thus reducing the precision and possibly the magnitude
of our estimates. Further potential limitations are that
we do not have direct information on how stress is per-
ceived, as captured by instruments such as the Perceived
Stress Scale (PSS);36 nor do we have direct information
on coping strategies which are an important component
of stressful experiences.36 37 Could some men with
higher stress resilience have attempted to falsify their
results towards lower resilience and therefore avoided
some aspects of military service? We have no evidence of
this but if this were the case, it would produce more con-
servative estimates. We have observed higher magnitude
and consistent associations with other diseases, including
depression and anxiety26 in subsequent adulthood, indi-
cating that this is unlikely to be a major problem.
We were unable to take into account factors like diet,

exposure to antibiotics and other personal character-
istics that may be related to stress resilience and IBD risk
(including ‘triggering events’, stressful or otherwise, that
result in frank disease onset); thus, residual confound-
ing is possible. We did adjust for parental SEI in child-
hood as this is relevant to the microbiological landscape
during the window of susceptibility in early life.5 Patients
with depression or anxiety (associated with low stress
resilience)26 may seek medical care frequently.38

Therefore, it is possible that those with lower stress resili-
ence were more likely to seek medical care and there-
fore obtain an IBD diagnosis earlier as IBD diagnostic
delay can be common among adults,39 and this could
have influenced our results. However, the opposite has
been shown to occur: individuals with low stress resili-
ence can be reluctant to seek medical care,40 resulting
in greater diagnostic delay. We know of no evidence to
suggest that the genetic susceptibility to IBD influences
stress resilience and if there were an association, our
adjustment for markers of prodromal disease activity in
adolescence would help to tackle confounding. The
results apply to men up to age 57 years and may not be
applicable to old ages or to women.
The positive predictive value (PPV), indicating the

proportion of accurate records, is estimated as 85–95%

for common diagnoses in the NPR.30 A recent validation
of IBD diagnoses in the NPR, using more detailed and
accurate information, reported a PPV of 90% for UC
and 81% for CD for patients who did not subsequently
change diagnosis between UC and CD.41 Where such
changes in diagnosis occurred, only 8% of UC and 6%
of CD diagnoses were classified as non-IBD41 (change in
IBD diagnosis only occurred in a minority of our study
population). While we cannot rule out the possibility of
some influence of error, this suggests that diagnostic
inaccuracy is unlikely to account for our results, particu-
larly as we performed sensitivity analyses to exclude the
first 15 years of follow-up when diagnostic accuracy may
have been less reliable due to less frequent use of endos-
copy: this did not alter our results notably. The average
age of IBD diagnosis indicates a slightly later onset than
commonly reported, but the ages at diagnosis are con-
sistent with other studies in Sweden conducted during
the same time period.42 43 In particular, patients with
CD who had colorectal or small bowel disease were
older at diagnosis.43

In summary, lower stress resilience in adolescence is
associated with an increased risk of IBD diagnosis in
adulthood, possibly through proinflammatory influences
or reduction of intestinal barrier integrity.
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