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ABSTRACT

Objective: To study the changes in prevalence of irritable bowel syndrome (IBS), the distribution
between the sexes and age groups, and risk factors for the disease and its subtypes.

Material and methods: Every inhabitant of Nord-Trgndelag county, Norway, over 20years of age was
invited to participate in the Trendelag Health Study (HUNT). In HUNT3 (2006-2008) and HUNT4
(2017-2019), IBS was assessed by a questionnaire. The standardized prevalence was calculated, and
risk factors were assessed by multivariable logistic regression, reporting odds ratios (OR) and 95% con-
fidence intervals (Cl).

Results: In HUNT3 and HUNT4, 41,198 and 42,669 individuals were included, respectively. The preva-
lence of IBS was 7.5% in HUNT3 and 9.5% in HUNT4. Both surveys showed higher prevalence among
women and among young adults. In HUNT4, the most prevalent subtype was mixed IBS (46.1%).
Women had increased risk of IBS compared to men (OR 1.82, 95% Cl 1.69-1.96). Age >40years
decreased the risk of IBS compared to age <40years (OR 0.82, 95% Cl| 0.75-0.90). Being unmarried
increased the risk for IBS compared to being married (OR 1.21, 95% ClI 1.11-1.32). Both previous (OR
1.28, 95% Cl 1.20-1.38) and current (OR 1.35, 95% Cl 1.20-1.51) smokers had increased risk of IBS com-
pared to never smokers.

Conclusions: IBS is a prevalent disease, and the prevalence has increased between 2006-2008 and
2017-2019. Risk of IBS was increased among women, young adults, smokers and unmarried participants.
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Introduction

Irritable bowel syndrome (IBS) is a chronic functional gastro-
intestinal disorder which is characterized by abdominal pain
and changes in bowel habits (e.g. constipation and/or diar-
rhoea) [1]. IBS is diagnosed using both inclusion and exclu-
sion criteria. Several symptom-based criteria have been
proposed. One of the most used is the ‘Rome criteria’ set
forth by the Rome Foundation which are viewed as positive
criteria for IBS, meaning that fulfilment of the criteria is suffi-
cient to diagnose the patient. The Rome criteria has been
revised several times, and in 1999 the Rome Il criteria was
released (Box 1) [2]. The latest set of criteria, the Rome IV cri-
teria, was proposed in 2016 and includes criteria for sub-
groups of IBS: diarrhoea-predominant IBS (IBS-D);
constipation-predominant IBS (IBS-C); IBS with mixed bowel
habits (IBS-M); and unsubtyped IBS (IBS-U) (Box 2) [3]. The
criteria for the subgroups are based on the Bristol stool form
scale (BSFS) (Box 3) [4].

IBS has a pooled global prevalence of 11.2% and is more
prevalent among women [5]. Most of the studies on IBS
have been conducted in European and North-American

populations, and few population-based studies following the
same population over a longer period have been conducted.

The prevalence of IBS is believed to be increasing for
both sexes and in all age groups and the risk is expected to
be higher among women and young adults [5,6]. Based on
existing research, it is believed that being overweight and
being married will decrease the risk of IBS [7,8]. It is also
believed that there might be an association between smok-
ing and IBS [9].

The aims of this study were to study the changes in
prevalence of IBS and its subtypes over time in the same
population, the differences in prevalence between the sexes
and different age groups and risk factors of IBS in the gen-
eral population.

Material and methods
Population and questionnaires

This was a population-based study based on data from the
Trendelag Health Study (HUNT) [10], which is a collaboration
between HUNT Research Centre (Faculty of Medicine and
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Box 1. The Rome Il criteria.

The patient must have at least 12 weeks of abdominal discomfort or
pain, which need not be consecutive, in the preceding 12 months
with at least two of the following features:(1) symptoms are
relieved with defecation,(2) onset is associated with a change in
stool frequency,(3) onset is associated with a change in stool form
(appearance).Symptoms that further supports the diagnosis:

e change in stool frequency (more than three defecations per day

or fewer than three defecations per week),

e change in appearance (clumpy/hard or loose/watery),

e abnormal stool passage (pain, urgency, feeling of incom-

plete passage),
e mucous,
e bloating

Box 2. The Rome IV criteria for the subtypes of irritable bowel syn-
drome (IBS).

e [BS-D: >25% of stools with Bristol types 6-7 and <25% with
types 1-2

e IBS-C: >25% of stool with Bristol stool form scale types 1-2 and
<25% with types 6-7

e IBS-M: >25% of stools with Bristol types 1-2 and >25% with
types 6-7

e [BS-U: Diagnosed with IBS but meets none of the above criteria

for subtype.

Box 3. The Bristol stool form scale (BSFS).

Type 1 - separate hard lumps, hard to pass

Type 2 - sausage-shaped, but lumpy

Type 3 - like a sausage, but with cracks on its surface
Type 4 - like a sausage, smooth and soft

Type 5 - soft blobs with clear cut edges

Type 6 — mushy consistency with ragged edges

Type 7 - liquid consistency with no solid pieces

Health Sciences, Norwegian University of Science and
Technology NTNU), Trendelag County Council, Central
Norway Regional Health Authority, and the Norwegian
Institute of Public. The health survey has been repeated four
times since the mid-1980s: HUNT1 in 1984-1986, HUNT2 in
1995-1997, HUNT3 in 2006-2008 and HUNT4 in 2017-2019.
All inhabitants of the county from 20years of age have been
invited to participate. The participants have completed sev-
eral questionnaires and anthropometric measurements have
been performed. In HUNT3 and HUNT4, the questionnaires
included questions based on the Rome Il criteria for IBS
(Box 4).

Study specific definition of IBS

From the questionnaires in HUNT, individuals that met the
criteria for an IBS diagnosis were identified. Individuals
reporting abdominal pain or discomfort the last 12 months

Box 4. The Rome Il questions in the HUNT questionnaires.

Yes or no:

e Have you had abdominal pain or discomfort in the last 12 months?

e In the last three months, have you had this as often as one day a
week for at least three weeks?

No, a little, or much:

e [s the pain/discomfort relieved by having a bowel movement?

e [s the pain/discomfort related to more frequent or less frequent
bowel movements than normal?

e [s the pain/discomfort related to the stool being softer or harder
than usual?

Never, a little, or much:

e To what degree have you had the following complaints in the last
12 months?
e Diarrhoea
e Constipation
e Alternating constipation and diarrhoea

and reporting two or more of the additional symptoms were
defined with IBS (Box 1).

Study specific definition of IBS subtypes

Based on the participants’ reply about gastrointestinal symp-
toms (Box 4) and the Rome IV criteria for subtypes (Box 2),
the IBS subtypes were defined based on the follow-
ing algorithm:

e IBS-D: ‘a little’ or ‘much’ diarrhoea and ‘never’ obstipation
IBS-C: ‘never’ diarrhoea and ‘a little’ or ‘much’ obstipation
IBS-M: ‘a little’ or ‘much’ diarrhoea and ‘a little’ or ‘much’
constipation, and ‘a little’ or ‘much’ alternating diarrhoea/
obstipation

e IBS-U: not fulfilling the criteria for IBS-D, IBS-C or IBS-M.

Risk factors

Information on sex and age was collected from the National
Population Register. The participants were asked about the
marital status, to which they replied unmarried, married, wid-
owed, divorced or separated. They were also asked about
smoking habits and replied either never smoked, ex-smoker,
daily smoker or occasional smoker. Weight and height,
needed to calculate the body mass index (BMI), was taken
by trained personnel at screening stations during the
HUNT surveys.

Statistical analysis

Sex and age adjusted prevalence was calculated based on
data from Statistics Norwegian on the total population of
Nord-Trgndelag county in 2011. The prevalence was calcu-
lated for each sex and for the different age groups (<30,
30-39, 40-49, 50-59, 60-69, 70-79 and >80). Multivariable
logistic regression reporting odds ratios (OR) and 95% confi-
dence intervals (Cl) was performed for each of the five



outcomes (IBS, IBS-D, IBS-C, IBS-M and IBS-U), adjusted for
sex, age, marital status, smoking and BMI. In the regression
model, age was divided into <40 and >40years of age.
Marital status was divided into (1) married; (2) separated,
divorced or widowed and (3) single or unmarried. Smoking
was categorized into never, previous and current (daily or
occasional) smokers. BMI was categorized into underweight
(<18.5kg/m?), normal weight (18.5-25kg/m?) or overweight
(>25kg/m?).

Results
Characteristics of study population

In HUNT3, there were 50,800 participants (54% of the
invited), and in HUNT4, there were 56,042 participants (54%),
of whom 33,819 participated in both (Table 1). The Rome I
questions were answered by 41,198 participants in HUNT3
and 42,669 participants in HUNT4. The distribution of sex,
age, marital status and BMI was consistent in the two sur-
veys. Women made up 56.2% of the study population in
HUNT3 and 57.2% in HUNT4. The mean age of the popula-
tion was 54.4years in HUNT3 and 56.2years in HUNT4, and
60.7% reported to be married in HUNT3 and 54.9% in
HUNT4. There were fewer current smokers in HUNT4 com-
pared to HUNT3 (9.4% and 22.6%, respectively). Mean BMI
was 27.2 in both surveys.

Prevalence of IBS

The sex- and age-adjusted prevalence of IBS was 7.5% (95% Cl
7.2-7.7) in HUNT3 (2006-2008) and 9.5% (95% Cl 9.2-9.8) in
HUNT4 (2017-2019) (Table 2). IBS was more prevalent among

Table 1. Characteristics of the study population.

HUNT3
(2006-2008)

HUNT4
(2017-2019)

Number % Number %

Respondents, % of invited 50,800 54.1 56,042 54.0
Respondents to Rome-questionnaire 41,198 81.1 42,669 76.1
Women 23,140 56.2 24,407 57.2
Age,

Mean, SD 544 15.7 56.2 171

Median, I1QR 55.1 43.0-65.7 57.7 44.2-69.3
Marital status

Married 24,999 60.7 23,407 54.9

Separated, widowed, or divorced 7679 18.6 7588 17.8

Unmarried 8469 20.6 11,432 26.8

Missing 51 0.1 242 0.6
Smoking status

Never smoker 17,187 41.7 18,559 435

Previous smoker 13,582 33.0 19,755 46.3

Current smoker 9315 22.6 3994 9.4

Missing 1114 2.7 361 0.8
BMI (kg/m?)

Mean, SD 27.2 4.4 27.2 4.7

Median, IQR 26.7 24.2-296 26.7 24.0-29.8

Underweight® 269 0.7 403 1.0

Normal weight® 12,979 316 13,790 326

Overweight® 27,806 67.7 28,110 66.5

Missing 144 0.3 366 0.9

BMI: body mass index; IQR: interquartile range, SD: standard deviation.
2<18.5 kg/m.

b>18.5 < 25 kg/m.

3>25kg/m?.
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women (8.9% in HUNT3 and 12.1% in HUNT4) than among
men (6.0% in HUNT3 and 7.1% in HUNT4). The prevalence was
highest in young adults (11.5%, 95% Cl 10.9-12.2 among par-
ticipants under 40years) and decreased with advancing age
(8.9%, 95% Cl 8.6-9.2 among the participants over 40 years)
(Figure 1). Most of the participants with IBS reported not to
smoke (72.4% in HUNT3 and 89.0% in HUNT4), and there was
a reduction in the number of current smokers between the
studies (27.6% in HUNT3 and 11.0% in HUNT4).

The most common subtype of IBS was IBS-M in both sur-
veys (38.6% in HUNT3 and 46.1% in HUNT4), followed by
IBS-D (30.3% in HUNT3 and 23.8% in HUNT4) (Table 2 and
Figure 2). IBS-D was more prevalent among men (38.7% in
HUNT3 and 32.8% in HUNT4) than women (21.5% in HUNT3
and 17.6% in HUNT4) and IBS-C was more prevalent among
women (21.9% in HUNT3 and 23.9% in HUNT4) than men
(12.5% in HUNT3 and 14.4% in HUNTA4).

Table 2. Sex- and age-adjusted prevalence of IBS and its subtypes.

HUNT3 HUNT4
(2006-2008) (2017-2019)
% 95% Cl % 95% Cl
Pooled prevalence of IBS 7.5 7.2-7.7 9.5 9.2-9.8
Among women 8.9 8.6-9.3 121 11.6-12.5
Among men 6.0 5.6-6.4 7.1 6.7-7.5
Subtypes of IBS
IBS-D 303 28.5-32.1 253 23.8-26.9
Among women 21.5 19.7-23.4 17.6 16.2-19.1
Among men 387 35.6-41.9 328 30.1-35.6
IBS-C 17.1 15.8-18.5 19.0 17.8-20.3
Among women 219 20.1-23.7 239 22.3-255
Among men 12.5 10.6-14.8 14.4 12.5-16.5
IBS-M 386 36.7-40.6 46.1 44.3-47.8
Among women 423 40.1-44.5 49.2 47.3-51.0
Among men 352 32.1-384 43.0 40.1-46.0
IBS-U 14.0 12.8-15.4 9.6 8.6-10.6
Among women 143 12.9-16.0 9.4 8.4-10.5
Among men 13.6 11.6-15.8 9.8 8.2-116

Cl: confidence interval; IBS: irritable bowel syndrome; IBS-D: diarrhoea-pre-
dominant IBS; IBS-C: constipation-predominant IBS; IBS-M: IBS with mixed
bowel habits; IBS-U: unsubtyped IBS.

HUNT4 (2017-2019)

15

Prevalence %

0= | | | | 1
20-29 30-39 40-49 50-59 60-69 70-79

Age groups
Figure 1. Age distribution of IBS in HUNT4. The prevalence of IBS (black line)

with 95% confidence interval (grey area) distributed among the different age
groups (x-axis). HUNT4: the fourth Trgndelag Health Study; IBS: irritable

bowel syndrome.
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Figure 2. Prevalence of the subtypes of IBS. HUNT: Trondelag Health Study;
IBS: irritable bowel syndrome; IBS-D: diarrhoea-predominant IBS; IBS-C: consti-
pation-predominant IBS; IBS-M: IBS with mixed bowel habits; IBS-U: unsub-
typed IBS.

Table 3. Risk factors for IBS.

HUNT3 HUNT4
(2006-2008) (2017-2019)

IBS OR? 95% CI OR? 95% CI
Sex

Men 1.00 Reference  1.00  Reference

Women 1.48 1.37-1.61 1.82 1.69-1.96
Age

Age <40years 1.00  Reference  1.00  Reference

Age >40years 0.78 0.70-0.87 0.82 0.75-0.90
Marital status

Married 1.00 Reference  1.00  Reference

Separated, widowed or divorced 1.03 0.93-1.14 1.04 0.95-1.13

Unmarried 1.05 0.94-1.16 1.21 1.11-1.32
Smoking habits

Never smoker 1.00 Reference  1.00  Reference

Previous smoker 1.37 1.25-1.50 1.28 1.20-1.38

Current smoker 1.44 1.31-1.58 135 1.20-1.51
BMI

Underweight 1.42 0.97-2.08 1.31 0.98-1.75

Normal weight 1.00  Reference  1.00  Reference

Overweight 0.91 0.84-0.98 1.05 0.98-1.13

?Adjusted for the other variables in the table.
IBS: irritable bowel syndrome; HUNT: Trgndelag Health Study; OR: odds ratio;
Cl: confidence interval; BMI: body mass index.

Risk of IBS

The risk estimates for IBS were comparable between HUNT3
and HUNT4 (Table 3 and Figure 3). In HUNT4, the risk of IBS
was increased among women compared to men (adjusted
OR 1.82, 95% Cl 1.69-1.96), and age >40years was associ-
ated with decreased risk of IBS (OR 0.82, 95% Cl| 0.75-0.90).
Being unmarried increased the risk of IBS (OR 1.21, 95% ClI
1.11-1.32) compared to being married. Both previous (OR
1.28, 95% Cl 1.20-1.38) and current (OR 1.35, 95% Cl
1.20-1.51) smoking increased the risk of IBS compared to
never smoking. The was no significant association between
IBS and BMI.

In contrast to IBS overall, the risk of IBS-D was decreased
among women compared to men (OR 048, 95% CI
0.41-0.56) (Table 4) and being unmarried decreased the risk
for IBS-C (0.80, 95% Cl 0.65-0.99) (Table 5). Overweight was

HUNTS3 (2006-2008)

Women - =
Age >40 years - -

Unmarried - i—O—I

Separated — I @ {

Previous smoker - : =
Current smoker — ' i
Underweight — I = {
Overweight I-O-I
T T T 1
0.5 1.0 1.5 20 25
Odds Ratio
HUNT4 (2017-2019)
Women - (|
Age >40 years - HiH

Unmarried - e

Separated - I—.—I

Previous smoker - : -
Current smoker - N
Underweight - l—l—l
Overweight— I—O-I
0.5 1.0 1:5 2:0 2:5
Odds Ratio

Figure 3. Risk factors for IBS. The adjusted odds ratios with 95% confidence
intervals for each risk factor, adjusted for the other risk factors in the figure.
Reference values: men, age <40 years, married, non-smoker, normal weight.
IBS: irritable bowel syndrome.

associated with decreased risk of IBS-C (OR 0.75, 95% ClI

Table 4. Risk factors for IBS-D.

HUNT3 HUNT4
(2006-2008) (2017-2019)

IBS-D OR? 95% Cl OR? 95% Cl
Sex

Men 1.00 Reference 1.00 Reference

Women 0.42 0.36-0.50 0.48 0.41-0.56
Age

Age <40years 1.00  Reference  1.00  Reference

Age >40years 0.68 0.55-0.86 1.04 0.84-1.28
Marital status

Married 1.00  Reference  1.00  Reference

Separated, widowed or divorced 0.90 0.72-1.13 0.95 0.76-1.18

Unmarried 0.91 0.72-1.15 0.17 0.96-1.43
Smoking habits

Never smoker 1.00  Reference  1.00  Reference

Previous smoker 0.95 0.78-1.16 0.95 0.80-1.11

Current smoker 1.07 0.86-1.31 0.88 0.68-1.15
BMI

Normal weight 1.00  Reference  1.00  Reference

Underweight 0.48 0.17-1.41 0.50 0.21-1.17

Overweight 1.08 0.90-1.29 0.97 0.83-1.15

?Adjusted for the other variables in the table.
IBS-D: diarrhoea-predominant irritable bowel syndrome; HUNT: Trgndelag
Health Study; OR: odds ratio; Cl: confidence interval; BMI: body mass index.



Table 5. Risk factors for IBS-C.
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Table 7. Risk factors for I1BS-U.

HUNT3 HUNT4 HUNT3 HUNT4
(2006-2008) (2017-2019) (2006-2008) (2017-2019)

IBS-C OR? 95% Cl OR? 95% Cl IBS-U OR? 95% Cl OR? 95% Cl
Sex Sex

Men 1.00 Reference  1.00 Reference Men 1.00 Reference 1.00 Reference

Women 1.94 1.56-2.41 1.58 1.32-1.89 Women 097  0.78-1.21 0.91 0.72-1.14
Age Age

Age <40 1.00  Reference  1.00  Reference Age <40years 1.00 Reference 1.00 Reference

Age >40 1.46 1.11-1.92 1.18 0.94-1.48 Age >40years 1.72 1.25-2.37 1.14 0.83-1.56
Marital status Marital status

Married 1.00 Reference  1.00 Reference Married 1.00 Reference  1.00  Reference

Separated, widowed, or divorced 1.00 0.79-1.27 1.10  0.90-1.35 Separated, widowed, or divorced 1.04  0.80-1.35 1.19 0.90-1.56

Unmarried 0.75 0.56-0.99 0.80 0.65-0.99 Unmarried 0.81 0.59-0.12 0.84 0.63-1.13
Smoking habits Smoking habits

Never smoker 1.00 Reference  1.00 Reference Never smoker 1.00 Reference  1.00  Reference

Previous smoker 092 0.74-1.14 098 0.83-1.16 Previous smoker 083 0.65-1.06 090 0.72-1.12

Current smoker 0.73 0.57-0.92 0.82 0.63-1.07 Current smoker 0.90 0.69-1.17 0.74 0.51-1.09
BMI BMI

Normal weight 1.00 Reference  1.00  Reference Normal weight 1.00  Reference  1.00  Reference

Underweight 074 030-1.84 159 0.90-2.78 Underweight 133  0.50-3.55 168 0.77-3.64

Overweight 0.61 0.50-0.74 0.75 0.64-0.88 Overweight 1.06 0.85-1.32 1.07 0.85-1.35

?Adjusted for the other variables in the table.
IBS-C: constipation-predominant irritable bowel syndrome; HUNT: Trgndelag
Health Study; OR: odds ratio; Cl: confidence interval; BMI: body mass index.

Table 6. Risk factors for IBS-M.

HUNT3 HUNT4
(2006-2008) (2017-2019)

IBS-M OR? 95% Cl OR? 95% Cl
Sex

Men 1.00 Reference  1.00  Reference

Women 1.44 1.22-1.69 1.35 1.17-1.55
Age

Age <40 1.00  Reference  1.00  Reference

Age >40 0.84 069-1.04 0.84 0.70-1.00
Marital status

Married 1.00 Reference  1.00  Reference

Separated, widowed, or divorced 1.05 0.86-1.28 090 0.76-1.07

Unmarried 1.41 1.14-1.73 1.09 0.92-1.29
Smoking habits

Never smoker 1.00 Reference  1.00  Reference

Previous smoker 1.22 1.02-1.45 1.10  0.96-1.26

Current smoker 1.23 1.02-148 136  1.10-1.69
BMI

Normal weight 1.00  Reference  1.00  Reference

Underweight 1.63 0.79-3.36 0.78 0.45-1.34

Overweight 127  1.08-149 121 1.06-1.39

@Adjusted for the other variables in the table.
IBS-M: irritable bowel syndrome with mixed bowel habits; HUNT: Trgndelag
Health Study; OR: odds ratio; Cl: confidence interval; BMI: body mass index.

0.64-0.88) (Table 5) and an increased risk of IBS-M (OR 1.21,
95% Cl 1.06-1.39) (Table 6). IBS-U was not clearly associated
with any of the assessed risk factors (Table 7).

Discussion

This population-based cohort study showed that IBS is a
common disease with increasing prevalence. IBS was more
prevalent among women than men and decreased in preva-
lence with increasing age. The risk of IBS was increased
among women, with age below 40years, among unmarried
participants, and among both current and previous smokers.
The risk of IBS-C was increased among women, while the risk
of IBS-D was increased among men. The risk of IBS-C was
decreased in overweight participants, while the risk of IBS-M

?Adjusted for the other variables in the table.
IBS-U: unsubtyped irritable bowel syndrome; HUNT: Trgndelag Health Study;
OR: odds ratio; Cl: confidence interval; BMI: body mass index.

was increased in women, current smokers and overweight
participants.

The population-based study design reduced the risk of
selection bias and made the study representative for the
general population. The high number of participants and
information on relevant covariables made analyses of IBS
subtypes and adjustment for confounders possible. The use
of the validated Rome Il criteria for IBS reduced misclassifica-
tion. However, as the Rome |l criteria is one of the stricter of
all the different criteria for IBS, the prevalence might be
underestimated compared to studies that utilize other revi-
sions of the criteria (see below). Of limitations, the low
response rate might increase the risk of selection bias.
However, as the study was a general health study, the selec-
tion was probably non-differentially related to IBS. The study
also lacked information about other gastrointestinal disorders
with similar symptoms among the participants. However, the
Rome criteria are considered positive criteria for IBS. In
the Rome IV criteria, the BSFS is used to subtype IBS, while
the present study used data on the subjective perception of
symptoms reported by the participants only. However, the
grade of which the participants reported diarrhoea, constipa-
tion and mixed symptoms was converted into a score which
corresponds to the BSFS.

A few studies have assessed the differences between the
Rome I, Il and IV criteria and their effects on epidemiologic
studies. One study from 2007 on an Israeli population found
that the Rome Il criteria produced a significantly lower preva-
lence of IBS compared to the Rome Il criteria [11]. The Rome
Ill criteria also increases the prevalence compared to the
Rome IV criteria [12]. The severity of symptoms was higher in
the groups that kept the diagnosis when the Roma IV-criteria
was used, compared to using the Rome Il criteria [13,14].
Thus, the present study using the Rome Il criteria might pre-
sent a conservative estimate of the prevalence of IBS. One
study from 2003 suggests a pooled overall prevalence of IBS
of 11.5% in eight European countries with a wide
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geographical variation [15]. In a population-based study from
2006 with 4622 participants from Oppland County in
Norway, the prevalence was estimated to 8.4% utilizing the
Rome I criteria [16]. A meta-analysis based on publications
between 2006 and 2020 of 53 studies with a total of 395,385
participants found a pooled prevalence of 9.2% when the
Rome Il criteria was used [12]. These studies of prevalence
are well in line with the results from the present study; how-
ever, none of these have assessed the change in prevalence
over time in the same population while also stratifying for
the subtypes for IBS.

The meta-analysis from 2020 also found higher prevalence
and increased risk of IBS among women (OR 1.46, 95% Cl
1.33-1.59) [12]. Comparable odds ratios have also been
found in a meta-analysis utilizing the Rome Il criteria [6].
These results resonate well with our findings of observed
prevalence and the impact of sex on the diagnosis. In a
meta-analyses of 80 studies with a total of 260,960 partici-
pants, the risk of IBS was reduced with increasing age (OR
0.75, 95% Cl 0.62-0.92 with age above 50) [5]. This is com-
parable with the results of the present study. Reasons for
this difference in risk of IBS with age is not clear, but sugges-
tions have been made regarding stress and uncertain life sit-
uations as possible causes of the increased risk in younger
age groups [7]. A Korean study from 2006 with 1066 partici-
pants found that being married reduced the risk of IBS com-
pared to being single or divorced (OR 0.59, 95% Cl
0.35-0.99) [7]. However, this association was not found in
the study of 3022 participants from Olmsted county in
Minnesota, USA [17]. Different cultural and social settings
between Eastern and Western countries could, in part,
explain this geographical difference in terms of risk. The pre-
sent study showed that being unmarried increased the risk
of IBS when compared to married participants. Being sepa-
rated, divorced or widowed, however, did not have a signifi-
cant effect on risk when compared to being married. Our
hypothesis was therefore not confirmed. A small cross-sec-
tional study conducted in Karachi, Pakistan, looked specific-
ally on the occurrence of IBS in a selection of smokers and
non-smokers. The study found that non-smokers were more
likely to have IBS (OR 3.00, 95% CI 1.23-7.30) [18]. However,
a Lebanese study of 553 participants could not find an asso-
ciation between smoking and IBS [19]. A systematic review
published in 2017 compared smoking prevalence between
subjects with and without IBS in 33 publications and could
not find an association between the two, but the authors
suggested that stratifying for the subtypes of IBS is needed
to better understand the connection [9]. In the present
study, a dimensional analysis was conducted on smoking,
including never, previous and current smoking, on IBS and
all its subgroups. These analyses showed that current and
previous smoking increased the risk of IBS overall and IBS-M
compared to never smoking, thus supporting the hypothesis
of an association between smoking and IBS. The data on
smoking habits was only qualitative and the quantitative
association between amount of smoking and IBS was not
assessed. A Swedish study from 2021 studied smoking as a
potential risk factor, including information on the number of

cigarettes smoked a day. They found a significantly increased
risk for IBS-D among heavy smokers (>20 cigarettes/day) but
no association between number of cigarettes smoked a day
and IBS-C or IBS-M [20]. In a Japanese study from 2021, a
small decreased risk of IBS was found with increasing BMI
(OR 0.92, 95% Cl 0.88-0.95, for each unit increase in BMI) [8].
In the present study, overweight did not have an impact on
the risk of IBS overall, but increased the risk of IBS-M and
decreased the risk of IBS-C.

IBS has negative effects on health-related quality of life
[21] and is associated with psychiatric and somatic comorbid-
ities [16]. It is generally underdiagnosed [22] and has the
potential to cause extensive use of medical resources [23],
but a better understanding of the epidemiologic characteris-
tics of IBS will help the clinicians in the diagnostic process.
The present study shows that the disease is common, that it
is getting more prevalent, and that the prevalence of IBS
and its subtypes is dependent on sex and age. Smoking was
associated with IBS and prevention of smoking or smoking
cessation could be beneficial for the prevalence of IBS. The
risk factors acted differently on the different subtypes of IBS,
which could imply that the subtypes might be fundamentally
different conditions that should be managed differently.

Conclusion

The prevalence of IBS was high and seems to be increasing
in this general population followed over time. The risk was
higher among women, young adults, smokers and unmarried
participants. The risk factors differed between the IBS sub-
types, which could imply that the subtypes are fundamen-
tally different conditions that should be managed differently.
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