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Contribution of sex and gender
roles to the incidence

of post-infectious irritable bowel
syndrome in a prospective study

Jae Ho Park'?, Sun Hyung Kang?3*!, Ju Seok Kim'2, Hee Seok Moon?3, Jae Kyu Sung?3 &
HyunYong Jeong?3

Post-infectious irritable bowel syndrome (PI-1BS) occurs in about 10% of cases following
gastroenteritis. The incidence of IBS is higher in females. However, it is not clear whether this is due
to biological or psychosocial factors. We aimed to investigate the influence of gender roles on the
incidence of PI-IBS, alongside traditional risk factors. Our study included 231 patients diagnosed

with gastroenteritis who were hospitalized and treated with antibiotics between 2018 and 2021.

The Korean Sex Role Inventory-Short Form (KSRI-SF), based on the Bem Sex Role Inventory (BSRI)
was used to categorize patients (androgynous, masculine, feminine, and undifferentiated types). Six
months after treatment, we conducted a telephone survey to confirm the presence of PI-IBS using the
ROME IV criteria. Among the patients, 43.3% were female, and the mean age was 43.67 +16.09 years.
After 6 months, 34 patients developed PI-IBS. Univariate analysis revealed that younger age, female
sex, KSRI-SF undifferentiated type, and longer duration of antibiotic use independently influenced
the occurrence of PI-IBS. Multivariate analysis showed that PI-IBS was associated with the KSRI-SF
undifferentiated type and higher C-reactive protein (CRP) levels. Our study showed that the KSRI-SF
undifferentiated type and high CRP levels at initial infection were associated with PI-IBS.

Female predominancy of irritable bowel syndrome (IBS) is well known and has been confirmed in recent
studies?. Post-infectious IBS (PI-IBS), where infection is the clear causal factor, is also predominantly expressed
in females®. Abdominal pain is an essential element for the diagnosis of IBS in the ROME 1V criteria. Abdominal
discomfort or pain were the diagnostic criteria in ROME III; however, abdominal discomfort was excluded from
the diagnostic criteria in ROME IV, and the scope was expanded from relieving symptoms due to defecation to
symptoms related to defecation. Therefore, the presence or absence of pain, a subjective complaint of the patient,
has emerged as an important factor in the diagnosis of IBS, and the need to analyze the factors contributing to
the subjective pain threshold has increased.

Sex-based differences in the prevalence of pain are well known*®. Most population-based studies have found
a higher prevalence of pain in females than in males, and it has been reported that females are more likely to
express symptoms and respond to pain than males’. Abdominal pain is also more common in females, and several
epidemiological studies have also revealed that abdominal pain is more common in IBS in females’. It is unclear
whether this is due to biological sex or to the gender roles. A gender role is a role that is socially learned and con-
sidered desirable and has the characteristics of masculinity and femininity. According to previous studies on pain,
it has been reported that people who identify with male gender roles are more tolerant of pain and people who
identify with female gender roles have a lower pain threshold®. Additionally, in a previous study, it was reported
that there was a difference in the rate of reporting the presence or absence of pain due to social gender roles*.

It has been suggested that IBS is influenced by the brain-gut axis>!®. Central modulation of the brain and
peripheral pain reception from gut visceral hypersensitivity are known to interact and influence each other. There
are several reports on anatomical and hormonal differences due to biological differences. However, there are few
studies on the effects of social gender roles in the psychological domain. Therefore, we attempted to determine
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whether conventional factors, biological sex, and social gender roles (divided into androgynous, masculinity,

femininity, and undifferentiated) affect abdominal pain complaints and, thus, the occurrence of PI-IBS.

Results

Patient characteristics

Of the 231 patients identified with acute gastroenteritis, 34 patients were diagnosed with PI-IBS (Fig. 1); the
mean age of patients was 43.67 +16.09 years; 188 patients (81.4%) were < 60 years of age (Table 1). There were
109 (58.0%) males and 79 (42.0%) females under the age of 60 and 22 (51.2%) males and 21 (48.8%) females over
60 years of age. Differences in the incidence of abdominal pain and PI-IBS between men and women as well as
mean age were observed, but were not associated with BMI, underlying diseases such as diabetes and blood pres-
sure, smoking, or drinking. The KSRI-SF classifications were: androgynous type, 62 (26.8%); masculine type, 61
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Figure 1. The study flow diagram. D Diarrhea type, C Constipation type, CRP C-reactive protein, IBS irritable
bowel syndrome, M mixed type, PI-IBS post infectious irritable bowel syndrome, U undifferentiated type.

Patient-related characteristics
ALL No abdominal pain | Abdominal pain No PI-IBS PI-IBS

Variable n=231 n=177 n=>54 P n=197 n=34 ?
Age (years) 43.67+16.09 |44.98+16.63 39.39+13.41 0.013 |44.61+16.47 |38.24+12.5 |0.012
<60 188 139 49 157 31

=60 43 38 5 40 3

Sex 0.008 0.044
Male 131 109 22 117 14

Female 100 68 32 80 20

BMI (kg/m?) 24.04+3.51 23.80+3.30 24.82+4.05 0.06 23.93+£3.39 24.62+4.12 | 0.363
<23.0 80 66 14 70 10

23.0-25.0 75 56 19 63 12

>225.0 76 55 21 64 12

Underlying disease

DM 37 30 7 0.484 |33 4 0.464
HTN 21 17 4 0.623 |18 3 0.953
Smoking 0.723 0.338
Yes 35 26 9 28 7

No 196 151 45 169 27
Drinking 0.704 0.454
Yes 82 64 18 68 14

No 149 113 36 129 20

Table 1. Baseline characteristics.
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(26.4%); feminine type, 57 (24.7%); and undifferentiated type, 51 (22.1%) patients. In each group, 25 (40.32%),
21 (34.43%), 23 (40.35%), and 31 (60.8%) patients were females, respectively (Table 2).

Characteristics of infection at initial admission

During hospitalization, fever occurred in 151 (65.4%) patients. The maximal number of diarrhea incidents per
day was 7.05+5.90 and peak C-reactive protein (CRP) was 10.56 +6.09 mg/dL. Four types of antibiotics were
used in relation to the severity of the disease, causative organism, and patient’s condition (ciprofloxacin, cipro-
floxacin with metronidazole, ceftriaxone, and ceftriaxone with metronidazole); ciprofloxacin alone was the most
common treatment (155 patients, 67.1%, Table 2). The average number of days of antibiotic use was 10.79+1.79.

Factors that affected the occurrence of PI-IBS

PI-IBS occurred in 34 patients (14.71%), 14 (41.2%) of whom were male and 20 of whom (58.8%) were female
(P=0.044) (Table 1). Most patients had IBS-diarrhea (n=14), followed by those with IBS-mixed (n=10),
IBS-constipation (n=5), IBS-unclassified (n=>5, Table 3). The PI-IBS group was younger (38.24 +12.50 vs.
44.61+16.47 years) and had a longer period of antibiotics use (11.41+1.94 vs. 10.64 + 1.73 days) than the non-
PI-IBS group. (Table 1, 2.)

The effects of the clinical factors on the occurrence of PI-IBS were analyzed (Table 4). Univariate analysis
revealed that younger age (odds ratio [OR] 0.971; 95% confidence interval [CI], 0.946-0.997), female sex (OR
2.124; 95% CI 1.009-4.468), the KSRI-SF undifferentiated type (OR 2.676; 95% CI 1.014-7.062), Peak CRP (OR
1.084; 95% CI 1.021-1.150) and longer duration of antibiotics use (OR 1.259; 95% CI 1.041-1.523) influenced
the occurrence of PI-IBS.

ALL No abdominal pain Abdominal pain No PI-IBS PI-IBS
Variable n=231 n=177 n=>54 P n=197 n=34 P
Fever (Days) 0.86+0.97 0.81+£0.99 1.04+0.910 0.130 0.85+0.99 0.91+0.830 0.745
Fever
Presence 151 111 40 0.125 128 23 0.091
Absence 80 66 14 69 11
Diarrhea (n) 7.05+5.90 6.74+5.90 8.06+5.88 0.152 6.96+5.93 7.56+5.80 0.585
Peak CRP (mg/dL) 10.56 £6.09 8.99+5.19 15.7+6.07 <0.01 10.10£6.13 13.22+5.21 <0.01
Antibiotics 0.803 0.090
Ciprofloxacin 155 119 36 134 21
Ciprofloxacin + Metronidazole | 39 28 11 32 7
Ceftriaxone 28 23 5 24 4
Ceftriaxone + Metronidazole 9 7 2 7 2
Duration of antibiotic use (days) | 10.79+1.79 10.58 £1.69 11.48+1.95 <0.01 10.68 +1.74 11.41+1.94 0.046
Androgynous 52 10 54 8
Gender role identity Masculine % U 0.002 > i 0.030
Feminine 46 11 53 4
Undifferentiated 29 22 37 4

Table 2. Clinical finding of initial admission. BMI body mass index, CRP C-reactive protein, DM diabetes
mellitus, HTN hypertension, PI-IBS post infectious irritable bowel syndrome.

Post infectious IBS | Total n=34 | %
PI-IBS type Diarrhea 14 6.1
Constipation 5 2.2
Mixed 10 4.3
Undifferentiated 5 2.2
Abdominal pain PI-IBS
Factors Univariate OR (95% CI) | P** Univariate OR (95% CI) | P**
Sex
Male 1.0 (Reference) 1.0 (Reference)
Female 1.996 (1.154-3.454) 0.013 | 2.124 (1.009-4.468) 0.047
KSRI-SF
Masculine type 1.0 (Reference) 1.0 (Reference)
Feminine type 4.158 (1.909-9.053) <0.01 |0.480 (0.136-1.699) 0.255

Table 3. Clinical finding of Post infectious irritable bowel syndrome group.
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Factors Univariate OR (95% CI) | P** Multivariate AOR (95% CI) | P**
Age 0.971(0.946-0.997) 0.030

Sex (female) 2.124(1.009-4.468) 0.047

BMI (Kg/m?) 1.072(0.964-1.192) 0.200

DM 0.633(0.209-1.923) 0.420

HTN 1.090(0.298-3.990) 0.896

Smoking

Never 1.0 (Reference)

Present 1.508(0.597-3.806) 0.385

Drinking

Never 1.0 (Reference)

Present 1.411(0.668-2.984) 0.367

KSRI-SF

Androgyny 1.0 (Reference) 1.0 (Reference)

Masculinity 1.083(0.377-3.113) 0.882 | 1.381(0.464-4.110) 0.562
Femininity 0.520(0.147-1.836) 0.310 | 0.608(0.168-2.205) 0.449
Undifferentiated 2.676(1.014-7.062) 0.047 | 3.456(1.245-9.591) 0.017
Initial admission

Fever duration (Days) 1.047(0.739-1.483) 0.796

Diarrhea (Most frequent/day) 1.012(0.995-1.072) 0.687

Antibiotics duration 1.259(1.041-1.523) 0.018 | 1.206(0.967-1.502) 0.096
Peak CRP 1.084(1.021-1.150) 0.008 | 1.070(1.002-1.143) 0.043
Procalcitonin 1.181(0.885-1.576) 0.259
Antibiotics

Ciprofloxacin 1.0 (Reference)

Ciprofloxacin + Metronidazole 1.679(0.647-4.357) 0.286

Ceftriaxone 1.188(0.371-3.807) 0.772

Ceftriaxone + Metronidazole 2.079(0.393-10.994) 0.389

Antibiotics

One (Ciprofloxacin or ceftriaxone) 1.0 (Reference)

Combined with metronidazole 1.710(0.729-4.009) 0.217

Table 4. Risk factors of post-infectious irritable bowel syndrome. BMI body mass index, AOR adjusted odds
ratio, CI confidence interval, DM diabetes mellitus, HTN hypertension, KSRI-SF Korean Sex Role Inventory-
Short Form.

In the multivariate analysis of these factors, the incidence of PI-IBS was higher in patients with higher
peak CRP levels (OR, 1.070; 95% CI 1.002-1.143) and the KSRI-SF undifferentiated type (OR, 3.456; 95% CI
1.245-9.591).

Effect of sex and gender roles on abdominal pain and PI-IBS
Abdominal pain and PI-IBS occurrence were analyzed by dividing the participants into biological sex (male and
female) and the KSRI-SF masculine and feminine types (Table 5). Univariate analysis showed that the presence

b (1=

Gender role identity by B )

KSRI-SF* n=231 (%) N(%) P+ Abdominal painn=54 | All No PI-IBS (n=20) | PI-IBS (n=34) | P** PI-IBS n=34
Male 37(59.7) 4(10.8%) 2.50+1.29 4

Androgynous 62 (26.8) 0.663 2.50+£2.12 2.50+1.51 1.00
Female | 25(40.3) 6 (24%) 2.83+1.47 4
Male | 40(65.6) 6 (15.0%) 1.83+0.75 5

Masculine 61 (26.4) 0.199 2.33+£0.577 1.752+0.707 0.23
Female |21(34.4) 5(23.8%) 2.80+0.84 3
Male 34(59.6) 5(14.7%) 3.20+0.83 2

Feminine 57 (24.7) 0.570 3.43+2.07 3.75+0.957 0.780
Female |23(40.4) 6(26.1%) 4.33+£1.63 2
Male | 20(39.2) 7 (35%) 4571083 3

Undifferentiated 51(22.1) 0.015 4.71+1.113 5.64+1.008 0.690
Female | 31(60.8) 15 (48.4%) 5.60+0.99 11

Table 5. PI-IBS according to KSRI-SF gender role type. KSRI-SFKorean Sex Role Inventory Short Form, NRS
Numeric Rating Scale, PI-IBS post-infectious irritable bowel syndrome.
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of abdominal pain was observed more commonly in females compared to males (OR 1.996, 95% CI 1.154-3.454,
P=0.013) and in the KSRI-SF feminine type compared to the masculine type (4.158, 95% CI 1.909-9.053,
P<0.01). In Fig. 2, we presented the severity of symptom expression categorized as asymptomatic, abdominal
discomfort, and abdominal pain in male and female patients, as well as the occurrence rate of PI-IBS in patients
with abdominal pain. It was observed that both the frequency of abdominal pain and the occurrence of PI-IBS
were higher in females compared to males. When considering the KSRI-SF masculine type, those showing KSRI-
feminine type reported a higher rate of abdominal discomfort and pain. In the case of PI-IBS, as shown in Table 3,
female sex showed a significant association compared to male sex; but compared to the KSRI-SF masculine type,
the feminine type showed no significant association (OR 0.480, 95% CI 0.136-1.699, P=0.255).

Discussion

To our knowledge, this is the first study to analyze the effects of biological sex, gender roles, and various infec-
tious factors on PI-IBS using the ROME IV criteria. In particular, the purpose of this study was to analyze the
effects of biological and acquired gender roles on the occurrence of IBS. The analysis was conducted in selected
groups, excluding those previously diagnosed with IBS and psychiatric illnesses or those receiving psychiatric
medications. The incidence of PI-IBS has been reported to be approximately 20%, according to ROME IIT",
and 10-12.8%, according to ROME IV*!2. Our study, based on ROME IV, had an incidence of 14.7%. Our study
reaffirmed previous findings that the incidence of PI-IBS increases with young age, severe enteritis, female sex,
and psychological factors.

The ROME Foundation Working Team Report introduced PI-IBS as a complex and multifactorial disor-
der. Impaired visceral motility and visceral hypersensitivity, the microbiome, intestinal permeability, immune
dysregulation'*-'*, the enteroendocrine pathway'®~'%, and genetics have been proposed as possible mechanisms
of PI-IBS’. Younger age, female sex, psychological status, severity of initial enterocolitis, and pathogens (bac-
teria, viruses, protozoa, and parasites) have been reported as specific factors influencing the development of
PI-IBS*!'219-22, According to the ROME 1V criteria, episodic abdominal pain is an essential symptom for the
diagnosis of IBS' and is the most significant symptom that leads to hospital visits. It also affects quality of life,
the need for medical therapy, and social expenditure?*?. The presence or absence of pain has subjective charac-
teristics, even when the same stimulation intensity is given. The threshold for determining the presence of pain
involves complex factors resulting from the central and peripheral interactions*.

Male (n=131) Female (n=100)

Post infectious
IBS 14 (10.7%)

Post infectious
IBS 20 (20%)

O:

o:

Figure 2. Incidence of abdominal pain and PI-IBS in patients with infectious colitis when stratified by sex
(male, female) or gender (masculine, feminine). IBS irritable bowel syndrome, PI-IBS post infectious irritable
bowel syndrome.

Masculine (n=61) Feminine (n=57)

Post infectious
IBS 8 (13.1%)

Post infectious
IBS 4 (7.0%)
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The biological differences between males and females are traditionally explained by chromosomes, gonads,
hormones (estrogen and progesterone/testosterone), and external genitalia. Such differences cause anatomical
differences and affect not only the spatial structure of the organs in the abdominal cavity but also the function of
the gastrointestinal tract. There are also differences between males and females in the onset of IBS symptoms’. In
one meta-analysis, females were more likely to report abdominal pain and constipation-related symptoms were
predominant, while diarrhea-related symptoms were predominant in men®. Symptom differences according to
menstruation, menopause, and hormone supplementation in women were analyzed, but insufficient data were
reported.

In our study, females had more complaints of abdominal pain and there was a correlation with the occurrence
of PI-IBS in the univariate analysis. In a previous study, when sigmoid stimulation was administered, discomfort
was reported only in females with IBS, and not in males with or without IBS. This suggests that sex differences
significantly influence perceptual sensitivity to rectosigmoid distension®. Numerous studies have focused on
the role of estrogen as the cause of this difference?”?%. In female patients with IBS, heightened neuronal activity
in regions responsible for emotional processing, such as the insula, cingulate cortex, and amygdala, has been
observed®-3!. These differences are likely to contribute to visceral pain transmission in females.

Estrogen and progesterone have also been linked to intestinal permeability by increasing T cell and mast
cell activities®>**, Reports indicate that 16-50% of patients with PI-IBS experience increased intestinal
permeability’>*. Estrogen has been found to decrease permeability by increasing the tight junction protein®,
while progesterone has been shown to reduce gut permeability by increasing occludin expression®. Hormonal
ratios and concentrations influence intestinal permeability and thus IBS expression. In a study of prepubescent
children, female patients with IBS showed an increased recovery of sucrose percentage and increased intestinal
permeability compared to controls, while no difference was observed in males®’. As such, the degree of hormonal
effect on IBS may vary among the childhood, adulthood, and senior periods, suggesting that other factors may
be more influential during each life stage.

Representative adverse psychological factors associated with IBS have been reported, including
depression'®?*3%, high stress and anxiety levels*’, hypochondriasis, somatization, neuroticism, and adverse life
events in the preceding three months. According to a meta-analysis, with the increasing number of studies
investigating anxiety and IBS, anxiety and depression increase the odds of IBS approximately 3 times compared
to controls*’. In ROME 1V, patients with severe pain, bloating, and somatization were higher than in ROME III.
However, there was no difference in anxiety or depression?, suggesting that psychological factors contribute to
ROME III or IV classifications.

Even if the same level of stimulation was given, the participants classified as masculine by the BSRI were
more likely not to report pain than participants classified as feminine*®. Whether socially-learned masculinity
and femininity actually affect the occurrence of IBS is unclear. In this study, the authors hypothesized that social
gender roles could influence the reporting of abdominal pain, which is indispensable for the diagnosis of IBS.
According to the results of our study, the feminine gender role showed a correlation with abdominal pain but
did not affect the occurrence of PI-IBS. The cause of these results may be a diagnostic feature of PI-IBS, which
is chronic recurrent episodic abdominal pain related to defecation, stool form or frequency change that occurs
after infection. The authors hypothesized that feminine gender role showed an association with abdominal pain,
a component of the diagnosis of IBS, but the association with defecation- and stool- related was unclear and
consequently did not show a significant association with PI-IBS. In addition, due to the nature of PI-IBS, it was
estimated that factors such as infection and antibiotic use were dominant compared to other factors; therefore,
the proportion of psychological causes decreased.

Patients classified as the BSRI undifferentiated type, which is typified by a low level of both masculine and
feminine traits, exhibited a more negative self-concept compared to other BSRI types, and a correlation with
depression is suggested*!~*4. The association of depression, anxiety, and somatization with IBS has been reported
numerously*®**, and up to 60% of patients reported having major psychosocial problems*. An association with
depression has also been reported in PI-IBS*. It has been reported that in patients diagnosed with depression,
females are more likely to report pain than males*. In a study conducted in Brazil, the prevalence ratio of depres-
sion in the feminine gender role group was reported to be 2.2 times that of the masculine gender role group®.
In another study of elderly population, the BSRI-undifferentiated type was reported to have an association with
depression that was not present in the feminine type (BSRI-feminine type (OR 0.83 (0.64-1.07))/undifferentiated
type (OR 1.22 (0.98-1.52))*. The authors considered the possibility of an association between KSRI-undifferen-
tiated type and depression in the development of PI-IBS, given that the undifferentiated type has been shown to
be associated with depression in a number of studies and exhibits depression-associated features such as a more
negative self-concept compared with other BSRI types. Further validation is needed in future research. In the
Korean nation-wide statistics published in 2022, the lifetime prevalence of depressive disorder was reported to
be 7.7%. The lifetime prevalence rates in males and females were 5.7 and 9.8%, respectively, with higher rates in
females. Although our study excluded those who were diagnosed with depression and were taking medication
to minimize psychological effects, psychological tests could not be performed on all participants.

Consistent with the above research results, the results of our study showed that the incidence of PI-IBS was
increased in females, and the KSRI-SF feminine type was associated with increased abdominal pain, but did not
increase the incidence of PI-IBS. It is possible that biological sex differences, including hormonal and other influ-
ences, alter bowel habits and increase the incidence of PI-IBS through an association with intestinal permeability
and psychological factors. The association between the occurrence of PI-IBS and the KSRI-SF undifferentiated
type suggests that psychological factors could also influence the occurrence of PI-IBS. The association of PI-IBS
with the KSRI-SF undifferentiated type may be related to the high proportion of females with the KSRI-SF undif-
ferentiated type, the relationship between the KSRI-SF undifferentiated type and depression, and the negative self-
identity of patients with the KSRI-SF undifferentiated type itself. This needs to be elucidated in further research.
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There are a few papers directly associating CRP levels with PI-IBS. Based on a small group study of 89
individuals following the ROME-III criteria, Wang et al. reported an association between high CRP levels and
PI-IBS. In another study, although not statistically significant, it was reported that WBC count and CRP levels
were higher in the IBS group at the onset of initial abdominal symptoms®". In our study, we found an association
between a high peak CRP level and the occurrence of PI-IBS. Infectious gastroenteritis is considered the strong-
est risk factor for the development of PI-IBS. The authors speculate that a high level of CRP may contribute to
the occurrence of PI-IBS by reflecting severe inflammation and potentially indicating mucosal damage. Further
research is needed to confirm this.

This study had some limitations. Although we confirmed that there was no multicollinearity between the
KSRI-undifferentiated type and sex, the proportion of females was higher in the KSRI-undifferentiated type.
Considering the higher prevalence of depression in female and previous studies showing an association between
reduced rectal mucosal blood flow and psychological morbidity in female with the BSRI-undifferentiated type,
we cannot completely rule out the influence of sex. Given the multifactorial nature of PI-IBS, further research is
needed to confirm this. In addition, although we excluded patients currently taking medication for depression,
we did not perform a diagnostic test for depression on admission, so we cannot completely rule it out. Among
the various factors that can affect IBS, visceral hypersensitivity and sex hormone concentrations/ratios could not
be quantitatively measured. Owing to the nature of the questionnaire, it is possible that the results may have been
influenced by the life cycle, education level regarding gender equality, education at the time of birth, occupation,
and income, and it is difficult to control these factors. In addition, the participants’ diets were not controlled.
Furthermore, the participants of this study were Koreans who are not representative of all Asian individuals.

In conclusion, associations between PI-IBS and female sex, KSRI-SF undifferentiated type, young age, and
high CRP levels were observed. The KSRI-feminine type was associated with abdominal pain, but not PI-IBS,
and it is important to carefully select and monitor patients with these risk factors to provide early diagnosis and
treatment for PI-IBS.

Methods

Patients

Of the 1227 patients who were diagnosed with acute gastroenteritis, hospitalized, and treated with antibiotics at
the Chungnam National University Hospital and Chungnam National University Sejong Hospital from January
1, 2018 to December 31, 2021, we prospectively enrolled those who consented to the study during hospitalization.
A total of 378 patients were screened and 231 participants were finally enrolled. If the symptoms improved after
antibiotic use, the patients were discharged from the hospital, and follow-ups were performed on an outpatient
basis within 2 weeks to confirm that the inflammatory marker (c-reactive protein [CRP]) had improved, and the
symptoms were recorded. After 6 months, an interview-administered questionnaire using a telephonic survey
was conducted and the occurrence of PI-IBS was confirmed, based on the ROME IV criteria’. (Fig. 1).

The exclusion criteria were as follows: (i) patients who did not answer the phone; (ii) patients previously
diagnosed with IBS; (iii) limitation in pain evaluation due to use of analgesics; (iv) inflammatory bowel disease
(ulcerative colitis or Crohn’s disease); (v) accompanying intestinal disease (tuberculous colitis, radiation colitis,
non-infectious diarrhea, ischemic colitis, eosinophilic Behget’s disease, chronic diarrhea, or allergic colitis); (vi)
additional use of antibiotics during hospitalization or within 1 month after discharge (pneumonia or urinary
tract infection); (vii) other surgery or abdominal surgery after discharge; and (viii) diagnosis of gastrointestinal
cancer or patients with alarming features (bloody stool or significant (> 10%) weight loss); (ix) Patients taking
antidepressants. The ROME IV criteria were used for IBS diagnosis, and the Bristol stool form scale was used to
classify IBS subtypes into IBS-diarrhea, IBS-constipation, IBS-mixed, and IBS-undifferentiated.

This study was reviewed and approved by the Institutional Review Board of the Chungnam National Univer-
sity Hospital Institutional Review Board (IRB file No. CNUH 2018-04-011) and was performed in accordance
with the ethical standards set by the 1964 Declaration of Helsinki and its later amendments or comparable ethical
standards. Informed consent was obtained from all patients.

Defining gender roles

The Bem Sex Role Inventory (BSRI) is the most commonly used and validated measure of gender roles®. Bem
classifies gender roles as masculine and feminine, androgyny (high score for both masculine and feminine
traits), and undifferentiated (low score for both masculine and feminine traits). In this study, the short form
of the Korean Sex Role Inventory (KSRI-SF), based on the BSRI, was used in consideration of Korean culture
and language®>>. The short form of the BSRI is relatively simple and easy to use, and it shows similar results to
the BSRI in classifying masculinity and femininity®>****. The questionnaire consists of 10 items, and each item
is scored on a 7-point scale. There are 5 items for masculinity and 5 items for femininity. As suggested by the
authors, gender role identities were classified using the median-split method.

Statistical analysis

Data were classified as means + standard deviation for continuous variables and percentages for categorical vari-
ables. For the baseline characteristics, clinical data, and group comparison, categorical variables were analyzed
by x2 tests and continuous variables by t-tests. Univariate and multivariate factor analyses were performed
using binomial logistic regression. In the multivariate analysis, a backward binomial logistic regression test
was performed using all variables with a P-value of 0.1 or less in the univariate analysis. P-values <0.05 were
considered statistically significant. Statistical analyses were performed using the SPSS software version 26 for
Windows (SPSS Inc., Chicago, IL, USA).

Scientific Reports |

(2023) 13:19467 | https://doi.org/10.1038/s41598-023-45300-2 nature portfolio



www.nature.com/scientificreports/

Data availability
The datasets generated and analyzed in this study are not publicly available for privacy reasons but are available
from the corresponding author upon reasonable request.

Received: 17 July 2023; Accepted: 18 October 2023
Published online: 09 November 2023

References

1.

Oka, P. et al. Global prevalence of irritable bowel syndrome according to Rome III or IV criteria: A systematic review and meta-
analysis. Lancet Gastroenterol. Hepatol. 5, 908-917. https://doi.org/10.1016/52468-1253(20)30217-X (2020).

2. Aziz, I, Térnblom, H., Palsson, O. S., Whitehead, W. E. & Simrén, M. How the change in IBS criteria from Rome III to Rome IV
impacts on clinical characteristics and key pathophysiological factors. Off. . Am. Coll. Gastroenterol. ACG 113, 1017-1025. https://
doi.org/10.1038/541395-018-0074-z (2018).

3. Barbara, G. et al. Rome foundation working team report on post-infection irritable bowel syndrome. Gastroenterology 156, 46-58.
e47. https://doi.org/10.1053/j.gastro.2018.07.011 (2019).

4. Fillingim, R. B,, King, C. D,, Ribeiro-Dasilva, M. C., Rahim-Williams, B. & Riley, J. L. Sex, gender, and pain: A review of recent
clinical and experimental findings. J. Pain 10, 447-485. https://doi.org/10.1016/j.jpain.2008.12.001 (2009).

5. Unruh, A. M. Gender variations in clinical pain experience. Pain 65, 123-167. https://doi.org/10.1016/0304-3959(95)00214-6
(1996).

6. Klonoff, E. A, Landrine, H. & Brown, M. Appraisal and response to pain may be a function of its bodily location. J. Psychosom.
Res. 37,661-670 (1993).

7. Camilleri, M. Sex as a biological variable in irritable bowel syndrome. Neurogastroenterol. Motil. 32, e13802. https://doi.org/10.
1111/nmo.13802 (2020).

8. Mattos Feijo, L. et al. Sex-specific effects of gender identification on pain study recruitment. J. Pain 19, 178-185. https://doi.org/
10.1016/j.jpain.2017.09.009 (2018).

9. Drossman, D. A. & Hasler, W. L. Rome IV—Functional GI disorders: Disorders of gut-brain interaction. Gastroenterology 150,
1257-1261 (2016).

10. Lacy, B. E. et al. Bowel disorders. Gastroenterology 150, 1393-1407. e1395 (2016).

11. Berumen, A. et al. Characteristics and risk factors of post-infection irritable bowel syndrome after campylobacter enteritis. Clin.
Gastroenterol. Hepatol. 19, 1855-1863.e1851. https://doi.org/10.1016/j.cgh.2020.07.033 (2021).

12. Klem, E et al. Prevalence, risk factors, and outcomes of irritable bowel syndrome after infectious enteritis: A systematic review
and meta-analysis. Gastroenterology 152, 1042-1054.e1041. https://doi.org/10.1053/j.gastro.2016.12.039 (2017).

13. Marshall, J. et al. Intestinal permeability in patients with irritable bowel syndrome after a waterborne outbreak of acute gastroen-
teritis in Walkerton, Ontario. Aliment. Pharmacol. Ther. 20, 1317-1322 (2004).

14. Dunlop, S. P. et al. Abnormal intestinal permeability in subgroups of diarrhea-predominant irritable bowel syndromes. Am. J.
Gastroenterol. 101, 1288-1294. https://doi.org/10.1111/§.1572-0241.2006.00672.x (2006).

15. Spiller, R. C. et al. Increased rectal mucosal enteroendocrine cells, T lymphocytes, and increased gut permeability following acute
Campylobacter enteritis and in post-dysenteric irritable bowel syndrome. Gut 47, 804-811. https://doi.org/10.1136/gut.47.6.804
(2000).

16. Dizdar, V. et al. Relative importance of abnormalities of CCK and 5-HT (serotonin) in Giardia-induced post-infectious irritable
bowel syndrome and functional dyspepsia. Aliment. Pharmacol. Ther. 31, 883-891. https://doi.org/10.1111/j.1365-2036.2010.
04251.x (2010).

17. Wheatcroft, J. et al. Enterochromaffin cell hyperplasia and decreased serotonin transporter in a mouse model of postinfectious
bowel dysfunction. Neurogastroenterol. Motil. 17, 863-870 (2005).

18. Dunlop, S. P, Jenkins, D., Neal, K. R. & Spiller, R. C. Relative importance of enterochromaffin cell hyperplasia, anxiety, and depres-
sion in postinfectious IBS. Gastroenterology 125, 1651-1659. https://doi.org/10.1053/j.gastro.2003.09.028 (2003).

19. Svendsen, A. T., Bytzer, P. & Engsbro, A. L. Systematic review with meta-analyses: Does the pathogen matter in post-infectious
irritable bowel syndrome? Scand. J. Gastroenterol. 54, 546-562. https://doi.org/10.1080/00365521.2019.1607897 (2019).

20. Hu, Z. et al. The level and prevalence of depression and anxiety among patients with different subtypes of irritable bowel syndrome:
A network meta-analysis. BMC Gastroenterol. 21, 23. https://doi.org/10.1186/s12876-020-01593-5 (2021).

21. Zanini, B. et al. Incidence of post-infectious irritable bowel syndrome and functional intestinal disorders following a water-borne
viral gastroenteritis outbreak. Am. J. Gastroenterol. 107, 891-899. https://doi.org/10.1038/ajg.2012.102 (2012).

22. Moudgal, R., Schultz, A. W. & Shah, E. D. Systemic disease associations with disorders of gut-brain interaction and gastrointestinal
transit: A review. Clin. Exp. Gastroenterol. 14, 249-257. https://doi.org/10.2147/CEG.S283685 (2021).

23. Aziz, L et al. The prevalence and impact of overlapping Rome IV-diagnosed functional gastrointestinal disorders on somatization,
quality of life, and healthcare utilization: A cross-sectional general population study in three countries. Off. . Am. Coll. Gastroen-
terol. ACG 113, 86-96. https://doi.org/10.1038/ajg.2017.421 (2018).

24. Midenfjord, I et al. Associations among neurophysiology measures in irritable bowel syndrome (IBS) and their relevance for IBS
symptoms. Sci. Rep. 10, 1-11 (2020).

25. Adeyemo, M. A,, Spiegel, B. M. & Chang, L. Meta-analysis: Do irritable bowel syndrome symptoms vary between men and women?
Aliment. Pharmacol. Ther. 32, 738-755. https://doi.org/10.1111/j.1365-2036.2010.04409.x (2010).

26. Chang, L. et al. Effect of sex on perception of rectosigmoid stimuli in irritable bowel syndrome. Am. J. Physiol. Regul. Integr. Comp.
Physiol. 291, R277-R284. https://doi.org/10.1152/ajpregu.00729.2005 (2006).

27. Chen, Q,, Zhang, W., Sadana, N. & Chen, X. Estrogen receptors in pain modulation: Cellular signaling. Biol. Sex Differ. 12, 22.
https://doi.org/10.1186/s13293-021-00364-5 (2021).

28. So, S. Y. & Savidge, T. C. Sex-bias in irritable bowel syndrome: Linking steroids to the gut-brain axis. Front. Endocrinol. https://
doi.org/10.3389/fend0.2021.684096 (2021).

29. Naliboff, B. D. et al. Sex-related differences in IBS patients: Central processing of visceral stimuli. Gastroenterology 124, 1738-1747.
https://doi.org/10.1016/S0016-5085(03)00400-1 (2003).

30. Tillisch, K., Mayer, E. A. & Labus, J. S. Quantitative meta-analysis identifies brain regions activated during rectal distension in
irritable bowel syndrome. Gastroenterology 140, 91-100. https://doi.org/10.1053/j.gastro.2010.07.053 (2011).

31. Labus, J. S. et al. Irritable bowel syndrome in female patients is associated with alterations in structural brain networks. Pain 155,
137-149. https://doi.org/10.1016/j.pain.2013.09.020 (2014).

32. Meleine, M. & Matricon, J. Gender-related differences in irritable bowel syndrome: Potential mechanisms of sex hormones. World
J. Gastroenterol. W]G 20, 6725-6743. https://doi.org/10.3748/wjg.v20.i22.6725 (2014).

33. Nasser, S. A. & Afify, E. A. Sex differences in pain and opioid mediated antinociception: Modulatory role of gonadal hormones.
Life Sci. 237, 116926. https://doi.org/10.1016/.1fs.2019.116926 (2019).

Scientific Reports |  (2023) 13:19467 | https://doi.org/10.1038/s41598-023-45300-2 nature portfolio


https://doi.org/10.1016/S2468-1253(20)30217-X
https://doi.org/10.1038/s41395-018-0074-z
https://doi.org/10.1038/s41395-018-0074-z
https://doi.org/10.1053/j.gastro.2018.07.011
https://doi.org/10.1016/j.jpain.2008.12.001
https://doi.org/10.1016/0304-3959(95)00214-6
https://doi.org/10.1111/nmo.13802
https://doi.org/10.1111/nmo.13802
https://doi.org/10.1016/j.jpain.2017.09.009
https://doi.org/10.1016/j.jpain.2017.09.009
https://doi.org/10.1016/j.cgh.2020.07.033
https://doi.org/10.1053/j.gastro.2016.12.039
https://doi.org/10.1111/j.1572-0241.2006.00672.x
https://doi.org/10.1136/gut.47.6.804
https://doi.org/10.1111/j.1365-2036.2010.04251.x
https://doi.org/10.1111/j.1365-2036.2010.04251.x
https://doi.org/10.1053/j.gastro.2003.09.028
https://doi.org/10.1080/00365521.2019.1607897
https://doi.org/10.1186/s12876-020-01593-5
https://doi.org/10.1038/ajg.2012.102
https://doi.org/10.2147/CEG.S283685
https://doi.org/10.1038/ajg.2017.421
https://doi.org/10.1111/j.1365-2036.2010.04409.x
https://doi.org/10.1152/ajpregu.00729.2005
https://doi.org/10.1186/s13293-021-00364-5
https://doi.org/10.3389/fendo.2021.684096
https://doi.org/10.3389/fendo.2021.684096
https://doi.org/10.1016/S0016-5085(03)00400-1
https://doi.org/10.1053/j.gastro.2010.07.053
https://doi.org/10.1016/j.pain.2013.09.020
https://doi.org/10.3748/wjg.v20.i22.6725
https://doi.org/10.1016/j.lfs.2019.116926

www.nature.com/scientificreports/

34. Demaude, J., Salvador-Cartier, C., Fioramonti, J., Ferrier, L. & Bueno, L. Phenotypic changes in colonocytes following acute stress
or activation of mast cells in mice: Implications for delayed epithelial barrier dysfunction. Gut 55, 655-661. https://doi.org/10.
1136/gut.2005.078675 (2006).

35. Hanning, N. et al. Intestinal barrier dysfunction in irritable bowel syndrome: A systematic review. Ther. Adv. Gastroenterol. 14,
1756284821993586. https://doi.org/10.1177/1756284821993586 (2021).

36. Zhou, Z. et al. Progesterone decreases gut permeability through upregulating occludin expression in primary human gut tissues
and Caco-2 cells. Sci. Rep. 9, 8367. https://doi.org/10.1038/s41598-019-44448-0 (2019).

37. Shulman, R. J., Devaraj, S. & Heitkemper, M. Gut permeability is affected by sex and increased in children with irritable bowel
syndrome but not in functional abdominal pain. Neurogastroenterol. Motil. 32, 13765 (2020).

38. Fond, G. et al. Anxiety and depression comorbidities in irritable bowel syndrome (IBS): A systematic review and meta-analysis.
Eur. Arch. Psychiatry Clin. Neurosci. 264, 651-660. https://doi.org/10.1007/s00406-014-0502-z (2014).

39. Spence, M. J. & Moss-Morris, R. The cognitive behavioural model of irritable bowel syndrome: A prospective investigation of
patients with gastroenteritis. Gut 56, 1066-1071. https://doi.org/10.1136/gut.2006.108811 (2007).

40. Zamani, M., Alizadeh-Tabari, S. & Zamani, V. Systematic review with meta-analysis: The prevalence of anxiety and depression in
patients with irritable bowel syndrome. Aliment. Pharmacol. Ther. 50, 132-143. https://doi.org/10.1111/apt.15325 (2019).

41. Lin, J. et al. Does gender role explain a high risk of depression? A meta-analytic review of 40 years of evidence. J. Affect. Disord.
294, 261-278. https://doi.org/10.1016/j.jad.2021.07.018 (2021).

42. Szpitalak, M. & Prochwicz, K. Psychological gender in clinical depression. Preliminary study. Psychiatr. Pol. 47, 53-64 (2013).

43. Flett, G. L., Krames, L. & Vredenburg, K. Personality traits in clinical depression and remitted depression: An analysis of instru-
mental-agentic and expressive-communal traits. Curr. Psychol. 28, 240. https://doi.org/10.1007/s12144-009-9063-0 (2009).

44. Vafaei, A., Ahmed, T, Freire, A. D. N. F,, Zunzunegui, M. V. & Guerra, R. O. Depression, sex and gender roles in older adult
populations: The International Mobility in Aging Study (IMIAS). PloS One 11, 0146867 (2016).

45. Franco, L. et al. Irritable bowel syndrome symptoms in nonalcoholic fatty liver disease patients are an indicator of depression and
anxiety. J. Clin. Gastroenterol. (2022).

46. Levy, R. L. et al. Psychosocial aspects of the functional gastrointestinal disorders. Gastroenterology 130, 1447-1458. https://doi.
org/10.1053/j.gastro.2005.11.057 (2006).

47. Rusu, E, Mocanu, L. & Dumitragcu, D. L. Phenotypic features of patients with post-infectious irritable bowel syndrome. Med.
Pharm. Rep. 92, 239-245. https://doi.org/10.15386/mpr-1317 (2019).

48. Marcus, S. M. et al. Sex differences in depression symptoms in treatment-seeking adults: Confirmatory analyses from the Sequenced
Treatment Alternatives to Relieve Depression study. Compr. Psychiatry 49, 238-246. https://doi.org/10.1016/j.comppsych.2007.
06.012 (2008).

49. Freire, A., Vafaei, A., Gomes, C., Barbosa, J. & Guerra, R. Depression, sex, and gender roles in an older Brazilian population. Innov.
Aging 1,597 (2017).

50. Ministry of Health and Welfare, The survey of Mental disorders in Korea, 2021. Accessed 7 April 2022. <https://kosis.kr/statHtml/
statHtml.do?orgld=117&tblId=DT_117050_A013&conn_path=12> (2021).

51. Wang, J., Lu, S. & Zhao, S. Post-infectious and non post-infectious irritable bowel syndrome: A comparative study. Pak. J. Med.
Sci. 32, 116 (2016).

52. Bem, S. L. The measurement of psychological androgyny. J. Consult. Clin. Psychol. 42, 155 (1974).

53. Kim, J., Ha, M., Kim, B., Ha, J. & Kim, H. Validation of short form of Korean sex role inventory(KSRI-SF). Korean J. Couns. 17,
125-147 (2016).

54. Mateo, M. & Fernandez, J. L. dimensionalidad de los conceptos de masculinidad y feminidad. Investig. Psicol. 9,95-116 (1991).

55. Katsurada, E. & Sugihara, Y. A preliminary validation of the Bem sex role inventory in Japanese culture. J. Cross-Cult. Psychol. 30,
641-645. https://doi.org/10.1177/0022022199030005005 (1999).

Author contributions

J.H.P.: conducting the study, collecting and interpreting data, drafting the article, and revision. ].S.K.: interpreting
data. H.S.M.: interpreting data and final approval of the article. ] K.S.: planning the study and final approval of
the article. H.Y.J.: planning the study and final approval of the article. S.H.K.: conception and design, analysis
and interpretation of data, and revision and final approval of the article.

Funding

This work was supported by a research fund from the Chungnam National University Hospital.

Competing interests
The authors declare no competing interests.

Additional information
Correspondence and requests for materials should be addressed to S.H.K.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International

= License, which permits use, sharing, adaptation, distribution and reproduction in any medium or
format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the
Creative Commons licence, and indicate if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from
the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2023

Scientific Reports |

(2023) 13:19467 | https://doi.org/10.1038/s41598-023-45300-2 nature portfolio


https://doi.org/10.1136/gut.2005.078675
https://doi.org/10.1136/gut.2005.078675
https://doi.org/10.1177/1756284821993586
https://doi.org/10.1038/s41598-019-44448-0
https://doi.org/10.1007/s00406-014-0502-z
https://doi.org/10.1136/gut.2006.108811
https://doi.org/10.1111/apt.15325
https://doi.org/10.1016/j.jad.2021.07.018
https://doi.org/10.1007/s12144-009-9063-0
https://doi.org/10.1053/j.gastro.2005.11.057
https://doi.org/10.1053/j.gastro.2005.11.057
https://doi.org/10.15386/mpr-1317
https://doi.org/10.1016/j.comppsych.2007.06.012
https://doi.org/10.1016/j.comppsych.2007.06.012
https://kosis.kr/statHtml/statHtml.do?orgId=117&tblId=DT_117050_A013&conn_path=I2
https://kosis.kr/statHtml/statHtml.do?orgId=117&tblId=DT_117050_A013&conn_path=I2
https://doi.org/10.1177/0022022199030005005
www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Contribution of sex and gender roles to the incidence of post-infectious irritable bowel syndrome in a prospective study
	Results
	Patient characteristics
	Characteristics of infection at initial admission
	Factors that affected the occurrence of PI-IBS
	Effect of sex and gender roles on abdominal pain and PI-IBS

	Discussion
	Methods
	Patients
	Defining gender roles
	Statistical analysis

	References


