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Abstract: Insomnia refers to having difficulty sleeping even when given the opportunity and environment to sleep. Irritable bowel syndrome is a functional bowel disease that is accompanied by
abdominal pain and irregular defecation but not organic lesions. Although insomnia and irritable
bowel syndrome are pathophysiologically related, studies on their relationship among adolescents
are lacking. This study aimed to determine the prevalence of insomnia and irritable bowel syndrome
among adolescents and the association between them. In May 2021, a survey was conducted among
high school adolescents from Daegu Metropolitan City, South Korea, using the Korean version of
the Insomnia Severity Index and the Rome IV diagnostic criteria for irritable bowel syndrome. Data
were analyzed using chi-square and Mann–Whitney tests and logistic regression analyses. The
incidence of insomnia (Insomnia Severity Index score ≥ 10) was 18.4% (n = 74) while that of irritable
bowel syndrome was 10.7% (n = 43). Irritable bowel syndrome was strongly associated with an
increased incidence of insomnia (odds ratio = 3.30, 95% confidence interval: 1.66–6.53). Therefore,
the association between insomnia and irritable bowel syndrome has relevance in the treatment of
insomnia in adolescents.
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1. Introduction
Insomnia is a condition in which an individual finds it difficult to sleep despite
having the opportunity and environment for adequate sleep. It is a subjective symptom
characterized by difficulty in falling asleep (delayed sleep onset), difficulty in maintaining
sleep (sleep fragmentation), early awakening, and nonrestorative sleep [1]. Adolescents
are particularly vulnerable to insomnia, as adolescence is a period of substantial physical
and psychological change [2]. The onset of insomnia during this period causes not only
sleep-related issues, but also affects the sexual maturation of adolescents as well as their
social and emotional development [2].
Irritable bowel syndrome (IBS) is a chronic functional gastrointestinal disorder accompanied by abdominal pain and changes in the form of bowel movements without the
presence of organic lesions [3]. Although the cause of IBS has not been clearly identified, it
is reported that gastrointestinal symptoms occur when genetic and psychological factors,
such as depression, anxiety, and stress, cause changes in gastrointestinal motility and
sensitivity and affect the gut microbiota and the regulation of the gut-brain interactions [4].
Globally, the prevalence of IBS among people aged 15 years or older is 8.8–14% [5]; however,
its prevalence is higher among adolescents, at 16.5–38.4% [6–9]. In addition, insomnia
among adolescents goes beyond the undesirable psychological effects of sleep deprivation
or false perception of sleep states, having adverse physical effects as well, including functional cortical changes and systemic inflammation [10]. Related studies concerning adults
reported a strong association between the pathophysiological mechanisms of insomnia
and IBS [11,12]. However, there was no significant association between insomnia and IBS
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in a previous study of adolescents [9]. Additionally, a recent meta-analysis suggested the
need for specific studies on insomnia and IBS among adolescents [13]. Despite this, only a
few studies have examined the association between insomnia and IBS among adolescents,
and none were conducted in South Korea. To bridge this gap, this study was conducted
to determine the prevalence of insomnia and IBS among high school adolescents in South
Korea and to investigate the association between the two disorders.
2. Materials and Methods
2.1. Research Design
This cross-sectional study aimed to determine the association between insomnia and
IBS and was conducted in two high schools in Daegu Metropolitan City, South Korea.
2.2. Setting and Participants
The participants included adolescents attending high school. However, participants
recruited by the researcher were asked whether they had organic digestive disorders (e.g.,
Crohn’s disease, lactose malabsorption, colon cancer, obstructive bowel disease, etc.) or
were taking sleep medication (e.g., sleeping pills, sleep inducers, etc.) and were excluded if
appropriate. South Korean high schools consist of three grades, with students aged 15 years
or older. The number of participants needed for this study was calculated using G-Power
3.12 software. Based on a logistic regression analysis, 409 participants were recruited
for this study, which was the minimum sample size needed to maintain a significance
level of 0.05, an effect size of 1.5, and a power of 0.90. Seven participants were excluded
for incomplete responses to the questionnaires, and the data from 402 participants were
analyzed (response rate: 99.5%).
2.3. Research Tools
2.3.1. Demographic Characteristics
Demographic characteristics comprised seven items: age, drinking status, smoking
status, presence of a sleeping partner in the same room, mean total sleep time per week,
mean exercise time per week, and mean smartphone usage time.
2.3.2. Insomnia
Developed by Bastien et al. [14], the Insomnia Severity Index (ISI) is a tool used to
evaluate the severity of insomnia according to the diagnostic criteria of the Diagnostic
and Statistical Manual of Mental Disorders IV and the International Classification of Sleep
Disorders. This study used the Korean version of the K-ISI adapted by Cho et al. [14]. The
seven-item tool is based on a five-point Likert scale to evaluate the severity of insomnia
over the previous two weeks, the degree of satisfaction regarding the current sleep pattern,
the degree to which sleep problems interfere with daytime functioning, the degree of
impairment due to sleep problems, and the degree of concern about sleep problems. The
total score is interpreted as follows: absence of insomnia (0–7), sub-threshold insomnia
(8–14), moderate insomnia (15–21), and severe insomnia (22–28) [15]. This study followed
the interpretation of a previous study [15] that classified a score of 10 or more as indicative
of insomnia. At the time of its development, the ISI had a Cronbach’s α of 0.74 and the
K-ISI, adapted by Cho et al. [16], had a Cronbach’s α of 0.87, while its Cronbach’s α in this
study was 0.72.
2.3.3. IBS
For the diagnosis of IBS, this study used the IBS module for children and adolescents
that was developed by Hyams et al. [17] based on the Rome IV criteria and then translated
by Han et al. [18]. The tool comprises 10 items, and the diagnostic criteria for IBS refer to
symptoms that began at least two months ago; abdominal pain at least once a week for the
past two months; and meeting one or more of the following three criteria: (1) improvement
of symptoms after a bowel movement, (2) a change in the frequency of bowel movements,
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and (3) a change in the form of the bowel movements. The criteria for classifying IBS
symptom type were based on two items relating to the differences in the frequency of
diarrhea and constipation. If the frequency of occurrence of diarrhea and constipation
are similar, the symptom type is classified as mixed type, and if there are no instances of
diarrhea or constipation, it is regarded as an unclassified type.
2.4. Data Collection
The data were collected over a period of 10 days from 12 to 21 May 2021. After
obtaining approval from the heads of two high schools in Daegu Metropolitan City, South
Korea, the researcher directly distributed and collected consent forms and questionnaires
from students who voluntarily agreed to participate in the study. The researcher fully
explained to the participants the study inclusion and exclusion criteria, purpose, necessity,
and procedure. Participants were informed that they could withdraw from the study at
any point without penalty.
2.5. Data Analysis and Statistical Methods
The collected data were analyzed using the SPSS/WIN 22.0, as follows. Frequencies
and percentages, as well as the mean and standard deviations, were calculated to determine participants’ demographic characteristics, prevalence of insomnia, and severity of
insomnia. Based on the differences in demographic characteristics and the prevalence of
IBS corresponding to the prevalence of insomnia, the chi-square test was used to analyze
the nominal variables, while the Mann–Whitney test was used to analyze the continuous
variables, as the normality of these variables was not verified. A logistic regression analysis
was conducted based on the prevalence of insomnia to determine the association between
insomnia and IBS.
3. Results
3.1. Demographic Characteristics
The mean age of the participants was 16.87 (±0.7) years. Among the participants,
278 (69.2%) were boys and 124 (30.8%) were girls. Among them, 32 (8.0%) said they were
smokers and had smoked over the last two weeks, while 49 (12.2%) said they were used to
drinking and had consumed alcohol in the last two weeks. Of the participants, 33 (8.2%)
had a partner who slept with them in the same room. In addition, participants’ mean sleep
time was 387.6 min/day (±63.0). Their mean exercise time was 62.2 min/day (±55.0), and
their mean smartphone usage time was 165.6 min/day (±112.2) (Table 1).
Table 1. Demographic characteristics (n = 402).
Variable

Category or Range

Mean ± SD or n (%)

Age

15–18

16.87 ± 0.72

Sex

Boy
Girl

278 (69.2)
124 (30.8)

Smoking

Yes
No

32 (8.0)
370 (92.0)

Drinking

Yes
No

49 (12.2)
353 (87.8)

Sleeping partner

Yes
No

33 (8.2)
369 (91.8)

Sleeping time (min/day)

180–600

387.59 ± 62.96

Exercise time (min/day)

0–320

62.19 ± 54.96

Smart phone using time
(min/day)

0–780

165.58 ± 112.18
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3.2. Prevalence and Severity of Insomnia in Participants
Of the participants, 74 (18.4%) had a score indicative of insomnia (ISI score ≥ 10), and
the average severity of insomnia was 5.76 (±4.14) points (Table 2).
Table 2. Severity and prevalence of insomnia (n = 402).
Variable

Category or Range

Mean ± SD or n (%)

Insomnia (≥ISI score 10)

Yes
No

74 (18.4)
328 (81.6)

Insomnia severity

0–22

5.76 ± 4.14

ISI = Insomnia Severity Index.

3.3. Prevalence and Subtypes of IBS in Participants
Of the participants, 43 (10.7%) had IBS according to the Rome IV criteria. Regarding
the subtypes of IBS, two participants (4.7%) were classified as “constipation-predominant”,
four (9.3%) were “diarrhea-predominant”, 32 (74.4%) were “mixed”, and five (11.6%) were
in the “unclassified” category (Table 3).
Table 3. Prevalence of IBS diagnosed by Rome IV and distributions of IBS subtypes (n = 402).
Variable

Category

n (%)

IBS

Yes
No

43 (10.7)
359 (89.3)

IBS subtypes

Constipation-predominant

2 (4.7)

Diarrhea-predominant
Mixed
Unclassified

4 (9.3)
32 (74.4)
5 (11.6)

IBS = irritable bowel syndrome.

3.4. Differences in Demographic Characteristics and the Prevalence of IBS Corresponding to the
Prevalence of Insomnia
The following differences were identified based on the prevalence of insomnia in the
participants: smokers (χ2 = 8.44, p = 0.004) and IBS (χ2 = 14.31, p < 0.001). However, there
were no differences based on the prevalence of insomnia in terms of the following: age
(U = 11.85, p = 0.725), alcohol consumption (χ2 = 1.37, p = 0.241), sleep partner (χ2 = 0.01,
p = 0.972), exercise time (U = 11.93, p = 0.819), smartphone usage time (U = 12.01, p = 0.887),
and sleep time (U = 11.18, p = 0.290) (Table 4).
Table 4. Comparison of characteristics between insomnia and non-insomnia groups (n = 402).

Variable

Category

Age

Yes (n = 74)

Insomnia
No (n = 328)

Mean ± SD
or n (%)

Mean ± SD
or n (%)

16.84 ± 0.81

χ2 or U

p

16.87 ± 0.70

11.85

0.725 †

Sex

Boy
Girl

53 (71.6)
21 (28.4)

225 (68.6)
103 (31.4)

0.26

0.611

Smoking

Yes
No

12 (16.2)
62 (83.8)

20 (6.1)
308 (93.9)

8.44

0.004

Drinking

Yes
No

12(16.2)
62 (83.8)

37(11.3)
291 (88.7)

1.37

0.241

Sleeping partner

Yes
No

6 (8.1)
68 (91.9)

27 (8.2)
301 (91.8)

0.01

0.972
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Table 4. Cont.

Yes (n = 74)

Insomnia
No (n = 328)

Mean ± SD
or n (%)

Mean ± SD
or n (%)

Exercise time
(min/day)

63.59 ± 57.95

Smart phone using
time
(min/day)
Sleeping time
(min/day)

Variable

IBS

χ2 or U

p

61.87 ± 0.70

11.93

0.819 †

159.43 ± 109.83

166.97 ± 112.83

12.01

0.887 †

377.46 ± 69.70

389.88 ± 61.23

11.18

0.290 †

17 (23.0)
57 (77.0)

26 (7.9)
302 (92.1)

14.31

< 0.001

Category

Yes
No

IBS = irritable bowel syndrome-; † Mann–Whitney U test.

3.5. Regression Analysis According to the Prevalence of Insomnia
Of the different logistic regression analysis methods, this study used the Wald backward elimination method with prevalence of insomnia as the dependent variable and
the demographic characteristics and prevalence of IBS as independent variables. The
final model was statistically significant (χ2 = 17.89, p < 0.001). The Hosmer–Lemeshow
test (χ2 = 0.086, p = 0.769) demonstrated the goodness-of-fit of the final model with the
data. Using this model to classify participants based on the prevalence of insomnia, 81.6%
were correctly classified overall, and the final significant variables were smoking status
(OR = 2.76, 95% CI: 1.26–6.07) and IBS (OR = 3.30, 95% CI: 1.66–6.53) (Table 5).
Table 5. Factors affecting insomnia prevalence among the participants (n = 402).
95% CI

Variable

Category

B

SE

OR

Smoking
IBS

Yes
Yes

1.02
1.19

0.40
0.35

2.76
3.30

p

Lower

Upper

1.26
1.66

6.07
6.53

0.011
0.001

−2 Log Likelihood = 366.04, Hosmer and Lemeshow test: χ2 = 0.09, p = 0.769,
correct classification (%) = 81.6%
SE = standard error; OR = odds ratio; CI = confidence interval; IBS = irritable bowel syndrome.

4. Discussion
This study aimed to determine the prevalence of insomnia and IBS among adolescents
and investigate the association between the two disorders. Among the study participants
(n = 402), the incidence of insomnia (ISI score ≥ 10) was 18.4% (n = 74) and the mean
insomnia severity score of all the participants was 5.76 (±4.14) points, which were within
the normal range. This result is similar to the incidence of insomnia (ISI score ≥ 9) among
adolescents in Hong Kong (12.9%) [19], and the mean insomnia severity score among
adolescents in Germany, which is 5.91 (±4.13) points [20].
The incidence of IBS (Rome IV criteria) among the study participants was 10.7%
(n = 43). This result is lower than the IBS incidence in both Indonesian adolescents (male:
62.9%) [9], which is 38.4%, and Japanese adolescents, which is 18.6% [7] based on the Rome
III criteria. However, the IBS incidence among this study’s participants was higher than
that in Colombian adolescents, which is 2.3% (male: 45%) [21] based on the same Rome IV
criteria used in this study. When the diagnosis rates of IBS were compared based on the
Rome III or Rome IV criteria, the rate of diagnosis was lower with the Rome IV criteria [21],
which indicates the need for further research on the incidence of IBS among adolescents
with regard to the Rome IV criteria.
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Per the current findings, the prevalence of IBS among adolescents increased the
incidence of insomnia by a factor of 3.3. This finding is similar to that of a study on
Japanese adolescents [7], which reported that sleep problems were significantly associated
with IBS. However, the results differ from a study on Indonesian adolescents [9], which
found no association between IBS and insomnia. A systematic review of the association
between IBS and sleep problems reported a strong association between insomnia and
IBS [11]. Although the reason for this is not clear, it is speculated that the relationship
between the two disorders is a vicious cycle that is closely related to the gut-brain axis [13].
In a previous study, IBS was associated with a delay in sleep onset in adolescents, which is
a symptom of insomnia [7]. Future studies should investigate the specific symptoms of
IBS that cause delayed sleep onset. Based on the results of this study, a relational approach
between IBS and insomnia is mandated in the treatment of IBS and insomnia in adolescents.
In addition, smoking was found to increase the incidence of insomnia in adolescents
by a factor of 2.76. This is similar to the findings of a previous study [19], which found
an association between smoking and insomnia in adolescents. The risk of insomnia was
found to increase in adults who started smoking during mid-adolescence [22]. Another
study reported that nicotine in cigarettes interferes with sleep by stimulating the release
of neurotransmitters responsible for the release of dopamine and serotonin, which has a
negative pathophysiological effect on the brain and the central nervous system [23]. It has
been ascertained that patients with IBS (diarrhea- and constipation-predominant types)
have high serotonin levels in their blood and urine and abnormalities in the secretion and
regulation of serotonin are a major factor in the development of IBS [24]. However, one
systematic review [25] found no significant association between smoking and IBS. Future
studies should investigate the association between smoking and serotonin for each subtype
of IBS.
No significant sex differences were found concerning insomnia. This differs from
a prior study that showed that women are vulnerable to insomnia [10]. However, in a
recent study of adolescents [9], there was no relationship between sex and insomnia, which
coincides with the current findings. In addition, there was no significant difference between
exercise time, smartphone use time, and insomnia in this study, similar to the previous
results [9]. In this study, the presence or absence of a sleep partner and the duration of
sleep were not significantly associated with the occurrence of insomnia. This suggests that
insomnia in adolescence is associated with dissatisfaction with the quality of one’s sleep
rather than the quantity, in addition to physiological responses such as smoking and IBS
symptoms rather than sleep environmental conditions such as sleeping in the same room
as a partner.
This study is significant because it is the first in South Korea to investigate the association between insomnia and IBS in adolescents. However, this study also has several
limitations. First, the research findings cannot be generalized as this study examined
high school students from only one region of South Korea. Second, sleep-related IBS
symptoms (such as gastrointestinal symptoms during sleep) and physiological variables
(melatonin, serotonin, etc.) were not investigated. Further investigations into sleep-related
IBS symptoms would help understand the association between IBS and insomnia.
5. Conclusions
The present study determined the prevalence of insomnia and IBS among adolescents
in South Korea and investigated the association between insomnia and IBS. The prevalence
of insomnia was 18.4% and that of IBS was 10.7%. In addition, this study found a strong
association between IBS and insomnia in adolescents. Thus, it is necessary to investigate
the symptoms of IBS affecting insomnia when treating insomnia in adolescents and include
them in the treatment plan.
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Moskwa, A.; Chojnacki, J.; Wiśiewska-Jarosińska, M.; Stec-Michalska, K.; Szadkowski, K.; Smigielski, J.; Chojnacki, C. Serum
serotonin concentration and urine 5-hydroxyindole acetic acid excretion in patients with irritable bowel syndrome. Polski. Merkur.
Lek. Organ Pol. Tow. Lek. 2007, 22, 366–368.
Sirri, L.; Grandi, S.; Tossani, E. Smoking in irritable bowel syndrome: A systematic review. J. Dual. Diagn. 2017, 13, 184–200.
[CrossRef]

