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Background/Aims

Sleep impairment is a common complaint among patients with irritable bowel syndrome (IBS) and functional dyspepsia (FD). This
study aimed to evaluate the prevalence of sleep impairment in FD or IBS patients, and to determine whether IBS-FD overlap induced
more sleep disturbance than FD or IBS alone.

Methods

A population-based cohort in South Korea including 2251 subjects was asked about gastrointestinal symptoms including IBS and
dyspepsia-related symptoms. In addition, sleep disturbance was measured using the Pittsburgh Sleep Quality Index and Epworth
Sleepiness Scale questionnaires. One-way ANOVA and logistic regression were used to assess differences among the 4 groups (healthy
subjects, IBS alone, FD alone, and IBS-FD overlap).

Results

Of 2251 subjects who were surveyed by questionnaire, 2031 responded (92.5% response rate) and were analyzed. The prevalence
of IBS, FD, and IBS-FD overlap was 8.0% (95% confidence interval [Cl], 6.8-9.2%), 4.8% (95% Cl, 3.9-5.8%), and 1.8% (95% Cl, 1.2-
2.4%), respectively. FD alone, but not IBS alone, was significantly associated with a poorer sleep quality index (OR, 2.68; 95% Cl, 1.43-
5.01) and more daytime sleepiness (OR, 2.21; 95% Cl, 1.14-4.30), compared to healthy subjects. IBS-FD overlap had the greatest
likelihood of a poorer sleep quality index (OR, 3.88; 95% Cl, 1.83-8.19), daytime sleepiness (OR, 2.47; 95% Cl, 1.01-5.67), and
insomnia (OR, 2.84; 95% Cl, 1.39-5.82), compared to healthy subjects.

Conclusion

A correlation between functional gastrointestinal disorders and sleep disturbance was demonstrated, which was significantly
pronounced in the context of IBS-FD overlap.
(J Neurogastroenterol Motil 2018;24:280-288)
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Introduction

The incidence of sleep-related problems, such as sleep loss and
chronic insomnia, is increasing in modern society. Sleep disorders
are associated with increased morbidities, as evidenced by the in-
creased need for general care and mental health treatment." Sleep
disturbances are common in patients with gastrointestinal symptoms
and a few reports have shown the association between sleep impair-
ment and gastrointestinal disease, such as peptic ulcer,’ gastro-
esophageal reflux disease,” and functional gastrointestinal disorders
(FGIDs), including irritable bowel syndrome (IBS) and functional
dyspepsia (FD).’ Several studies that investigated the prevalence of
sleep disturbance in FD or IBS found that it was higher in FD pa-
tients than in controls,” and that these disorders were associated with
gastrointestinal symptom severity; however, most of these studies
were limited by small sample sizes.

On the other hand, FD and IBS are reported to overlap fre-
quently,’ since various gastrointestinal symptoms appear at the same
time in a patient. In a cross-sectional study including 2680 subjects
in a health check-up population, Kaji et al’ reported that the preva-
lence of FD, IBS, and IBS-FD overlap was 10.0%, 14.2%, and
3.4%, respectively. However, few reports have investigated concur-
rent sleep disturbance and IBS-FD overlap.

Therefore, we aimed to evaluate the prevalence of sleep impair-
ment in FD or IBS patients, and to determine whether IBS-FD

overlap induces more sleep disturbance than FD or IBS alone.

Materials and Methods

Study Subjects

All study subjects were derived from the Ansan cohort of the
Korean Genomic Epidemiology Study (KoGES), an ongoing
population-based cohort study designed to establish a representative
adult cohort in the city of Ansan, South Korea and to identify the
epidemiologic characteristics and the frequency and determinants
of chronic disease in Koreans. Detailed information on the KoGES
study design and aims have been previously reported.” From June
2001 to January 2003, a longitudinal cohort was formed, consist-
ing of 5012 participants (2518 men and 2494 women aged 40-69
years) who participated in a comprehensive health examination and
on-site interviews at Korea University Ansan Hospital. They were
followed up biennially. Among 3021 subjects who participated in
the 6th 2nd examination in 2012 and 7th Ist examination in 2013,

Sleep Impairment in FD and IBS

2251 subjects (1161 men and 1090 women) were asked about
gastrointestinal symptoms according to the Rome I1I criteria. We
excluded participants who did not complete questionnaires (n =
169) or who had cancers (n = 51). We included 2031 subjects (1070
men and 961 women) in this analysis. This study was approved by
the Institutional Review Board of Korea University Ansan Hospital
(ED0624).

Definition
FD and IBS were defined according to the Rome III crite-

- 1412
na.

FD, diagnosis was based on one or more of the following
symptoms for the prior 3 months, with symptom onset at least 6
months earlier: bothersome postprandial fullness, early satiation,
epigastric pain, or epigastric burning with no evidence of structural
disease that could explain the symptoms." The IBS diagnosis was
based on the presence of recurrent abdominal pain or discomfort
associated with 2 or more of the following: improvement after def-
ecation, onset associated with a change in frequency of stools, or
onset associated with a change in stool form for the prior 3 months,
with symptom onset at least 6 months prior to diagnosis.”” IBS-FD
overlap was defined as the fulfillment of both IBS and FD criteria

by the same patient.

Questionnaire on Lifestyle and Anthropometric and
Biochemical Data

The questionnaire included questions about smoking status
(never or current), alcohol consumption (never or current), income
(monthly wage of < 200, 200-400, > 400 X 10* Korean won),
physical activity (metabolic equivalents per hour daily), occupa-
tion (white collar or blue collar), education level (< 6, 6-12, > 12
years), and marital status. Body mass index (BMI) was calculated
as weight in kilograms divided by the square of height in meters.
Blood pressure was measured by trained technicians using a mer-
cury sphygmomanometer, with the subject in the supine position
after at least a 10-minute rest period. Blood samples were taken in
the morning after an overnight fast. We measured fasting glucose,
serum triglycerides, total-cholesterol, and high-density lipoprotein

cholesterol.

Questionnaires on Depression and Quality of Life
The Beck Depression Inventory (BDI), a 21-item self-report-
ed inventory, is used to assess the severity of depressive symptoms."
Participants were asked to indicate which statement best described
the way they have been feeling for the past 2 weeks. Total BDI

scores range from 0 to 63, with higher scores reflecting greater lev-
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els of depressive symptoms.

To assess health related quality of life (QOL), the 12-item
Short-Form health survey (SF-12), a short version of the 36-item
SF health survey questionnaire, was used.'* Fach of the 12 ques-
tions is rated on a 5-point Likert scale, and the sum of the scores
can be calculated with a standardized scoring algorithm. Scores can
be transformed into mental composite summary and physical com-
posite summary scores. Higher scores on the SF-12 composite and
total scores indicate higher QOL..

Questionnaires on Mood and Sleep Disturbance

To assess sleep quality and disturbances, the Pittsburgh Sleep
Quality Index (PSQI), a self-reported questionnaire, was used.”
The PSQI yields a total score that ranges from 0 to 21, with higher
scores indicating more sleep difficulties. The PSQI has 7 subscales:
subjective sleep quality, sleep latency, sleep duration, habitual sleep
efficiency, sleep disturbances, use of sleeping medications, and
daytime dysfunction. To evaluate insomnia status, participants were
asked to rate the frequency of the following 4 insomnia symptoms in

the prior month on a 4-point Likert scale (1 = never, 2 = 1-2 times

Table 1. Baseline Characteristics in Subjects With Irritable Bowel Syndrome, Functional Dyspepsia, and Irritable Bowel Syndrom—Functional

Dyspepsia Overlap

Normal IBS Alone FD Alone IBS-ED Proalue
(n = 1800) (n = 133) (n = 62) overlap Normal vs Normal vs Normal vs
(n = 36) IBS Alone  FD Alone IBS-FD
Age 58.6 £ 6.7 57263 58.2 £ 6.6 58.0 £6.5 0.017 0.639 0.581
Sex 0.279 0.114 0.006
Female 833 (46.3%) 68 (SL.1%)  35(56.5%) 25 (69.4%)
Male 967 (53.7%) 65 (48.9%) 27 (43.5%) 11 (30.6%)
Alcohol 0.370 0.605 0.316
Never 898 (49.9%)  61(45.9%)  33(532%)  21(58.3%)
Current 902(50.1%)  72(54.1%) 29 (46.8%) 15 (41.7%)
Smoking 0.154 0.599 0.664
Never 1555 (86.4%) 109 (82.0%)  55(88.7%)  32(88.9%)
Current 245 (13.6%) 24 (18.0%) 7 (11.3%) 4(11.1%)
Education (yr) 0.046 0.422 0.114
<6 200 (11.1%) 8 (6.0%) 7 (11.3%) 8 (22.2%)
6-12 1183 (65.7%) 84 (632%)  45(72.6%) 21 (58.3%)
> 12 417 (232%) 41 (30.8%) 10 (16.1%) 7 (19.4%)
Income (10" won/mo) 0.481 0.385 0.584
<200 422 (234%)  28(21.1%)  17(274%) 10 (27.8%)
200-400 701 (38.9%)  48(36.1%) 27 (43.5%)  11(30.6%)
> 400 677 (37.6%)  57(42.9%)  18(29.0%) 15 (41.7%)
Occupation 0.978 0.349 0.136
White collar 524(29.1%)  38(28.6%)  23(37.1%) 16 (44.5%)
Blue collar 513(28.5%)  39(29.3%) 14 (22.6%) 8 (22.2%)
Housekeeper 763 (42.4%) 56 (42.1%) 25 (40.3%) 12 (33.3%)
Marital status 0.008 0.047 0.086
Married 840 (46.7%)  78(58.6%)  21(33.9%) 22 (61.1%)
Other 960 (53.3%) 55 (41.4%)  41(66.1%) 14 (38.9%)
Fasting glucose (g/dL) 97.1 £20.8 97.3 £21.2 99.5 £253 97.7 £ 20.6 0.919 0.388 0.865
SBP (mmHg) 115.2 = 13.7 113.5 = 13.6 113.1 = 12.1 110.5 = 11.8 0.178 0.232 0.043
DBP (mmHg) 754 £9.6 74.8 £ 9.4 74.3 £ 8.7 729 £9.2 0.479 0.370 0.113
Triglycerides (mg/dL.) 142.8 = 98.4 147.3 = 97.7 156.7 = 90.4 143.5 =773 0.613 0.272 0.963
HDL (mg/dL) 494 = 12.7 519 £ 134 48.6 = 11.7 54.6 £ 14.1 0.025 0.624 0.014

IBS, irritable bowel syndrome; FD, functional dyspepsia; IBS-FD overlap, defined as the fulfillment of the criteria of both IBS and FD; SBP, systolic blood pres-

sure; DBP, diastolic blood pressure; HDL, high-density lipoprotein.
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per week, 3 = 3-4 times per week, and 4 = more than § times per
week): difficulty initiating sleep, difficulty maintaining sleep, experi-
ence of early morning awakening, and low mood in the morning.
Individuals who indicated that they experienced at least 1 of these 4
symptoms more than 3-4 times per week (score = 3 on any 1 item)
were categorized as having insomnia symptoms, regardless of their
use of sleep medicine.” The Epworth Sleepiness Scale (ESS), is
an 8-item questionnaire for daytime sleepiness with scores ranging
from 0 to 24, with higher scores indicating greater sleepiness. The

IESS was also used to assess the general level of daytime sleepiness."”

Statistical Methods

Data are expressed as means = standard deviations for con-
tinuous variables or numbers and as percentages for categorical
variables. The analyses of continuous and categorical variables to

assess differences among the 4 groups in this study were performed
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by one-way ANOVA, using the Scheffe post-hoc test or the
test for comparison. Logistic regression analysis was performed to
estimate the odds ratio (OR) with 95% confidence interval (CI) for
the correlation between IBS and FD. Covariates included in the
multivariate models were age, sex, income, occupation, educational
level, smoking status, BMI, BDI score, alcohol consumption, and
physical activity (metabolic equivalents per hour daily). To explore
the mediators of the correlation between IBS and FD, subjects with
FD were subcategorized into 4 groups: without both FD and IBS,
with FD and without IBS; without FD and with IBS, and with
both FD and IBS. P < 0.05 was considered statistically significant.
All statistical analyses were performed using SAS statistical software
(SAS 9.4, SAS Institute, Cary, NC, USA).
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Figure 1. Depression and quality of life in functional gastrointestinal
disorders. The (A) Beck Depression Inventory (BDI) scores, (B)
physical component summary of the 12-item Short-Form health survey
(SF-12), and (c) mental component summary of the SF-12, for subjects
with irritable bowel syndrome (IBS) alone, functional dyspepsia (FD)
alone, and IBS-FD overlap, as compared with normal healthy controls.
IBS-FD overlap, defined as the fulfillment of the criteria of both IBS
and FD.
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Results

Baseline Characteristics

Among 2031 eligible subjects, 169 (8.3%) subjects were diag-
nosed with IBS; 98 (4.8%) with FD, and 36 (1.8%) with IBS/FD
overlap. The age- and sex-adjusted prevalence rates of IBS, FD,
and IBS-FD overlap were 8.01% (95% CI, 6.8-9.2%), 4.8% (95%
CI, 3.9-5.8%), and 1.8% (95% Cl, 1.2-2.4%), respectively.

Table 1 shows the characteristics of the study subjects according
to F'D or IBS status. The mean age of patients with IBS alone was
less than that of subjects without IBS or dyspepsia, and IBS-FD
overlap was more prevalent in females than in males. IBS was more
prevalent in subjects with a higher educational level, and there were
differences in marital status between IBS and FD.
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Depression and Quality of Life

Figure 1 shows the depression and QOL status according to
the functional bowel disorder. The BDI, which indicates the degree
of depression, was higher in patients with IBS, FD, and IBS-FD
overlap than in healthy subjects. The BDI of subjects with IBS-FD
overlap was highest, and there were significant differences in the
BDI between IBS or FD alone and IBS-FD overlap groups (Fig.
1A). Both the physical and mental components of the SF-12, repre-
senting QOL,, were significantly lower in IBS alone, FD alone, or
IBS-FD overlap, compared to healthy subjects (Fig. 1B and 1C).

Sleep Impairment in Irritable Bowel Syndrome or
Functional Dyspepsia

Figure 2 shows that sleep impairment was more prominent in
subjects with IBS alone, FD alone, or IBS-FD overlap, compared
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Figure 2. Sleep impairment in functional gastrointestinal disorders.
(A) The Pittsburgh Sleep Quality Index (PSQI), (B) Epworth
Sleepiness Scale (ESS) scores, and (C) insomnia in subjects with
irritable bowel syndrome (IBS) alone, functional dyspepsia (FD)
alone, and IBS-FD overlap, as compared with normal healthy con-
trols. IBS-FD, IBS-FD overlap, defined as the fulfillment of the
criteria of both IBS and FD.
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Table 2. Association of Pittsburgh Sleep Quality Index, Epworth
Sleepiness Scale, and Insomnia With Irritable Bowel Syndrome and
Functional Dyspepsia

Crude Multivariate
OR (95% CI) P-value OR (95% CI) P-value

PSQI
Normal reference reference
IBS alone 1.57 (0.93-2.66) 0.092 1.31(0.75-2.26) 0.340
FD alone 3.38(1.87-6.13) < 0.001 2.68 (1.43-5.01) 0.002

IBS-FD overlap 5.24 (2.59-10.59) < 0.001 3.88 (1.83-8.19) < 0.001
ESS

Normal reference reference
IBS alone 1.56 (0.91-2.67) 0.106 1.36 (0.79-2.36) 0.268
FD alone 2.55(1.33-4.89) 0.05 2.21(1.14-4.30) 0.019
IBS-FD overlap 2.92 (1.30-6.55) 0.092 2.47 (1.08-5.67) 0.032
Insomnia
Normal reference reference
IBS alone 1.76 (1.20-2.58) 0.003 1.44(0.95-2.17) 0.083
FD alone 2.01(1.18-3.42)0.010 1.50 (0.85-2.66) 0.163

IBS-FD overlap 4.08 (2.08-8.00) < 0.001 2.84 (1.39-5.82) 0.004

PSQI, Pittsburgh sleep quality index (PSQI); ESS, Epworth sleepiness scale;
IBS, irritable bowel syndrome; FD, functional dyspepsia; IBS-FD overlap,
defined as the fulfillment of the criteria of both IBS and FD.

Odds ratio was calculated for the comparison of non-IBS patients with non-
FD patients.

Crude data are adjusted for age and sex; the multivariate data are adjusted for
age and sex plus income, occupation, educational level, smoking status, body
mass index, Beck depression inventory score, alcohol consumption, and physi-
cal activity (metabolic equivalents per hour daily).

to healthy subjects. The global PSQI score in subjects with func-
tional bowel disorders was significantly higher than that of healthy
subjects (Fig. 2A). In addition, the proportion of subjects with
PSQI total scores higher than 6 was greater in IBS alone (13.5%,
P < 0.01), FD alone (25.8%, P < 0.01), and IBS-FD overlap
(36.0%, P < 0.01), compared to healthy subjects (9.1%). The ESS
scores, which reflect the extent of daytime sleepiness, were signifi-
cantly higher in subjects with FD alone and IBS-FD overlap, com-
pared to healthy subjects (Fig. 2B). Moreover, insomnia occurred
more frequently in IBS alone, FD alone, and IBS-FD overlap,
compared to healthy subjects (Fig. 2C). However, the mean hours
of sleep duration were not different between groups.

Table 2 shows the multivariate analysis of the correlation be-
tween functional bowel disorders and sleep disturbance. After all
other factors (age, sex, income, occupation, educational level, smok-
ing status, alcohol consumption, BMI, BDI score, and physical
activity) were adjusted, FD was found to have a significant effect
on sleep quality (OR, 2.68; CI, 1.43-5.01) and daytime sleepiness
(OR, 2.21; CI, 1.14-4.30), whereas IBS alone was not indepen-

Sleep Impairment in FD and IBS

dently associated with sleep quality, insomnia, or daytime sleepiness.
In addition, subjects who reported concurrent FD and IBS were
more likely to have poorer sleep quality (OR, 3.88; CI, 1.83-8.19),
insomnia (OR, 2.84; CI, 1.39-5.82), and daytime sleepiness (OR,
2.47;CI, 1.08-5.67).

Discussion

In this population-based study using the Rome III criteria, the
prevalence of IBS, FD, and IBS-FD overlap was 8.0%, 4.8%, and
1.8%, respectively. In a previous population-based Korean study
that used the Rome II criteria, the corresponding prevalence rates
were 9.6%, 9.5%, and 1.3%." Moreover, we found a significant
correlation between functional bowel disorders and self-reported
sleep disturbances; in particular, the highest correlation with poor
sleep quality was found in subjects with IBS-FD overlap.

The association between sleep disturbance and organic gastro-
intestinal diseases is well established. Previous studies showed that
sleep disorders were more common in a gastroesophageal reflux dis-
ease (GERD) cohort than in a comparison cohort (hazard ratio =
2.69; CI, 1.83-3.94)," and that individuals with peptic ulcers
showed more daytime sleepiness compared to patients with other
medical conditions, such as gynecological disorders, neurological
disorders, or heart disease.” In the absence of organic disease, the
presence of gastrointestinal symptoms exhibited a relationship with
sleep disturbance, and multiple gastrointestinal symptoms tended
to have a stronger association than single symptoms.™' Therefore,
it could be considered natural that FGIDs, which manifest various
chronic gastrointestinal symptoms including abdominal pain, are
accompanied by sleep disturbance. In accordance with our findings,
the prevalence of sleep disturbances in patients with IBS or FD was
higher than that in healthy subjects in previous studies.””

Sleep impairment and digestive symptoms are closely related.
Sleep disturbance in patients with FGID could be due to existing,
chronic painful physical stimuli, including gastrointestinal symp-
toms that cause difficulty in sleeping, inability to resume sleep once
awake, and a shorter sleep duration.” In addition, sleep deprivation
itself has been shown to be an aggravating factor of unpleasant next-
day abdominal symptoms in women with IBS.*

Other explanations for the high prevalence of sleep disturbanc-
es in patients with FGIDs could be related to psychological distress,
such as depression or anxiety, which are commonly reported in these
patients.” In a study in Singapore, $1% of refractory FGID patients
at a tertiary gastroenterology unit had significant anxiety or depres-

sion compared with controls.” Acute or chronic psychosocial stress-
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ors frequently precede the onset and exacerbations of FGID.**”

Approximately two-thirds of patients with IBS who are referred
to secondary care centers have some form of psychological dis-
tress, commonly anxiety or depression.” Notably, in another study,
Robert et al”’ showed that patients with both IBS and depression
complained of more sleep issues than both patients with IBS with-
out depression and healthy subjects. Our study also confirmed that
depression was more prevalent in patients with IBS or FD than in
healthy subjects. Moreover, in patients with FD, the self-reporting
of poor sleep was found to be positively correlated with gastrointes-
tinal symptom severity, and poor sleep was strongly associated with
anxiety and depression.” Several studies have shown that psycho-
logical distress may alter gut immunity and permeability, which is
being increasingly recognized as a pathophysiological mechanism in
FGID.*”

Taking a different approach, several studies that used polysom-
nography in IBS showed that the proportion of rapid eye move-
ment sleep was markedly increased,”* with more frequent sleep
fragmentation and awakening in IBS patients.” In another study
rapid eye movement sleep, arousals, and waking was associated with
increased colon motility.”

Our study revealed that the global PSQI scores, ESS scores,
and prevalence of insomnia were higher in subjects with IBS or FD
alone than in healthy subjects. Interestingly, the likelihood of sleep
problems was greater in FD patients than in IBS patients. Due to
limited data pertaining to the increased prevalence of sleep impair-
ment in FD than in IBS, further studies are needed.

Our study also examined QOL. using the SF-12 questionnaire.
The scores for both the physical and mental components were lower
in patients with IBS alone, FD alone, or IBS-FD overlap, com-
pared to healthy controls. Patients with IBS experience significant
impairment in health-related QOL..” Several studies also reported
that QOL. in FD was reduced as compared with that of healthy
subjects. Moreover, QOL showed a significant association with
global PSQI scores in patients with FD."’

In our study, the IBS-FD overlap group showed the greatest
likelihood of sleep disturbance in all scoring parameters when com-
pared to healthy controls. The BDI score was also higher in subjects
with IBS-FD overlap than in subjects with FD or IBS alone. The
degree of overlap between IBS and FD varied from 15% to 42%,
depending on the diagnostic criteria that was used.” Abnormalities
of the psychosocial or central nervous systems that affect gastro-
intestinal motility, as well as altered immune responses, could be
considered as possible risk factors for IBS-FD overlap.” Depressed

mood was reported to have a significant association with FD, and

there was a greater frequency of decreased QOL and depressed
mood in patients with IBS-FD overlap than in patients with IBS or
FD alone.” Park et al” reported that the somatization and anxiety
scores were higher in IBS-FD overlap than in either IBS or FD
alone. Along with an increase in the number of co-existing FGIDs,
there was a corresponding increase in the prevalence of anxiety and
depression.”

This study has several limitations. Although this was a popula-
tion-based cohort study, the enrolled subjects were all middle-aged.
Therefore, the prevalence of IBS or FD may not be generalizable
to the general population. Moreover, there were some differences
between healthy subjects and patients with FGIDs in sex, education
level, and marital status, which might affect the prevalence of sleep
disturbance. However, we calculated odds ratio after adjusting for
many variables, including age, sex, education level, etc. In addition,
since the prevalence of sleep issues such as insomnia tends to be
higher among older women and men, sleep issues might have oc-
curred more frequently in our study. Finally, although there was an
obvious correlation between FGID and sleep disturbances, we were
unable to determine causality owing to the cross-sectional design
and complex pathophysiology of FGID.

In conclusion, this study provides evidence for the association
between sleep disturbances and FGIDs in a Korean community;
this association was much stronger in the subjects with concurrent
FD and IBS. In particular, sleep quality was more significantly im-
paired when both FD and IBS were present. Our results demon-
strate that QOL. and psychological stresses are significantly corre-
lated with FD and IBS, and that the correlation is much stronger in
patients with IBS-F'D overlap. Further studies with a larger sample
size and a prospective approach are warranted to assess a possible

causal relationship between sleep and FGIDs.
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