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GASTROESOPHAGEAL REFLUX DISEASE SYMPTOMS AND SHORT SLEEP DURATION

Gastroesophageal Reflux Disease Symptoms and Dietary Behaviors are
Significant Correlates of Short Sleep Duration in the General Population:
The Nagahama Study
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Study Objectives: To examine relationships among gastroesophageal reflux disease (GERD) symptoms, dietary behaviors, and sleep duration
in the general population.

Design: Cross-sectional.

Setting: Community-based.

Participants: There were 9,643 participants selected from the general population (54 + 13 y).

Interventions: None.

Measurements and Results: Sleep duration, sleep habits, and unfavorable dietary behaviors of each participant were assessed with a structured
questionnaire. Participants were categorized into five groups according to their sleep duration: less than 5 h, 5 to less than 6 h, 6 to less than 7 h,
7 to less than 8 h, and 8 or more h per day. GERD was evaluated using the Frequency Scale for the Symptoms of GERD (FSSG) and participants
having an FSSG score of 8 or more or those under treatment of GERD were defined as having GERD. Trend analysis showed that both the FSSG
score and the number of unfavorable dietary habits increased with decreasing sleep duration. Further, multiple logistic regression analysis showed
that both the presence of GERD (odds ratio = 1.19, 95% confidence interval (CI) = 1.07-1.32) and the number of unfavorable dietary behaviors
(odds ratio = 1.19, 95% Cl = 1.13-1.26) were independent and potent factors to identify participants with short sleep duration even after controlling
for other confounding factors.

Conclusion: The current study showed that both GERD symptoms and unfavorable dietary behaviors were significant correlates of short sleep
duration independently of each other in a large sample from the general population.
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INTRODUCTION

Amid mounting interest over the effect of sleep on health
concerns, many previous studies have suggested that short
sleep duration causes a number of conditions such as obesity,
insulin resistance, hypertension, and cardiovascular diseases
from results of large general populations.'® However, relatively
little interest has been paid to determining what factors predict
or influence an individual’s sleep duration.

Gastroesophageal reflux disease (GERD) is a chronic con-
dition that develops when reflux of gastric contents into the
esophagus causes troublesome symptoms or complications.”
Acid regurgitation and heartburn are the major complaints of
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GERD and approximately 10% to 25% of the general popula-
tion was reported to complain of these symptoms.®'* Patients
with symptoms of GERD commonly report poor sleep, and
previous epidemiologic studies have established a link between
nighttime heartburn and sleep disturbances."""* However, these
studies did not focus on sleep duration but rather on subjec-
tive sleep quality. The relationship between sleep duration and
GERD symptoms has been investigated in very few studies and
their results were discrepant. Matsuki et al. examined lifestyle
factors associated with GERD in participants who underwent
gastroscopy and showed that the subjects with GERD symp-
toms were more likely to report short sleep duration than those
without such symptoms.'* However, Chen et al. performed a
similar study and showed that symptoms of GERD were not as-
sociated with sleep duration.' Furthermore, the 800 and 3,000
subjects, respectively, of those studies were recruited during
routine health examinations in the hospital and it is possible
that these studies did not reflect situations in the general popu-
lation. A general population survey with a larger sample size is
warranted.

In addition, some unfavorable dietary behaviors such as late
eating time and snacking after dinner may affect both GERD

GERD Symptoms, Dietary Behaviors, and Sleep Duration—Murase et al.



and sleep duration. However, very few studies investigated the
correlation between dietary behaviors and GERD with sleep
duration, and the relationships among these three factors have
never been evaluated comprehensively in a cohort study.'®!8

Given this background, we analyzed the cross-sectional in-
terrelationships among sleep duration, GERD symptoms, and
dietary behaviors simultaneously in a large-scale sample of the
general population.

METHODS

Study Participants

Included in the current analysis were participants of the
Nagahama Prospective Genome Cohort for Comprehensive
Human Bioscience (The Nagahama Study). The Nagahama
Study is a longitudinal genetic epidemiological study aimed
at clarifying unidentified factors and pathways relating genetic
variants and disease phenotypes of common diseases and dis-
orders, such as cardiovascular, endocrine, metabolic, and im-
munological diseases via the comprehensive analysis of omics
data. The Nagahama Study cohort was recruited from the gen-
eral population living in Nagahama City, a largely rural city of
125,000 inhabitants in Shiga Prefecture, located in the center
of Japan. Among the total of 9,804 study participants recruited
from 2008 to 2010, persons who had a history of malignant dis-
eases of the upper alimentary tract (n = 79), who were pregnant
(n = 43) or who did not complete the questionnaires (n = 39)
were excluded from the analysis. All study procedures were ap-
proved by the ethics committee of Kyoto University Graduate
School of Medicine.

Basic Clinical Parameters

Basic clinical parameters, including age, body mass index
(BMI), and clinical history were obtained from the personal
health records collected at the baseline examination for the
Nagahama Study. Smoking history and drinking habits were
obtained using a structured questionnaire. An individual who
consumed alcohol more than 4 days/w was defined as a fre-
quent drinker.

Assessment of Sleep Habits

Hours of sleeping were assessed by the following question:
“On average, how many hours do you sleep per day?” Subjects
were categorized into five groups according to sleep duration:
less than 5 h, 5 to less than 6 h, 6 to less than 7 h, 7 to less
than 8 h, and 8 or more h per day. Short sleep duration was
defined as less than 6 h of sleep per day according to previous
studies.'”?® The regularity of the sleep schedule was also inves-
tigated by the following “yes-no” question: “Are your waking
time and bedtime regular?”

Assessment of GERD Symptoms

The GERD symptoms were evaluated using the Frequency
Scale for the Symptoms of GERD (FSSG),*' a well-validated
and widely used questionnaire for the diagnosis of GERD
and also for evaluating the effectiveness of the treatment of
GERD.?*? The 12 questions of the FSSG cover various symp-
toms related to the upper alimentary tract. A higher score indi-
cates more severe GERD symptoms and 8 points are frequently
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used as a cutoff point for the diagnosis of GERD. All the par-
ticipants were asked to respond to the FSSG scale questionnaire
and participants with an FSSG score of 8 or higher or who were
undergoing treatment of GERD were defined as having GERD.

Assessment of Dietary Behaviors

Unfavorable dietary behaviors that were expected to be
closely correlated with both sleep duration and GERD symp-
toms were assessed by the following four “yes-no” questions
that are used in the standard health checkup program performed
by the Japanese government: 1. Do you have dinner within 2 h
before going to bed more than 3 days a week? 2. Do you snack
after dinner more than 3 days a week? 3 Do you have a habit
of eating rapidly? 4. Do you skip breakfast more than 3 days a
week? A score of one was assigned to each “yes” response.

Statistical Analysis

Differences in numeric variables among subgroups were de-
termined by an analysis of variance for continuous variables
and a chi-square test for categorical variables. Trend testing was
performed by the Cochrane-Armitage trend test (categorical
variables) or the Jonckheere trend test (numeric variables). In
comparison of FSSG score among groups categorized by sleep
duration and regularity of the sleep schedule, Dunnet test was
performed using the group with 7 to less than 8 h/day sleep du-
ration as the reference. We performed multivariate logistic re-
gression analysis to specify the factors independently associated
with short sleep duration. Two-tailed P < 0.05 were considered
statistically significant. All statistical analyses were performed
using JMP 7.0.2 statistical software (SAS Institute Inc., Cary,
NC, USA) and R software (http://www.r-project.org/).

RESULTS

Basic clinical characteristics of study participants are sum-
marized in Table 1. Of the total of 9,643 participants, the diag-
nosis of GERD was made in 2,210 (22.9%)), and the prevalence
of GERD as well as the mean FSSG score did not differ be-
tween men and women. In contrast, unfavorable dietary behav-
iors except for snacking after dinner were more frequent in men
than in women. Frequency of an irregular sleep schedule was
also higher in male than in female participants.

Table 2 shows the differences in clinical characteristics of
subjects according to sleep duration. In the trend analysis, fac-
tors positively associated with short sleep duration were female
sex, body mass index, irregular sleep schedule, and consump-
tion of hypnotic or analgesic drugs, whereas frequent drinking
and current smoking showed opposite associations. The fre-
quency of GERD as well as the number of unfavorable dietary
behaviors were also increased with decreasing sleep duration.

Because the frequency of an irregular sleep schedule was ap-
proximately three times higher in the highest group than in the
lowest group, we conducted a separate analysis of the regularity
of the sleep schedule. Results of trend analysis showed that an
inverse association between sleep duration and the FSSG score
was only seen in participants having a regular sleep schedule.
Even though the relationship between FSSG score and sleep
duration in participants with regular sleep schedule seemed
to be inverse J-shaped curvilinear, a significant difference in
FSSG score was not observed between groups with 7 to less
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Table 1—Clinical characteristics of study participants.

All (n =9,643) Men (n = 3,164) Women (n = 6,479) P

Age,y 54 £13 56 + 14 53+13 <0.01
Body mass index, kg/m? 223+33 234 +3.1 21.8+3.2 <0.01
Current smoker, % 14.6 31.0 6.5 <0.01
Frequent drinker, % 22.7 49.5 9.6 <0.01
Irregular sleep schedule, % 10.7 13.7 9.2 <0.01
Unfavorable dietary behavior, %

Dinner within 2 h of bedtime 18.5 28.8 13.5 <0.01

Snacking after dinner 209 19.4 216 0.01

Rapid eating 35 4.7 317 <0.01

Skipping breakfast 9.2 12.4 7.6 <0.01
Medication, %

Hypnotic drugs 54 49 5.6 0.17

Steroids 0.7 0.6 0.7 0.33

Analgesic drugs 3.3 1.7 41 <0.01
GERD treatment, % 1.1 0.9 1.2 0.16
FSSG score 47+50 46+49 47+50 0.14
GERD, % 229 224 23.2 0.43

Values are expressed as mean + standard deviation or percentage. Gastroesophageal reflux disease (GERD) was defined by a score of eight points or more
on the Frequency Scale for the Symptoms of GERD (FSSG) or taking medication for GERD. An individual who consumed alcohol more than 4 days/w was
defined as a frequent drinker.

Table 2—Differences in clinical characteristics according to sleep duration.

5to 6 to 7to P
lessthan5h  less than 6 less than 7 lessthan8  8ormoreh  ANOVAor P
(n =595) (n=2,246) (n=3,732) (n=2,316) (n=754) chi-square  Trend
Women, % 69.6 71.6 69.0 62.9 56.6 <0.01 <0.01
Age,y 54 +13 54 +12 53+13 54 + 14 53+ 15 0.72 0.34
Body mass index, kg/m? 228+36 224+33 223+3.2 221+32 222+35 <0.01 <0.01
Current smoker, % 14.0 13.4 13.7 15.8 19.0 <0.01 <0.01
Frequent drinker, % 17.3 21.3 21.2 25.0 314 <0.01 <0.01
Irregular sleep schedule, % 25.7 14.8 8.4 6.9 9.3 <0.01 <0.01
Medication, %
Hypnotic drugs 9.6 6.9 4.2 47 5.6 <0.01 <0.01
Steroids 0.7 0.7 0.7 0.7 0.8 0.99 0.87
Analgesic drugs 4.4 3.8 34 2.6 25 0.06 <0.01
No. unfavorable dietary behaviors 1.0+£1.0 09+09 0809 0.8+0.8 0809 <0.01 <0.01
FSSG score 5657 49+50 4749 43+438 45+52 <0.01 <0.01
GERD, % 30.3 251 228 19.8 20.6 <0.01 <0.01

Values are expressed as mean * standard deviation or percentage. Differences in numeric variables among subgroups were determined by an analysis
of variance for continuous variables and a chi-square test for categorical variables. Trend testing was also performed by the Cochrane-Armitage trend test
(categorical variables) or the Jonckheere trend test (numeric variables). P values for both ANOVA and trend tests are shown. ANOVA, analysis of variance;
FSSG, Frequency Scale for the Symptoms of GERD; GERD, gastroesophageal reflux disease.

than 8 h and 8 h or longer per day sleep duration. However,  dietary behaviors were associated with a significantly higher

there were significant differences between the group with 7 to FSSG score. Further, the accumulation of unfavorable dietary

less than 8 h/day sleep duration and each group with less than behaviors showed a stepwise association with the FSSG score

5h, 5 to less than 6 h, and 6 to less than 7 h per day sleep dura-  (Figure 2).

tion. (Figure 1) To further identify factors independently associated with
The association between each dietary habit and the FSSG short sleep duration, multiple logistic regression analysis was

scores are summarized in Table 3. All of the investigated performed with adjustments for possible covariates (Table 4,
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Regular sleep schedule

89 P <0.01

trend

FSSGscore

Sleep duration (hours)

Figure 1—FSSG score for participants by sleep duration and with or without a regular sleep schedule. The bars represent the mean FSSG scores in each
group. The numeral in each bar represents the number of participants in each group. The asterisk is explained as follows: The comparisons of FSSG
score among groups categorized by sleep duration were performed with Dunnet test using the group with 7 h to less than 8 h per day sleep duration as
the reference. In participants with regular sleep schedule, there were significant differences between the reference group and each of group with less than
5h, 51toless than 6 h, and 6 to less than 7 h per day sleep duration, whereas there was no significant differences with the group with 8 or more h per day
sleep duration. However, in participants with an irregular sleep schedule, the significant difference was not found between the reference and any of the other
groups. FSSG, Frequency Scale for the Symptoms of GERD. GERD, Gastroesophageal reflux disease.

Irregular sleep schedule

P, =0.26

trend

FSSGscore

<5 <6 <7 <8 >8

Table 3—Frequency Scale for the Symptoms of Gastroesophageal
Reflux Disease scores in subjects with or without each examined dietary
behavior.

n FSSG score P
1,785 54+55

Dinner within 2 h of sleep 7858 45448 <0.01
Snacking after dinner ;g;g Zg z i; <0.01
Rapid eating i g%g Zg i i’é <0.01
Skipping breakfast ¥ 8?% 2(6) z i; <0.01

FSSG score values are expressed as mean * standard deviation.
Statistical significance was assessed by analysis of variance.

Model 1). Results showed that both GERD and the number of
unfavorable dietary behaviors were independently associated
with short sleep duration, even in the analysis that did not in-
clude participants having an irregular sleep schedule. (Table 4,
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Model 2) No interaction was observed between GERD and the
number of unfavorable dietary habits (P = 0.82).

DISCUSSION

The current result showed that the frequency of GERD as
well as the number of unfavorable dietary behaviors were also
increased with decreasing sleep duration, and that both GERD
symptoms and unfavorable dictary behaviors were associated
with short sleep duration independently of other clinical vari-
ables in a large sample from the general population. To the best
of our knowledge, this is the first study that showed the prev-
alence of GERD in the general population according to their
sleep duration, and evaluated GERD symptoms and dietary be-
haviors comprehensively to determine if they were significant
correlates of short sleep duration in a large sample from the
general population.

Several previous studies have investigated the associations
between only two of these three factors, i.e., sleep duration,
GERD symptoms, and dietary behaviors. Matsuki et al. showed
in their hospital-based study that subjects with GERD symp-
toms were more likely to report short sleep duration than those
without such symptoms'* and suggested that the relationship
between sleep duration and GERD was bidirectional based on
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other previous studies.* ¢ With regard to the correlation be-

tween dietary behaviors and sleep duration, Kim et al. found in
their epidemiologic study that female subjects with short sleep
duration tended to eat meals during unconventional hours."”
Persons with short sleep duration may tend to go to bed later and
thereby have more opportunities to eat at later hours. Change in
the physiological regulation of metabolic hormones that influ-
ence diet and eating patterns is another possible explanation.?’
In addition, a positive association between GERD symptoms
and unfavorable dietary behaviors also was reported.'®* How-
ever, no previous study has investigated whether GERD and
dietary behaviors are independently associated with sleep dura-
tion. This is the first study to clarify that both GERD symptoms
and unfavorable dietary behaviors were correlated with short
sleep duration independently of each other.

We evaluated sleep duration with a questionnaire. Although
sleep duration examined by an objective measurement such
as actigraphy may be desirable, self-reported sleep duration
assessment was reported to be as valid as objective measure-
ments.”? Because individuals with a short sleep duration were
more likely to have an irregular sleep schedule, there might be
a misperception of sleep duration in this group.*® However, in
our analysis GERD and dietary behaviors remained significant
determinants of sleep duration, except for in participants with
an irregular sleep schedule. This finding emphasizes the result
that GERD symptoms and dietary behaviors were associated
with sleep duration independently of each other. In the current
study, we did not obtain data about the specific types of sleep
problems, such as difficulty getting to sleep and early morning
awakening. Investigations of sleep problems specifically corre-
lated with GERD symptoms and dietary behavior are warranted.

We also evaluated the severity of GERD symptoms with the
questionnaire. Several diseases, such as functional dyspepsia
and nonerosive reflux disease, can cause GERD symptoms; the
sensitivity of FSSG scale for detecting the patients with ab-
normal endoscopic findings of GERD has been reported to be
60%.?! Further, the severity of GERD symptoms is not always
proportional to that of findings in endoscopy and pH moni-
toring.*"** Therefore, further studies may be needed to examine
whether the objectively measured GERD findings are a stronger
explanation of short sleep duration than self-reported GERD
symptoms.

In the current study, female sex, older age, and having a
higher BMI were also positively associated with short sleep
duration. Whereas many preceding studies reported a positive
association between short sleep duration and obesity,'* the re-
lationship between sleep duration and sex or age was incon-
sistent in previous studies.!*33-35 Although this finding may be
caused by different ethnic and cultural influences or lifestyles,
these previous studies did not take into account GERD symp-
toms and dietary behaviors as the determinants of sleep dura-
tion, which might explain these conflicting results. By taking

P, ,<0.01

trend

(0]

FSSG score
(8]

o 1 2 3 4

No. of unfavorable
dietary behaviors

Figure 2—Association between FSSG score and the number of
unfavorable dietary behaviors. The bars represent the mean FSSG
score in each group. The numeral in each bar represents the number of
participants in each group. FSSG, Frequency Scale for the Symptoms of
GERD. GERD, Gastroesophageal reflux disease.

Model 2 (n = 8,614)

Table 4—Multivariate logistic regression analysis to determine the factors identifying participants with short sleep duration.
Model 1 (n =9,643)
Odds ratio (95%Cl) P
Female 1.43 (1.27-1.60) <0.01
Age 1.00 (1.00-1.01) 0.02
Body mass index 1.02 (1.01-1.04) <0.01
Current smoker 0.92 (0.80-1.05) 0.22
Frequent alcohol drinker 0.94 (0.83-1.06) 0.33
Irregular sleep schedule 2.26 (1.97-2.58) <0.01
Taking hypnotic drugs 1.59 (1.32-1.92) <0.01
Taking analgesic drugs 1.15(0.91-1.47) 0.24
Gastroesophageal reflux disease 1.19(1.07-1.32) <0.01
No. unfavorable dietary behaviors 1.19 (1.13-1.26) <0.01

Odds ratio (95%Cl) P
1.45 (1.28-1.65) <0.01
1.00 (0.99-1.01) 0.09
1.02 (1.01-1.04) 0.01
0.90 (0.77-1.05) 0.17
0.99 (0.86-1.13) 0.83
1.69 (1.38-2.07) <0.01
1.11(0.85-1.43) 0.44
1.19 (1.06-1.33) 0.03
1.20 (1.13-1.27) <0.01
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these factors into account, the current study led us to a more
sophisticated evaluation of the relationship between sleep dura-
tion and age or sex compared with previous studies.

We recognize the limitations of this study. First, the question-
naire that we adopted could not evaluate the sleep quality of
each participant in detail. Second, we did not assess details of
participants’ socioeconomic background such as income, edu-
cation level, and marital status, factors that were also reported
to be associated with sleep duration.***® However, because
Jansson et al. reported that GERD symptoms were associated
with sleep problems independently of socioeconomic status,
these factors might not have materially affected the current re-
sults.'? Third, because this study was based on cross-sectional
observations, we could not show a causal relationship between
sleep duration and GERD symptoms or dietary behaviors. To
clarify the causal relationship among them, further studies in-
vestigating whether clinical interventions for GERD and di-
etary behaviors improve sleep shortage are warranted.

In conclusion, GERD symptoms and unfavorable dietary be-
haviors were significantly associated with short sleep duration
in the general population independently from each other. Fur-
ther studies are warranted to investigate whether interventions
for GERD and dietary behaviors lead to improvement of sleep
shortage.
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