Combined association of clinical and lifestyle
factors with non‑restorative sleep: The
Nagahama Study.
著者

journal or
publication title
volume
number
page range
year
URL

Matsumoto Takeshi, Tabara Yasuharu, Murase
Kimihiko, Takahashi Yoshimitsu, Setoh Kazuya,
Kawaguchi Takahisa, Muro Shigeo, KADOTANI
Hiroshi, Kosugi Shinji, Sekine Akihiro, Yamada
Ryo, Nakayama Takeo, Mishima Michiaki, Matsuda
Fumihiko, Chin Kazuo
PLoS ONE
12
3
e0171849
2017‑03‑09
http://hdl.handle.net/10422/00012458
doi: 10.1371/journal.pone.0171849

(C)2017 Matsumoto et al. This is an open access article distributed under the
terms of the Creative Commons Attribution License, which permits unrestricted
use, distribution, and reproduction in any medium, provided the original author
and source are credited.

RESEARCH ARTICLE

Combined association of clinical and lifestyle
factors with non-restorative sleep: The
Nagahama Study
Takeshi Matsumoto1, Yasuharu Tabara2, Kimihiko Murase1, Yoshimitsu Takahashi3,
Kazuya Setoh2, Takahisa Kawaguchi2, Shigeo Muro1, Hiroshi Kadotani4, Shinji Kosugi5,
Akihiro Sekine6, Ryo Yamada2, Takeo Nakayama3, Michiaki Mishima1, Fumihiko Matsuda2,
Kazuo Chin7*

a1111111111
a1111111111
a1111111111
a1111111111
a1111111111

1 Department of Respiratory Medicine, Graduate School of Medicine, Kyoto University, Kyoto, Japan,
2 Center for Genomic Medicine, Graduate School of Medicine, Kyoto University, Kyoto, Japan, 3 Department
of Health Informatics, School of Public Health, Kyoto University, Kyoto, Japan, 4 Department of Sleep and
Behavioral Sciences, Shiga University of Medical Science, Shiga, Japan, 5 Department of Medical Ethics and
Medical Genetics, School of Public Health, Kyoto University, Kyoto, Japan, 6 Center for Preventive Medical
Science, Chiba University, Chiba, Japan, 7 Department of Respiratory Care and Sleep Control Medicine,
Graduate School of Medicine, Kyoto University, Kyoto, Japan
* chink@kuhp.kyoto-u.ac.jp

OPEN ACCESS
Citation: Matsumoto T, Tabara Y, Murase K,
Takahashi Y, Setoh K, Kawaguchi T, et al. (2017)
Combined association of clinical and lifestyle
factors with non-restorative sleep: The Nagahama
Study. PLoS ONE 12(3): e0171849. doi:10.1371/
journal.pone.0171849
Editor: Thomas Penzel, Charité—
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Abstract
Background
Non-restorative sleep (NRS) was suggested to be associated with cardiovascular outcomes. However, causative factors for NRS have not been fully elucidated. This study
aimed to clarify factors and their relationships with NRS to better understand the clinical and
epidemiological implications of NRS and to develop a score that can objectively evaluate
NRS status.
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Methods

Copyright: © 2017 Matsumoto et al. This is an
open access article distributed under the terms of
the Creative Commons Attribution License, which
permits unrestricted use, distribution, and
reproduction in any medium, provided the original
author and source are credited.

Study subjects consisted of 9,788 community residents (age 53.6 ± 13.4 y). Subjective NRS
as well as possible clinical and lifestyle factors for NRS were investigated by questionnaires.
Other clinical parameters were obtained from personal records of information obtained at
the baseline examination.

Data Availability Statement: This study was
conducted by analyzing a dataset of the Nagahama
Prospective Cohort for Comprehensive Human
Bioscience (the Nagahama Study), and the data are
available upon request because we did not obtain
consent from each participant for publication of
individual data in public domains. Data from the
Nagahama study are available upon request to the
Nagahama office (nagahama-office@genome.med.
kyoto-u.ac.jp). We plan to make our data available
at the National Bioscience Database Center after

Results
A total of 3,261 participants complained of NRS. Factors independently associated with subjective NRS were younger age (odds ratio = 1.43), use of a hypnotic drug (2.04), irregular
sleep schedule (2.02), short sleep duration (<5 h, 11.7; 5–6 h, 4.81; 6–7 h, 2.40), frequent
sleepiness (2.33), routine stress (4.63), no habitual exercise (1.61), nocturia symptoms
(1.43), symptoms of gastroesophageal reflux disease (1.44), and depression (1.46) (all
P <0.001). The NRS score comprised of these 10 factors was linearly associated with the
frequency of subjective NRS (Ptrend <0.001). Frequency of individuals with a high NRS
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score was greater in women (52.3%) than in men (42.1%, P<0.001), while no clear association was observed with common risk factors for cardiovascular diseases.

Conclusions
NRS was a phenomenon representing various clinical and lifestyle features. Careful attention should be paid to individuals with a high NRS score who might be at risk for mental
fatigue and have unfavorable lifestyle factors.

Introduction
Both short and long sleepers have been reported to be at greater risk for mortality in various
populations irrespective of cause of death [1, 2]. These associations might be independent of
various risk factors that were potentially associated with poor outcomes, namely hypertension,
type 2 diabetes, smoking, and lifestyle habits [3]. In addition to physically measured sleep
duration, poor subjective sleep quality has also been suggested to be associated with systemic
inflammation [4] and subclinical arterial diseases [5]. It was also reported that poor sleep quality might increase the risk of short sleep duration for the incidence of cardiovascular disease
[6, 7].
Non-restorative sleep (NRS) is the subjective experience of unrefreshing sleep [8], and factors that have been strongly associated with NRS in association with insomnia were suggested
to be short sleep duration, poor sleep quality, anxiety, and depressive symptoms [9]. Not only
in patients with insomnia but also in the general population, a substantial number of individuals have experienced NRS, of which the frequency was estimated to be approximately 10%
[10]. Given that NRS without insomnia was also significantly associated with poor sleep quality
and psychological symptoms [10], NRS may represent potential risks for various clinical outcomes attributable to sleep problems even in the general population. However, factors involving NRS are largely unknown. In addition to findings on sleep parameters and psychological
symptoms, a cross-sectional study in a Japanese general population [11], as well as our own
study [12, 13], reported an involvement of unhealthy lifestyle factors and gastroesophageal
reflux disease (GERD) symptoms in NRS.
Here, to clarify factors involved in NRS in a general population, as well as to develop a
novel scoring system for evaluating the potential risk for NRS, we conducted a cross-sectional
study by analyzing a dataset of the Nagahama Prospective Cohort for Comprehensive Human
Bioscience (the Nagahama Study), which is a large-scale population-based cohort study in
Japan. We also investigated a possible association of NRS with common clinical factors for cardiovascular diseases.

Materials and methods
Study participants
Study participants consisted of 9,788 middle-aged to elderly citizens who were participants in
the Nagahama Study. The study cohort was recruited from 2008 to 2010 from the general population living in Nagahama City, a largely rural city of 125,000 inhabitants located in central
Japan. Residents aged 30 to 74 years living independently in the community and with no physical impairment or dysfunction were recruited for the Nagahama cohort. The full dataset of
the Nagahama cohort was used in this study.
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All study procedures were approved by the ethics committee of Kyoto University Graduate
School of Medicine and the Nagahama Municipal Review Board. Written informed consent
was obtained from all participants.

Subjective NRS
Subjective NRS was investigated by the following “yes-no” question: Do you get adequate rest
during sleep? Individuals who answered “No” were considered to be experiencing NRS.

Risk factors for NRS
The following factors potentially associated with NRS were evaluated by structured questionnaires: daily sleep, dietary and exercise habits, GERD symptoms, psychological factors (routine
stress and depressive symptoms), and medication use.
We assessed sleep duration (On average, how many hours do you sleep per day?). We also
assessed the regularity of the sleep schedule (Are your waking time and bed time regular?)
and daytime sleepiness (How often do you feel sleepy?) as factors indicating daily sleep habits.
Sleepiness was assessed by the following 3 responses: frequently, 3 or more days per week; rare,
more than once a month; and never.
Unfavorable dietary habits were assessed by the following 4 questions with “yes-no” responses
that were used in the public health checkup program in Japan: Do you skip breakfast 3 or more
times per week?; Do you have dinner within 2 h before sleep 3 or more times per week?; Do
you snack after dinner 3 or more times per week?; and Do you have a habit of eating rapidly?
According to our previous reports [12, 13], any number of “Yes” answers were considered to
indicate an unfavorable dietary habits score.
Exercise habit was investigated by a “yes-no” response to one question (Are you in the habit
of exercising to sweat for over 30 minutes, 2 times weekly, for over a year?) according to the
Japanese Exercise Guideline.
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 [14]. Participants with an FSSG score of 8 or higher or those who were undergoing treatment of GERD
were defined as having GERD.
Routine stress was investigated by a question (How often did you feel stress in the past
year?) with 4 possible responses (frequently, sometimes, rarely, and never).
Depressive symptoms were assessed by the Mental Health Inventory [15]. Participants with
a score 52 were considered as having depression. The cross-validity of this questionnaire in
Japanese has been confirmed elsewhere [16].
Daily use of hypnotic or antipsychotic drugs including anti-anxiety and antidepressant
drugs was determined by a questionnaire.

Clinical parameters
Clinical parameters, including the plasma markers used in this study, were obtained from the
personal records of participants who underwent baseline measurements for the Nagahama
study.

Statistical analysis
Values are expressed as mean ± standard deviation, median [interquartile range] or frequency.
Group differences in continuous variables were assessed by an unpaired Student’s t test or
Mann-Whitney U test, while those of categorical variables were assessed by a chi-squared test.
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Cochrane-Armitage test was used for a trend test. Factors independently associated with subjective NRS were assessed by a multivariate logistic regression analysis. Because short sleep
duration is an established risk factor for NRS [9, 17], we performed a sensitivity analysis by
excluding individuals who indicated a usual sleep duration shorter than 7h. To simplify the
relationship between clinical and lifestyle factors and subjective NRS, the NRS score was calculated by summing the weighted number of independent risk factors with marked significance
(P <0.01). The weighted score was determined based on the odds ratio in the regression
model. A cut-off point, as well as its sensitivity and specificity, of the presently developed NRS
score was obtained by a receiver operating characteristic (ROC) curves analysis. The data were
also analyzed with the area under the curve. A two-tailed P value <0.05 was considered as statistically significant. All statistical analyses were performed using commercially available statistical software JMP 11.2.0 (SAS Institute Inc., Cary, NC, USA).

Results
Factors associated with subjective NRS
Clinical characteristics of study participants are summarized in Table 1. Factors markedly
associated with subjective NRS are depicted in Fig 1. Frequency of NRS was significantly
higher in individuals with short sleep duration, who experienced frequent sleepiness during
daytime, or had an irregular sleep schedule. GERD symptoms and psychological factors were
also associated with subjective NRS. In contrast, habitual exercise was identified as a protective
factor for NRS. Other distinct characteristics of the NRS individuals were younger age, female
sex, and frequent use of hypnotic and antipsychotic drugs (Table 2). Unfavorable dietary habits
were also frequent in this group.
To clarify factors independently associated with subjective NRS, multiple logistic regression
analysis, including possible covariates as dependent variables, was performed (Table 3, Model
1). Age was included in the regression model as a dichotomic variable to obtain regression
coefficient needed for the weighted score calculation with a cutoff of age 60 years [18]. However, even when age was included as a continuous variable, no substantial differences were
observed in the results of the regression analysis (S1 Table). Results identified younger age,
hypnotic drug use, poor sleep habits, sedentary lifestyle, nocturia symptoms, psychological
symptoms, and GERD, but not unfavorable dietary habits, as independent major determinants
of subjective NRS. Similar results were observed in the separate analysis of participants who
slept 7h including 558 NRS individuals (Table 3, Model 2), whereas the positive associations
of age, hypnotic drug use, and GERD became insignificant in this model. Unfavorable dietary
habits were not identified as independent determinants even in the analysis that included individual factors in the regression model.

NRS score
For the components of the NRS score, 10 items were chosen by the result of the multivariate
analysis (Table 3, Model 1 and Table 4). The weighted score was determined by assigning an
appropriate point (nearest integral number) to each factor from the value of the regression
coefficient in the logistic regression model [19] (S2 Table). For example, we took the value of a
regression coefficient of 0.4 (corresponding to an odds ratio of 1.49) as 1 point, and the score
for sleep duration <5h was taken as 6 points (2.4626 nearly equals 0.4 6). Frequency of subjective NRS was linearly and significantly (Ptrend <0.001) associated with the NRS score (Fig 2A),
and the ROC analysis indicated 8 points as the most sensitive and specific cut-off point for
subjective NRS (Fig 2B).
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Table 1. Clinical characteristics of study participants.
Total participants
N
Age (y)
Sex (male, %)

Participants who slept 7h

(9,788)

(3,129)

53.6 ± 13.4

53.6 ± 14.5

32.1

38.6

22.3 ± 3.3

22.1 ± 3.3

Current smoker (%)

14.5

16.4

Frequent alcohol drinker (%)

22.7

26.6

hypnotic drug

5.4

4.9

antipsychotic drug

2.5

3.3

irregular sleep schedule

10.6

7.4

<5h

6.1

-

5-6h

23.2

-

6-7h

38.7

-

7-8h

24.2

75.7

8h

7.8

24.3

frequently

40.0

33.2

rarely

44.9

47.3

never

15.0

19.5

frequently

20.4

16.7

sometimes

51.7

50.4

rarely

23.1

26.0

never

4.8

6.9

78.7

77.8

0

44.3

37.9

1

39.1

42.4

2

16.6

19.7

skipping breakfast

9.2

9.0

BMI (kg/m2)

Medication (%)
Sleep habit (%)

sleep duration

sleepiness

Stress (%)

No habitual exercise (%)
No. urinations during sleep time (%)*

Dietary habits (%)

dinner within 2h before sleep

18.4

18.2

snacking after dinner

20.9

16.5

rapid eating

35.0

33.4

0.8 ± 0.9

0.8 ± 0.9

GERD (%)

23.1

20.3

Depression (%)

20.2

16.3

No. unfavorable dietary habits

Abbreviations: BMI, body mass index; GERD, gastroesophageal reflux disease.
Values are mean ± standard deviation or frequency. Participants who consumed alcohol 4 or more days per week were defined as frequent drinkers.
Antipsychotic drugs included anti-anxiety drugs and antidepressant drugs.
* Data were available for 9,786 participants (participants who slept 7h, 3,128).
doi:10.1371/journal.pone.0171849.t001

NRS score and clinical parameters
High NRS scores (8 points) were more frequent in women than in men (men, 42.1%;
women, 52.3%; P <0.001) and in younger age groups than in older age groups (Fig 3). Table 5
summarizes clinical factors that differed significantly between subgroups divided according to
NRS scores 8 points and <8 points. Although, in a crude analysis, significant group differences were observed in several clinical parameters, these associations became insignificant
after adjustment for age and sex even in the sex-separated analysis.
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Fig 1. Frequency differences in subjective NRS. ■: non-restorative sleep (NRS); □: restorative sleep. (a) sleep duration, (b) sleepiness,
(c) sleep schedule, (d) abitual exercise, (e) gastroesophageal reflux disease (GERD), (f) depression, (g) regular stress (all P <0.001).
Number of individuals is shown within columns.
doi:10.1371/journal.pone.0171849.g001

Discussion
We presently clarified factors that were significantly associated with subjective NRS. Not only
sleep parameters but also clinical and psychological factors, namely GERD symptoms, depressive mood, routine stress, nocturia symptoms, and hypnotic drug use, as well as lifestyle factors
such as lack of an exercise habit, were significantly associated with subjective NRS. The NRS
score calculated as sum of these 10 items was significantly higher in women and in younger
age group, whereas no clear association was observed with other clinical factors.
Frequency of subjective NRS was 33.3% in our study population, while it was reported to
vary according to the study population and the methods used for the NRS assessment [9–11,
20–22]. Another general-population based study in Japan [11] in which the mean age was
slightly older than in our study population reported that the frequency of NRS was 19.2% in
men and 26.3% in women using the same single “yes-no” question that we used. Other studies
using different methods in the assessment of NRS reported frequencies of NRS among community residents of 25.2% to 43.0% in United States [9, 22], 2.4 to 16.1% in several European
cohorts [10], 7.9% in Finland [21], and 4.7% in South Korea [20]. Thus, the frequency of NRS
might be different among populations, and Asians might be at risk for NRS due to a tendency
to have risk factors for NRS, namely short sleep duration [23, 24] and depressive symptoms
[25, 26]. However, as no clear regional specificity was observed in the results of previous studies, these issues deserve further investigation using the same assessment tool for NRS. The
NRS score developed in this study might be a good objective method to assess population differences in the frequency of NRS.
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Table 2. Differences in clinical and lifestyle factors between those with RS and NRS.

N
Age (y)

RS

NRS

(6,527)

(3,261)

54.6 ± 13.5

51.5 ± 12.9

<0.001

34.0

30.6

<0.001

22.3 ± 3.2

22.3 ± 3.4

0.833

13.9

15.6

0.021

Sex (male, %)
BMI (kg/m2)
Current smoker (%)
Frequent alcohol drinker (%)
Medication (%)

23.4

21.5

0.038

hypnotic drug (%)

4.0

8.1

<0.001

antipsychotic drug (%)

2.1

3.2

<0.001

No. urinations during sleep time (%)*

Dietary habits (%)

P

0.006

0

43.4

46.2

1

40.2

36.9

2

16.4

16.8

skipping breakfast

7.8

11.8

<0.001

dinner within 2h before sleep

17.1

21.1

<0.001

snacking after dinner

18.8

25.2

<0.001

rapid eating

33.7

37.6

<0.001

0.8 ± 0.9

1.0 ± 0.9

<0.001

No. unfavorable dietary habits

Abbreviations: RS, restorative sleep; NRS, non-restorative sleep; BMI, body mass index.
Values are mean ± standard deviation or frequency.
* Data were available for 9,786 participants (RS, 6,526; NRS, 3,260).
doi:10.1371/journal.pone.0171849.t002

Factors previously identified as risk factors for subjective NRS ranged over a wide variety of
areas, e.g., younger age [10, 11, 22, 27], women [22, 27], short sleep duration [9, 17], physical
functional decline [9], routine stress [10], and depressive symptoms [9, 10]. A strength of this
study is therefore the comprehensive analysis of these previously noted risk factors in a single
population and clarifying independent associations of these risk factors with subjective NRS.
Among the risk factors, short sleep duration had the highest odds ratio for NRS. Results of a
longitudinal study that reported a higher incidence of NRS in short sleepers [17] further support an adverse impact of short sleep duration. Although one previous study [10] reported an
opposite association, namely a lower NRS risk in short sleepers, that result might have been
due to including extra weekend sleep time in the multivariate analysis; i.e., short sleepers are
likely to get extra sleep on their days off and that extra sleep time could be positively associated
with a higher frequency of NRS. Routine stress was a second independent factor for NRS. It is
well known that perceived stress is one risk factor for poor sleep quality [28], and the association between routine stress and NRS might partially develop via poor sleep quality.
In a sub-analysis excluding subjects with sleep duration <7h, sleep parameters and psychological factors remained significant determinants for NRS while the association with age
became insignificant. Since mean age, as well as the odds ratio of age as a continuous variable
for NRS, was not substantially different between the analysis using the total population and
that using participants who slept 7h, the loss of significance might be due to the decreased
number of study participants and consequently low statistical power. The positive association
of hypnotic drug use and GERD symptoms with NRS also became insignificant, possibly due
to the higher frequency of these factors in short sleepers [12].
No marked association was observed between the NRS score and major clinical factors
related to common diseases even in the sex-separated analysis whereas NRS has been suggested
to be associated with the incidence of heart failure [29] and fatal injuries [30] in general
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Table 3. Multivariate logistic regression analysis for subjective NRS.
Model 1

Model 2

Total participants

Participants who slept 7h

OR (95% C.I.)

P

OR (95% C.I.)

P

Age (less than 60 y)

1.43 (1.27–1.61)

<0.001 1.21 (0.95–1.54)

0.116

Sex (men)

1.10 (0.94–1.26)

0.149 1.06 (0.82–1.37)

0.633

BMI (kg/m2)

0.99 (0.98–1.01)

0.236 0.98 (0.95–1.01)

0.173

Current smoking

1.08 (0.94–1.26)

0.275 1.16 (0.88–1.53)

0.296

Frequent alcohol drinker

1.01 (0.89–1.15)

0.871 0.90 (0.69–1.17)

0.430

Hypnotic drug

2.04 (1.65–2.52)

<0.001 1.50 (0.98–2.25)

0.059

Antipsychotic drug

0.88 (0.65–1.20)

0.416 1.10 (0.68–1.76)

0.684

Irregular sleep schedule

2.02 (1.74–2.35)

<0.001 2.02 (1.46–2.77)

<0.001

<5h

11.7 (8.85–15.7)

<0.001

5-6h

4.81 (3.85–6.06)

<0.001

6-7h

2.40 (1.93–3.00)

<0.001

7-8h

1.28 (1.02–1.62)

Sleep duration

8h
Sleepiness

Reference

<0.001 2.42 (1.79–3.31)

<0.001

sometimes

1.41 (1.20–1.66)

<0.001 1.33 (0.99–1.83)

0.063

Reference

Reference

frequently

4.63 (3.34–6.53)

<0.001 3.59 (2.07–6.55)

<0.001

sometimes

2.57 (1.88–3.56)

<0.001 1.74 (1.05–3.07)

0.031

rarely

1.57 (1.14–2.20)

0.005 1.11 (0.65–1.99)

0.723

No habitual exercise

No. unfavorable dietary habits

-

2.33 (1.99–2.74)

never
No. urinations during sleep time

0.022

Reference

frequently
never

Stress

0.035 1.31 (1.04–1.67)

Reference
1.61 (1.41–1.83)

0

Reference

Reference
<0.001 2.05 (1.54–2.77)

<0.001

Reference

1

1.14 (1.02–1.27)

0.023 1.26 (1.00–1.59)

2

1.43 (1.23–1.67)

<0.001 1.51 (1.12–2.04)

0.050
0.008

1.03 (0.97–1.09)

0.331 1.13 (1.01–1.27)

0.038

GERD

1.44 (1.29–1.60)

<0.001 1.20 (0.95–1.50)

0.131

Depression

1.46 (1.29–1.65)

<0.001 1.56 (1.21–2.01)

<0.001

Abbreviations: NRS, non-restorative sleep; BMI, body mass index; GERD, gastroesophageal reflux disease; OR, odds ratio; C.I., confidence interval.
Participants whose data on urination were unavailable (Model 1, n = 2; Model 2, n = 1) were excluded from analysis.
doi:10.1371/journal.pone.0171849.t003

populations, poor prognosis in patients with coronary disease [31], and all-cause mortality in a
male general population [32]. The adverse effect of NRS might therefore be mediated via other
pathophysiological pathways independent of common diseases. Results of a previous longitudinal study [6] that reported a higher incidence of cardiovascular outcomes in short sleepers
or that common risk factors were not different between middle-to-long sleepers and short
sleepers support our considerations.
We developed an objective score for NRS with the preferable cut-off point of 8. Given that
this score consists of all factors that were identified as independent determinants for NRS in
this comprehensive analysis, as well as the linear correlation of the NRS score with the frequency of subjective NRS, the newly developed NRS score may be reliable to identify individuals with potential NRS. Although further studies are required to clarify the clinical and
epidemiological significance of NRS, this score may be useful in a cohort study or an interventional study to objectively evaluate intra-individual differences in NRS status.
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Table 4. Weighted NRS score.
Variable

Category

Age

60y/<60y

0/1

Hypnotic drug

no/yes

0/2

Irregular sleep schedule

no/yes

Sleep duration

7h/6-7h/5-6h/<5h

Sleepiness

never/sometimes/frequently

Habitual exercise

yes/no

Stress

never/rarely/sometimes/frequently

Score

0/2
0/2/4/6
0/1/2
0/1
0/1/2/4

No. urinations during sleep time

0-1/2

GERD

no/yes

0/1

Depression

no/yes

0/1

Total

0/1

0–21

Abbreviations: NRS, non-restorative sleep; GERD, gastroesophageal reflux disease.
doi:10.1371/journal.pone.0171849.t004

We recognize several limitations in this study. First, as this study was cross-sectional, a
causal relationship between subjective NRS and the related factors remains to be elucidated.
Second, we did not evaluate sleep apnea syndrome because it is difficult to objectively assess
the disease conditions without using polysomnography or the oxygen desaturation index.
Given that sleep apnea is a common phenomenon in general populations [33, 34] and has
been suggested to be a cause of NRS [35], a possible involvement of sleep apnea in NRS
deserves further investigation. However, as the NRS score includes daytime sleepiness as a factor, this score may indirectly evaluate the potential effect of sleep apnea on NRS. Third, we
could not perform evaluations using a more specific questionnaire such as the Hospital Anxiety and Depression Scale, Epworth Sleepiness Scale, or the Restless Legs Severity Scale.

Fig 2. Frequency differences in subjective NRS according to the NRS score. ■: non-restorative sleep (NRS); □: restorative sleep. (a)
frequency of NRS, (b) receiver operating characteristics curve for subjective NRS. Number of individuals is shown within columns.
doi:10.1371/journal.pone.0171849.g002
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Fig 3. Frequency of participants with NRS score 8 points. Non-restorative sleep (NRS) score; ■: 8
points; □: <8 points. (a) men, (b) women. Number of individuals is shown within columns.
doi:10.1371/journal.pone.0171849.g003

Table 5. Differences in clinical parameters according to the NRS score.
NRS score
N

P

8 points

<8 points

(4,792)

(4,994)

Crude

Adjusted

SBP (mmHg)

121.1 ± 17.0

125.6 ± 18.2

<0.001

0.073

DBP (mmHg)

75.1 ± 11.3

76.7 ± 11.3

<0.001

0.750

Glucose (mg/dl)

89.5 ± 17.1

91.3 ± 15.2

<0.001

0.864

HbA1c (%)

5.44 ± 0.55

5.49 ± 0.54

<0.001

0.062

LDL cholesterol (mg/dl)

121.8 ± 31.6

123.9 ± 30.6

0.001

0.268

66.1 ± 17.2

64.4 ± 16.8

<0.001

0.469

272 [124–596]

305 [144–669]

<0.001

0.589

HDL cholesterol (mg/dl)
CRP (ng/dl)

Abbreviations: NRS, non-restorative sleep; SBP, systolic blood pressure; DBP, diastolic BP; HbA1c, hemoglobin A1c; LDL, low-density lipoprotein; HDL,
high-density lipoprotein; CRP, high-sensitive C-reactive protein.
Values are mean ± standard deviation or median [interquartile range]. Adjusted factors were age and sex.
doi:10.1371/journal.pone.0171849.t005

In conclusion, although there were several limitations in this study, we clarified factors for subjective NRS in a large-scale general population and, based on those findings, developed a score
that can objectively evaluate NRS. Results of the present study may help to further understand the
clinical and epidemiological importance of NRS. The NRS score can be utilized in public health
monitoring of NRS that may be accompanied by mental fatigues and unfavorable lifestyle factors.

Supporting information
S1 Table. Multivariate logistic regression analysis for subjective NRS. Abbreviations: NRS,
non-restorative sleep; BMI, body mass index; GERD, gastroesophageal reflux disease; OR,
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odds ratio; C.I., confidence interval. Participants whose data on urination were unavailable
(Model 1, n = 2; Model 2, n = 1) were excluded from analysis.
(DOCX)
S2 Table. Regression coefficient from the multivariate logistic regression model. Abbreviations: GERD, gastroesophageal reflux disease.
(DOCX)

Acknowledgments
We thank the Nagahama City Office and the Zeroji Club a non-profit organization, for their
assistance in conducting the nagahama study.

Author Contributions
Conceptualization: TM Y. Tabara KM Y. Takahashi KS TK SM HK SK AS RY TN MM FM
KC.
Data curation: KS TK.
Formal analysis: TM Y. Tabara KS TK.
Funding acquisition: Y. Tabara KC.
Investigation: TM Y. Tabara KM Y. Takahashi KS TK SM HK SK AS RY TN MM FM KC.
Methodology: TM Y. Tabara KM KC.
Project administration: Y. Takahashi KS TK SM HK SK AS RY TN MM FM.
Resources: TM Y. Tabara KM Y. Takahashi KS TK SM HK SK AS RY TN MM FM KC.
Software: KS TK.
Validation: KS TK.
Visualization: TM Y. Tabara.
Writing – original draft: TM Y. Tabara KC.
Writing – review & editing: TM Y. Tabara KM Y. Takahashi KS TK SM HK SK AS RY TN
MM FM KC.

References
1.

Cappuccio FP, D’Elia L, Strazzullo P, Miller MA. Sleep duration and all-cause mortality: a systematic
review and meta-analysis of prospective studies. Sleep. 2010; 33: 585–592. PMID: 20469800

2.

Gallicchio L, Kalesan B. Sleep duration and mortality: a systematic review and meta-analysis. J Sleep
Res. 2009; 18: 148–158. doi: 10.1111/j.1365-2869.2008.00732.x PMID: 19645960

3.

Ikehara S, Iso H, Date C, Kikuchi S, Watanabe Y, Wada Y, et al. Association of sleep duration with mortality from cardiovascular disease and other causes for Japanese men and women: the JACC study.
Sleep. 2009; 32: 295–301. PMID: 19294949

4.

Prather AA, Epel ES, Cohen BE, Neylan TC, Whooley MA. Gender differences in the prospective associations of self-reported sleep quality with biomarkers of systemic inflammation and coagulation: findings from the Heart and Soul Study. J Psychiatr Res. 2013; 47: 1228–1235. doi: 10.1016/j.jpsychires.
2013.05.004 PMID: 23746737

5.

Kim CW, Chang Y, Zhao D, Cainzos-Achirica M, Ryu S, Jung HS, et al. Sleep Duration, Sleep Quality,
and Markers of Subclinical Arterial Disease in Healthy Men and Women. Arterioscler Thromb Vasc Biol.
2015; 35: 2238–2245. doi: 10.1161/ATVBAHA.115.306110 PMID: 26359509

PLOS ONE | DOI:10.1371/journal.pone.0171849 March 9, 2017

11 / 13

Factors for non-restorative sleep

6.

Hoevenaar-Blom MP, Spijkerman AM, Kromhout D, van den Berg JF, Verschuren WM. Sleep duration
and sleep quality in relation to 12-year cardiovascular disease incidence: the MORGEN study. Sleep.
2011; 34: 1487–1492. doi: 10.5665/sleep.1382 PMID: 22043119

7.

Chandola T, Ferrie JE, Perski A, Akbaraly T, Marmot MG. The effect of short sleep duration on coronary
heart disease risk is greatest among those with sleep disturbance: a prospective study from the Whitehall II cohort. Sleep. 2010; 33: 739–744. PMID: 20550013

8.

Vernon MK, Dugar A, Revicki D, Treglia M, Buysse D. Measurement of non-restorative sleep in insomnia: A review of the literature. Sleep Med Rev. 2010; 14: 205–212. doi: 10.1016/j.smrv.2009.10.002
PMID: 20018533

9.

Sarsour K, Van Brunt DL, Johnston JA, Foley KA, Morin CM, Walsh JK. Associations of nonrestorative
sleep with insomnia, depression, and daytime function. Sleep Med. 2010; 11: 965–972. doi: 10.1016/j.
sleep.2010.08.007 PMID: 21093365

10.

Ohayon MM. Prevalence and correlates of nonrestorative sleep complaints. Arch Intern Med. 2005;
165: 35–41. doi: 10.1001/archinte.165.1.35 PMID: 15642872

11.

Wakasugi M, Kazama JJ, Narita I, Iseki K, Moriyama T, Yamagata K, et al. Association between combined lifestyle factors and non-restorative sleep in Japan: a cross-sectional study based on a Japanese
health database. PLoS One. 2014; 9: e108718. doi: 10.1371/journal.pone.0108718 PMID: 25268956

12.

Murase K, Tabara Y, Takahashi Y, Muro S, Yamada R, Setoh K, et al. Gastroesophageal reflux disease
symptoms and dietary behaviors are significant correlates of short sleep duration in the general population: the Nagahama Study. Sleep. 2014; 37: 1809–1815. doi: 10.5665/sleep.4176 PMID: 25364076

13.

Murase K, Tabara Y, Ito H, Kobayashi M, Takahashi Y, Setoh K, et al. Knee Pain and Low Back Pain
Additively Disturb Sleep in the General Population: A Cross-Sectional Analysis of the Nagahama Study.
PLoS One. 2015; 10: e0140058. doi: 10.1371/journal.pone.0140058 PMID: 26444713

14.

Kusano M, Shimoyama Y, Sugimoto S, Kawamura O, Maeda M, Minashi K, et al. Development and
evaluation of FSSG: frequency scale for the symptoms of GERD. J Gastroenterol. 2004; 39: 888–891.
doi: 10.1007/s00535-004-1417-7 PMID: 15565409

15.

Berwick DM, Murphy JM, Goldman PA, Ware JE Jr., Barsky AJ, Weinstein MC. Performance of a fiveitem mental health screening test. Med Care. 1991; 29: 169–176. PMID: 1994148

16.

Yamazaki S, Fukuhara S, Green J. Usefulness of five-item and three-item Mental Health Inventories to
screen for depressive symptoms in the general population of Japan. Health Qual Life Outcomes. 2005;
3: 48. doi: 10.1186/1477-7525-3-48 PMID: 16083512

17.

Zhang J, Lam SP, Li SX, Li AM, Wing YK. The longitudinal course and impact of non-restorative sleep:
a five-year community-based follow-up study. Sleep Med. 2012; 13: 570–576. doi: 10.1016/j.sleep.
2011.12.012 PMID: 22445230

18.

World Population Aging 2015 New York: United Nations; 2015 [cited 2016 November 25th]. Available
from: http://www.un.org/en/development/desa/population/publications/pdf/ageing/WPA2015_Report.
pdf.

19.

Wilson PW, D’Agostino RB, Levy D, Belanger AM, Silbershatz H, Kannel WB. Prediction of coronary
heart disease using risk factor categories. Circulation. 1998; 97: 1837–1847. PMID: 9603539

20.

Ohayon MM, Hong SC. Prevalence of insomnia and associated factors in South Korea. J Psychosom
Res. 2002; 53: 593–600. PMID: 12127177

21.

Ohayon MM, Partinen M. Insomnia and global sleep dissatisfaction in Finland. J Sleep Res. 2002; 11:
339–346. PMID: 12464102

22.

Walsh JK, Coulouvrat C, Hajak G, Lakoma MD, Petukhova M, Roth T, et al. Nighttime insomnia symptoms and perceived health in the America Insomnia Survey (AIS). Sleep. 2011; 34: 997–1011. doi: 10.
5665/SLEEP.1150 PMID: 21804662

23.

Whinnery J, Jackson N, Rattanaumpawan P, Grandner MA. Short and long sleep duration associated
with race/ethnicity, sociodemographics, and socioeconomic position. Sleep. 2014; 37: 601–611. doi:
10.5665/sleep.3508 PMID: 24587584

24.

Jackson CL, Kawachi I, Redline S, Juon HS, Hu FB. Asian-White disparities in short sleep duration by
industry of employment and occupation in the US: a cross-sectional study. BMC Public Health. 2014;
14: 552. doi: 10.1186/1471-2458-14-552 PMID: 24894508

25.

Williams ED, Tillin T, Richards M, Tuson C, Chaturvedi N, Hughes AD, et al. Depressive symptoms are
doubled in older British South Asian and Black Caribbean people compared with Europeans: associations with excess co-morbidity and socioeconomic disadvantage. Psychol Med. 2015; 45: 1861–1871.
doi: 10.1017/S0033291714002967 PMID: 25677948

26.

Shakeel N, Eberhard-Gran M, Sletner L, Slinning K, Martinsen EW, Holme I, et al. A prospective cohort
study of depression in pregnancy, prevalence and risk factors in a multi-ethnic population. BMC Pregnancy Childbirth. 2015; 15: 5. doi: 10.1186/s12884-014-0420-0 PMID: 25616717

PLOS ONE | DOI:10.1371/journal.pone.0171849 March 9, 2017

12 / 13

Factors for non-restorative sleep

27.

Phillips B, Mannino D. Correlates of sleep complaints in adults: the ARIC study. J Clin Sleep Med. 2005;
1: 277–283. PMID: 17566189

28.

Doi Y, Minowa M, Tango T. Impact and correlates of poor sleep quality in Japanese white-collar employees. Sleep. 2003; 26: 467–471. PMID: 12841374

29.

Laugsand LE, Strand LB, Platou C, Vatten LJ, Janszky I. Insomnia and the risk of incident heart failure:
a population study. Eur Heart J. 2014; 35: 1382–1393. doi: 10.1093/eurheartj/eht019 PMID: 23462728

30.

Laugsand LE, Strand LB, Vatten LJ, Janszky I, Bjorngaard JH. Insomnia symptoms and risk for unintentional fatal injuries—the HUNT Study. Sleep. 2014; 37: 1777–1786. doi: 10.5665/sleep.4170 PMID:
25364073

31.

Leineweber C, Kecklund G, Janszky I, Akerstedt T, Orth-Gomer K. Poor sleep increases the prospective risk for recurrent events in middle-aged women with coronary disease. The Stockholm Female Coronary Risk Study. J Psychosom Res. 2003; 54: 121–127. PMID: 12573733

32.

Li Y, Zhang X, Winkelman JW, Redline S, Hu FB, Stampfer M, et al. Association between insomnia
symptoms and mortality: a prospective study of U.S. men. Circulation. 2014; 129: 737–746. doi: 10.
1161/CIRCULATIONAHA.113.004500 PMID: 24226807

33.

Jordan AS, McSharry DG, Malhotra A. Adult obstructive sleep apnoea. Lancet. 2014; 383: 736–747.
doi: 10.1016/S0140-6736(13)60734-5 PMID: 23910433

34.

Sutherland K, Cistulli PA. Recent advances in obstructive sleep apnea pathophysiology and treatment.
Sleep Biol Rhythms. 2015; 13: 26–40.

35.

Hasan A, Uzma N, Swamy TL, Shoba A, Kumar BS. Correlation of clinical profiles with obstructive
sleep apnea and metabolic syndrome. Sleep Breath. 2012; 16: 111–116. doi: 10.1007/s11325-0100463-z PMID: 21267663

PLOS ONE | DOI:10.1371/journal.pone.0171849 March 9, 2017

13 / 13

