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Abstract

Objective To investigate independent effects of various

factors associated with sleep disturbance among commu-

nity-dwelling elderly individuals.

Methods We analyzed data obtained from 3732 individ-

uals aged C65 years who responded to a self-administered

questionnaire and participated in a structured interview

which assessed the Pittsburgh Sleep Quality Index (PSQI),

subjective bodily pain, the Jichi Medical School Social

Support Scale, the Geriatric Depression Scale (GDS-15),

health status, and demographic characteristics. Sleep dis-

turbance was defined as a global PSQI score[5.5, which

was used as a dependent variable in multiple logistic

regression analysis to determine adjusted odds ratios (ORs)

and 95 % confidence intervals (CIs) of related factors.

Results We identified a significant increase in the adjus-

ted ORs for female (OR 1.56, 95 % CI 1.34–1.83), age

C80 years (1.31, 1.01–1.69), history of stroke (1.44,

1.08–1.92), and a GDS-15 score C6 as compared to 0–2

(2.29, 1.86–2.81), with regard to sleep disturbance. Par-

ticipants with severe or very severe bodily pain had the

highest adjusted OR (3.00, 2.15–4.19), and those with very

mild bodily pain also had a relatively high OR (1.30,

1.06–1.60), relative to those without subjective bodily pain.

In addition, compared with participants with strong social

support from spouse or family, those with weak social

support had significantly increased adjusted ORs (1.21,

1.01–1.44, 1.44, 1.23–1.70, respectively).

Conclusions The present study indicates that sleeping

disturbances among the elderly are closely associated with

social support from a spouse and family. They are also

associated with pain, even at stages in which subjective

bodily pain is very mild.

Keywords Bodily pain � Elderly people � PSQI � Sleep
disturbance � Social support

Introduction

Among community-dwelling elderly people aged 65 years

and older, roughly one-fourth to one-third complain of

some form of sleep disturbance [1, 2]. According to a meta-

analysis [3], both total sleep time and sleep efficiency

decrease with age, whereas awake time and wake after

sleep onset increase. Sleep disturbance affects physical

health, and has also been shown to correlate with mental

health [4].

Many epidemiological studies have found a variety of

factors to be associated with sleep disturbances, including

chronic conditions such as diabetes [5], hypertension [6],

stroke [7], myocardial infarction [6], chronic kidney dis-

ease [8], depression [9], cognitive impairments [10], pain

[11], lifestyle habits such as drinking [12], smoking [13],

and certain physical activities (PAs) [14]. However, these

studies have mostly focused on youth and adult populations

[6, 8, 12, 13, 15]. Reports on elderly individuals are scarce,

and tend to focus only on a limited number of related

factors [5, 13]. Old age is characterized by a high preva-

lence of chronic diseases. In addition, after retirement from

their professional roles, elderly individuals tend to expe-

rience a reduction in the size of social networks [16], a

decrease in interpersonal ties [16], and consequently,
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diminished social support. Diminished social support can

affect one’s state of mind and contribute to sleep distur-

bances [17].

In the context described above, the present study aimed

to determine independent effects of various factors (in-

cluding these characteristics of old age) associated with

sleep disturbance among community-dwelling elderly

individuals. To assess sleep disturbance, more than a few

studies have used original questionnaires consisting of

several items regarding whether there are insomnia symp-

toms or not [2, 18]. In the present study, we used the

Pittsburgh Sleep Quality Index (PSQI), which is a stan-

dardized questionnaire widely used in sleep-related epi-

demiological studies [19]. The validity of its Japanese

version has been confirmed previously [9].

Methods

Subjects

Subjects of this study were participants of the Fujiwara-kyo

study, a prospective cohort study on successful aging in

Japanese community-dwelling people aged C65 years [20].

The entry criteria included participants living in their own

homes, were able to walk without assistance, and provided

written informed consent. Potential participants were

recruited with the cooperation of local resident associations

and elderly clubs in the cities of Nara, Kashihara, Yamato-

Koriyama, and Kashiba in the northwestern part of Nara

prefecture. Nara prefecture is where the first capital of

Japan, called Fujiwara-kyo, was established. A total of

4427 (2174 men and 2253 women) participants completed

a self-administered questionnaire survey and were inter-

viewed by trained staff members before undergoing blood

tests and blood pressure, height, and weight measurements.

All participants underwent baseline examinations between

June 2007 and October 2008.

This study was approved by the ethics committee of

Nara Medical University, and written informed consent

was obtained from all participants.

Self-reported measure of sleep quality

We used the PSQI self-reported questionnaire to evaluate

participants’ subjective sleep quality over the previous

month. The PSQI consists of 19 self-rated questions which

are grouped into 7 dimensions: subjective sleep quality,

sleep latency, sleep duration, habitual sleep efficiency,

sleep disturbances, use of sleeping medications, and day-

time dysfunction. Each of the seven dimensions is rated on

a scale of 0–3, and then all ratings are summed to yield a

global PSQI score, which ranges from 0 to 21; the higher

the global score, the worse the sleep quality. This global

score has been used in many epidemiological studies [21,

22]. The Japanese version [23] of the PSQI has been

confirmed for its reliability and validity among people

clinically diagnosed with sleep disturbance, as defined by a

global score cutoff of 5.5. The sensitivity and specificity of

the Japanese version of the PSQI have been reported to be

85.7 and 86.6 %, respectively [9], similar to those obtained

in other countries [24].

Other self-administered questionnaire surveys

and interview

We mailed to each participant a booklet containing the

self-administered questionnaire over 50 pages long, prior to

baseline interviews performed by trained medical staff. The

questionnaire items covered many aspects of health con-

ditions, lifestyle habits, and social support, in addition to

demographic characteristics such as sex and age.

Participants were asked about past and present histories

of five commonly occurring diseases among the elderly:

stroke with clinical symptoms, acute myocardial infarction

(AMI), cancer of any kind, hypertension, and diabetes. The

degree of subjective pain, as described in the MOS 36-item

short-form health survey (SF-36), was assessed on a six-

point scale (none, very mild, mild, moderate, severe, and

very severe) in response to the following question: ‘‘How

much bodily pain have you had during the past 4 weeks?’’

[25]. The question was not created as part of the pain scale

and has not been not validated, but the answer options were

presented as graded scales which are commonly used for

assessing pain [26]. The Japanese version of the SF36 has

been established [27]. Depressive symptoms were evalu-

ated using a shorter, 15-item version of the Geriatric

Depression Scale (GDS-15) [28]. In previous validation

studies, a score of C6 suggested probable clinical depres-

sion in older Japanese individuals [29]. Cognitive function

was examined using the mini-mental state examination

(MMSE), with a score of \24 defined as cognitive

impairment [30, 31]. Social support was evaluated using

the Jichi Medical School Social Support Scale (JMS-SSS)

[32], a 28-item questionnaire (8 items for support from

spouse and 10 items each for support from family and

friends) developed for measuring the availability of social

support for community residents.

Information regarding self-reported PAs was obtained

through the Japanese version of the International Physical

Activity Questionnaire (the usual 7-day, short, self-ad-

ministered version). According to the official IPAQ

guidelines [33], PAs were estimated using responses to

three different intensities of activities (i.e., vigorous

intensity, moderate intensity, and walking) and the total

amount of time spent engaged in each type of activity per
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week. Total weekly PAs (MET-min/week) was estimated

by adding the products of reported time for each item by a

MET value that is specific to each category of PA with

some modifications for elderly people [34]. Average daily

amount of ethanol intake (g/day) was estimated according

to the type, frequency, and amount of alcohol participants

consumed per week in the past 6 months. Smoking status

was categorized as non-smoker, ex-smoker, and current

smoker.

Blood tests

Venous blood samples were collected after overnight

fasting. Glycated hemoglobin (HbA1c: National Glycohe-

moglobin Standardization Program value), plasma glucose,

and serum creatinine were measured at a commercial lab-

oratory (SRL Co. Inc., Tokyo, Japan) using a standard

clinical chemistry analyzer. In this study, diabetes was

defined as physician-diagnosed diabetes with medical

treatment, or an HbA1c of 6.5 % or higher at baseline

without physician-diagnosed diabetes. The estimated

glomerular filtration rate (eGFR) was calculated with

serum creatinine using a formula from the Japanese Society

of Nephrology-Chronic Kidney Disease Practice Guide

[35]. Renal dysfunction was defined as eGFR\60 ml/min/

1.73 m2.

Statistical analysis

Multiple comparisons of median global scores across

5-year age groups were performed using the Kruskal–

Wallis test because of skewed data. Means and medians

between PSQI [5.5 (sleep disturbance) and PSQI B5.5

groups were compared using the unpaired t test and Mann–

Whitney U test, respectively. The chi square test was used

for comparisons of categorical data.

Factors associated with sleep disturbance were exam-

ined using logistic regression analysis. Sleep disturbance

status was set as a dependent variable, with independent

variables listed in Table 2. As linearity with sleep distur-

bance status was not assured, continuous variables were

categorized according to age (65–69, 70–74, 75–79, C80),

MET value (MET-min/week:\60,\300, C300), alcohol

consumption (g/day: 0, C0.01, C20, C40) and eGFR (ml/

min/1.73 m2: \60, C60, \90, C90). Participants with a

GDS score \6 were subdivided into normal (0–2) and

slightly depressive (3–5) [36]. With regard to the JMS-SSS,

participants were categorized into two groups (weak and

strong) based on the mean score of each of the three sub-

scales (spouse, family, and friends) as a cutoff point. First,

in a sex- and 5-year age-adjusted logistic regression model,

independent variables associated with sleep disturbance

were evaluated using prevalence odds ratio (OR), also

employing the 95 % confidence interval (CI) and P value.

Second, all independent variables with a P value B0.2 in

the first step were included in the multiple logistic model

and mutually adjusted using the forced entry method. The

Hosmer–Lemeshow statistic was used for examining fit-

ness of the model to the actual data.

All statistical analyses were performed using SPSS

version 21.0 for Windows (IBM SPSS Inc., IL, USA). A

two-sided P value \0.05 was considered statistically

significant.

Results

A total of 3732 participants (1882 men and 1850 women)

were subject to analysis, after excluding 153 whose

responses to the questionnaire were incomplete, 298 with

undetermined global PSQI scores due to missing data, 155

who did not provide any index of subjective pain on the

SF36, and 89 who omitted answers to other necessary

questions for the logistic regression model.

Table 1 shows summary statistics of global PSQI scores

by sex and 5-year age groups. In both sexes, higher age

groups had a higher mean score, with women scoring

higher than men. Sleep disturbance was prevalent in

30.8 % (579) of men and 41.5 % (767) of women, with a

global PSQI score of[5.5. In men, the prevalence of sleep

disturbance increased from 28.1 to 36.3 % with increasing

age. In women, the prevalence also increased from 37.9 to

50.3 % with increasing age; the values were much higher

in women than in men in all 5-year age groups.

Table 2 compares selected characteristics of potential

sleep-affecting factors between two groups according to

Table 1 Summary statistics of global PSQI (Pittsburgh Sleep Quality

Index) scores by sex and 5-year age groups among 3732 participants

aged C65 years

Age No. Mean SD Prevalence (%)a

Men

65–69 612 4.37 2.62 28.1

70–74 670 4.62 2.83 30.9

75–79 388 4.78 2.95 31.7

80B 212 5.04 3.09 36.3

Subtotal 1882 4.62 2.83 30.8

Women

65–69 670 5.26 3.16 37.9

70–74 606 5.49 3.17 41.4

75–79 385 5.65 3.44 43.4

80B 189 5.82 3.24 50.3

Subtotal 1850 5.47 3.23 41.5

Scores range from 0 to 21
a Global PSQI score[5.5
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Table 2 Comparisons of

selected characteristics of

potential sleep-affecting factors

between two groups according

to global PSQI score

PSQI B5.5 (n = 2386) PSQI[5.5 (n = 1346) P valuea

No. (mean) % (SD) No. (mean) % (SD)

Women 1083 45.4 767 57.0 0.00

Age (72.2) (5.2) (72.7) (5.4) 0.00b

Current health condition

Depression

GDSc C6 256 10.7 326 24.2 0.00

Cognitive impairment

MMSEd\24 104 4.4 83 6.2 0.02

Renal dysfunction

eGFRe\60 574 24.1 381 28.3 0.02

Subjective bodily painf

Moderate or more severe 326 13.6 363 26.9 0.00

History of chronic conditions

Stroke

Presence history 117 4.9 101 7.5 0.00

Myocardial infarction

Presence history 53 2.2 38 2.8 0.25

Diabetes

Yesg 343 14.4 200 14.9 0.69

Hypertension

Yesh 1656 69.4 929 69.0 0.81

Cancer of any kind

Presence history 218 9.1 138 10.3 0.27

Social support

Spouse

Weak 487 20.4 391 29.0 0.00

Family

Weak 565 23.7 431 32.0 0.00

Friends

Weak 550 23.1 388 28.8 0.00

Lifestyle habits

Physical activity

METs-min/weeki (242.8) (234.2) (216.5) (202.4) 0.00b

Alcohol

Current drinker 958 40.2 466 34.6 0.00

Ethanol consumption (g/day) (12.4) (21.7) (9.5) (18.1) 0.00b

Smoking

Current smoker 254 10.7 103 7.7 0.00

a v2 test
b t test
c Geriatric Depression Scale (GDS-15)
d Mini-mental state examination
e Estimated glomerular filtration rate (ml/min/1.73m2)
f Bodily pain in the MOS 36-item short-form health survey
g Physician-diagnosed diabetes with medical treatment or HbA1c[6.5 % at baseline
h Currently treated for SBP[140 mmHg or DBP[90 mmHg
i Estimated based on the Japanese version of the International Physical Activity Questionnaire
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global PSQI score. Among 1346 participants with a global

PSQI score [5.5 (sleep disturbance group), significantly

more participants were women and had a GDS C6, severer

subjective pain, history of cerebrovascular disease (stroke),

weak social support from spouse, family, and friends, a

MMSE\24, and an eGFR\60 compared with those with a

global PSQI score B5.5 (no-disturbance group). Moreover,

alcohol consumption and prevalence of smoking habit were

significantly lower in the sleep disturbance group. No

significant association was found for medical histories of

cancer of any kind, hypertension, and diabetes between the

two groups.

In the sex- and 5-year age-adjusted logistic regression

model (see Table 3), participants with severe or very sev-

ere subjective pain, compared to those with no subjective

pain, had the highest OR (3.85, 95 % CI 2.79–5.30) for

sleep disturbance. Higher GDS, lower MMSE score, weak

social support from spouse, family, or friends, and the

presence of a medical history of stroke also showed sig-

nificant associations, with ORs higher than the null value

for sleep disturbance. However, other variables including

eGFR (P = 0.07), medical histories of AMI (P = 0.09),

cancer of any kind (P = 0.16), diabetes (P[ 0.2), and

hypertension (P[ 0.2), PA (P[ 0.2), alcohol consump-

tion (P[ 0.2), and smoking habit (P[ 0.2) showed no

significant association with sleep disturbance.

Figure 1 illustrates independent variables showing sta-

tistically higher ORs after mutual adjustment for sleep

disturbance. The variables entered into the multivariate

regression model were all independent variables that

showed an association with sleep disturbance (P\ 0.2)

(Table 3). Severe or very severe subjective pain, as com-

pared with no pain, showed the highest OR (3.00, 95 % CI

2.15–4.19), albeit lower than that in the model adjusted for

only sex and 5-year age group. Furthermore, ORs of sub-

jective pain increased in a dose-dependent manner, and

even the OR of very mild subjective pain showed a sig-

nificant increase. Participants with a GDS C6 and those

with GDS 2–5 had a 2.29-fold (95 % CI 1.86–2.81) and

1.36-fold (95 % CI 1.16–1.59) higher OR, respectively,

than that of the referent group. Social support from spouse

and family, but not from friends, showed an increased OR,

which was greater than the null values of 1.21 (95 % CI

1.01–1.44) and 1.44 (95 % CI 1.23–1.70), respectively.

The presence of a history of stroke had a statistically sig-

nificant association with sleep disturbance. Neither the

history of myocardial infarction nor cancer of any kind

showed an increased OR. Cognitive impairment evaluated

by MMSE\24 was not a significant independent variable.

Renal dysfunction evaluated by eGFR was not statistically

significant either. Women showed a 1.56-fold (95 % CI

1.34–1.83) higher OR than men, and only those aged

C80 years had an increased OR (1.31, 95 % CI 1.01–1.69)

Table 3 Sex and 5-year age-adjusted odds ratios (ORs) with 95 %

confidence intervals (CIs) for sleep disturbance (PSQI \5.5) and

relationships between sleep disturbance and questionnaire items

OR 95 % CI P value

Sex

Women/men 1.61 1.41 1.84 0.00

Age

70–74/65–69 1.15 0.98 1.36 0.09

75–79/65–69 1.22 1.01 1.48 0.04

C80/65–69 1.56 1.23 1.96 0.00

Current health condition

Depression (GDSa)

3–5/0–2 1.53 1.31 1.78 0.00

C6/0–2 3.17 2.61 3.84 0.00

Cognitive impairment (MMSEb)

\24/C24 1.42 1.05 1.92 0.02

eGFRc

C60,\90/C90 1.06 0.81 1.41 0.67

\60/C90 1.32 0.98 1.79 0.07

Subjective bodily paind

Very mild/none 1.37 1.12 1.67 0.00

Mild/none 1.95 1.63 2.34 0.00

Moderate/none 2.91 2.33 3.63 0.00

Severe or very severe/none 3.85 2.79 5.30 0.00

History of chronic conditions

Stroke

Yes/no 1.63 1.24 2.15 0.00

Myocardial infarction

Yes/no 1.45 0.95 2.22 0.09

Diabetes

Yese/no 1.12 0.93 1.36 0.24

Hypertension

Yesf/no 0.98 0.85 1.14 0.82

Cancer of any kind

Yes/no 1.18 0.94 1.48 0.16

Social support

Spouse

Weak/strong 1.29 1.09 1.53 0.00

Family

Weak/strong 1.66 1.43 1.94 0.00

Friends

Weak/strong 1.47 1.26 1.72 0.00

Lifestyle habits

Physical activity (METsg)

C0,\60/C300 0.97 0.80 1.18 0.78

C60,\300/C300 0.90 0.72 1.12 0.34

Alcohol consumption

\20/0 1.12 0.93 1.36 0.24

20–40/0 0.95 0.74 1.22 0.67

C40/0 0.89 0.69 1.15 0.38
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for sleep disturbance when compared with those aged

between 65 and 69. No serious multicollinearity was

observed (variance inflation factors\10) in the multivari-

ate model, and the Hosmer–Lemeshow statistic clarified

the fit of the data.

Discussion

In this study, mean global PSQI scores by age groups

ranged from 4.37 to 5.04 for male participants, and 5.26 to

5.82 for female participants, which were similar to the

results obtained from the general Japanese adult population

consisting of the same age groups [21]. Older age groups

had higher global PSQI scores, with women scoring higher

than men, consistent with previous reports [21, 22]. Fur-

thermore, 36.1 % of our participants (30.8 % of males and

41.5 % of females) had a global PSQI score C5.5 (i.e.,

definition of sleep disturbance), which is in line with a

previous study [37] reporting a total percentage of 37.3 %

for male and female community-dwelling elderly individ-

uals aged C65 years.

In the present study, we performed multiple logistic

regression analysis in which known factors that were

reportedly associated with sleep disturbance were mutually

adjusted. As a result, in addition to sex and age, bodily

pain, depression, spousal support, familial support, and

stroke were determined to be independent factors signifi-

cantly associated with sleep disturbance.

In this study, 68 % of participants complained of bodily

pain. Among these, those with the highest self-rated sub-

jective pain (severe or very severe) had a significantly

higher OR for sleep disturbance, compared with the no-

pain group (3.00, 95 % CI 2.15–4.19). People with bodily

pain, compared to those without, reportedly have a longer

sleep latency, more frequent awakening during sleep,

poorer sleep efficiency, and hence, significantly poorer

sleep [11]. Consistent with our present study results, one

study reported an OR of 1.88–2.68 for insomnia symptoms

such as difficulty initiating sleep and difficulty maintaining

sleep among those with bodily pain [7]. We did not

determine the site or cause of pain in this study. Ten to

88 % of elderly people have chronic pain in their neck,

back, joints, legs, or feet [38, 39], and in many cases, the

complaint of pain is not confined to a single area, but

concerns multiple sites [40]. Osteoarthritis (e.g., knee

Table 3 continued

OR 95 % CI P value

Smoking habit

Ex-smoker/current smoker 1.15 0.89 1.50 0.29

Non-smoker/current smoker 1.16 0.88 1.54 0.30

a Geriatric Depression Scale (GDS-15)
b Mini-mental state examination
c Estimated glomerular filtration rate (unit: ml/min/1.73m2)
d Bodily pain included in the MOS 36-item short-form health survey
e Physician-diagnosed diabetes with medical treatment or HbA1c

[6.5 % at baseline
f Currently treated for SBP[140 mmHg or DBP[90 mmHg
g Estimated based on the Japanese version of the International

Physical Activity Questionnaire

Bodily Pain GDS Spouse Family Stroke Sex Age

1

2

3

4

ORFig. 1 Mutually adjusted odds

ratios with 95 % confidence

intervals for sleep disturbance

using the multiple logistic

regression model. Mutually

adjusted variables not indicated

in this figure include cognitive

impairment, eGFR, acute

myocardial infarction, cancer of

any kind, and social support

from friends. Error bars

indicate 95 % confidence

intervals
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joints), osteoporosis, lumbar spinal canal stenosis, com-

pression fracture, osteoarthritis of the hip, and postherpetic

neuralgia are among the assumed causes of pain [39]. In

the present study, a higher OR was obtained in groups with

increasing severity of subjective bodily pain, which is

consistent with a previous study reporting that sleep dis-

turbance increases with increasing frequency of pain and a

higher number of pain sites [41]. Notably, even those with

very mild bodily pain showed a significantly higher OR

(1.30, 95 % CI 1.06–1.60) for sleep disturbance.

Next to bodily pain, the group with a GDS score C6 had

a significantly higher OR (2.29, 95 % CI 1.86–2.81)

compared to the group with a GDS score of 0–2. GDS

score C6 is the cut off value for probable clinical depres-

sion among the Japanese elderly [29]. The group with a

GDS score 3–5 also showed a significantly higher OR.

These results are consistent with a previous study [36], in

which a graded association was found between depressive

symptoms and sleep disturbance (assessed by the PSQI)

with an OR of 2.06 for GDS score 3–5 and 3.68 for GDS

score C6, as compared with GDS score 0–2. Since the

present study was a cross-sectional study, the temporal

relationship between depressive symptoms and sleep dis-

turbance is unclear. A cohort study on elderly subjects [42]

reported that individuals with difficulty initiating sleep,

compared to those without, developed depression at a

significantly higher rate. On the other hand, another cohort

study [4] reported that the depressive group developed

sleep disturbance significantly more frequently relative to

the control group.

We assessed social support using the JMS-SSS, a self-

administered questionnaire developed for Japanese subjects

in order to evaluate the association between social support

and health in epidemiological studies. This perceived

social support scale is based on both structural aspects of

social relationships and the availability of functional sup-

port [32]. Specifically, responses to 8–10 questions are

scored to assess functional support from the spouse or other

family members (i.e., social embeddedness), and that from

friends (i.e., social network). The JMS-SSS has been used

to demonstrate that men with strong support from spouse or

family tend to refrain from drinking and smoking [43]. Our

results of sex- and age-adjusted analyses showed a signif-

icant association between support from friends and sleep

disturbance, but after adjusting for other factors in the

multivariate analysis, only spousal and familial support

remained statistically significant. To the best of our

knowledge, this study is the first to obtain these findings

regarding sleep disturbance and social support using the

questionnaires with confirmed validity, i.e., the PSQI and

JMS-SSS. In a study that used an arbitrary questionnaire

regarding a ‘‘person to consult’’, those who indicated no

one or someone other than their spouse or family had an

adjusted OR of 2.3 (95 % CI 1.3–5.0) for self-reported

sleep problems, compared to those who indicated their

spouse or partner as the person for consultation [44].

Moreover, in old age, a reduction in the size of social

networks as well as a decrease in the frequency of contact

with network members [16] lead to social isolation, which

reportedly affects sleep conditions among the elderly [17].

These results, including our own, indicate that individuals

receiving poor support from people closer to them have a

higher likelihood of suffering from sleep disturbance. The

reasons for this include a significant positive correlation

between anxiety symptoms, as assessed by the Geriatric

Anxiety Inventory, and global PSQI scores [45]. Individ-

uals with anxiety symptoms tend to wake up during sleep

latency, have difficulty maintaining sleep, report early

morning awakening [46], and show decreased sleep effi-

ciency [47]. As such, individuals with low support from

spouse and family may have difficulty controlling their

feelings of anxiety and isolation, which likely causes sleep

disturbance.

The history of stroke with clinical symptoms also

showed a significant association with sleep disturbance.

Post-stroke patients are prone to develop sleep disturbance

[48], and may suffer a relapse of sleep disturbance several

years after onset of stroke [49]. It is possible that stroke

sequelae, such as breathing disorders during sleep [50] and

central post-stroke pain that often accompanies strong pain

[49], are related to this. It is also likely that sleep distur-

bance is caused by depressive mood as a reaction to poor

physical conditions [51].

Cognitive function decline as assessed by the MMSE

showed a significant association with sleep disturbance in

sex- and age-adjusted analyses, but not in the multivariate

analysis including other factors. The presence/absence of

renal dysfunction or diabetes was also not associated with

sleep disturbance. Moreover, no association was found

with average PA during the past 1 week as assessed by the

IPAQ, alcohol consumption, smoking habit, and the history

of myocardial infarction, hypertension, or cancer. Contrary

to our findings, previous studies have found a significant

association with sleep disturbance in those with cognitive

function decline [10], renal dysfunction [8], diabetes [5],

and moderate exercise [14]. This discrepancy may be due

to different factors used for simultaneous adjustment, as

well as study methods, subject age, and disease severity.

This study has several limitations. First, due to the cross-

sectional design, temporal associations could not be

determined. Follow-up studies are necessary to verify the

present findings. Second, the responses analyzed in the

present study were obtained from applicants who likely had

a high interest in health. Care should be taken in general-

izing the results, although participants of the Fujiwara-kyo

study have a similar age distribution to that of the national
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population [20], and our participants were not selected on

the basis of sleep disturbance, absence or presence of

subjective pain, or other related medical conditions. Third,

we did not obtain information on other factors such as

cataracts, light exposure profiles, nocturia, restless leg

syndrome, medications, or other conditions potentially

associated with sleep disturbance [52]. Finally, sleep dis-

turbance was judged based on responses to a self-admin-

istered questionnaire. However, we used the PSQI, which

is widely used in large-scale epidemiological studies, with

confirmed validity regarding its Japanese version [21].

Despite the above limitations, this was a large-scale

study with a particular focus on the elderly based on a

comprehensive set of measurements, which allowed us to

mutually adjust for many factors and independently assess

the OR magnitude for each factor. In addition to sex and

age, significant factors included bodily pain, social support

from spouse or family, depressive symptoms, and history

of stroke. Other than age and sex, these factors are all

preventable. However, further studies are needed to con-

firm the time sequence of these factors and sleep distur-

bance among the elderly.
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