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Simple Subjective Sleep Quality and Blood Pressure in 
Individuals With Optimal Sleep Duration:  

A Cross-Sectional Study
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Abstract

Background: An individual’s simple subjective feeling of having 
poor sleep quality usually occurs in combination with short sleep 
duration. Previous studies have mainly investigated the association 
between simple subjective sleep quality and blood pressure in a gen-
eral population without considering the complicated issue regarding 
poor sleep quality and short sleep duration. The aim of this study 
was therefore to investigate whether poor sleep quality was associ-
ated with increased blood pressure in individuals with optimal sleep 
duration.

Methods: A cross-sectional study was conducted on 169 residents 
aged ≥ 18 years who lived in a remote island of Okinawa, Japan. The 
participants had a sleep duration of 6 - 7.9 h/day on weekdays and 
were not taking either sleep medication or antihypertensive medica-
tion. Analysis of covariance was used to compare systolic and dias-
tolic blood pressures in the participants grouped according to simple 
subjective sleep quality.

Results: Of the 169 participants, 51 (30.2%) reported that their sleep 
quality was poor. After adjustment for age, sex, and other potential 
confounders including sleep duration within optimal levels, the par-
ticipants aged ≤ 49 years had mean (95% confidence interval) systolic 
and diastolic blood pressures (mm Hg) of 121.0 (114.7 - 127.3) and 
68.7 (63.8 - 73.6) in the good sleep quality group, and 127.8 (120.7 
- 134.9) and 71.8 (66.2 - 77.3) in the poor sleep quality group (P = 
0.01 and P = 0.14, respectively). However, in those aged ≥ 50 years, 
the corresponding means were 130.6 (121.3 - 139.8) and 79.1 (73.5 
- 84.7) in the good-quality group and 126.9 (114.6 - 139.2) and 78.0 
(70.5 - 85.4) in the poor-quality group (P = 0.43 and P = 0.68, re-
spectively). There was a statistically significant interaction between 
simple subjective sleep quality and age for systolic blood pressure (P 
value for interaction = 0.04).

Conclusions: This study showed that an individual’s simple subjec-
tive feeling of poor sleep quality was associated with increased systolic 
blood pressure in participants aged ≤ 49 years with optimal sleep dura-
tion. These findings highlight the importance of easily assessing sim-
ple subjective sleep quality in clinical settings even in individuals with 
optimal sleep duration, in order to prevent and manage hypertension.
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Introduction

Hypertension is a major risk factor for cardiovascular disease 
including coronary heart disease and stroke [1-3], and due to 
its high prevalence is a burden of disease worldwide [3-5]. 
Many epidemiological studies have identified lifestyle fac-
tors that increase blood pressure, including excessive alcohol 
and salt intake, obesity as a result of overeating and/or physi-
cal inactivity, and a lack of vegetable intake [5, 6]. Therefore, 
modification of these lifestyle factors is recommended for pre-
vention and management of hypertension [5, 6]. In addition 
to these traditional major risk factors for hypertension, short 
sleep duration and complaints of sleep quality are also associ-
ated with increased blood pressure [7, 8].

Detailed sleep quality is quantified comprehensively from 
perspectives of various complaints [9], whereas the simplest 
measure of sleep quality can be assessed easily based only on 
an individual’s subjective feelings [10, 11]. A simple subjective 
complaint regarding sleep may occur usually in combination with 
short sleep duration. Intended short sleep duration due to going to 
bed late may result in poor sleep quality, whereas insomnia may 
lead to both short sleep duration and poor sleep quality. In this 
regard, previous studies have mainly investigated the association 
between simple subjective sleep quality and blood pressure in 
a general population without considering the complicated issue 
regarding poor sleep quality and short sleep duration [12-14]. It 
therefore remains unclear whether poor sleep quality - i.e., sim-
ple subjective feelings of reduced restfulness and satisfaction 
with sleep [15] - is associated with increased blood pressure in 
individuals with optimal sleep duration. The present study aimed 
to investigate this possibility using cross-sectional data collected 
from residents in a community in a remote island in Japan.
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Materials and Methods

Design and population of the study

A cross-sectional study was conducted as part of a community-
based study carried out in Yonaguni Island (Yonaguni town), 
Okinawa prefecture, Japan, which involved 522 participants 
aged ≥ 18 years [16]. The target island is the Western-most, 
small, remote island in Okinawa prefecture, Japan, with an 
area of 29 km2. The island is over 500 km from the main island 
of Okinawa and over 2,000 km from Tokyo, the capital of Ja-
pan. The major industries of the island community are fishing, 
farming, and tourism.

Of the 1,328 individuals aged ≥ 18 years who registered 
their residency as Yonaguni town, 585 underwent an annual 
health check-up in June 2022, which the Yonaguni municipal 
government had organized for all residents aged ≥ 18 years 
other than those working for one special institution. Of the 585 
health check-up examinees, 522 (241 males and 281 females) 
participated in the Yonaguni Island study that involved com-
pleting two self-administered questionnaires. In short, each 
participant completed our questionnaire in addition to the Yo-
naguni dietary survey questionnaire that the Yonaguni munici-
pal government had originally included in the health check-up. 
Each participant then allowed us to combine our questionnaire 
data with the data from the Yonaguni dietary survey, using the 
date and receipt number of the health check-up. Since the resi-
dence registration system also included individuals who had 
not lived permanently on the island due to personal issues, we 
were unable to determine the true response rate.

The study protocol was approved by the Institutional Re-
view Committee for Ethical Issues of University of the Ry-
ukyus (22-1935-01-00-00). The study was conducted in com-
pliance with the ethical standards of the responsible institution 
on human subjects as well as the Helsinki Declaration. After 
explanation of the study requirements, each participant pro-
vided their written, informed consent by placing a check mark 
on the participation agreement form.

Of the 522 participants, 353 were deemed ineligible for 
inclusion in the study for the following reasons: sleeping for < 
6 h/day or ≥ 8 h/day on weekdays, considered as short or long 
sleep duration, respectively [17, 18] (n = 260), taking sleep 
medications (n = 23), night-shift workers (n = 10), taking an-
tihypertensive medications (n = 48), missing data on simple 
subjective sleep quality (n = 3), or characteristics other than 
simple subjective sleep quality, sleep duration, and blood pres-
sure (n = 9). The remaining 169 participants (78 males and 91 
females), who had a sleep duration of 6 - 7.9 h/day on week-
days and were not taking either sleep or antihypertensive med-
ications, were included in the final analyses.

Data collection

Simple subjective sleep quality was reported based on the fol-
lowing question extracted from the Pittsburgh Sleep Quality In-
dex (PSQI) [9], which was available in Japanese [19]: “During 

the past month, how would you rate your sleep quality overall?” 
The participants were required to select one of the four follow-
ing responses that most closely represented their experience: 
“very good”, “fairly good”, “fairly bad”, or “very bad”. Poor 
simple subjective sleep quality was defined as “fairly bad” or 
“very bad” [20, 21]. The parameter of simple subjective sleep 
quality used in our study was the most influential component 
of the seven components making up the PSQI global score [10, 
11] and is therefore reliable for the assessment of simple subjec-
tive sleep quality. Sleep duration on weekdays was assessed by 
the responses to the following two questions: “What time do 
you fall asleep on weekdays?” and “What time do you wake up 
on weekdays?” Optimal sleep duration on a weekday was de-
fined as sleeping for 6 - 7.9 h/day [17, 18]. This assessment and 
definition were based on the desirable lifestyle that a sufficient 
duration of sleep should be achieved on a daily basis, rather than 
compensating on weekends or holidays for any lack of sleep 
during the weekdays (i.e., “weekend catch-up sleep”) [22].

Well-trained nurses measured the body height and weight 
and blood pressure of each participant at public community 
centers from 8:00 am to 4:00 pm except for 0:00 pm - 1:00 pm. 
The blood pressure measurements were conducted using an 
automated sphygmomanometer (SC-1800; FUKUDA COLIN 
Co., Ltd., Tokyo, Japan), which was positioned on the right 
arm of the participant. The measurements were taken after the 
participants had rested for a few minutes in the seated position. 
A single blood pressure measurement was recorded directly in 
cases with a systolic blood pressure < 130 mm Hg and diastol-
ic blood pressure < 85 mm Hg. Otherwise, the blood pressures 
were measured twice, and the mean of the two measurements 
was recorded for analysis. Each participant reported his/her 
body height and weight, and blood pressure measured during 
the health check-up by filling out the questionnaire. The body 
mass index was calculated as weight (kg)/height squared (m2).

Other data collected in the self-administered question-
naires included age, alcohol drinking habit, smoking habit, 
behavior for lowering salt intake, and medical history. Alco-
hol drinking habits were reported as either never drank, former 
drinker, or current drinker, while smoking habits were reported 
as either never smoked, former smoker, or current smoker. Be-
havior for lowering salt intake was reported based on the re-
sponses to the following question: “Do you behave to lower 
salt intake?” Participants were required to select one of the 
five following responses that most closely represented their 
behavior for lowering salt intake: “always do”, “sometimes 
do”, “will do in the near future”, “difficult to do despite will-
ingness”, or “never do”. Lowering salt intake was defined as 
“always do” or “sometimes do,” while not-lowering salt intake 
was defined as the remaining three responses [16]. The people 
in Okinawa prefecture, which includes the target area, have the 
lowest salt intake (mean 9.1 g/day in males and 8.0 g/day in 
females) among all the prefectures in Japan (mean 10.8 g/day 
in males and 9.2 g/day in females) [23].

Statistical analysis

Initially, we used either the unpaired t-test or Chi-square test to 
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compare the characteristics of the participants grouped accord-
ing to their simple subjective sleep quality (i.e., good or poor). 
We next compared systolic and diastolic blood pressures in the 
two sleep quality groups using the unpaired t-test. Analysis of 
covariance was then used to compare systolic and diastolic 
blood pressures in each group following adjustment for po-
tential confounding factors and to calculate the least square 
mean. The following covariates were included step by step as 
potential confounding factors in the models: age (year, as a 
continuous variable), sex (male or female) (model 1); alcohol 
drinking habit (current drinker or not), smoking habit (current 
smoker or not), behavior for lowering salt intake (currently 
do or not), body mass index (kg/m2, as a continuous variable) 
(model 2); and sleep duration (h/day, as a continuous variable) 
(model 3). The analyses were then repeated after the partici-
pants had been stratified according to age (≤ 49 or ≥ 50 years). 
The significance of the interaction between simple subjective 
sleep quality and age on blood pressure was assessed using an 
interaction term for the categorical variables in the multivar-
iate-adjusted model. Finally, the analyses were repeated after 
the participants had been stratified according to age (≤ 39, 40 
- 59, or ≥ 60 years).

The analyses were performed using Stata version 17 
(StataCorp LP, College Station, TX, USA). All the probability 
values were two-tailed, and the significance level was set at P 
< 0.05.

Results

Characteristics of the study participants

Table 1 summarizes the characteristics (means or proportions) 
of the total participants, grouped according to simple subjec-
tive sleep quality. The mean (standard deviation) for age and 
sleep duration on weekdays was 48.8 (15.0) years and 6.8 (0.5) 
h/day, respectively. Females accounted for 53.9% of the total 
participants. The mean (standard deviation) was 125.7 (17.2) 
mm Hg for systolic blood pressure and 74.7 (11.3) mm Hg for 
diastolic blood pressure. Of the 169 participants, 51 (30.2%) 
reported that their simple subjective sleep quality was poor. 
There was no statistically significant difference in any char-
acteristic between the two sleep quality groups. However, 
compared to the participants with good sleep quality, those 
with poor sleep quality tended to have a higher proportion of 
current alcohol drinking and not-lowering their salt intake, al-
though these differences were not statistically significant.

The prevalence of the majority of characteristics was 
similar for the ≤ 49 years and ≥ 50 years strata, although the 
prevalence of not-lowering their salt intake was higher in the 
≤ 49 years stratum compared to that of the ≥ 50 years stratum 
(52.7% vs. 23.7%; P < 0.001 (not shown in Table 1)). For the ≤ 
49 years stratum, the prevalence of characteristics was broadly 
similar in the two sleep quality groups. For the ≥ 50 years stra-
tum, only the prevalence of current alcohol drinking tended to 
be higher in participants with poor sleep quality compared to 
those with good sleep quality, with this difference not being 
statistically significant (52.4% vs. 30.9%; P = 0.08) (Table 1).

Simple subjective sleep quality and blood pressure

Table 2 shows the crude and adjusted means (95% confidence 
intervals) of systolic and diastolic blood pressures in partici-
pants grouped according to subjective sleep quality. In the total 
participants, the poor sleep quality group tended to have a mar-
ginally higher mean systolic blood pressure, compared to that 
measured in the good sleep quality group, although this dif-
ference was not statistically significant (128.5 (121.9 - 135.0) 
mm Hg vs. 126.2 (120.7 - 131.7) mm Hg; P = 0.36). However, 
mean diastolic blood pressure was similar in the poor and good 
sleep quality groups (74.2 (69.9 - 78.6) mm Hg and 73.5 (69.9 
- 77.2) mm Hg; P = 0.69).

When the participants were stratified by age (≤ 49 or ≥ 50 
years), the patterns for blood pressure in the two sleep qual-
ity groups were different. In participants aged ≤ 49 years, the 
poor sleep quality group had a significantly higher mean sys-
tolic blood pressure, compared to the good sleep quality group 
(127.8 (120.7 - 134.9) mm Hg vs. 121.0 (114.7 - 127.3) mm 
Hg; P = 0.01). This difference was present even after adjust-
ment for age, sex, alcohol drinking habit, smoking habit, be-
havior for lowering salt intake, body mass index, and sleep du-
ration. Mean diastolic blood pressure also tended to be higher 
in the poor sleep quality group compared to that in the good 
sleep quality group (71.8 (66.2 - 77.3) mm Hg vs. 68.7 (63.8 
- 73.6) mm Hg; P = 0.14). However, in participants aged ≥ 50 
years, mean systolic and diastolic blood pressures were simi-
lar in the two sleep quality groups. The multivariate-adjusted 
regression model showed a statistically significant interaction 
between simple subjective sleep quality and age for systolic 
blood pressure (P value for interaction = 0.04), with a trend for 
a similar interaction with diastolic blood pressure (P value for 
interaction = 0.08) (Table 2).

The patterns for blood pressure in the two sleep quality 
groups were different between the three age strata (≤ 39, 40 
- 59, or ≥ 60 years) (Supplementary Material 1, jocmr.elmer-
journals.com). In participants aged ≤ 39 years, the poor sleep 
quality group tended to have higher adjusted mean systolic and 
diastolic blood pressures compared to the good sleep quality 
group; however, this difference was not statistically significant 
(123.4 (113.2 - 133.7) mm Hg vs. 117.2 (108.1 - 126.4) mm 
Hg; P = 0.09 for systolic blood pressure, and 67.8 (59.7 - 75.9) 
mm Hg vs. 63.6 (56.4 - 70.9) mm Hg; P = 0.14 for diastolic 
blood pressure). However, in participants aged 40 - 59 years 
and those aged ≥ 60 years, mean systolic and diastolic blood 
pressures were similar in the two sleep quality groups.

Discussion

This community-based, cross-sectional study carried out in Yo-
naguni Island, Okinawa prefecture, Japan, investigated whether 
poor sleep quality was associated with increased blood pressure 
in individuals with optimal sleep duration on weekdays (6 - 7.9 
h/day) who were not taking sleep or antihypertensive medica-
tions. The study demonstrated that participants aged ≤ 49 years 
with optimal sleep duration but poor sleep quality had higher 
blood pressure levels compared to those with good sleep quality. 
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This relationship remained even after adjustment for potential 
confounders, including relatively short periods of optimal sleep 
duration. In contrast, participants aged ≥ 50 years with or with-
out poor sleep quality had similar blood pressure levels.

Similar to the current study, several relevant cross-section-
al studies also assessed an individual’s simple subjective feel-
ing for sleep quality using a single item of the PSQI [12-14]. 
Liu et al showed that in a Chinese population, after adjustment 
for potential confounders including age, sex, and major risk 

factors for hypertension, the odds ratios (95% confidence in-
tervals ) for the presence of hypertension (systolic blood pres-
sure ≥ 140 mm Hg, diastolic blood pressure ≥ 90 mm Hg), and/
or taking antihypertensive medication were 1.82 (1.65 - 2.00) 
for “fairly good”, 2.46 (2.00 - 3.03) for “fairly bad”, and 1.91 
(1.22 - 2.99) for “very bad”, compared with simple subjective 
sleep quality being “very good” [14]. However, sleep duration 
was not taken into consideration in their analysis. The analytic 
procedure of this previous study may have been insufficient 

Table 1.  Characteristics of the Study Participantsa From Yonaguni Island, Okinawa, Japan, Grouped According to Simple Subjective 
Sleep Quality

Overall (N = 169)
Simple subjective sleep quality P value for 

differenceGood Poor
Overall N = 118 N = 51
    Age, years 48.8 (15.0) 49.5 (14.4) 47.3 (16.4) 0.38
    Females 53.9% (91) 55.1% (65) 51.0% (26) 0.66
    Current alcohol drinking 41.4% (70) 39.0% (46) 47.1% (24) 0.33
    Current smoking 18.3% (31) 19.5% (23) 15.7% (8) 0.56
    Not-lowering salt intake 39.6% (67) 36.4% (43) 47.1% (24) 0.20
    Body mass index, kg/m2 24.1 (5.0) 23.9 (4.8) 24.8 (5.5) 0.29
    Sleep duration, h/day 6.8 (0.5) 6.9 (0.5) 6.7 (0.6) 0.17
    Systolic blood pressure, mm Hg 125.7 (17.2) 124.7 (17.2) 127.9 (17.1) 0.26
    Diastolic blood pressure, mm Hg 74.7 (11.3) 74.3 (11.0) 75.7 (12.0) 0.46
Aged ≤ 49 years N = 93 N = 63 N = 30
    Age, years 37.6 (7.6) 38.3 (7.6) 36.1 (7.5) 0.18
    Females 50.5% (47) 50.8% (32) 50.0% (15) 0.94
    Current alcohol drinking 45.2% (42) 46.0% (29) 43.3% (13) 0.81
    Current smoking 20.4% (19) 22.2% (14) 16.7% (5) 0.53
    Not-lowering salt intake 52.7% (49) 50.8% (32) 56.7% (17) 0.60
    Body mass index, kg/m2 24.5 (5.9) 24.2 (5.6) 25.1 (6.5) 0.49
    Sleep duration, h/day 6.8 (0.5) 6.9 (0.5) 6.7 (0.5) 0.12
    Systolic blood pressure, mm Hg 121.0 (15.3) 118.4 (13.9) 126.4 (16.8) 0.02
    Diastolic blood pressure, mm Hg 72.1 (11.3) 71.0 (10.5) 74.3 (12.8) 0.19
Aged ≥ 50 years N = 76 N = 55 N = 21
    Age, years 62.6 (9.3) 62.3 (8.3) 63.3 (11.6) 0.66
    Females 57.9% (44) 60.0% (33) 52.4% (11) 0.55
    Current alcohol drinking 36.8% (28) 30.9% (17) 52.4% (11) 0.08
    Current smoking 15.8% (12) 16.4% (9) 14.3% (3) 0.82
    Not-lowering salt intake 23.7% (18) 20.0% (11) 33.3% (7) 0.22
    Body mass index, kg/m2 23.7 (3.6) 23.5 (3.7) 24.2 (3.5) 0.79
    Sleep duration, h/day 6.8 (0.5) 6.8 (0.5) 6.8 (0.6) 0.38
    Systolic blood pressure, mm Hg 131.4 (17.8) 131.8 (18.0) 130.1 (17.7) 0.36
    Diastolic blood pressure, mm Hg 78.0 (10.5) 78.1 (10.5) 77.7 (10.7) 0.45

The data are presented for the total participants, as well as for participants stratified according to age (≤ 49 or ≥ 50 years). Data are expressed as 
mean (standard deviation) or % (number) of participants in that category. The unpaired t-test or Chi-square test was used to compare the character-
istics in the two subjective sleep quality groups. aThe study participants had a sleep duration of 6 - 7.9 h/day on weekdays and were not taking either 
sleep medication or antihypertensive medication.
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because sleep issues are complicated. Some individuals may 
have poor sleep quality resulting from intended short sleep du-
ration, whereas others may try to have long sleep duration to 
compensate for poor sleep quality. Two other relevant studies 
also observed similar findings but did not take sleep duration 

into consideration [12, 13]. To our knowledge, our study is the 
first to focus on individuals with optimal sleep duration and to 
suggest that an individual’s simple subjective feeling of poor 
sleep quality may be a marker for increased blood pressure 
even in these individuals.

Table 2.  Mean Blood Pressure in Participantsa Grouped According to Simple Subjective Sleep Quality

Simple subjective sleep quality
P value

Good Poor
Overall N = 118 N = 51
    Systolic blood pressure, mm Hg
        Crude mean (95% CI) 124.7 (121.5 - 127.8) 127.9 (123.1 - 132.7) 0.26
        Age and sex-adjusted mean (95% CI), model 1 128.7 (124.8 - 132.7) 132.6 (127.5 - 137.6) 0.15
        Multivariate-adjusted mean (95% CI), model 2 126.2 (120.6 - 131.7) 128.9 (122.3 - 135.5) 0.28
        Multivariate-adjusted mean (95% CI), model 3 126.2 (120.7 - 131.7) 128.5 (121.9 - 135.0) 0.36
    Diastolic blood pressure, mm Hg
        Crude mean (95% CI) 74.3 (72.3 - 76.3) 75.7 (72.3 - 79.1) 0.46
        Age and sex-adjusted mean (95% CI), model 1 77.6 (75.0 - 80.2) 79.2 (75.9 - 82.6) 0.36
        Multivariate-adjusted mean (95% CI), model 2 73.5 (69.9 - 77.2) 74.4 (70.1 - 78.8) 0.59
        Multivariate-adjusted mean (95% CI), model 3 73.5 (69.9 - 77.2) 74.2 (69.9 - 78.6) 0.69
Aged ≤ 49 years N = 63 N = 30
    Systolic blood pressure, mm Hg
        Crude mean (95% CI) 118.4 (114.9 - 121.9) 126.4 (120.1 - 132.6) 0.02
        Age and sex-adjusted mean (95% CI), model 1 125.8 (121.6 - 130.0) 134.1 (128.8 - 139.5) 0.005
        Multivariate-adjusted mean (95% CI), model 2 121.1 (114.8 - 127.4) 128.0 (121.0 - 135.0) 0.01
        Multivariate-adjusted mean (95% CI), model 3 121.0 (114.7 - 127.3) 127.8 (120.7 - 134.9) 0.01
    Diastolic blood pressure, mm Hg
        Crude mean (95% CI) 71.0 (68.4 - 73.7) 74.3 (69.5 - 79.1) 0.19
        Age and sex-adjusted mean (95% CI), model 1 75.2 (72.0 - 78.5) 79.3 (75.1 - 83.4) 0.07
        Multivariate-adjusted mean (95% CI), model 2 68.7 (63.8 - 73.6) 72.0 (66.5 - 77.5) 0.12
        Multivariate-adjusted mean (95% CI), model 3 68.7 (63.8 - 73.6) 71.8 (66.2 - 77.3) 0.14
Aged ≥ 50 years N = 55 N = 21
    Systolic blood pressure, mm Hg
        Crude mean (95% CI) 131.8 (127.0 - 136.7) 130.1 (122.1 - 138.2) 0.71
        Age and sex-adjusted mean (95% CI), model 1 131.9 (125.0 - 138.8) 129.8 (120.9 - 138.7) 0.66
        Multivariate-adjusted mean (95% CI), model 2 129.9 (120.6 - 139.3) 126.5 (114.0 - 138.9) 0.45
        Multivariate-adjusted mean (95% CI), model 3 130.6 (121.3 - 139.8) 126.9 (114.6 - 139.2) 0.43
    Diastolic blood pressure, mm Hg
        Crude mean (95% CI) 78.1 (75.2 - 80.9) 77.7 (72.8 - 82.6) 0.89
        Age and sex-adjusted mean (95% CI), model 1 79.8 (75.7 - 83.9) 79.3 (74.0 - 84.5) 0.85
        Multivariate-adjusted mean (95% CI), model 2 78.8 (73.1 - 84.4) 77.7 (70.2 - 85.2) 0.70
        Multivariate-adjusted mean (95% CI), model 3 79.1 (73.5 - 84.7) 78.0 (70.5 - 85.4) 0.68

The data are presented for the total participants as well as for participants stratified according to age (≤ 49 or ≥ 50 years). aThe study participants 
had a sleep duration of 6 - 7.9 h/day on weekdays and were not taking either sleep medication or antihypertensive medication. The unpaired t-test or 
analysis of covariance was used to compare blood pressure in the two subjective sleep quality groups. Three different models of analysis of covari-
ance were constructed as follows: model 1 was adjusted for age and sex; model 2 was adjusted for the same covariates used in model 1 in addition 
to alcohol drinking habit, smoking habit, behavior for lowering salt intake, and body mass index; and model 3 was adjusted for the same covariates 
used in model 2 in addition to sleep duration. CI: confidence interval.
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We observed that only participants in the young to early 
middle-aged stratum with poor sleep quality had higher sys-
tolic blood pressure levels compared to those with good sleep 
quality, with the interaction effect between age and sleep 
quality on systolic blood pressure being statistically signifi-
cant. Unlike our study, Lu et al [12] observed a relationship 
between poor sleep quality and hypertension irrespective of 
age (≤ 45 or > 45 years), although the study design and sta-
tistical analysis were different from those used in our study. 
In general, the effects of each risk factor on the develop-
ment of hypertension are attenuated with age [24, 25]. This 
phenomenon may be partially explained by the sympathetic 
nervous system being less responsive to stimuli with increas-
ing age [26, 27]. Furthermore, the increased prevalence of 
other competing risk factors at older ages in general may also 
lead to an attenuated relationship of interest. However, this 
explanation was unlikely to be applicable to our study, which 
showed a similar prevalence of background characteristics 
for the ≤ 49-year and ≥ 50-year strata, with the exception of 
not-lowering their salt intake, the prevalence of which was 
rather lower in the older stratum. Because the number of par-
ticipants was limited in our sub-analysis, caution is needed 
when interpreting the results. That is, our study may have 
missed statistically significant increases in blood pressure in 
participants aged ≥ 50 years because of a type II error caused 
by the smaller number of participants with poor sleep quality. 
However, in the more detailed age-stratified analysis, both 
the 40 - 59-year and ≥ 60-year strata, but not the ≤ 39-year 
stratum, showed no association, a finding that may still sup-
port the interaction effect between age and sleep quality on 
systolic blood pressure.

Sleep status has both qualitative and quantitative aspects, 
and therefore it is often difficult to determine the influence of 
each factor on health. Therefore, we focused on individuals 
with optimal sleep duration, using a simple, validated ques-
tion, in order to simplify the meaning of poor sleep quality 
and to allow us to interpret the results more easily. This ap-
proach represents a methodological advantage in comparison 
with previous studies, although this approach, in turn, resulted 
in a small number of participants in our study. Evidence from 
previous studies may explain the mechanism for the relation-
ship we observed between poor sleep quality and increased 
blood pressure [28-30]. For instance, sympathetic overactivity 
that accompanies various sleep disorders is associated with in-
creased blood pressure [28, 29]. Similarly, psychological stress 
leads to insufficient sleep and induces retention of sodium and 
fluid, thereby increasing blood pressure [30]. There may also 
have been a residual confounding effect of sleep apnea, a sleep 
disorder that increases the risk of hypertension [31], thereby 
affecting the association between sleep quality and blood pres-
sure. For this reason, in our analysis we adjusted the data for 
body mass index, a major indicator for sleep apnea [32]. The 
simple assessment of sleep quality was the key point of this 
study for extrapolating the results to the practice of prevention 
and management of hypertension. A future large-scale cohort 
study that also collects data on physical and psychological 
factors that may affect simple subjective sleep quality is war-
ranted to provide more useful evidence on this topic.

The present study had several limitations that should be 

acknowledged. First, the health check-up facility that helped 
us with this study measured blood pressure twice only if the 
first measurement showed high levels of blood pressure. As-
suming our hypothesis is true, individuals in the poor sleep 
quality group could initially have had higher blood pressure 
levels than those in the good sleep quality group, and therefore 
were more likely to subsequently have had two blood pressure 
measurements. Due to the theory of “regression towards the 
mean”, this trend of two blood pressure measurements in the 
poor sleep quality group may have led to lower blood pressure 
levels than the level based on the single measurement [33]. 
This possibility may have caused the results of our study to be 
underestimated. In addition, due to the lack of data on the time 
when blood pressure was measured, we could not take this fac-
tor into account in the analysis. Second, due to the lack of data 
on sleep apnea, we could not take this condition directly into 
account in the analysis, although we alternatively allowed for 
body mass index. Third, with respect to excessive salt intake, 
which was assumed to be a confounding factor, we used the 
data on self-reported efforts to reduce salt intake rather than 
the actual amount of salt intake measured by an objective eval-
uation. Fourth, cross-sectional studies like ours cannot guaran-
tee a cause-effect relationship between poor sleep quality and 
increased blood pressure. Even though the cause-and-effect re-
lationship was true, the magnitude of the association between 
simple subjective sleep quality and blood pressure is different 
from that measured in cohort studies. Finally, our study popu-
lation comprised residents in a small remote island, where the 
socioeconomic environments are quite different from those in 
the urban and rural areas of the main island of Japan. There-
fore, lifestyle factors resulting from the socioeconomic envi-
ronments in this community may have affected sleep quality 
in the study population. Accordingly, caution is advised when 
generalizing the results of the present study.

Conclusions

This study showed that an individual’s simple subjective feel-
ing of poor sleep quality was associated with increased systolic 
blood pressure in young to early middle-aged individuals with 
optimal sleep duration. The results of this study emphasize the 
importance of easily assessing simple subjective sleep quality 
in clinical settings, even in individuals with optimal sleep du-
ration, in order to prevent and manage hypertension.

Supplementary Material

Suppl 1. Mean blood pressure in participants grouped accord-
ing to simple subjective sleep quality.
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