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Poor sleep quality associated with high risk of
hypertension and elevated blood pressure in China:
results from a large population-based study

Ru-Qing Liu1, Zhengmin Qian2, Edwin Trevathan2, Jen-Jen Chang2, Alan Zelicoff3, Yuan-Tao Hao4, Shao Lin5

and Guang-Hui Dong1

Little information is available concerning the association between sleep quality and blood pressure (BP) in Chinese individuals.

This study evaluated the association between sleep quality, as determined by the Pittsburgh sleep quality index (PSQI), and

hypertension in a rural Chinese population. Using a multistage cluster and random sampling method, a representative sample of

9404 adults aged 20–93 years in northeastern China was selected from 2012 to 2013. Sleep quality was assessed by PSQI,

and trained observers measured BP. A sleep disorder (SD) was diagnosed for any participant with a score of 6 or greater. Overall,

1218 male participants (25.53%) and 1261 female participants (27.22%) were defined as having SDs. Compared with the

normal subjects, participants with hypertension had higher global PSQI scores and subscores in all elements. The odds ratios

(ORs) of hypertension, systolic hypertension and diastolic hypertension among participants with SDs were 2.38 (95% confidence

interval (CI): 2.13–2.65), 2.52 (95% CI: 2.26–2.80) and 1.93 (95% CI: 1.74–2.14) in contrast to the reference group,

respectively. The risk for hypertension in poor sleepers with subscores over 0 in all of the elements was significantly increased,

with ORs ranging from 1.16 (95% CI: 1.04–2.30) to 3.88 (95% CI: 1.24–12.16). The global PSQI score and its components

were associated with hypertension and high BP.
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INTRODUCTION

Hypertension affects ~ 26% of adults across the world. It contributes
to 13.5% of deaths worldwide and is the leading risk factor for
mortality.1 The prevalence of hypertension is projected to increase and
to affect over 1.5 billion people by 2025. High blood pressure (BP)
leads to half of all strokes and ischemic heart disease events.2 The
major risk factors for hypertension have been established and include
family history, sedentary lifestyle, poor diet, cigarette smoking, sex,
race and age. An additional risk factor that is unconventional and
often overlooked is sleep.3 A study conducted by the Centers for
Disease Control and Prevention reported that 11% of adults in the
United States received insufficient rest or sleep.4 Sleep serves to
suppress BP by decreasing the secretion of catecholamine.5 However,
the association of sleep duration with hypertension is inconsistent.6–11

Some studies have reported a positive relationship between poor sleep
quality (apnea and insomnia) and hypertension.6–10 However, other

studies have not shown a link between sleep duration and
hypertension.11

Urban populations have been most the common sources for studies
on the association between sleep quality and hypertension to date.
However, people living in rural areas make up a large portion of the
total population, especially in developing countries such as China.
Approximately 57% of all Chinese people lived in rural agricultural
regions in 2005.12 However, limited data exist on sleep quality and
hypertension. Wang et al. have reported that High BP is associated
with short sleep duration in women but is associated with long sleep
duration in men among Chinese adults living in rural areas.13

To date, findings of previous studies on the association between
sleep and hypertension have been limited by methodological variations
in study populations and study designs, small sample sizes and a focus
primarily on one sleep abnormality at a time and its relationship with
hypertension. Moreover, it is challenging to compare findings among
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different studies because of the varying instruments used to measure
sleep or sleep quality. Findings from previous studies have also been
limited by residual confounding without consideration of factors such
as gender and lifestyle choices, including alcohol consumption and
physical activity.
To address these gaps in the literature, our objective in this study

was to investigate the association between sleep quality and hyperten-
sion while adjusting for relevant confounders in a large rural Chinese
sample. We hypothesized that low sleep quality is associated with an
increased likelihood of hypertension. Our study was based on self-
reported, validated measurements of sleep quality with the Pittsburgh
Sleep Quality Index (PSQI).

MATERIALS AND METHODS

Study population
We conducted population-based cross-sectional surveys using a multistage,
stratified clustering sampling scheme in the rural areas of Jinzhou, Liaoning
province, in northeastern China from 2012 to 2013. The total population in
Jinzhou is ~ 3 102 000. In our sampling strategy, the country was stratified into
five geographic zones: North, South, East, West and Central. Two townships
were randomly selected from each of the South, East and West zones and one
township was selected from each of the North and Central zones. Three or five
villages were subsequently randomly selected from each township, which
yielded 35 villages in total. During the last stage of the survey sampling,
participants were stratified into several sex and age groups in accordance with
census year 2010 in China. One participant aged ⩾ 20 years with 5 years or
more of residency at the current address was selected from each household
without replacement.
A total of 10 759 individuals were randomly selected from the selected

villages, and 9404 persons (87% response rate; 4770 males and 4634 females)
completed the survey and examination. The ages of the participants ranged
from 20 to 93 years, with an average age of 52.11± 14.10 years.
We performed the study procedures in accordance with the ethical standards

of the responsible committee on human experimentation of Sun Yat-sen
University, and the ethics committees and other relevant regulatory bodies in
Liaoning province approved the study. We obtained written informed consent
from each participant before data collection.

Measures
The primary outcome of interest in the present study was hypertension. For the
ascertainment of hypertension, all investigators and staff of the current study
were required to successfully complete a training program based on the
procedures created by the American Heart Association14 to execute the
administration of the study survey and the standardized protocol to measure
BP. After the completion of the training program, each successful trainee was
required to pass a qualifying examination; those who were successful were given
a BP observer certificate. Study participants were told not to smoke, drink
alcohol, drink coffee, drink tea and/or exercise for at least 30min before having
their BP measured. Four different sizes of BP cuffs (pediatric cuff, regular adult
cuff, thigh cuff and large adult cuff) were placed on the individual to determine
the appropriate cuff size on the basis of the individual’s arm circumference. A
trained and certified observer measured BP with the participant in a seated
position every 2min for 6min, using a standardized mercuric-column
sphygmomanometer. The three BP measurements were averaged to determine
the subject's BP. All of the measurements were taken during one visit. We
defined hypertension as an average systolic BP of ⩾ 140mmHg, an average
diastolic BP of ⩾ 90mmHg or self-reported current treatment for hypertension
with antihypertensive medication according to the Seventh Report of the Joint
National Committee.15 Medication use was ascertained by means of a
standardized interview. We defined systolic hypertension as systolic BP ⩾ 140
mmHg, and diastolic hypertension was defined as diastolic BP ⩾ 90mmHg.16

Sleep quality
We assessed sleep quality by the PSQI scale,17 which is a well validated and
widely used measure of sleep quality.18–21 The questionnaire had previously

been translated into Chinese and had been used in previous studies in other
Chinese areas.18–21 PSQI is a questionnaire that consists of 19 items that are
coded on a four-point scale (0–3) to obtain seven elements: subjective sleep
quality (a subjective feeling of satisfaction in daily sleep), sleep disturbance
(interruption of sleep), daytime dysfunction (trouble staying awake while
engaging in social activity), sleep onset latency (length of time for transition
from full wakefulness to sleep), habitual sleep efficiency (proportion of hours
slept to total hours in bed), sleep duration and use of sleep medication.22 The
sum of all subscale scores represents the total sleep quality score ranging
between 0 and 21, with higher scores representing poorer sleep quality.
According to the definition from other studies, any participant with a score
of 6 or greater was considered to have poor sleep quality.18,22,23 We assessed
both the global PSQI score and the seven components listed above by the four-
grade system (that is, 0, 1, 2 and 3).17 Each component was assessed on a point
scale (with descriptions in parentheses) as follows: subject sleep quality, 0–3
points (0, very good sleep quality; 1, fairly good sleep quality; 2, fairly bad sleep
quality; and 3, very bad sleep quality); sleep latency 0–3 points (minutes
required to transition from full wakefulness to sleep each night and the
frequency of falling asleep within 30min); sleep duration 0–3 points (0, sleep
duration 47 h; 1, 6 to ⩽ 7 h; 2, 5 to o6 h and 3, o5 h); habitual sleep
efficiency 0–3 points (proportion of hours slept to hours spent in bed: 0,
⩾ 85%; 1, 75–84%; 2, 65–74% and 3, o65%); sleep disturbance 0–3 points
(sleep disruption and frequency of disruption); use of sleep medication 0–3
points (0, not used during the past month; 1, less than once a week; 2, once or
twice a week and 3, three or more times a week); and daytime dysfunction 0–3
points (frequency of having trouble staying awake while driving, eating meals,
or engaging in social activity and frequency of having trouble keeping up
enough enthusiasm to get things done).17

Covariates
Information regarding demographic characteristics, such as age, gender,
education, ethnicity, occupation, household income, and behavioral and
lifestyle risk factors, including smoking, alcohol consumption, tea consumption
and exercise, were collected via a self-reported questionnaire. We collected a
history of hypertension and use of antihypertensive medication by using a
standard questionnaire. Trained study staff recorded the weight and height of
the participants and calculated the body mass index (BMI; weight in kg per
height in m2). We defined alcohol consumption as the weekly consumption of
beer, wine and hard liquor. Current drinking was defined as alcohol
consumption ⩾ 8ml per week according to the definition from the National
Institute on Alcohol Abuse and Alcoholism.24 We defined smokers as people
who smoked at least one cigarette per day and continued for at least 1 year. We
asked whether they currently smoked (Do you smoke currently?). Tea
consumption and exercise were defined as people who drank tea or exercised
almost daily throughout the past year.

Statistical analysis
Baseline characteristics were compared between participants with and without
poor sleep quality using Pearson χ2 tests for nominal variables (that is, gender,
drinking, smoking, tea consumption, exercise or hypertension) and one-way
analysis of variance for continuous variables (that is, age, BMI, systolic BP,
diastolic BP and/or global PSQI score). To assess the association of self-reported
sleep quality with hypertension, we performed analysis of covariance and
logistic regression. We conducted data analysis of covariance for continuous
variables to determine any significant differences among groups with or without
hypertension adjusted for age, gender, drinking, smoking, tea consumption
habit and exercise. Logistic regression was conducted to estimate the odds ratios
and the corresponding 95% confidence intervals (95% CIs) for the associations
between hypertension and poor sleep quality using the global PSQI score and
seven other PSQI component subscales after adjusting for the aforementioned
variables.22 Further logistic regression analyses were performed for participants
with systolic and diastolic hypertension to estimate the odds ratio and 95% CI
of sleep quality as a function of the increased risk for systolic hypertension or
diastolic hypertension after adjusting for the aforementioned confounders.
All analyses were conducted using SPSS 18.0 J (SPSS Inc., Chicago, IL, USA)

for Windows, and P-valueso0.05 were considered to be statistically significant.
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RESULTS

The characteristics of the study sample are presented in Table 1 and
are stratified by sleep quality defined by a global PSQI score ⩽ 5 (good
sleep quality, non-SD) and a global PSQI score ⩾ 6 (poor sleep
quality). Among the 9404 study participants (49.28% female; mean
age: 52.11 years; SD: 14.10 years; range: 20–93 years), we identified
2479 individuals (26.36%) as having poor sleep quality and 4800
individuals with hypertension.
There were significant differences in sleep quality in different groups

on the basis of age, BP and smoking habits. The mean age for subjects
with poor sleep quality was 56.38 years, which was significantly higher
than the mean age in subjects with good sleep quality (50.58 years,
Po0.001). The prevalence of hypertension in subjects with poor sleep
quality was high (69.74%) and substantially greater than compared
with subjects with good sleep quality (44.35%, Po0.001). The
proportion of participants with smoking habits was greater in subjects
with poor sleep quality compared with the proportion of subjects with
good sleep quality (34.25 and 28.94%, respectively; Po0.001).
Hypertensive subjects had a higher prevalence of poor sleep quality
than study subjects without hypertension (36.02% vs 16.29%;
Po0.001; Figure 1).
Table 2 shows the significant differences among the groups of

individuals with and without hypertension. The mean score for the
global PSQI score and PSQI sub-component scores of all of the
elements (sleep duration, subjective sleep quality, habitual sleep
efficiency, sleep latency, sleep disturbance, use of sleep medication
and daytime dysfunction) were significantly higher in participants with
hypertension compared with subjects without hypertension
(Po0.001).
The results from the multivariable logistic regression analysis on the

associations between the global PSQI and its components and
hypertension after adjusting for age, gender and lifestyle factors are
shown in Table 3. The odds of hypertension among subjects with a
global PSQI score of 6 or more was 2.38 (95% CI, 2.13–2.65)
compared to subjects whose PSQI global scores were 5 or less. Overall,
study participants who had elevated scores in each of the sub-
components of the PSQI had greater odds of hypertension than those
who did not. For instance, the odds of hypertension among the
subjects with subjective sleep quality scores of 1, 2 and 3 (indicating

poorer sleep quality) were 1.82, 2.46 and 1.91 (95% CI: 1.65–2.0,
2.00–3.03 and 1.22–2.99), respectively, in contrast with the
reference group.
To understand how sleep quality affects hypertension, logistic

regression analysis was conducted to determine the associations
between poor sleep quality (based on global PSQI), systolic hyperten-
sion and diastolic hypertension after adjusting for age, gender and
lifestyle factors. The results are shown in Table 4. The odds of systolic
hypertension among participants with a PSQI score of 6 or more total
global points was 2.52 (95% CI: 2.26–2.80), in contrast to subjects
with 5 or fewer points, and that of diastolic hypertension was 1.93
(95% CI: 1.74–2.14). Thus, poor sleep quality was associated with
increased odds of both systolic and diastolic hypertension.

DISCUSSION

Sleep duration has been a focus in previous studies on sleep health.
Sleep duration measurements alone are insufficient to elucidate
how sleep may affect health. Sleep quality and other sleep parameters
should also be considered. However, there has been a lack of attention

Table 1 Characteristics of the study population according to sleep quality

Overall (n=9404) Poor sleep quality (n=2479) Good sleep quality (n=6925) P value

Age (years) 52.11±14.10 56.38±12.91 50.58±14.20 o0.001

Sex
Males (%) 4770 (50.72) 1218 (49.13) 3552 (51.29) 0.065

BMI (kgm−2) 23.80±5.09 23.75±5.01 23.81±5.12 0.587

Hypertension (%) 4800 (51.04) 1729 (69.74) 3071 (44.35) o0.001

SBP (mmHg) 136.43±24.73 146.56±26.14 132.80±23.15 o0.001

DBP (mmHg) 86.05±13.75 90.00±14.45 84.63±13.21 o0.001

Antihypertensive medication use (%) 3015 (32.06) 1185 (47.80) 1830 (26.42) o0.001

Current drinker (%) 1663 (17.68) 459 (18.52) 1204 (17.39) 0.21

Current smoker (%) 2853 (30.34) 849 (34.25) 2004 (28.94) o0.001

Tea habits (%) 2122 (22.56) 588 (23.72) 1534 (22.15) 0.11

Exercise habits (%) 3702 (39.37) 1015 (40.94) 2687 (38.80) 0.061

Abbreviations: BMI, body mass index; DBP, diastolic blood pressure; SBP, systolic blood pressure.
Data are presented as mean± s.d. or number (%).
The χ2 statistical test for nominal variables and one-way analysis of variance for continuous variables were performed to assess whether there were significant differences between the groups with
and without sleep disorder.

Figure 1 Prevalence of sleep disorders (SDs) in the groups with and without
hypertension. The χ2 statistical test was performed to assess differences in
the prevalence of poor sleep quality between the groups with and without
hypertension (Po0.001).
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given to global sleep status, including sleep latency, habitual sleep
efficiency, sleep disturbance and daytime dysfunction. Unlike the
majority of previous investigations, we used the PSQI scale to evaluate
global sleep status. We examined the associations between hyperten-
sion and the global PSQI scale and its components. We observed
significant associations between hypertension and global PSQI scores,
poor sleep quality, prolonged sleep latency, short sleep duration, sleep
disturbance and daytime dysfunction. To date, few studies have
reported an association between hypertension and PSQI components
in rural populations. The current study indicates that PSQI compo-
nents including poor sleep quality, prolonged sleep latency, short sleep
duration and sleep disturbance are associated with hypertension, thus
indicating the importance of sleep quality and other components for
the comprehensive understanding of sleep. Moreover, few studies on
the relationship between sleep and hypertension have focused on rural
populations. Because hypertension is a prevalent problem in rural
regions in China, the present study included a large sample of
residents from the rural areas of north China. The present study is
one of the first to obtain self-reported sleep quality assessments from a
large sample of rural adults anywhere and to show associations
between poor sleep quality and the risk of hypertension in the general
population.
Both Huanga et al. and Erden et al. have reported that poor sleep

quality is an independent predictor of nondipping hypertension
(defined as the absence of a nocturnal reduction in systolic BP of
⩾ 10%).25–27 Fiorentini et al. also have reported that poor sleep quality
evaluated by the PSQI is associated with hypertension.10 However,
some studies have reported that there is no association between the
global PSQI score and hypertension.8,28 One possible explanation for
this discrepancy is that these studies included both healthy individuals
and patients with a limited age range. In addition, some potential
confounders were not previously taken into account, including age,
gender, BMI, alcohol consumption, smoking, tea consumption and
exercise habits.10,29 We controlled for these potential confounders in
this study. The participants of this study were all rural Chinese adults,
and the mean of their global PSQI score for individuals with and
without hypertension were both less than 6 (that is, they had no
SDs).30 However, the global PSQI scores for the subjects with

hypertension were higher than those without hypertension. Conse-
quently, participants with high global PSQI scores would be at higher
risk for hypertension, even though they did not have SDs.22

Currently, the mechanisms underlying the relationship between
sleep and BP regulation are not fully understood. Sympathetic nerve
activity to the vasculature has been reported to play an important role
in the relationship between sleep and hypertension.31 People exhibit
non-significant changes in cardiac output during the night. A decrease

Table 2 Comparison of each PSQI score between the groups of

hypertension and no hypertension

Hypertension

(n=4800)

No hypertension

(n=4604) P value

Global PSQI score 5.01±0.04 3.59±0.04 o0.001

Subjective sleep

quality

0.73±0.01 0.47±0.01 o0.001

Sleep latency 1.32±0.01 1.15±0.01 o0.001

Sleep duration 0.36±0.01 0.21±0.01 o0.001

Habitual sleep

efficiency

0.67±0.01 0.51±0.01 o0.001

Sleep disturbance 0.80±0.01 0.58±0.01 o0.001

Use of sleep

medication

0.21±0.01 0.09±0.01 o0.001

Daytime dysfunction 0.92±0.01 0.58±0.01 o0.001

Abbreviation: PSQI, Pittsburgh sleep quality index.
Data are presented as mean± standard error.
One-way analysis of covariance for continuous variables were performed to assess whether there
were significant differences among the groups of hypertension and no hypertension after
adjusted for age, gender, BMI, current drinking status, current smoking status, tea consumption
and exercise habits.

Table 3 Prevalence and odds ratio of hypertension by PSQI and its

components

Score n Prevalence (%) OR 95% CI P value

Global PSQI

score

⩽5 6925 44.4 1.00 (Reference)

⩾6 2479 69.7 2.38 (2.13–2.65) o0.001

Subjective

sleep quality

0 4570 41.0 1.00 (Reference)

1 4122 58.7 1.82 (1.65–2.00) o0.001

2 601 71.0 2.46 (2.00–3.03) o0.001

3 111 70.3 1.91 (1.22–2.99) 0.005

P for trend o0.001

Sleep latency 0 120 57.5 1.00 (Reference)

1 7247 46.2 0.82 (0.54–1.23) 0.336

2 1692 67.6 1.56 (1.03–2.38) 0.038

3 345 69.0 1.30 (0.81–2.09) 0.279

P for trend o0.001

Sleep duration 0 7351 48.1 1.00 (Reference)

1 1501 58.6 1.42 (1.25–1.61) o0.001

2 430 67.7 1.73 (1.38–2.18) o0.001

3 122 77.9 2.56 (1.60–4.09) o0.001

P for trend o0.001

Habitual sleep

efficiency

0 5609 48.2 1.00 (Reference)

1 2515 52.1 1.16 (1.04–2.30) 0.006

2 818 57.8 1.49 (1.25–1.77) o0.001

3 462 67.5 1.96 (1.56–2.47) o0.001

P for trend o0.001

Sleep

disturbance

0 3461 40.8 1.00 (Reference)

1 5395 54.8 1.50 (1.36–1.65) o0.001

2 527 78.7 3.60 (2.83–4.57) o0.001

3 21 81.0 3.88 (1.24–12.16) 0.020

P for trend o0.001

Use of sleep

medication

0 8227 48.4 1.00 (Reference)

1 978 67.8 1.85 (1.59–2.17) o0.001

2 160 76.2 2.83 (1.90–4.22) o0.001

3 39 74.4 2.36 (1.08–5.17) 0.032

P for trend o0.001

Daytime

dysfunction

0 3949 40.3 1.00 (Reference)

1 4126 54.1 1.48 (1.34–1.64) o0.001

2 1054 72.6 3.12 (2.64–3.69) o0.001

3 275 77.8 3.27 (2.38–4.49) o0.001

P for trend o0.001

Abbreviations: CI, confidence interval; OR, odds ratio; PSQI, Pittsburgh sleep quality index.
Data are presented as adjusted odds ratio (95% confidence Interval) for the prevalence of
hypertension.
Logistic regression analysis was conducted after adjusted for age, gender, BMI, current drinking
status, current smoking status, tea consumption and exercise habits.
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in total peripheral vascular resistance leads to the normal nocturnal
drop in arterial pressure (‘dipping’). Sleep sympathetic activity
significantly increases and is highly variable during rapid eye move-
ment (REM) compared with the waking hours. The BP approaches
wakefulness levels during the phasic component of REM, and
baroreflex sensitivity increases during sleep. However, it is more
effective to buffer increases in BP during REM episodes occurring at
the end of the sleep period than earlier in the night. Thus, the
regulation of nocturnal BP could be linked to sleep characteristics.
Abnormal sleeping is involved in the pathogenesis of nondipping
prehypertension and subsequently in hypertension disturbances in
sleep quality leads to hypertension.31 Habitual sleep problems also lead
to the development and maintenance of hypertension.28 This phe-
nomenon may be due to waking physical and psychosocial stressors,
elevated sympathetic nervous system activity, changes in exposure to
raised 24-h BP and heart rate, and increased salt retention. Dramatic
changes in these factors in modern industrialized society are thought
to cause the environment that is recognized by the brain to become
metabolically flattened and arrhythmic, thereby disturbing the circa-
dian rhythmicity of BP in high-risk individuals.28 Huang et al. also
reported that poor sleep quality is an important risk factor for
hypertension possibly because of higher activation of the sympathetic
nervous system.29 In the present study, it was confirmed that not only
poor sleep quality but also other sleep problems including disturbance
in sleep quantity or quality are associated with the prevalence of
hypertension. Furthermore, the present study also found that adults
with poor sleep quality are more likely to have systolic hypertension,
which is related to sympathetic nerve activity.
Consistently with prior research, the present study observed that

short sleep duration is associated with hypertension. Some previous
studies also reported this association between sleep duration and
hypertension.23,31–34 Our study has a number of strengths. We were
able to control for a number of confounding variables in the
association between sleep and hypertension. In addition, we evaluated
both the sleep duration and a comprehensive number of sleep
components, including sleep quality, habitual sleep efficiency, sleep
latency and sleep disturbance. Our results show that sleep duration
was correlated with other PSQI components. Interestingly, our data
indicate that the effect of poor sleep quality on hypertension is larger
than that of sleep duration.
However, our study has some limitations. First, we could not

demonstrate any causal relationship between hypertension and sleep
status, because of the nature of the cross-sectional study. The
participants might have changed their diets and the conditions related
to elevated hypertension and sleep habits. However, the lifestyles, sleep
habits and food habits of this population were relatively stable and
similar. Second, we used self-reported brief questionnaires to evaluate
sleep-related factors. Sleep evaluation based on a combination of
polysomnography and self-reported questionnaires might have

provided a different result.22 Third, we did not exclude obstructive
sleep apnea, which would trigger impaired sleep quality and sleep
fragmentation and enhance stress hormone secretion. Fourth, serum
creatinine was not measured in this study, and therefore an estimated
glomerular filtration rate could not be calculated. Given the strong
association between reduced estimated glomerular filtration rate and
hypertension, this is a major limitation. Finally, we did not adjust for
other potential confounding factors, such as socio-economic status
and a family history of SDs.

CONCLUSION

The findings suggest that a high global PSQI score is associated with
increased odds of hypertension in a rural Chinese population.
Increased hypertension is also associated with PSQI components
including short sleep duration, poor sleep quality, prolonged sleep
latency and sleep disturbance. A prospective population-based cohort
study is needed in the future to validate this finding, and more
potential confounding factors should be considered.
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