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Purpose: The role of sleep duration in the development of hypertension remains contro-
versial. Little is known about the combined effects of nocturnal and daytime sleep. We 
assessed the association between total sleep duration and the development of hypertension in 
middle-aged and elderly Chinese adults.
Patients and Methods: Data were obtained from 3 waves of China Health and Retirement 
Longitudinal Study surveys. Middle-aged and elderly Chinese initially without hypertension 
were followed biennially from 2011 to 2015. Sleep duration was self-reported. Hypertension 
was defined as a systolic and/or diastolic blood pressure ≥ 140/90 (mmHg), the current use of 
anti-hypertensive medications or self-reported hypertension.
Results: Over 31,392 person-years of follow-up, 2682 of 10,176 participants developed 
hypertension. The multivariable adjusted hazard ratios (HR) (95% confidence intervals, 95% 
CI) for the development of hypertension between those with 0–30 minutes and ≥30 minutes 
daytime sleep vs those without daytime sleep were 0.67 (0.58, 0.77), and 0.73 (0.59, 0.92), 
respectively. The protective role of longer periods of daytime sleep (>30 minutes) varied 
between different subgroups. Compared with moderate nocturnal sleepers, long nocturnal 
sleepers (HR: 1.66, 95% CI=1.25–2.21) had an increased risk of hypertension. Compared 
with moderate nocturnal sleepers without daytime sleep, HRs (95% CI) for hypertension 
were 0.52 (0.45, 0.59) for short nocturnal sleep plus short daytime sleep and 0.55 (0.49, 0.62) 
for short nocturnal sleep plus long daytime sleep. People with extremely short (HR: 1.34, 
95% CI=1.22–1.48) and long (HR: 1.28, 95% CI=1.13–1.44) combined sleep periods had an 
increased risk of hypertension. Consistent results were also found in subgroups stratified by 
age and gender.
Conclusion: Both extremely long and short total sleep periods were associated with an 
increased risk of hypertension. People with short or moderate nocturnal sleep durations, 
especially short nocturnal sleep duration, can benefit from habitual daytime sleep to prevent 
hypertension.
Keywords: sleep duration, daytime sleep, hypertension, middle-aged and elderly

Introduction
The prevalence of hypertension in China has increased dramatically from 23.4% to 
28.6% between 1991 and 2011.1 Hypertension is the most common co-morbidity of 
heart failure patients,2 and is a major contributor to cardiovascular disease and 
diseases burden around the globe.3 Moreover, hypertension is a major and modifi-
able risk factor for stroke, renal disease and other diseases.4 Given the increasing 

Correspondence: Xiangyu Tang  
Gastroenterology Department, Shekou 
People’s Hospital, Shenzhen City, 
Guangdong Province, 518067, People’s 
Republic of China  
Email 347535969@qq.com

Nature and Science of Sleep 2021:13 1061–1074                                                           1061
© 2021 Yao et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php 
and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the work 

you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For 
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

Nature and Science of Sleep                                                                 Dovepress
open access to scientific and medical research

Open Access Full Text Article

Received: 19 April 2021
Accepted: 21 June 2021
Published: 6 July 2021

N
at

ur
e 

an
d 

S
ci

en
ce

 o
f S

le
ep

 d
ow

nl
oa

de
d 

fr
om

 h
ttp

s:
//w

w
w

.d
ov

ep
re

ss
.c

om
/

F
or

 p
er

so
na

l u
se

 o
nl

y.

http://orcid.org/0000-0002-5673-6696
mailto:347535969@qq.com
http://www.dovepress.com/permissions.php
https://www.dovepress.com


prevalence of hypertension and its fatal complications, it is 
necessary to identify modifiable risk factors for hyperten-
sion and discuss potential preventive strategies.

Social, economic and technologic factors may result in 
lifestyle changes that predispose to hypertension. This 
includes artificial lighting, which plays a fundamental bio-
logical role in training the circadian clock.5 There has been 
a trend towards shorter amounts of sleep in the United 
States since 2013.6 A large proportion of the world’s 
population is at an increased risk of environmentally dri-
ven circadian rhythm and sleep disruption, and a minority 
are also genetically predisposed to these disorders.7 The 
consequences of disrupting circadian system and sleep are 
profound, and include myriad metabolic ramifications.7 

Sleep has an important effect on the cardiovascular sys-
tem, and cardiovascular disease can result from changes in 
sleep rhythm or duration.8

Several previous cross-sectional studies have con-
cluded that sleep plays a role in the prevalence of 
hypertension.9,10 However, this association is controver-
sial. Only a few longitudinal studies on this topic were 
performed in China. One that used data from the China 
Health and Nutrition Survey found that a short sleep 
duration was an independent risk factor for hypertension 
in Chinese adults, whereas a long sleep duration was 
not.11 Another cohort study conducted in Henan province 
suggested that longer amounts of sleep and a going to 
sleep late were associated with higher odds of 
hypertension.12 A large sample size longitudinal study 
whose participants were retired from the Dongfeng 
Motor Corporation found no significant association 
between any category of sleep duration or sleep quality 
and hypertension.13

Combining daytime and nighttime sleep into a total 
sleep pattern is linked to health-relevant outcomes.14 

However, little is known on the combined effects of noc-
turnal and daytime sleep duration affected the incidence of 
hypertension. We therefore retrospectively assessed the 
relationship between the effects of combined nocturnal 
and daytime sleep on the risk of hypertension among 
middle-aged and elderly Chinese adults using prospec-
tively gathered data from the China Health and 
Retirement Longitudinal Study (CHARLS). We hypothe-
sized that those people who had shorter periods of noctur-
nal sleep but compensated with daytime sleep (napping) 
would be at a lower risk of hypertension than those who 
did not compensate with daytime sleep.

Patients and Methods
Study Design
This study utilized 3 waves of CHARLS data which is 
accessible for free to researchers around the world, from 
2011, 2013 and 2015.15 Participants were re-assessed 
every 2 years with a face-to-face and computer-aided 
personal interview. A 4-stage random sampling method 
was used to select participants. In the first stage, 150 
county-level units from 28 provinces (Excluding Tibet, 
Taiwan, Hong Kong and Macau) were randomly selected 
using a probability proportional to size (PPS) sampling 
technique. All counties were stratified by region, rural/ 
urban status and per capita statistics on gross domestic 
product. In the second stage, 3 primary sampling units 
(PSUs) were selected from each county via PPS sampling. 
In the third stage, all of the households in each PSU were 
mapped, and 24 households were randomly selected. 
Finally, for each selected household, one resident aged 
≥45 years was randomly selected to participate in the 
survey. Physical measurements are made at every 2-year 
follow-up, and blood sample collection is done once in 
every two follow-up periods, details on the CHARLS 
survey have been reported elsewhere.16 Ethics approval 
was not applicable for this study because it was an analysis 
of previously collected data. In the original survey, ethical 
approval for all the CHARLS waves was granted from the 
Institutional Review Board at Peking University. The IRB 
approval number for the main household survey, including 
anthropometrics, is IRB00001052-11015; the IRB 
approval number for biomarker collection was 
IRB00001052-11014. During the fieldwork, each respon-
dent who agreed to participate in the survey was asked to 
sign the informed consent. Four separate consents were 
obtained: one for the main fieldwork, one for the non- 
blood biomarkers and one for the taking of the blood 
samples, and another for storage of blood for future 
analyses.17

Study Participants
Study participants aged 45 years and above and included 
complete blood pressure and nocturnal/daytime sleep data. 
We excluded subjects with hypertension, cancer, depres-
sion, active treatment for emotional/psychiatric problems, 
who had ever experienced traffic accident or who were 
pregnant at the time of initial CHARLS data collection. 
Subjects who had implausible outlying data were also 
excluded (Figure 1).
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Sleep Duration Assessment
Nocturnal sleep duration was measured by the question 
“During the past month, how many hours of actual sleep 

did you get at night?”. Daytime sleep duration was mea-
sured by the question “During the past month, how long 
did you take a nap after lunch?”. In order to better 

Figure 1 Sample selection flowchart.
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represent long-term sleep duration and reduce within- 
person variability, the average sleep duration from baseline 
up to each 2-year follow-up interval was calculated. To 
reduce the possibility of reverse causation bias, sleep 
duration after the diagnosis of hypertension was not 
included, as participants could have changed their sleep 
duration after developing hypertension. Nocturnal sleep 
was categorized into 3 groups: short (<7 hours/night), 
moderate (≥7hours and ≤9hours) and long (>9 
hours).18,19 Daytime sleep was categorized into 3 groups: 
0 hours, >0 minutes and ≤30 minutes and >30 minutes. 
The average total sleep period (the sum of nocturnal sleep 
and daytime sleep duration) was categorized into 4 groups: 
extremely short (≤5 hours/night), moderately short 
(>5hours and ≤7hours), moderate (>7hours and ≤9hours) 
and long (>9 hours).

Outcome Measurement
The primary outcome of this study was the diagnosis of 
hypertension. Subjects were followed from the baseline to 
the visit of hypertension diagnosis or to the last available 
visit before 2015, whichever came first. Blood pressure 
was measured for 3 times at 45-second intervals by trained 
stuffs using calibrated automated manometers (Omron 
HEM-7200 Monitor) with subjects in a chair at rest and 
arm at the same height as their heart. Average of 3 read-
ings of systolic (SBP) and diastolic blood pressure (DBP) 
was calculated to evaluate hypertension status. 
Hypertension was defined as systolic blood pressure and/ 
or diastolic blood pressure ≥ 140/90 (mmHg), current use 
of anti-hypertensive medications or a self-reported 
hypertension.20

Data of death was obtained from the CHARLS exit and 
verbal autopsy questionnaire. Participant cause of death 
was reported by their next of kin or friends.

Assessment of Covariates
Weight was measured to the nearest 0.1kg with 
a calibrated weight scale (OmronTMHN-286 Scale, Krill 
Technology, and Yangzhou, China). Height was measured 
without shoes to the nearest 0.1cm with a stadiometer 
(SecaTM213 Stadiometer, ChinaSeca, Hangzhou, 
China).21 Waist circumference (WC) was measured with 
soft measuring tape around the participant’s waist at the 
level of the navel at the end of exhalation. Participants 
wore light clothes when anthropometric variables were 

measured.21 Weight, height and WC were measured 
once. Based on the recommendations from the World 
Health Organization (WHO) for Chinese people, body 
mass index (BMI) was categorized as follows: under-
weight <18.5, normal weight 18.5–23.0, overweight 23.0 
−27 and obese: ≥27.5.22 Abdominal obesity was defined as 
a WC ≥80cm for women and ≥90cm for men according to 
International Diabetes Federation cutoffs for Chinese 
adults.20 All measurements were obtained by trained per-
sonnel using standardized procedures.

Self-reporting questionnaires recorded several potential 
confounders of any relationship between sleep and hyper-
tension. Age (the year they involved in this survey deduct 
the participants’ birth date) was divided into middle-age 
(45–60 years old) and elderly (60 years of age and 
above).23 Sex was defined as male or female. A positive 
smoking history was defined as smoking over 100 cigar-
ettes over the participant’s lifetime. Smoking status was 
further divided into 3 groups: never smoked, ever smoked, 
and currently smoking. Active alcohol intake was defined 
as ≥1 drink per month. Drinking history was divided into 3 
groups: never drank, previously drank and currently drink-
ing. Marital status (married and single), education level 
(illiterate, primary, secondary and college or higher), job 
status (the last main job respondents had, divided into 
agriculture worker, employed, retired and other) and 
household registration (Hokou, categorized as agricultural 
Hukou and non-Agricultural Hukou) were also collected. 
Medical insurance was divided into 2 groups: having 
medical insurance and no medical insurance. Physical 
function (Impaired physical function was defined as the 
inability to independently perform any of the activities 
described in the questionnaire) and depression symptoms 
according to the Center for Epidemiological Studies 
Depression Scale (a score above 10 was defined as sig-
nificant depression symptoms)21 were used to assess 
depression state. Car possession and the availability of an 
elevator at home were also evaluated. Participants with 
a blood glucose concentration ≥126 mg/dL or currently 
taking anti-diabetic drugs were defined as diabetic.

Statistical Analysis
We examined the distribution between missing data and 
observed data across demographic variables, and there was 
no statistical significance. We therefore assumed that miss-
ing data was completely at random, and the multiple 
imputation method was used to fill-in missing data.
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Data were written as median and quartile for non- 
normally distributed continuous variables and as numbers 
(percentage) for categorical variables. Differences in base-
line characteristics were examined using the Mann–Whitney 
U and chi-square tests depending on the distribution of the 
data. Age was used as a continuous variable during data 
analysis. A multivariate adjusted Cox proportional hazard 
model was used to estimate the relationship between sleep 
duration and hypertension. All models adjusted for death to 
correct for competing risks. All Cox regression models 
satisfied the proportional hazard assumption. We estimated 
adjusted hazard ratios (HRs) with 95% confidence intervals 
(CIs) for the incidence of hypertension. In model 1, age, sex, 
job status, household registration, insurance, education, mar-
ital status, smoking, drinking, general obesity, abdominal 
obesity, diabetics, physical function, depression status, hous-
ing status and automobile possession were considered. In 
model 2, we adjusted for all of the factors in model 1 plus 
the daytime/nocturnal sleep duration and interaction 
between daytime and nocturnal sleep duration. We per-
formed subgroup analyses based on age (45–60 years vs 
≥60 years) and sex (male vs female). Owing to the very 
small number of participants that had a long duration of both 
nocturnal and daytime sleep, we combined participants with 
long nocturnal sleep duration plus 0–30 minutes daytime 
sleep with those who had a long nocturnal sleep duration 
plus more than 30 minutes of daytime sleep in our combined 
effects analysis. The combined effects of night and daytime 
sleep duration were divided into 8 groups: moderate night 
sleep + no daytime sleep, short night sleep + 30 minutes 
daytime sleep, short night sleep + more than 30 minutes 
daytime sleep, short night sleep + no daytime sleep, moder-
ate night sleep + 30 minutes daytime sleep, moderate night 
sleep + more than 30 minutes of daytime sleep, long night 
sleep + no daytime sleep and long night sleep + more than 
30 minutes of daytime sleep. People with 7–9 hours of 
nocturnal sleep, without daytime sleep, moderate nocturnal 
sleep without daytime sleep and 7–9 hours of total sleep 
(sleep duration for 24 hours) were reference groups in all 
Cox model regressions. All analyses were done with R 3.02 
(R-project, Vienna, Austria). Two tailed p-values <0.05 were 
considered statistically significant.

Results
Baseline Participant Characteristics
Our cohort included 10,176 participants. Over 31,392 per-
son-years of follow-up (median, 4 years), 2682 

participants developed hypertension (incidence rate of: 
85.44 per 1000 person-years). There are 394 deaths from 
other diseases or trauma during the follow-up period.

Compared with those who did not develop hyperten-
sion, participants who went on to develop hypertension 
were older, agricultural, illiterate, single, currently smok-
ing or ever smoked, ever drank, obese, had impaired 
physical function, lived in a house with an elevator and 
reported a long nocturnal sleep duration without daytime 
sleep. Employees were less likely to develop hypertension. 
Detailed results are shown in Table 1.

Sleep Duration and Combination Effects 
on the Incidence of Hypertension
HRs and 95% CIs for the risk of hypertension across 
categories of sleep duration and different combinations 
of sleep duration are shown in Table 2. Compared with 
those without habitual daytime sleep, people who reported 
0–30 minutes and 30 minutes and above of daytime sleep 
were each independently associated with a reduced inci-
dence of hypertension of 33% (HR: 0.67, 95% CI=0.58– 
0.77) and 27% (HR: 0.73, 95% CI=0.59–0.92), respec-
tively. Compared with those who slept 7–9 hours per 
night, participants who slept less than 7 hours had a 15% 
reduced risk of hypertension (HR: 0.85, 95% CI=0.80– 
0.92). However, after adjusting for daytime sleep duration 
and the interaction between nocturnal and daytime sleep, 
a short nocturnal sleep duration had no significant effect 
on incidence of hypertension, while those slept more than 
9 hours per night (HR: 1.66, 95% CI=1.25–2.21) had an 
increased risk of hypertension independently. Compared 
with those who slept 7–9 hours per day, participants who 
slept less than 5 hours (HR: 1.34, 95% CI=1.22–1.48) and 
more than 9 hours (HR: 1.28, 95% CI=1.13–1.44) had an 
increased risk of hypertension. The multivariable-adjusted 
HRs (95% CIs) for hypertension between those with 
a short nocturnal sleep duration plus a short daytime 
sleep period or a short nocturnal sleep period plus a long 
period of daytime sleep to those who reported a moderate 
nocturnal sleep period without daytime sleep were 0.52 
(0.45, 0.59) and 0.55 (0.49, 0.62), respectfully. Similar 
results were also noted in the combined effects of 
a moderate nocturnal sleep period and daytime sleep. No 
statistically significant differences were detected in any 
category in the setting of a long nocturnal sleep period 
and additional daytime sleep.
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Table 1 Baseline Characteristics

Factors Hypertension X2/Z P

No (7494) Yes (2682)

Agea 56.0 (49.0, 62.0) 60.0 (53.0, 68.0) -19.26 <0.001

Sex 1.22 0.269

Male 3545 (73.1%) 1302 (26.9%)

Female 3949 (74.1%) 1380 (25.9%)

Household registration 9.49 0.002

Agricultural Hukou 6093 (73.0%) 2252 (27.0%)
Non-Agricultural Hukou 1401 (76.5%) 430 (23.5%)

Job status 52.24 <0.001
Agriculture work 3581 (74.0%) 1261 (26.0%)

Employees 972 (81.3%) 224 (18.7%)

Retirement 693 (72.9%) 258 (27.1%)
Others 2248 (70.5%) 939 (29.5%)

Insurance 1.65 0.122
Yes 6970 (73.5%) 2514 (26.5%)

No 524 (75.7%) 168 (24.3%)

Education 80.40 <0.001

Illiterate 1819 (68.0%) 855 (32.0%)
Primary 3048 (73.7%) 1087 (26.3%)

Advanced 2432 (77.6%) 701 (22.4%)

College and above 195 (83.3%) 39 (16.7%)

Marital status 40.95 <0.001

Married 6728 (74.6%) 2285 (25.4%)
Single 766 (65.9%) 397 (34.1%)

Smoking status 9.30 0.010
Currently smoking 2369 (73.2%) 869 (26.8%)

Ever smoked 534 (69.4%) 235 (30.6%)

Never smoke 4591 (74.4%) 1578 (25.6%)

Drinking status 14.04 0.001

Currently drinking 1881 (72.3%) 722 (27.7%)
Ever drunk 351 (68.0%) 165 (32.0%)

Never drink 5262 (73.6%) 1795 (26.4%)

General obesity 35.25 <0.001

Normal weight 3456 (76.2%) 1078 (23.8%)

Underweight 621 (74.6%) 211 (25.4%)
Over weight 2586 (71.6%) 1025 (28.4%)

Obesity 831 (69.3%) 368 (30.7%)

Abdominal obesity 99.84 <0.001

Yes 4403 (70.2%) 1869 (29.8%)

No 3091 (79.2%) 813 (20.8%)

Diabetics 0.68 0.410

Yes 270 (71.8%) 106 (28.2%)
No 7224 (73.7%) 2576 (26.4%)

(Continued)
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Subgroup Analysis
A protective and significant association between short 
daytime sleep duration and the incidence of hypertension 

was observed in males (HR: 0.71, 95% CI=0.56–0.87), 
females (HR: 0.64, 95% CI=0.52–0.78), middle-aged 
(HR: 0.67, 95% CI=0.54–0.83) and elderly (HR: 0.67, 

Table 1 (Continued). 

Factors Hypertension X2/Z P

No (7494) Yes (2682)

Physical function 61.14 <0.001
Yes 2222 (68.6%) 1015 (31.4%)

No 5272 (76.0%) 1667 (24.0%)

Depression status 2.17 0.141

Yes 2774 (74.5%) 950 (25.5%)

No 4720 (73.2%) 1732 (26.8%)

Housing status 30.68 <0.001

Having elevator 5771 (72.4%) 2203 (27.6%)
No elevator 1723 (78.2%) 479 (21.8%)

Automobile possession 5.89 0.015

Yes 146 (81.6%) 33 (18.4%)

No 7348 (73.5%) 2649 (26.5%)

BMIa 22.8 (20.5,25.3) 23.2 (23.5,25.9) −5.85 <0.001

Waist Measurement 82.8 (76.2,89.6) 86.0 (78.2,92.1) -10.77 <0.001

Nocturnal sleep duration 36.79 <0.001
7–9 hours 3041 (72.2%) 1171 (27.8%)

<7 hour 4297 (75.3%) 1408 (24.7%)

>9 hours 156 (60.2%) 103 (39.8%)

Daytime sleep duration 98.82 <0.001

0 minute 2430 (67.8%) 1155 (32.2%)
0–30 minutes 1829 (77.5%) 531 (22.5%)

>30 minutes 3235 (76.5%) 996 (23.5%)

Total sleep duration 50.97 <0.001

7–9 hours 2884 (75.3%) 947 (24.7%)

≤5 hours 1167 (68.3%) 541 (31.7%)
5–7 hours 2850 (75.6%) 918 (24.4%)

>9 hours 593 (68.2%) 276 (31.8%)

Combined effects 150.47 <0.001

Moderate night sleep+no daytime sleep 965 (68.4%) 446 (31.6%)

Short night sleep+30 minutes daytime sleep 1117 (80.8%) 265 (19.2%)
Short night sleep+more than 30 minutes daytime sleep 1777 (78.9%) 476 (21.1%)

Short night sleep +no daytime sleep 1403 (67.8%) 667 (32.2%)

Moderate night sleep+30 minutes daytime sleep 684 (73.0%) 253 (27.0%)
Moderate night sleep +more than 30 minutes daytime sleep 1392 (74.7%) 472 (25.3%)

Long night sleep+no daytime sleep 62 (59.6%) 42 (40.4%)

Long night sleep+more than 30 minutes daytime sleep 94 (60.6%) 61 (39.4%)

Death 11.32 0.001

Yes 319 (81.0%) 75 (19.0%)
No 7175 (73.3%) 2607 (26.7%)

Note: aThis variable was analyzed using Mann–Whitney U-test.
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95% CI=0.56–0.81) (Figures 2–5), while a long daytime 
sleep duration (>30 minutes) did not impart a significant 
protective effect on the incidence of hypertension in 
females and middle-aged participants (Figures 3 and 4). 

The negative effects of long nocturnal sleep duration on 
the incidence of hypertension were found in females (HR: 
1.89, 95% CI=1.28–2.81) and middle-aged (HR: 2.20, 
95% CI=1.42–3.40) participants (Figures 3,4 and 5).

Table 2 Effects of Sleep Duration on the Incidence of Hypertension

Factors Crude Adjusted Model 1 Adjusted Model 2

HR HR 95% 
CI

P HR HR 95% 
CI

P HR HR 95% 
CI

P

Daytime sleep duration

0 minute Reference Reference Reference Reference Reference Reference

0–30 minutes 0.61 0.56, 0.68 <0.001 0.62 0.56, 0.68 <0.001 0.67 0.58, 0.77 <0.001

>30 minutes 0.67 0.62, 0.72 <0.001 0.64 0.59, 0.69 <0.001 0.73 0.59, 0.92 0.006

Nocturnal sleep duration

7–9 hours Reference Reference Reference Reference Reference Reference

<7 hours 0.86 0.80, 0.92 <0.001 0.85 0.80, 0.92 <0.001 0.93 0.80, 1.07 0.290

>9 hours 1.56 1.32,1.85 <0.001 1.41 1.19, 1.67 <0.001 1.66 1.25, 2.21 <0.001

Total sleep duration

7–9 hours Reference Reference Reference Reference

≤5 hours 1.38 1.26, 1.52 <0.001 1.34 1.22, 1.48 <0.001

5–7 hours 0.99 0.92, 1.08 0.880 1.02 0.94, 1.10 0.680

>9 hours 1.37 1.22, 1.55 <0.001 1.28 1.13, 1.44 <0.001

Combined effects

Moderate night sleep+no daytime 

sleep

Reference Reference Reference Reference

Short night sleep+30 minutes 

daytime sleep

0.52 0.45, 0.59 <0.001 0.52 0.45, 0.59 <0.001

Short night sleep+more than 30 

minutes daytime sleep

0.59 0.52, 0.66 <0.001 0.55 0.49, 0.62 <0.001

Short night sleep +no daytime sleep 0.99 0.89, 1.10 0.860 0.97 0.88, 1.08 0.610

Moderate night sleep+30 minutes 

daytime sleep

0.76 0.66, 0.87 <0.001 0.74 0.65, 0.85 <0.001

Moderate night sleep +more than 

30 minutes daytime sleep

0.74 0.65, 0.83 <0.001 0.70 0.62, 0.78 <0.001

Long night sleep+no daytime sleep 1.37 1.05, 1.78 0.020 1.27 0.98, 1.64 0.070

Long night sleep+more than 30 
minutes daytime sleep

1.24 0.99, 1.57 0.070 1.07 0.84, 1.34 0.600
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The negative effects of extremely short and long total 
sleep on the incidence of hypertension were broadly simi-
lar between groups classified by age and sex (Figures 2–5).

In the combination effects analysis, a protective asso-
ciation between moderate nocturnal sleep duration plus 
0–30 minutes of daytime sleep and the incidence of 
hypertension was in females (HR: 0.62, 95% CI=0.51– 
0.76), middle-aged (HR: 0.72, 95% CI=0.59–0.87) and 
elderly (HR: 0.80, 95% CI=0.67–0.96) participants but 
not in males (HR: 0.89, 95% CI=0.74–1.07). For males, 
compared with a moderate nocturnal sleep duration with-
out daytime sleep, people with a short sleep duration 
plus a short (HR: 0.55, 95% CI=0.45–0.68) or long 
(HR: 0.60, 95% CI=0.51–0.70) period of daytime sleep 
had a reduced risk of hypertension. Similar results were 
also noted in the combined effects of moderate nocturnal 
sleep and >30 minutes of daytime sleep (HR: 0.71, 95% 
CI=0.60–0.83). Participants with adequate nocturnal 
sleep duration had a slightly weaker protective benefit 
of daytime sleep than those with short nocturnal sleep 
duration. No statistically significant difference was found 

in any sub-categories of participants with a long noctur-
nal sleep duration and daytime sleep. Results are shown 
in Figure 2. The effects of sleep duration on the inci-
dence of hypertension were broadly similar between age 
and sex subgroups (Figures 2–5).

Discussion
In this retrospective analysis of a prospectively acquired 
middle-aged and elderly cohort, participants who 
reported routine daytime sleep periods were less likely 
develop hypertension. The protective role of a longer 
duration of daytime sleep on hypertension varied 
between sex and age subgroups. The hazard effects of 
long nocturnal sleep duration on hypertension were only 
found in females and middle-aged participants. 
Participants with extremely short or long total sleep 
periods tended to develop hypertension. Participants 
with a short or moderate nocturnal sleep plus daytime 
sleep had a significantly reduced incidence of hyperten-
sion. These results were also observed in subgroups 
analyses stratified by age and sex. To the best of our 

Figure 2 The effects of sleep duration on the incidence of hypertension in males. 
Notes: *Adjusted factors in model 1 (age, sex, job status, neighborhood registration, insurance, education, marital status, smoking, drinking, general obesity, abdominal 
obesity, diabetes, physical function, depression status, housing status and automobile possession). **Adjusted factors in model 2 (factors in model 1 plus the interaction 
between daytime and nocturnal sleep and daytime/ nocturnal sleep duration).
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knowledge this is the first analysis of prospective data on 
the contribution of sleep factors to the development of 
hypertension used CHARLS data. Although daytime 
naps are usually related to nocturnal sleep, the great 
majority of studies assess their effects on health out-
comes independently. This study examined patterns of 
sleep behavior that take into account both nighttime and 
daytime sleep. Moreover, we analyzed the relationship 
between sleep duration and the incidence of hypertension 
by calculating average sleep duration, which reflects 
long-term sleep status.

The joint consensus statement of the American 
Academy of Sleep Medicine and Sleep Research Society 
recommends 7–9 hours of sleep for a healthy adult.18 This 
recommendation is widely used by research studies, 
including our own. However, we found that people who 
slept less than 7 hours per night had a reduced risk of 
hypertension in adjusted model 1. That the participants in 
our study were middle-aged and elderly may account for 
this result, as they do not need as much sleep as young 
adults and they have more opportunities to take a nap 
during the daytime. Middle-aged and elderly people are 
also more likely to report poor sleep quality or a sleep 

disorder. Naps seem to compensate for poor subjective 
sleep quality, and to some extent for a short duration of 
sleep.24 It was reported that people in China were 18% 
more likely to take a daytime nap (OR = 1.18, p < 0.01) 
after transitioning to retirement.25 Most of the participants 
in our study were retired at home, and 64.77% took habi-
tual daytime naps. A prior study found that napping had no 
negative impact on nighttime sleep quality or duration, 
resulting in a significant increase in total 24-hour sleep 
duration among older adults.26 We believe that partici-
pants’ short nocturnal sleep duration or poor sleep quality 
was compensated for by daytime sleep, thereby reducing 
adverse health outcomes. Moreover, we found that people 
had habitual daytime sleep had reduced risk of incidence 
of hypertension independently. To verify our speculation 
we further adjusted for daytime sleep duration as well as 
the interaction between daytime and nighttime sleep dura-
tion in model 2. As a result, the adverse effects of short 
nocturnal sleep duration on the incidence of hypertension 
disappeared. Additionally, participants who reported extre-
mely short (≤5 hours) or long (>9 hours) sleep durations 
per day had a significantly increased risk of hypertension, 
while we did not identify a relationship between short total 

Figure 3 The effects of sleep duration on the incidence of hypertension in females. 
Notes: *Adjusted factors in model 1 (age, sex, job status, neighborhood registration, insurance, education, marital status, smoking, drinking, general obesity, abdominal 
obesity, diabetes, physical function, depression status, housing status and automobile possession). **Adjusted factors in model 2 (factors in model 1 plus the interaction 
between daytime and nocturnal sleep and daytime/ nocturnal sleep duration).
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sleep duration (5–7hours) on the incidence of hyperten-
sion. This result was in line with the possibly acceptable 
hours (5–9 hours/day) recommended by the National Sleep 
Foundation for older adults (≥65 years).27 The National 
Sleep Foundation currently recommends sleeping seven to 
seventeen hours per 24 hour period, with age-specific 
recommendations decreasing with increasing age.27 The 
results of our study suggest that nocturnal and daytime 
sleep duration should not be analyzed separately. We 
found those with a short or moderate nocturnal sleep 
duration without a daytime nap did not have any altered 
risk of hypertension, those with daytime sleep had 
a reduced risk of developing hypertension. These findings 
were broadly consistent across sex and age groups. 
Besides we found that among those had habitual daytime 
sleep, short nocturnal sleepers had fewer risks of hyperten-
sion than moderate sleepers in all subjects and subgroups. 
Daytime sleep may therefore play more important role in 
the primary prevention of hypertension in middle-aged and 
elderly Chinese adults who only sleep at night for short 
periods. Afternoon napping reverses changes in salivary 
interleukin-6 and urinary nor epinephrine that are induced 
by sleep restriction.28 This mechanism suggests that 

napping could improve neuroendocrine stress and immune 
recovery, with a potential prophylactic long-term effect on 
cardiovascular health.28 This mechanism may also contri-
bute to the favorable effect of an afternoon nap on the risk 
of hypertension. Our results suggest that middle-aged and 
elderly individuals, especially those who slept at night for 
only short periods, may benefit from habitual naps to 
prevent hypertension as an alternative to prolonged noc-
turnal sleep.

A large cohort study performed on the Kailuan com-
munity in the city of Tangshan, China found that ⩽5 h of 
sleep per night was associated with an increased risk of 
hypertension in females and participants aged <60 years.29 

Another study also performed in China concluded that 
a short nocturnal sleep duration was a significant risk 
factor for hypertension in younger subjects, with no asso-
ciation among older subjects.30 Both short and long noc-
turnal sleep periods were found to be significantly 
associated with hypertension among middle-aged and 
elderly participants in a cross sectional study, while no 
significant association was detected in a prospective 
study.13 Our study revealed that a long nocturnal sleep 
duration was associated with an increased risk of 

0.890

Figure 4 The effects of sleep duration on the incidence of hypertension in middle-aged. 
Notes: *Adjusted factors in model 1 (age, sex, job status, neighborhood registration, insurance, education, marital status, smoking, drinking, general obesity, abdominal 
obesity, diabetes, physical function, depression status, housing status and automobile possession). **Adjusted factors in model 2 (factors in model 1 plus the interaction 
between daytime and nocturnal sleep and daytime/ nocturnal sleep duration).
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hypertension, but no significant association was detected 
in our combination effects analysis. This may be due to the 
small sample size that was used in the combination effects 
analysis, so this finding should be interpreted with caution. 
Although the aforementioned studies were all conducted in 
China, their results differed from one another. This is 
partially explained by the different population and sleep 
duration categories that were used. A cross sectional study 
that analyzed the relationship between nocturnal sleep 
duration and hypertension using CHARLS 2015 data 
found that a short and long nocturnal sleep duration 
affected the prevalence of hypertension in middle-aged 
and elderly adults, with age- and gender-related effects.31 

Both this study and ours used the CHARLS data, but their 
results were partially discrepant with ours. The increased 
risk of hypertension among middle-aged participants who 
reported long nocturnal sleep duration was in line with our 
study. What differs from our results is that they also 
discovered the adverse effects of short-term sleep on 
hypertension. The discrepancies my explained by the fol-
lowing 2 reasons: different study methods and part of the 

participants included in study. Another cross-sectional 
study found that a short amount of sleep per day had 
a significant adverse effect on the prevalence of hyperten-
sion. This result was consistent with the present work, but 
no adverse effects of long sleep duration were identified in 
their study.11 Sleep duration was based on survey response 
in most previous studies. However, it varied across the 33- 
year recording period and can fluctuate for a variety of 
reasons.32 As such the effects of sleep on hypertension 
may change. An analysis of a single point in time may 
therefore be unable to effectively predict the risk of hyper-
tension. In the present study sleep duration was assessed 
repeatedly in 3 waves, with the average sleep duration 
before hypertension was diagnosed used as data points. 
Although sleep duration was not constantly measured dur-
ing each interval, average sleep duration may better reflect 
long-term sleep status. Hypertension is a chronic disease, 
so to better associate it with sleep duration, future cohort 
studies should include additional assessment points.

Sleep duration was assessed in the present and prior 
works via self-reporting. Self-reported total sleep duration 

Figure 5 The effects of sleep duration on the incidence of hypertension in elderly. 
Notes: *Adjusted factors in model 1 (age, sex, job status, neighborhood registration, insurance, education, marital status, smoking, drinking, general obesity, abdominal 
obesity, diabetes, physical function, depression status, housing status and automobile possession). **Adjusted factors in model 2 (factors in model 1 plus the interaction 
between daytime and nocturnal sleep and daytime/ nocturnal sleep duration).
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was overestimated by 60 minutes in Chinese adults com-
pared with wrist actigraphy measurements.33 This recall 
bias may partially account for the discrepant results 
between studies. Sleep is a complex behavior that involves 
interdependent daytime naps and nocturnal sleep periods 
of varying time, length and quality.14 Long-term objective 
measurements are required to better assess sleep in future 
prospective analyses.

Strengths and Limitations
The primary strengths of our study are its prospective 
study design, use of a nationally representative sample 
and longitudinal measurement of sleep duration. 
However, it has several limitations. First, a well-designed 
sleep quality questionnaire was not available. Second, the 
physical activity level of the majority of survey respon-
dents was missing and therefore could not be taken into 
account. Due to the different intensity of physical activity 
required for different jobs, respondent job status was used 
to compensate for missing activity. Third, sleep duration in 
CHARLS was self-reported, inviting recall bias. It was 
previously reported that the agreement in biphasic sleep 
pattern between self-reported and actigraphy assessments 
was 70.6% among Omani people 40 years and older, and 
overall agreement between measured sleep pattern (includ-
ing monophasic, biphasic, polyphasic) between the two 
methods was 57%.34 Fourth, our study is based on 
a cohort of middle-aged and elderly Chinese adults. The 
findings from this study may therefore not be generalizable 
to younger people or people from other countries. Fifth, 
we did not record when subjects who switched sleep habits 
during follow-up did so. We could not assess the effect of 
switch time on hypertension. Sixth, as participant blood 
pressure was not measured consistently during each fol-
low-up, the exact time of the development of hypertension 
is unclear. Finally, information on participants’ sodium 
intake and a family history of hypertension are unavailable 
due to the limitations of CHARLS, so were not considered 
in this study.

Conclusion
Middle-aged or elderly Chinese adults with extremely 
short or long total sleep durations were more likely to 
develop hypertension. People with insufficient sleep at 
night who compensated with daytime sleep reduced their 
risk of hypertension. The beneficial effects of habitual 
daytime sleep duration on hypertension were more promi-
nent among people with short nocturnal sleep duration 

than those with moderate nocturnal sleep duration. Given 
the controversial results of prior studies and the complex-
ity of sleep, long-term objectively measured sleep duration 
needs to be assessed in future prospective studies.
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