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Abstract
Purpose The aim of this study is to investigate the relation-
ship between sleep duration and hypertension in a middle-
aged Chinese population.
Methods Cross-sectional data of 20,505 individuals aged 35–
64 years from Taizhou longitudinal study was used. Logistic
regressionmodels were used to calculate odds ratios (ORs) for
the risk of pre-hypertension and hypertension in association
with sleep duration.
Results Short sleep duration was associated with high sys-
tolic and diastolic blood pressure in comparison with
sleep duration of 7–8 h in females. Short sleep duration
was also associated with an increased risk of hypertension
in females. Age-stratified analysis showed that as com-
pared with sleep duration of 7–8 h, sleep duration <6 h
increased risk of hypertension after controlling for multi-

ple covariates with an OR of 1.766 (1.024–2.775) in early
middle-aged females of 35–44 years. More importantly,
sleeping less than 6 h is associated with increased risk
of pre-hypertension in females of this age category, after
controlling for multiple covariates with an OR of 1.769
(1.058–2.958).
Conclusions Sleeping less than 6 h a day is associated
with increased risk of pre-hypertension and hypertension
in Chinese early middle-aged females. The high-risk pop-
ulations require sufficient sleep, which could probably
prevent the increased risk of pre-hypertension as well as
hypertension.
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Introduction

Hypertension is a clinical symptom increasing the risk
for cardiovascular events, renal disease, and other ad-
verse outcomes [1, 2]. Current mechanisms of hyperten-
sion include over activity of sympathetic nervous sys-
tem, renal water sodium retention, over activity of re-
nin–angiotensin–aldosterone system, and abnormal cell
membrane ion transport. Proposed risk factors of hyper-
tension include gender, age, salt intake, obesity, and
mental health, and new risk factors are being discovered
continuously [3, 4].

During the past decade, abnormal sleep duration as a risk
factor of hypertension has been studied. Short sleep duration,
even long sleep duration, was found to be associated with the
prevalence of hypertension, mainly in middle-aged
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populations [5–9]. Gender-specific association was also fre-
quently observed [5, 10–12]. However, existing studies were
mainly conducted in western populations. As Europe–Asia
culture differences play important role in sleep habit, hence,
the relationship between sleep duration and hypertension
might be differential [13]. Studies conducted in populations
outside western population ought to be assessed before the
conclusion can be generalized. To our knowledge, no large
population-based study on this issue has been reported in
Chinese people. More importantly, we only have very lim-
ited knowledge on the association between sleep duration
and pre-hypertension, which is a very important phase of
abnormal blood pressure. Using data from a large
population-based cohort, Taizhou longitudinal study, we
explored the association between sleep duration and risk
of hypertension in middle-aged Chinese. Since gender dif-
ference on sleep duration and hypertension has been re-
ported in the literature [5, 11], we presented data stratified
by gender.

Methods

Study participants

About five million residents live in Taizhou city, Jiangsu
province, which is located in the east of China.
According to the official statistics of the Taizhou gov-
ernment, the ratio of urban and rural dwellers in Taizhou
is 6:4[14]. Initiated on July 2007, the Taizhou longitudi-
nal study (TZL) is an ongoing open-ended prospective
study to explore the risk factors of common non-
communicable diseases in Taizhou, China. The study
design and characteristics of the study have been de-
scribed previously [15]. Briefly, phase III of TZL was
conducted from 2011 to 2013 and a total of 23,384
Chinese Han participants were recruited from the general
population using a multistage random cluster sampling
method with a response rate of 65.1 %. After ruling out
those who lacked of information about sleep habits,
blood pressure, and covariates, 20,505 subjects were in-
cluded in this study. The percentages of illiteracy/
primary school and junior middle school for female in
this study are 50.8 and 37.3 %, respectively, which is
26.0 and 48.5 % for male, respectively (Table 1).
Approximately 76.3 % of the males and 44.0 % of the
females worked in industry.

Information on demographic and socioeconomic char-
acteristics, life-style factors, occupational exposure, per-
sonal disease history, and anthropometric measurements
was collected using a structured questionnaire. Blood

samples were drawn into EDTA vacutainer tubes and kept
in a portable Styrofoam box with ice packs (0–4 °C) and
were processed within 6 h. Immediately after processing,
the samples were stored at −80 °C freezers. Written in-
formed consents were obtained from all participants prior
to participation, and the Human Ethics Committee of
School of Life Science of Fudan University approved
the study.

Assessment of hypertension

Blood pressure was measured by well-trained investi-
gators using automatic blood pressure meter. Normal
blood pressure: systolic blood pressure <130 mmHg
and diastolic blood pressure <85 mmHg and currently
not having antihypertensive treatment. Hypertension:
systolic blood pressure ≥140 mmHg or diastolic blood
pressure ≥90 mmHg or currently having antihyperten-
sive treatment. Pre-hypertension: Other subjects with
blood pressure between 130/85 and 140/90 mmHg
[16].

Assessment of sleep duration

Sleep duration was obtained with an open-ended question
in the baseline questionnaire BHow many hours do you
sleep in a day?^, and the answers were categorized into
five groups, Bless than 6 hours,^ B6 to 6.9 hours,^ B7 to
7.9 hours^ (reference sleep duration), B8 to 8.9 hours,^
and Bmore than 9 hours^ per day. Insomnia was also mea-
sured. Participants who answered Byes^ to at least one of
the three questions (cannot sleep within 30 min on bed,
wake early in the morning, need drug help to sleep) was
classified as Binsomnia.^

Covariates

Covariates included information obtained by question-
naires, anthropometric measurements, and blood sample
collection. Smoking was defined by Bat least one cigarette
every day to three days during past six months,^ and
answers were divided into three categories as Bcurrent
(having during last 6 months or more),^ Bquitted over a
year,^ and Bnever.^ Alcohol intake was assessed based on
the responses to the following question: BDid you have
the habit of drinking alcohol (at least once in a week
during the past six months),^ and answers were defined
by Bcurrent (having in last 6 months or more),^ Bquitted
over a year,^ and Bnever.^ Answers to Bmarriage status^
was divided into Bmarried,^ Bnever married,^ and
Bdivorced or widowhood.^ Educational level was divided
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into primary school or less, junior high school, senior
high school, and college or above. To compute body mass
index (BMI; kg/m2), we used heights and weights

measured from physical examination. Glucose level was
assessed using blood sample collected after overnight
fasting of study subjects.

Table 1 Basic information in males and females

Sleep duration group Total <6 h 6–7 h 7–8 h 8–9 h ≥9 h p value

Males Population 7857 464 1246 1908 2636 1603
Age, years, (‾x ± S) 51.8 ± 8.2 53.6 ± 7.7 52.4 ± 7.9 51.4 ± 8.1 51.4 ± 8.4 51.9 ± 8.3 <0.001
Marriage, n (%) 0.001
Divorced/widowhood 196 (2.5) 19 (4.1) 34 (2.7) 48 (2.5) 64 (2.4) 31 (1.9)
Not married 138 (1.8) 17 (3.7) 15 (1.2) 24 (1.3) 45 (1.7) 37 (2.3)
Currently married 7523 (95.7) 428 (92.2) 1197 (96.0) 1836 (96.2) 2527 (95.9) 1535 (95.8)
Education, n (%) <0.001
Junior college or above 473 (6.0) 16 (3.4) 77 (6.2) 160 (8.4) 171 (6.5) 49 (3.1)
Senior middle school 1532 (19.5) 84 (18.1) 249 (20.0) 411 (21.5) 498 (18.9) 290 (18.1)
Junior middle school 3807 (48.5) 208 (44.8) 600 (48.2) 910 (47.7) 1306 (49.5) 783 (48.8)
Primary school or illiteracy 2045 (26.0) 156 (33.6) 220 (17.7) 327 (17.1) 661 (25.1) 481 (30.0)
Smoking, n (%) 0.910
Always 4921 (62.7) 280 (60.5) 787 (63.2) 1208 (63.3) 1644 (62.4) 1002 (62.5)
Quitted over a year 763 (9.7) 51 (11.0) 123 (9.9) 179 (9.4) 246 (9.3) 164 (10.2)
Never 2170 (27.6) 132 (28.5) 336 (27.0) 520 (27.3) 745 (28.3) 437 (27.3)
Alcohol intake, n (%) 0.008
Always 3814 (48.6) 234 (50.6) 627 (50.3) 940 (49.3) 1222 (46.4) 791 (49.3)
Quit 398 (5.1) 33 (7.1) 50 (4.0) 81 (4.2) 140 (5.3) 94 (5.9)
Never 3642 (46.4) 195 (42.2) 569 (45.7) 887 (46.5) 1273 (48.3) 718 (44.8)
BMI, kg/m2, (‾x ± S) 24.7 ± 3.1 24.1 ± 3.2 24.6 ± 3.2 24.8 ± 3 24.7 ± 3.2 24.6 ± 3.2 0.001
SBP, mmHg, (‾x ± S) 139.1 ± 19.1 137.4 ± 18.2 138.9 ± 19.6 139.5 ± 18.8 139.0 ± 18.7 139.5 ± 19.9 0.278
DBP, mmHg, (‾x ± S) 84.2 ± 12.4 83.1 ± 11.9 84.1 ± 12.7 84.1 ± 12.2 84.4 ± 12.1 84.6 ± 13.2 0.269
Hypertension, n (%) 4123 (52.5) 237 (51.1) 651 (52.1) 1002 (52.5) 1370 (52) 863 (53.8) 0.764
Fasting glucose, mmol/L,(‾x ± S) 5.4 ± 1.8 5.3 ± 1.4 5.5 ± 1.7 5.4 ± 1.6 5.5 ± 2.0 5.4 ± 1.7 0.264
WC 85.1 ± 9.1 83.7 ± 9.7 84.8 ± 9.4 85.4 ± 8.8 85.3 ± 8.9 85.0 ± 9.3 0.004
Diabetes 585 (7.4) 32 (6.9) 95 (7.6) 151 (7.9) 234 (8.9) 148 (9.2) 0.273
Metabolic syndrome 2134 (27.8) 90 (20) 335 (27.7) 532 (28.6) 714 (27.6) 463 (29.5) 0.003

Females
Population 12648 1006 1955 3119 4133 2435
Age, years, (‾x ± S) 50.8 ± 8 53.5 ± 7.3 51.7 ± 7.6 50.4 ± 7.9 50.0 ± 8.0 51.0 ± 8.2 <0.001
Marriage, n (%) <0.001
Divorced/widowhood 805 (6.4) 101 (10) 150 (7.7) 184 (5.9) 222 (5.4) 148 (6.1)
Not married 4 (0.0) 1 (0.1) 1 (0.1) 0 (0.0) 1 (0.0) 1 (0.0)
Currently married 11,839 (93.6) 904 (89.9) 1804 (92.3) 2935 (94.1) 3910 (94.6) 2286 (93.9)
Education, n (%) <0.001
Junior college or above 289 (2.3) 15 (1.5) 41 (2.1) 107 (3.4) 91 (2.2) 35 (1.4)
Senior middle school 1214 (9.6) 87 (8.6) 197 (10.1) 355 (11.4) 426 (10.3) 149 (6.1)
Junior middle school 4722 (37.3) 278 (27.6) 770 (39.4) 1232 (39.5) 1620 (39.2) 822 (33.8)
Primary school or illiteracy 6423 (50.8) 626 (62.2) 947 (48.4) 1425 (45.7) 1996 (48.3) 1429 (58.7)
Smoking, n (%) 0.002
Always 95 (0.8) 15 (1.5) 27 (1.4) 19 (0.6) 21 (0.5) 13 (0.5)
Quitted over a year 15 (0.1) 2 (0.2) 2 (0.1) 3 (0.1) 5 (0.1) 3 (0.1)
Never 12,536 (99.1) 987 (98.3) 1926 (98.5) 3097 (99.3) 4107 (99.4) 2419 (99.3)
Alcohol intake, n (%) 0.001
Always 367 (2.9) 38 (3.8) 50 (2.6) 85 (2.7) 118 (2.9) 76 (3.1)
Quit 66 (0.5) 14 (1.4) 10 (0.5) 10 (0.3) 15 (0.4) 17 (0.7)
Never 12,211 (96.6) 952 (94.8) 1895 (96.9) 3023 (97) 3999 (96.8) 2342 (96.2)
BMI, kg/m2, (‾x ± S) 24.5 ± 3.2 24.3 ± 3.2 24.4 ± 3.2 24.5 ± 3.2 24.6 ± 3.2 24.7 ± 3.2 <0.001
SBP, mmHg, (‾x ± S) 135.3 ± 20.3 137.4 ± 19.5 135.9 ± 20.1 134.4 ± 20.3 134.7 ± 20 136.0 ± 21.1 <0.001
DBP, mmHg, (‾x ± S) 80.0 ± 12.0 80.9 ± 11.6 80.1 ± 11.8 79.5 ± 12.1 79.8 ± 11.9 80.4 ± 12.3 0.005
Hypertension, n (%) 5449 (43.1) 467 (46.4) 878 (44.9) 1297 (41.6) 1733 (41.9) 1074 (44.1) 0.01
Fasting glucose, mmol/L, (‾x ± S) 5.3 ± 1.5 5.4 ± 1.5 5.3 ± 1.4 5.3 ± 1.2 5.3 ± 1.6 5.4 ± 1.9 0.002
WC 80.6 ± 8.7 80.5 ± 8.7 80.2 ± 8.7 80.1 ± 8.7 80.7 ± 8.6 81.5 ± 8.8 <0.001
Diabetes 707 (5.6) 86 (8.5) 121 (6.2) 183 (5.9) 265 (6.4) 175 (7.2) 0.026
Metabolic syndrome 4063 (33.1) 325 (33.2) 630 (33.3) 968 (32.1) 1330 (33.1) 810 (34.0) 0.671
Postmenopausal, n (%) 6743 (53.3) 688 (68.6) 1136 (58.1) 1576 (50.5) 2034 (49.2) 1309 (53.8) <0.001
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Statistical analyses

Continuous variables are presented as means ± SD.
Categorical variables are presented as numbers and pro-
portions. Differences in basic information among different
sleep hours were compared using independent samples t
test, non-parametric test, or chi-square test, as appropriate.
Logistic regression models were used to calculate unad-
justed and adjusted odds ratios (ORs) and 95 % confi-
dence intervals (CIs) for the risk of hypertension and
pre-hypertension associated with shorter or longer dura-
tion of sleep relative to a reference sleep category. The
reference category has been BNormal Blood Pressure^
group all through the analysis. All analyses were per-
formed using SPSS 18.0 in this study.

Results

We found that for females, average systolic blood pressure of
those sleeping less than 6 h a day (137.4 ± 19.5 mmHg), 6–7 h
a d a y ( 1 3 5 . 9 ± 2 0 . 1 mmHg ) a n d 9 h a b o v e
(136 ± 21.1 mmHg) was significantly higher than those of
the re fe rence ca tegory ( s l eep ing 7–8 h a day)
(134.4 ± 20.3 mmHg, p value of <0.001, 0.013, and 0.003,
respectively). Average diastolic blood pressure among those
sleeping less than 6 h a day (80.9 ± 11.6 mmHg) and 9 h above
(80.4 ± 12.3 mmHg) was also significantly higher than the
reference group (79.5 ± 12.1 mmHg, p value of 0.001 and
0.005). In comparison with the reference category (41.6%),
women sleeping <6 h (46.4%), 6–7 hours (44.9%) and >9 h

(44.1%) were significantly more likely to develop hyperten-
sion (p value of 0.007, 0.032, and 0.011). Additionally for
females, marriage status, education level, smoking and drink-
ing condition, BMI, fasting glucose, and menopause status
were all significantly different among five sleep duration cat-
egories (p < 0.01). Details are shown in Table 1.

With reference group as BNormal Blood Pressure^ catego-
ry, short sleep duration was associated with an increased risk
of hypertension for females. ORs (95 % CIs) of hypertension
for sleeping 6–7 h, sleeping less than 6 h, and sleeping more
than 9 h were 1.169(1.034–1.322), 1.307(1.118–1.528), and
1.139(1.015–1.279), respectively, using sleeping 7–8 h as ref-
erence category. However, the associations diminished as
soon as age was adjusted, suggesting age acted as a confound-
er to the association (Table 2). After additionally stratifying by
age groups, we found that in females between 35 and 44 years
old, sleeping less than 6 h increased the risk of pre-
hypertension (OR 1.769, 1.058–2.958) as well as hyperten-
sion (OR 1.766, 1.024–2.775) after full adjustment (model 3).
Detailed results are presented in Table 3 and Fig. 1. The results
were similar in females after removing those who reported
insomnia (data not shown). Nevertheless, the aforementioned
association was not observed in male group (Table 4).

Discussion

Based on a large sample-sized community association
study, we discovered that sleeping less than 6 h a day is
associated with increased risk of pre-hypertension, in ad-
dition to hypertension during early stage of middle-aged

Table 2 Odds ratios and 95% confidence intervals for hypertension associated with sleep duration, in males and females respectively

<6 h 6–7 h 7–8 h 8–9 h ≥9 h

Males

Model 1 0.953 (0.754–1.205) 0.939 (0.797–1.106) 1 0.963 (0.840–1.103) 0.986 (0.847–1.149)

Model 2 0.848 (0.668–1.077) 0.896 (0.759–1.059) 1 0.961 (0.837–1.104) 0.966 (0.827–1.128)

Model 3 0.825 (0.647–1.053) 0.895 (0.755–1.060) 1 0.970 (0.842–1.117) 0.948 (0.809–1.111)

Model 4 0.954 (0.733–1.241) 0.914 (0.762–1.097) 1 0.969 (0.833–1.127) 0.997 (0.840–1.182)

Females

Model 1 1.307 (1.118–1.528) 1.169 (1.034–1.322) 1 1.034 (0.935–1.144) 1.139 (1.015–1.279)

Model 2 0.959 (0.811–1.133) 1.041 (0.913–1.188) 1 1.073 (0.962–1.196) 1.089 (0.962–1.233)

Model 3 0.934 (0.789–1.105) 1.031 (0.903–1.176) 1 1.053 (0.944–1.174) 1.035 (0.913–1.173)

Model 4 0.999 (0.836–1.193) 1.068 (0.928–1.230) 1 1.046(0.931-1.175) 0.986 (0.863–1.127)

Model 1: not adjusted

Model 2: adjusted for age

Model 3: additionally adjusted for marriage, education, smoking and alcohol intake, menopause status (only for women)

Model 4: additionally adjusted for BMI and fasting blood glucose
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females. We propose that among early middle-aged fe-
males in China, insufficient sleep of less than 6 h a day
may reflect higher risk of pre-hypertension and
hypertension.

This study highlighted the association between short sleep
duration and pre-hypertension and considered the community
population as three groups, normal BP, pre-hypertension, and
hypertension, which is more specific and delicate. Pre-
hypertension predisposes to hypertension and other adverse
health issues at an early phase and is regarded as a reversible
stage of abnormal blood pressure with great significance for
prevention [17]. Our study identified short sleep as a risk

factor of pre-hypertension, suggesting sleep intervention as
potential preventive method for early middle-aged women.
The result is in accordance with Renata Kuciene’s discovery
that sleep duration is associated with pre-hypertension as well
as hypertension among adolescents [18].

Moreover, according to previous studies, the association of
sleep duration with hypertension was also observed, mainly in
middle-aged populations instead of elders [5, 6, 9, 19]. In a
meta-analysis with 225858 participants, Guo et al. found that
short sleep duration was associated with higher risk of hyper-
tension [20]. In another review study, James E. Gangwisch
[21] discovered that in both cross-sectional and longitudinal
studies, short sleep duration tend to be associated with higher
risk of hypertension, especially in middle-aged adults and in
female [21]. For older populations, using data fromRotterdam
study, Julia F. van den Berg et al. did not find any association
between short sleep duration and hypertension in elders [7].
Another study also did not find an association of short sleep
duration with hypertension in Spanish elders [8]. Coincided
with previous studies, we observed association of short sleep
duration with hypertension in a middle-aged Chinese popula-
tion rather than elders. This is also in line with another study
which found that short sleep duration increases the risk of
hypertension in middle-aged twin subjects [22].

Table 3 Odds ratios and 95 % confidence intervals for hypertension and pre-hypertension associated with sleep duration in females, stratified by age

<6 h 6–7 h 7–8 h 8–9 h ≥9 h

Hypertension 35–44 N = 43 N = 88 N = 162 N = 251 N = 134
Model 1 2.091 (1.382–3.164) 1.213 (0.901–1.634) 1 1.151 (0.919–1.441) 1.170 (0.901–1.520)
Model 2 1.835 (1.198–2.811) 1.163 (0.857–1.579) 1 1.120 (0.891–1.407) 1.057 (0.810–1.379)
Model 3 1.766 (1.024–2.775) 1.139 (0.825–1.573) 1 1.083 (0.851–1.379) 0.994 (0.749–1.319)
45–54 N = 136 N = 338 N = 498 N = 632 N = 353
Model 1 0.921 (0.705–1.203) 1.082 (0.886–1.323) 1 0.984 (0.831–1.164) 0.996 (0.819–1.211)
Model 2 0.886 (0.676–1.161) 1.058 (0.864–1.295) 1 0.963 (0.813–1.141) 0.962 (0.789–1.173)
Model 3 0.981 (0.737–1.306) 1.124 (0.906–1.395) 1 0.969 (0.809–1.160) 0.905 (0.733–1.116)
55–64 N = 288 N = 452 N = 637 N = 850 N = 587
Model 1 0.850 (0.671–1.078) 0.935 (0.757–1.154) 1 1.124 (0.934–1.352) 1.168 (0.952–1.432)
Model 2 0.807 (0.635–1.026) 0.928 (0.751–1.148) 1 1.108 (0.920–1.334) 1.101 (0.896–1.353)
Model 3 0.869 (0.672–1.124) 0.968 (0.772–1.213) 1 1.092 (0.896–1.332) 1.060 (0.850–1.321)

Pre-hypertension 35–44 N = 25 N = 52 N = 105 N = 169 N = 82
Model 1 1.876 (1.139–3.089) 1.106 (0.769–1.590) 1 1.195 (0.916–1.560) 1.105 (0.806–1.515)
Model 2 1.785 (1.078–2.957) 1.106 (0.766–1.596) 1 1.177 (0.900–1.539) 1.036 (0.754–1.424)
Model 3 1.769 (1.058–2.958) 1.099 (0.757–1.597) 1 1.139 (0.867–1.496) 0.999 (0.723–1.381)
45–54 N = 53 N = 110 N = 189 N = 254 N = 149
Model 1 0.945 (0.661–1.353) 0.928 (0.704–1.223) 1 1.042 (0.833–1.302) 1.107 (0.857–1.431)
Model 2 0.916 (0.637–1.317) 0.926 (0.701–1.223) 1 1.016 (0.811–1.274) 1.072 (0.827–1.388)
Model 3 0.963 (0.668–1.389) 0.951 (0.718–1.261) 1 0.998 (0.794–1.255) 1.015 (0.781–1.321)
55–64 N = 88 N = 131 N = 174 N = 228 N = 146
Model 1 0.951 (0.690–1.310) 0.992 (0.746–1.319) 1 1.104 (0.859–1.417) 1.063 (0.805–1.404)
Model 2 0.900 (0.651–1.245) 0.993 (0.745–1.324) 1 1.085 (0.843–1.396) 1.005 (0.758–1.331)
Model 3 0.970 (0.698–1.349) 1.998 (0.744–1.337) 1 1.075 (0.832–1.389) 0.992 (0.744–1.321)

Model 1: not adjusted

Model 2: adjusted for marriage, education, smoking, alcohol intake, menopause status

Model 3: additionally adjusted for BMI and fasting blood glucose

Fig. 1 ORs of hypertension and pre-hypertension for females sleeping
<6 h using 7–8 h as reference
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The mechanisms of the association between sleep du-
ration and hypertension remains uncertain. Several hy-
potheses were proposed. First, it might be due to distur-
bance of normal blood pressure alteration cycle decided
by human bio-clock. The blood pressure descending
phase during sleep might be reduced because of less sleep
[23]. Second, short sleep duration may gradually alter
living habit, so that people might have less interest and
will power to keep on certain diet or physical practice
protective for normal blood pressure [24]. Third, reduced
sleep duration might boost catecholamine secretion and
increase blood pressure [25]. Moreover, short sleep dura-
tion might reduce melatonin and hence elevate blood
pressure [26]. In addition, it may also partially because
of the difference in lifestyles between those employed
middle-aged individuals and retired elders [7, 10].

Gender-specific association between short sleep dura-
tion and hypertension has been frequently reported in
different populations. For example, in the NHIS cohort
study, short sleep (<6 h) was associated with hyperten-
sion in women aged 65 years or above [5]. As for the
Western New York study, sleeping less was associated
with hypertension only in pre-menopause women [12].
In this study, we only observed the association of short
sleep duration with hypertension in early middle-aged
females aged 35–44 years. To note, insomnia sufferers
usually under-report sleep duration, nevertheless, we still
found association between short sleep (<6 h) and pre-
hypertension, hypertension among non-insomnia early
middle-aged women.

The mechanism of gender-specific relation between
sleep duration and hypertension is largely unknown. It is
certain that the physiological status, hormone secretion,
metabolic status, psychological condition, and stress con-
dition are all different between males and females [27].
First, premenopausal women require more sleep to keep
metabolism and hormone secretion at higher level, and
sleep deprivation is more likely to lead to high blood
pressure for them [27]. Second, women tend to present
mental disorders such as depression, stress, and mood
fluctuation which are very likely to affect sleep, making
them frailer to hypertension when they do not sleep well
[28, 29]. With the rapid economic growth in China during
the past few decades, the early middle-aged females are
undertaking both occupational and domestic stress, which
is much heavier than that of women in western countries
[30]. Take our study as example, approximately 44.0 % of
the females aged 64 years worked in the industry.
However, when stratified by age strata, 69 % of women
aged 35–44 worked in the industry. Further studies need
to measure the occupational and domestic stress the early
middle-aged females confronted to account for its effects
on hypertension.

Limitation

First, this is a cross-sectional analysis which made it im-
possible to explore causal relationship between sleep du-
ration and hypertension. Second, sleep duration was mea-
sured roughly on the scale of 24 h instead of night sleep
and daytime sleep separately. Third, blood pressure has
been measured almost at the same time of different days
including all four seasons, bringing in bias by natural BP
fluctuations, though inevitable for most large sample com-
munity study. However, there are also a few strengths of
this study, such as the analysis on pre-hypertension, and
the large sample size of the study with relative narrow
range of age, which allowed us to conduct analysis strat-
ified by age and sex while adjusting for important covar-
iates to explore important issues in depth.

Conclusion

In summary, we found that sleeping less than 6 h a day is
associated with pre-hypertension as well as hypertension
among Chinese early middle-aged females. Chinese females
aged between 35–44 years old are probably the high-risk
group that requires at least 6 h of sleep to prevent the occur-
rence of hypertension and hypertension.
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