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ABSTRACT
Objective To investigate the prevalence of
hypertension and its association with insomnia in a
community-based population in China.
Methods A cross-sectional study which recruited
10 054 participants aged �18 years was conducted in
Beijing. The association between self-reported insomnia
and hypertension was determined by multiple logistic
regression models. Age, gender, education, obesity, body
mass index, physical activity, current smoking, current
drinking, work stress, diabetes and dyslipidaemia were
adjusted for as confounders. Prevalence ratios (PRs) with
corresponding 95% CIs were reported as effect
measurements.
Results The number of subjects with no insomnia,
occasional insomnia and frequent insomnia was 7632
(75.9%), 1545 (15.4%) and 877 (8.7%), respectively.
The prevalence of hypertension in those with no
insomnia, occasional insomnia and frequent insomnia
was 37.3%, 43.0% and 48.0%. Compared with
subjects with no insomnia, the multivariate adjusted PRs
and 95% CIs for those with occasional insomnia and
frequent insomnia were 1.01 (0.91 to 1.12) and 0.92
(0.83 to 1.03) for men and 1.08 (1.00 to 1.16) and
1.12 (1.02 to 1.22) for women.
Conclusions Self-reported insomnia is associated with
a higher risk of hypertension in women.

INTRODUCTION
Insomnia is a subjective feeling of having difficulty
initiating or maintaining sleep, or having poor
sleep quality.1 It has been reported that the preva-
lence of insomnia is 9.2% in mainland China,2

39.2% in Hong Kong3 and 25% in Taiwan.4 In the
UK the prevalence of insomnia symptoms has been
reported as 35–38.6%.5 In Canada, 40.2% of a
study population presented at least one symptom of
insomnia.6 Several studies have found that insom-
nia is associated with substantial impairments of an
individual’s quality of life,7 mental health8 and
accident occurrence.9 Additionally, recent studies in
industrialised countries have shown that insomnia
is associated with myocardial infarction10 and heart
failure.11 Previous studies also suggested that
insomnia was more frequent in women than in
men,12 and gender discrepancy has been reported
in the association between insomnia and heart
failure.11 It would therefore be reasonable to
examine whether gender modifies the association
between insomnia and hypertension and to stratify
the analysis by gender.

Studies exploring the association between insom-
nia and hypertension have reported modest and
inconsistent results. However, the association
between self-reported insomnia and hypertension
has hardly been examined in the Chinese popula-
tion. In the present study we investigated the asso-
ciation between self-reported insomnia and
hypertension in China, taking into account several
established risk factors of hypertension based on a
population-based survey.

MATERIALS AND METHODS
Study design and participants
This survey was a cross-sectional chronic diseases
and risk factors study conducted in Beijing in 2007.
Citizens or permanent residents (those who are
registered Beijing citizens excluding those who
lived outside Beijing for �6 months and non-
registered Beijing citizens who have a temporary
residence permit and have lived in Beijing for �6
months) who were aged �18 years were recruited
using a multistage stratified random sampling
design. We selected the first sampling unit accord-
ing to the per capita gross domestic product of
each district followed by the second sampling unit
(towns and urban neighborhoods). Urban neigh-
bourhood communities and villages were then
selected as the final sampling unit and the final
study population was recruited from the final sam-
pling unit (communities). Two urban administrative
districts, one urban–rural mixed district and one
rural district were selected and 38 communities
were then randomly sampled (see online supple-
mentary file for flow chart). Mainland China has a
unique residence registration system through which
we were able to obtain the basic demographic
information such as name, birth date and gender
from the departments of local governments. Before
the survey we informed local administrators of the
aim and method of our study and, with their help,
we were able to disseminate the study design via
broadcasting and booklets. On the night before the
survey the residents were told not to drink or eat
from 20:00 to 08:00 the following day. The
response rate was 83.5%.

Data collection
The health interview was performed by trained
medical staff at community health centres using a
well-established questionnaire to determine demo-
graphic and behavioural characteristics of the study
population. Demographic information included
birth date, gender and education and behavioural
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information included current smoking status, current drinking
status and physical activities. Education level was categorised as
elementary school or lower (<7 years), middle or high school
(7 – 12 years) and college or higher (>12 years).

Physical examination included anthropometric measurements,
blood pressure, medical history and drug administration history.
Height and weight were measured to the nearest 0.1 cm and
0.1 kg, respectively, with the subject standing barefoot in light
clothes. Waist circumference was measured to the nearest 0.1 cm
at the mid-point between the 12th rib and the right anterior
superior iliac spine. Body mass index (BMI) was calculated as
weight (kg) divided by the height squared (m2). Blood pressure
was measured using a standard mercury sphygmomanometer on
the right arm in the sitting position after the participants had
rested for 5 min. Phase 1 and phase 5 Korotkoff sound was
used as systolic blood pressure (SBP) and diastolic blood pres-
sure (DBP), respectively. Blood pressure was measured twice and
the average results were used for data analysis. Medical history
and drug administration history were obtained from medical
records and confirmed by general practitioners. All the measure-
ments were adopted by community licensed physicians.

Blood samples were collected from all the participants after
overnight fasting. Biochemical measurements were conducted in
the central laboratory of Peking University People’s Hospital.
Concentrations of fasting glucose, total cholesterol (TC), high-
density lipoprotein cholesterol (HDL-C), triglycerides (TG) and
low-density lipoprotein cholesterol (LDL-C) were measured
using an autoanalyser (Hitachi 717, Hitachi Instruments, Tokyo,
Japan).

Diabetes mellitus was defined as fasting glucose �7.0 mmol/L
or current medication for diabetes. Dyslipidaemia was defined
as any of the following: TC >5.18 mmol/L, LDL-C
>3.37 mmol/L, HDL-C <1.04 mmol/L or TG >1.70 mmol/L.
Obesity was defined as waist circumstance >90 cm in men and
>85 cm in women. A history of coronary heart disease or
stroke, including acute myocardial infarction, angina pectoris
and all other ischaemic heart disease, was obtained via medical
records and reviewed by a cardiologist and a general
practitioner.

Determination of self-reported insomnia and hypertension
Self-reported insomnia was collected via a question: “During
the last month, have you had insomnia (eg, difficulty falling
asleep or non-restorative sleep)?” with the following response
options: no insomnia, occasional insomnia (1–2 times/week),
frequent insomnia (�3 times/week). Hypertension was defined
as SBP �140 mm Hg, DBP �90 mm Hg or current medication
for hypertension.

Statistical analysis
Continuous variables were presented as mean±SD and categor-
ical variables were presented as frequencies and proportions. In
the descriptive analysis we present the basic characteristics of
study subjects and the prevalence of hypertension by insomnia.
The Cochran–Armitage method was used to test for trend. In an
exploratory analysis we examined the association between
insomnia and hypertension using multiple logistic regression
models in both men and women together. We also examined
the interaction terms and found that there was an interaction
effect between gender and self-reported insomnia for hyperten-
sion. The association in men and women separately was also
examined. Three models were used for the analysis. The first
model included only insomnia, the second model was adjusted
for age (plus gender for both genders together) as confounders

and the third model was adjusted for age, BMI, education,
current smoking, current drinking, work stress, physical activity,
obesity, diabetes and dyslipidaemia as confounders (plus gender
for both genders together). We also examined the association
between insomnia and previously diagnosed/undiagnosed hyper-
tension and hypertension under poor/good control. Prevalence
ratios (PRs) with 95% CIs were presented and p<0.05 was con-
sidered to be statistically significant. All of the statistical analyses
were conducted using R 2.15.13

RESULTS
The number of subjects with no insomnia, occasional insomnia
and frequent insomnia was 7632 (75.9%), 1545 (15.4%) and
877 (8.7%), respectively. Table 1 shows the basic characteristics
of the participants by insomnia status. The mean±SD age was
51.8±13.4, 54.0±12.5 and 56.5±12.3 years for subjects with
no insomnia, occasional insomnia and frequent insomnia,
respectively. Of the 10 054 participants, 3935 (39.1%) had
hypertension. As shown in table 2, the prevalence of hyperten-
sion for those with no insomnia, occasional insomnia and fre-
quent insomnia was 40.5%, 40.0% and 41.4% in men and
35.3%, 44.0% and 50.2% in women. The Cochran–Armitage
test for trend for the prevalence of hypertension among partici-
pants with different insomnia statuses was p<0.0001 for both
genders. These trend tests were not consistent in men
(p=0.8840) and women (p<0.0001).

Table 3 presents the PRs for hypertension in relation to
insomnia. Model 1 included only insomnia status, model 2 was
adjusted for age (plus gender when men and women were ana-
lysed together) and model 3 was further adjusted for several
other confounders (education, BMI, physical activity, current
smoking, current drinking, obesity, work stress, diabetes, and
dyslipidemia). Compared with those without insomnia, the cor-
responding PRs and 95% CI for subjects with occasional insom-
nia and frequent insomnia were 1.01 (0.91 to 1.12) and 0.92
(0.83 to 1.03) for men and 1.08 (1.00 to 1.16) and 1.12 (1.02
to 1.22) for women after multivariable adjustments.

Table 4 shows the PRs for diagnosed hypertension for people
with different insomnia status. The PRs for occasional insomnia
and frequent insomnia were 1.04 (0.94 to 1.15) and 1.13 (1.00
to 1.29) for men and 1.03 (0.96 to 1.10) and 1.08 (1.02 to
1.14) for women after multivariable adjustment. The associa-
tions between insomnia and hypertension control are shown in
table 5. The risk for poor hypertension control was 23% (PR
1.23, 95% CI 1.06 to 1.42) higher for men with frequent
insomnia than for those with no insomnia. Likewise, women
with frequent insomnia had a 18% (PR 1.18, 95% CI 1.05 to
1.32) higher risk of poor hypertension control compared with
those with no insomnia.

DISCUSSION
Although many studies have focused on sleep disorders or
hypertension, to our knowledge few trials have examined self-
reported insomnia and hypertension in a single study and
explored the association between them in the Chinese popula-
tion.14 In the present study we investigated the association of
insomnia and hypertension in a community-based population
and found that frequent insomnia in women was associated
with a higher risk of hypertension than in those who reported
no insomnia. This association was not statistically significant in
men and was independent of age, education, BMI, physical
activity, current smoking, current drinking, obesity, diabetes and
dyslipidaemia.
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The prevalence of self-reported frequent insomnia in our
study was 8.7%, which was similar to that in another survey
conducted in Beijing which reported a 9.2% prevalence of
insomnia in the general population aged �18 years.2 When
occasional insomnia was included the prevalence was 24.1%,
which was close to that in Taiwan4 and lower than that in Hong
Kong.3 In Japan around 21.4% of adults had symptoms of
insomnia,15 which was comparable to the finding of 22.8% in

South Korea.16 Likewise, a study in Greece reported that 25.3%
of subjects had insomnia17 and, in Sweden, 32.1% of a study
sample reported more than one symptom of insomnia.18

Differences in sampling design methods, distribution of risk
factors, socioeconomic status and daily lifestyle may partly
explain these variations.

It has been pointed out that the prevalence of insomnia
depends on how it is defined.1 Currently, three main definitions
of insomnia are widely used in the literature: the International
Classification of Sleep Disorders (ICSD-2),19 the Diagnostic and
Statistics Manual (DSM IV-TR)20 and the International
Classification of Disease (ICD-10).21 In our study, insomnia was
measured using a single self-reported question rather than
several more complicated questions pertaining to sleep duration,
frequency or aetiology. Self-reported measures of health have
been used in medical research for more than 20 years22 23 and
are widely used in medical research, especially in public health
and epidemiology such as health behaviour and chronic disease
surveillance.24 25 It is also believed to be valid for measuring
mental diseases such as insomnia, which is difficult to quan-
tify.26 Additionally, the single self-reported insomnia question
used in our study reflected the understanding of insomnia by
the study subjects and how they rated themselves rather than by
three parties (including a physician or psychologist). It was
therefore a useful subjective measure of insomnia.

Previous studies have suggested that women are more prone
to insomnia than men,12 27 and gender has also been found to
play a role in cardiovascular disease risk and mortality.28 A
gender difference in the association between self-reported
insomnia and hypertension might therefore be plausible. In our
study the prevalence of self-reported insomnia was higher in
women than in men (p<0.0001) but the prevalence of hyper-
tension in women was not significantly different from that in
men (p=0.1467). We therefore hypothesised that the associ-
ation between insomnia and coronary heart disease might be
modified by gender, and our findings did not contradict this
hypothesis. The association between self-reported insomnia and
hypertension was significantly different in men and women. PRs

Table 1 Basic characteristic of the study participants

No insomnia
(n=7632)

Occasional
insomnia
(n=1545)

Frequent
insomnia
(n=877)

Age (years) 51.8±13.4 54.0±12.5 56.5±12.3
BMI (kg/m2) 25.4±3.9 25.3±4.0 25.0±3.8
Waist (cm) 87.0±10.9 86.3±10.5 86.3±10.6
SBP (mm Hg) 127.0±19.3 127.5±19.5 128.1±19.3
DBP (mm Hg) 80.2±10.5 79.5±10.4 79.8±10.6
Glucose (mmol/L) 5.08±1.67 5.16±1.79 5.18±1.69
TC (mmol/L) 4.82±0.96 4.91±1.00 4.99±1.03
TG (mmol/L) 1.53±1.48 1.51±1.39 1.49±1.14

LDL-C (mmol/L) 2.50±0.69 2.54±0.69 2.58±0.68
HDL-C (mmol/L) 1.32±0.34 1.34±0.30 1.35±0.32
Gender
Men, n (%) 3065 (40.2) 400 (25.9) 222 (25.3)
Women, n (%) 4567 (59.8) 1145 (74.1) 655 (74.7)

Education
0–6 years, n (%) 2061 (27.0) 510 (33.0) 353 (40.3)
7–12 years, n (%) 4698 (61.6) 881 (57.0) 445 (50.7)
>12 years, n (%) 873 (11.4) 445 (10.0) 79 (9.0)

Physical activity
No, n (%) 3515 (46.1) 701 (45.4) 378 (43.1)
Yes, n (%) 4114 (53.9) 843 (54.6) 499 (56.9)

Current smoking
No, n (%) 5015 (65.7) 1137 (73.6) 614 (70.0)
Yes, n (%) 2617 (34.3) 407 (26.4) 263 (30.0)

Current drinking
No, n (%) 5855 (76.7) 1295 (83.8) 735 (83.8)
Yes, n (%) 1776 (23.3) 250 (16.2) 142 (16.2)

Work stress
Low, n (%) 982 (12.9) 166 (10.8) 92 (10.5)
Intermediate, n (%) 4242 (55.6) 764 (49.5) 375 (42.9)
High, n (%) 2406 (31.5) 614 (39.8) 408 (46.6)

Obesity
No, n (%) 4037 (52.9) 806 (52.2) 468 (53.4)
Yes, n (%) 3595 (47.1) 739 (47.8) 409 (46.6)

Diabetes
No, n (%) 6796 (89.0) 1355 (87.7) 766 (87.3)
Yes, n (%) 836 (11.0) 190 (12.3) 111 (12.7)

Dyslipidaemia
No, n (%) 3623 (47.5) 701 (45.4) 255 (40.5)
Yes, n (%) 4008 (52.5) 844 (54.6) 522 (59.5)

Stroke
No, n (%) 7293 (95.6) 1476 (95.6) 803 (91.6)
Yes, n (%) 338 (4.4) 68 (4.4) 74 (8.6)

Coronary heart disease
No, n (%) 7044 (92.3) 1354 (87.7) 708 (80.7)
Yes, n (%) 588 (7.7) 190 (12.3) 169 (19.3)

BMI, body mass index; DBP, diastolic blood pressure; HDL-C, high-density lipoprotein
cholesterol; LDL-C, low-density lipoprotein cholesterol; SBP, systolic blood pressure;
TC, total cholesterol; TG, triglycerides.

Table 2 Prevalence of high SBP, high DBP and hypertension
among subjects with different self-reported insomnia

SBP
�140 mm Hg

DBP
�90 mm Hg Hypertension

All
No insomnia 1844 (24.2) 1616 (21.2) 2850 (37.3)
Occasional insomnia 389 (25.2) 315 (20.4) 664 (43.0)
Frequent insomnia 260 (29.6) 189 (21.6) 421 (48.0)

p Value* 0.0001 0.9185 <0.0001
Men
No insomnia 797 (26.0) 811 (26.5) 1240 (40.5)
Occasional insomnia 90 (22.5) 103 (25.8) 160 (40.0)
Frequent insomnia 57 (25.7) 49 (22.1) 92 (41.4)

p Value* 0.4024 0.1811 0.8840
Women
No insomnia 1047 (22.9) 805 (17.6) 1610 (35.3)
Occasional insomnia 299 (26.1) 212 (18.5) 504 (44.0)
Frequent insomnia 203 (31.0) 140 (21.4) 329 (50.2)

p Value* <0.0001 0.0250 <0.0001

Values shown are n (%).
*Cochran–Armitage trend test.
DBP, diastolic blood pressure; SBP, systolic blood pressure.
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were higher in women than in men. Although the exact reason
for the gender-specific differences in the association between
insomnia and hypertension remains unclear, the results of
recent publications are informative and persuasive. First, studies
found that more women than men suffered from depression29

and lacked the ability to use coping strategies,30 both of which
were related to insomnia.31 Furthermore, sex hormones were
reported to be of paramount importance in influencing gender
differences in sleeping habits.32 Additionally, an association
between sleep deprivation and abnormal serum lipid levels was
observed in women but not in men,33 and dyslipidaemia was
associated with a higher risk of hypertension in women.34

Finally, a lower socioeconomic position for women might partly
explain the discrepancy, but its contribution is limited.35 In the
present study, after adjusting for work stress, education and

dyslipidaemia, the association between insomnia and hyperten-
sion was found only in women. This indicates that some other
biological mechanisms account for the gender differences. This
research question should be addressed extensively with more
physiological markers in future large longitudinal epidemio-
logical studies.

Several potential mechanisms have been proposed to explain
the link between insomnia and hypertension. Insomnia is
usually accompanied by short sleep duration. A recent
meta-analysis reported that short sleep duration was associated
with higher risks of hypertension.36 Short sleep duration was
also reported to increase BMI by reducing leptin and elevating
ghrelin levels,37 38 while higher weight and BMI increase the
risk of hypertension over the life course.39 In the present study
the PRs of hypertension were still significant after adjusting for

Table 3 Association between self-reported insomnia and high SBP, high DBP and hypertension (PR (95% CI))

Model 1 Model 2 Model 3

SBP �140 mm Hg
All

No insomnia 1 1 1
Occasional insomnia 1.04 (0.95 to 1.15) 0.98 (0.90 to 1.06) 0.99 (0.91 to 1.07)
Frequent insomnia 1.23 (1.10 to 1.37) 1.04 (0.94 to 1.15) 1.03 (0.94 to 1.14)

Men
No insomnia 1 1 1
Occasional insomnia 0.87 (0.71 to 1.05) 0.88 (0.73 to 1.05) 0.92 (0.79 to 1.09)
Frequent insomnia 0.99 (0.78 to 1.24) 0.87 (0.70 to 1.09) 0.90 (0.73 to 1.11)

Women
No insomnia 1 1 1
Occasional insomnia 1.14 (1.02 to 1.27) 1.02 (0.92 to 1.13) 1.02 (0.93 to 1.12)
Frequent insomnia 1.35 (1.19 to 1.53) 1.13 (1.02 to 1.26) 1.09 (1.00 to 1.20)

DBP �90 mm Hg
All

No insomnia 1 1 1
Occasional insomnia 0.96 (0.86 to 1.07) 1.01 (0.91 to 1.13) 1.01 (0.92 to 1.12)
Frequent insomnia 1.02 (0.89 to 1.16) 1.05 (0.92 to 1.21) 1.08 (0.95 to 1.23)

Men
No insomnia 1 1 1
Occasional insomnia 0.97 (0.82 to 1.16) 0.97 (0.82 to 1.16) 1.00 (0.94 to 1.18)
Frequent insomnia 0.83 (0.65 to 1.08) 0.84 (0.65 to 1.08) 0.92 (0.72 to 1.17)

Women
No insomnia 1 1 1
Occasional insomnia 1.05 (0.92 to 1.20) 1.03 (0.90 to 1.18) 1.00 (0.88 to 1.15)

Frequent insomnia 1.21 (1.03 to 1.42) 1.17 (0.99 to 1.37) 1.19 (1.02 to 1.39)
Hypertension
All

No insomnia 1 1 1
Occasional insomnia 1.15 (1.08 to 1.23) 1.06 (1.00 to 1.13) 1.05 (1.00 to 1.12)
Frequent insomnia 1.29 (1.19 to 1.39) 1.10 (1.02 to 1.18) 1.06 (1.01 to 1.13)

Men
No insomnia 1 1 1
Occasional insomnia 0.99 (0.87 to 1.12) 1.00 (0.90 to 1.13) 1.01 (0.91 to 1.12)
Frequent insomnia 1.02 (0.87 to 1.20) 0.96 (0.82 to 1.11) 0.92 (0.83 to 1.03)

Women
No insomnia 1 1 1
Occasional insomnia 1.24 (1.16 to 1.35) 1.09 (1.02 to 1.17) 1.08 (1.00 to 1.16)
Frequent insomnia 1.42 (1.31 to 1.55) 1.14 (1.07 to 1.21) 1.12 (1.02 to 1.22)

Model 1: insomnia.
Model 2: age, insomnia (plus gender when men and women analysed together).
Model 3: age, education, obesity, body mass index, physical activity, current smoking, current drinking, work stress, diabetes, dyslipidaemia, coronary heart disease, stroke, insomnia
(plus gender when men and women analysed together).
DBP, diastolic blood pressure; PR, prevalence ratio; SBP, systolic blood pressure.
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BMI and obesity. This indicates that the observed association is
independent of BMI and obesity and has to be explained by
other mechanisms. Although the pathophysiology of insomnia is
not fully understood, it is generally regarded as a kind of hyper-
arousal disorder that is associated with increased activity of the
hypothalamic-pituitary-adrenal-axis.1 During this process, corti-
sol is excessively secreted and can be measured in both the
plasma and urine.40 Elevated cortisol is known to induce hyper-
tension.41 42 Finally, insomnia and hypertension may share
some common risk factors such as smoking43 44 and drinking
alcohol.3 However, after adjusting for these variables, the PRs
only changed slightly. Since smoking and drinking were broadly
measured in our study, residual confounding might explain the
observed results. Thus, abnormalities of the neuroendocrine
system and an unhealthy lifestyle may present a biologically
plausible association between insomnia and hypertension. We
also carried out an additional analysis to investigate the associ-
ation between insomnia and previously diagnosed hypertension
and poorly controlled hypertension and found that the associa-
tions between insomnia and hypertension seemed to be stronger
for previously diagnosed hypertension and poorly controlled

hypertension. These results suggest that people might be more
prone to have insomnia if they know they have hypertension or
poorly controlled hypertension. However, no longitudinal
studies have been published regarding the incidence of insomnia
after a diagnosis of hypertension.

Since the present data were collected using a cross-sectional
design, we cannot make causal inferences as to whether insom-
nia precedes and causes hypertension. Furthermore, the poten-
tial non-response bias of the survey is of concern, as is the fact
that more women than men participated in the survey. Women
pay much more attention to their health, which could result in
an overestimation of the prevalence of self-reported insomnia in
the source population. Finally, insomnia was measured using a
single question rather than the multiple questions used in other
studies,1 19–21 so we cannot evaluate the association between
other insomnia symptoms and hypertension in the present
study. The subjective measure of insomnia in the present study
might be prone to misclassification of the exposure, which
means the measurement of insomnia might include other
aspects of mental disorders such as anxiety rather than insomnia
per se. We acknowledge this limitation, although the same

Table 4 Association between self-reported insomnia and diagnosed hypertension (PR (95% CI))

Hypertension Model 1 Model 2 Model 3

All
No insomnia 1 1 1
Occasional insomnia 1.15 (1.09 to 1.22) 1.07 (1.01 to 1.13) 1.04 (1.00 to 1.11)
Frequent insomnia 1.16 (1.10 to 1.21) 1.11 (1.06 to 1.16) 1.08 (1.01 to 1.15)

Men
No insomnia 1 1 1
Occasional insomnia 1.14 (1.02 to 1.26) 1.13 (1.02 to 1.26) 1.04 (0.94 to 1.15)
Frequent insomnia 1.30 (1.16 to 1.45) 1.24 (1.11 to 1.38) 1.13 (1.00 to 1.29)

Women
No insomnia 1 1 1
Occasional insomnia 1.07 (1.00 to 1.14) 1.04 (0.98 to 1.11) 1.03 (0.96 to 1.10)
Frequent insomnia 1.12 (1.06 to 1.18) 1.10 (1.05 to 1.16) 1.08 (1.02 to 1.14)

Model 1: insomnia.
Model 2: age, insomnia (plus gender when men and women analysed together).
Model 3: age, education, obesity, body mass index, physical activity, current smoking, current drinking, work stress, diabetes, dyslipidaemia, coronary heart disease, stroke, insomnia
(plus gender when men and women analysed together).
PR, prevalence ratio.

Table 5 Association between self-reported insomnia and poor hypertension control (PR (95% CI))

Hypertension Model 1 Model 2 Model 3

All
No insomnia 1 1 1
Occasional insomnia 1.21 (1.06 to 1.37) 1.14 (1.00 to 1.30) 1.03 (0.96 to 1.10)
Frequent insomnia 1.27 (1.14 to 1.41) 1.21 (1.09 to 1.35) 1.08 (1.02 to 1.14)

Men
No insomnia 1 1 1
Occasional insomnia 1.28 (1.02 to 1.60) 1.28 (1.03 to 1.60) 1.22 (0.97 to 1.53)
Frequent insomnia 1.46 (1.13 to 1.89) 1.43 (1.10 to 1.84) 1.23 (1.06 to 1.42)

Women
No insomnia 1 1 1
Occasional insomnia 1.08 (0.93 to 1.25) 1.08 (0.93 to 1.25) 1.01 (0.87 to 1.17)
Frequent insomnia 1.19 (1.06 to 1.34) 1.19 (1.06 to 1.34) 1.18 (1.05 to 1.32)

Model 1: insomnia.
Model 2: age, insomnia (plus gender when men and women analysed together).
Model 3: age, education, obesity, body mass index, physical activity, current smoking, current drinking, work stress, diabetes, dyslipidaemia, coronary heart disease, stroke, insomnia
(plus gender when men and women analysed together).
PR, prevalence ratio.
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question about insomnia was addressed to all study participants
so a non-differential misclassification would result in an under-
estimated effect size. The true estimate should be higher than
reported.

CONCLUSIONS
Self-reported insomnia was associated with a higher risk of
hypertension in this large Chinese sample. Future longitudinal
studies should be conducted to further explore the causal rela-
tionship and to clarify the biological mechanisms between them.

Acknowledgements We thank the residents of Beijing for their participation in
the survey and local medical staff for their cooperation and support.

Contributors YZ and RC wrote the manuscript. JY and DH conceived and
designed the study. YZ, FZ, JW, RD and YS collected the data. YZ, JG and RC
analysed the data. YZ, JG, RC, FZ, JW, RD, YS, JY and DH revised the manuscript.

Funding The study was funded by a research grant from Beijing Municipal Science
and Technology Commission.

Competing interests None.

Ethics approval Obtained from the Ethics Committee of Beijing Municipal Science
and Technology Commission.

Provenance and peer review Not commissioned; externally peer reviewed.

REFERENCES
1 Roth T. Insomnia: definition, prevalence, etiology, and consequences. J Clin Sleep

Med 2007;3(5 Suppl):S7–10.
2 Xiang YT, Ma X, Cai ZJ, et al. The prevalence of insomnia, its sociodemographic

and clinical correlates, and treatment in rural and urban regions of Beijing, China: a
general population-based survey. Sleep 2008;31:1655–62.

3 Wong WS, Fielding R. Prevalence of insomnia among Chinese adults in Hong Kong:
a population-based study. J Sleep Res 2011;20(1 Pt 1):117–26.

4 Kao CC, Huang CJ, Wang MY, et al. Insomnia: prevalence and its impact on
excessive daytime sleepiness and psychological well-being in the adult Taiwanese
population. Qual Life Res 2008;17:1073–80.

5 Calem M, Bisla J, Begum A, et al. Increased prevalence of insomnia and changes in
hypnotics use in England over 15 years: analysis of the 1993, 2000, and 2007
National Psychiatric Morbidity Surveys. Sleep 2012;35:377–84.

6 Morin CM, LeBlanc M, Belanger L, et al. Prevalence of insomnia and its treatment
in Canada. Can J Psychiatry 2011;56:540–8.

7 Leger D, Morin CM, Uchiyama M, et al. Chronic insomnia, quality-of-life, and utility
scores: comparison with good sleepers in a cross-sectional international survey.
Sleep Med 2012;13:43–51.

8 Sarsour K, Morin CM, Foley K, et al. Association of insomnia severity and comorbid
medical and psychiatric disorders in a health plan-based sample: insomnia severity
and comorbidities. Sleep Med 2010;11:69–74.

9 Chiang YY, Tsai PY, Chen PC, et al. Sleep disorders and traffic accidents.
Epidemiology 2012;23:643–4.

10 Laugsand LE, Vatten LJ, Platou C, et al. Insomnia and the risk of acute myocardial
infarction: a population study. Circulation 2011;124:2073–81.

11 Laugsand LE, Strand LB, Platou C, et al. Insomnia and the risk of incident heart
failure: a population study. Eur Heart J 2014;35:1382–93.

12 Zhang B, Wing YK. Sex differences in insomnia: a meta-analysis. Sleep
2006;29:85–93.

13 R: A language and environment for statistical programming [program]. Vienna,
Austria: R Foundation for Statistical Computing, 2012.

14 Chien KL, Chen PC, Hsu HC, et al. Habitual sleep duration and insomnia and the
risk of cardiovascular events and all-cause death: report from a community-based
cohort. Sleep 2010;33:177–84.

15 Kim K, Uchiyama M, Okawa M, et al. An epidemiological study of insomnia among
the Japanese general population. Sleep 2000;23:41–7.

16 Cho YW, Shin WC, Yun CH, et al. Epidemiology of insomnia in Korean adults:
prevalence and associated factors. J Clin Neurol 2009;5:20–3.

17 Paparrigopoulos T, Tzavara C, Theleritis C, et al. Insomnia and its correlates in a
representative sample of the Greek population. BMC Public Health 2010;10:531.

18 Ohayon MM, Bader G. Prevalence and correlates of insomnia in the Swedish
population aged 19–75 years. Sleep Med 2010;11:980–6.

19 American Academy of Sleep Medicine. International Classification of Sleep
Disorders: Diagnostic and Coding Manual (ICSD-2). 2nd edn. Rochester, MN: Sleep
Disorders Association, 2005.

20 American Psychiatric Association. Diagnostic and Statistical Manual of Mental
Disorders (DSM-IV-TR). 4th edn. Text Revision. Washington, DC: American
Psychiatric Association, 2000.

21 Word Health Organization. International Classification of Diseases (ICD-10). Geneva:
Word Health Organization, 1991.

22 Bound J. Self-reported versus objective measures of health in retirement models.
J Hum Resources 1991;26:106–38.

23 Baker M, Stabile M, Deri C. What do self-reported, objective, measures of health
measure? J Hum Resources 2004;39:1067–93.

24 Bourgeois FT, Porter SC, Valim C, et al. The value of patient self-report for disease
surveillance. J Am Med Inform Assoc 2007;14:765–71.

25 Ford ES, Moriarty DG, Zack MM, et al. Self-reported body mass index and
health-related quality of life: findings from the Behavioral Risk Factor Surveillance
System. Obes Res 2001;9:21–31.

26 Mawani FN, Gilmour H. Validation of self-rated mental health. Health Rep
2010;21:61–75.

27 Li RH, Wing YK, Ho SC, et al. Gender differences in insomnia—a study in the Hong
Kong Chinese population. J Psychosom Res 2002;53:601–9.

28 Barrett-Connor E. Sex differences in coronary heart disease. Why are women so
superior? The 1995 Ancel Keys Lecture. Circulation 1997;95:252–64.

29 Piccinelli M, Wilkinson G. Gender differences in depression. Critical review. Br J
Psychiatry 2000;177:486–92.

30 Melendez JC, Mayordomo T, Sancho P, et al. Coping strategies: gender differences
and development throughout life span. Span J Psychol 2012;15:1089–98.

31 Morin CM, Rodrigue S, Ivers H. Role of stress, arousal, and coping skills in primary
insomnia. Psychosom Med 2003;65:259–67.

32 Antonijevic IA, Murck H, Frieboes R, et al. On the gender differences in sleep:
endocrine regulation in young normal humans. Neuroendocrinology
1999;70:280–7.

33 Kaneita Y, Uchiyama M, Yoshiike N, et al. Associations of usual sleep duration with
serum lipid and lipoprotein levels. Sleep 2008;31:645–52.

34 Sesso HD, Buring JE, Chown MJ, et al. A prospective study of plasma lipid levels
and hypertension in women. Arch Intern Med 2005;165:2420–7.

35 Chen YY, Kawachi I, Subramanian SV, et al. Can social factors explain sex
differences in insomnia? Findings from a national survey in Taiwan. J Epidemiol
Community Health 2005;59:488–94.

36 Guo X, Zheng L, Wang J, et al. Epidemiological evidence for the link between sleep
duration and high blood pressure: a systematic review and meta-analysis. Sleep Med
2013;14:324–32.

37 Taheri S, Lin L, Austin D, et al. Short sleep duration is associated with reduced
leptin, elevated ghrelin, and increased body mass index. PLoS Med 2004;
1:210–17.

38 Patel SR, Hu FB. Short sleep duration and weight gain: a systematic review. Obesity
2008;16:643–53.

39 Shihab HM, Meoni LA, Chu AY, et al. Body mass index and risk of incident
hypertension over the life course the Johns Hopkins Precursors Study. Circulation
2012;126:2983–89.

40 Vgontzas AN, Bixler EO, Lin HM, et al. Chronic insomnia is associated with
nyctohemeral activation of the hypothalamic-pituitary-adrenal axis: clinical
implications. J Clin Endocrinol Metab 2001;86:3787–94.

41 Kelly JJ, Mangos G, Williamson PM, et al. Cortisol and hypertension. Clin Exp
Pharmacol Physiol Suppl 1998;25:S51–6.

42 Whitworth JA, Brown MA, Kelly JJ, et al. Mechanisms of cortisol-induced
hypertension in humans. Steroids 1995;60:76–80.

43 Brook DW, Rubenstone E, Zhang CS, et al. Trajectories of cigarette smoking in
adulthood predict insomnia among women in late mid-life. Sleep Med
2012;13:1130–7.

44 Au BT, Blizzard L, Schmidt MD, et al. The association between smoking and
hypertension in a population-based sample of Vietnamese men. J Hypertens
2010;28:245–50.

Zhan Y, et al. Heart Asia 2014;6:88–93. doi:10.1136/heartasia-2013-010440 93

Original research

 on A
pril 8, 2024 by guest. P

rotected by copyright.
http://heartasia.bm

j.com
/

H
eart A

sia: first published as 10.1136/heartasia-2013-010440 on 23 June 2014. D
ow

nloaded from
 

http://heartasia.bmj.com/

	Insomnia and its association with hypertension  in a community-based population in China:  a cross-sectional study
	Abstract
	Introduction
	Materials and methods
	Study design and participants
	Data collection
	Determination of self-reported insomnia and hypertension
	Statistical analysis

	Results
	Discussion
	Conclusions
	References


