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Short sleep duration and increased risk of
hypertension: a primary care medicine investigation
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Objectives: Compelling evidence from laboratory-based
and population-based studies link sleep loss to negative
cardiovascular health outcomes. However, little is known
about the association between sleep duration and
hypertension in primary care health settings, independently
of other well controlled clinical and biochemical
characteristics. We investigated the association between
sleep duration and the prevalence of hypertension
adjusting for 21 potential confounding factors in a
noncontrolled primary care sample.
Methods: The sample included 1046 French adults older
than 40 years (mean age, 55.5 years), who visited any of
the general practitioners of primary care centers in the
Paris area. Blood pressure (BP) readings, blood samples and
standardized health and sleep questionnaires were
performed on each participant. Hypertension inclusion
criteria were either high BP measurements (SBP
140 mmHg or DBP 90 mmHg) or the use of
antihypertensive medications. Sleep duration was recorded
as the self-reported average number of hours of sleep per
night during the week. Logistic regressions were
performed to test the association between hypertension
and sleep duration adjusted for sociodemographic, clinical,
biochemical, lifestyle, psychological and sleep disorder
covariates.
Results: Compared to the group sleeping 7 h, individuals
sleeping 5 h or less had an increased odds ratio (OR) for
the prevalence of hypertension [OR ¼ 1.80, 95%
confidence interval (1.06–3.05)], after adjusting for 21
potential confounders which did not markedly attenuate
this association.
Conclusion: Our data provide further epidemiologic
evidence that with no specific selection in primary care
medicine, usual short-sleep duration increases the risk of
hypertension prevalence in adults over 40 years.
Keywords: hypertension prevalence, primary care
medicine, short-sleep duration
Abbreviations: BP, blood pressure; HAD, hospital anxiety
and depression; HDL-c, high-density lipoprotein cholesterol;
HPA, hypothalamic-pituitary-adrenal; LDL-c, low-density
lipoprotein cholesterol; REM, rapid eye movement; SWS,
slow-wave sleep

INTRODUCTION

S

hort-sleep duration is commonly defined as reporting
less than 6 h sleep per 24 h [1]. A meta-analysis in 2006
observed the prevalence of short sleepers in the
United States from 1975 to 2006 and concluded that over
the 31-year period there was an increased odds ratio (OR)
in the prevalence of short sleepers among full-time workers
compared to the rest of the sample. Accordingly, the 2009
National Sleep Foundation survey reported that the percentage of the population sleeping less than 6 h per night
on working days has almost doubled over the last 10 years,
increasing from 12% in 1998 to 20% in 2009 [2]. These data
suggest an emerging trend of reduced sleep duration
especially on weekdays leading to a growing sleep debt
among the general population in western countries.
Epidemiological studies have shown that chronic
exposure to sleep restriction could have gradual and cumulative negative health effects and increase cardiovascular
risk (obesity, diabetes, atherosclerosis, and hypertension)
[3–7]. Elevated blood pressure (BP) is a major risk factor for
cardiovascular diseases, for example coronary heart diseases, heart failure, stroke mortality [8]. A report indicated
that the age-adjusted and sex-adjusted prevalence of hypertension was 44% in European countries and 28% in the
North American countries using the 140/90 mmHg
threshold [9]. During nocturnal sleep, there is a decrease
of 10–20% in BP mean (’nocturnal dipping’) compared with
the daytime mean. Sleep is a major component of circadian
BP variations with lowest BP during slow-wave sleep (SWS)
and relatively higher BP during light and rapid eye movement (REM) sleep [10]. This suggests that processes such as
changes in sleep duration could affect the 24-h BP profile
and potentially alter cardiovascular events. In a 5-year
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d
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longitudinal study assessing sleep by actigraphy and BP in
578 adults (35–45 years old), shorter sleep duration and
lower sleep maintenance predicted significantly higher SBP
and DBP levels cross–sectionally as well as further adverse
changes in SBP and DBP levels over 5 years [11]. Short-sleep
duration also seems to be a strong predictor for future
cardiovascular events in patients with hypertension [12].
Most studies performed to date on the associations between
sleep duration and hypertension were based on selfreported sleep duration [4,7,12,13]. It is not considered
realistic to obtain more accurate and objective measures
of sleep in large prospective population-based studies,
even more so in primary care as investigations were performed during health promotion medical examinations.
To our knowledge, no published study has adjusted for
confounders when researching the link between subjective
sleep duration and hypertension in the primary care health
setting independently of other well controlled clinical and
biochemical characteristics. The aim of this study was to test
the association between sleep duration and hypertension
adjusting for 21 potential confounding factors in a noncontrolled primary care sample.

METHODS
Participants
The sample included 1046 French adults, aged 40–71 years
who consecutively visited any of the general practitioners
of Paris’ primary care centers [Caisse Primaire d’Assurance
Maladies (CPAM) de Paris]. It was planned to include a total
of 1000 participants and the study finally stopped recruiting
after the inclusion of the 1046th patient. Participants filled
out self-administered standardized health questionnaires
and sleep questionnaires, which were written based on
the International Classification of Sleep Disorders (ICSD-2)
and Diagnostic and statistical Manual of Mental disorders
(DSM-IV) definitions of sleep disorders [14,15]. Adults
involved were asked by their general practitioner or came
independently based on their ability to have a free of charge
preventive health check-up. BP readings and blood
samples were performed for each participant. Participants
who visited the general practitioners at the CPAM were
informed that they would have a subsequent visit including
complete medical examination, blood samples, and eventually radiographs. They did know they would have to
complete questionnaires. Doctors were made aware that
all items of the questionnaires had to be completed and
followed a common check list file for examination. Consecutively, no individual refused to participate to the study
and all 1046 first individuals who visited during the study
period were included.

Ethics
This epidemiological study was approved by the ethical
committee of the CPAM Paris. All data were anonymously
analysed according to the ethical rules and authorization
of the Commission Nationale Informatique et Libertés.
Patients were informed and signed approval to be included
in the study. Patients and their general practitioners (those
authorized) received individual reports including all
personal medical data.
Journal of Hypertension

Hypertension
The principal-dependent variable for this study was the
presence of hypertension. Three BP readings were performed using a mercury gauge sphygmomanometer during
the same appointment according to the 2005 Haute Autorité
de Santé guidelines [16]. The mean of the three BP measurements taken at 5-min intervals was recorded (SBP and
DBP). Individuals who had SBP readings 140 mmHg or
higher or DBP readings 90 mmHg or higher at the time
of their visit in primary care center, or who had been
prescribed or used antihypertensive medications were
included in the hypertensive group.

Sleep questionnaire
The major independent variable for this study was sleep
duration. The individuals’ average sleep duration in hours
was recorded from their answer to the question: ‘How many
hours of sleep do you usually get a night during weekdays?’
Sleep duration was categorized (5 h, 6 h, 7 h, 8 h and
9 h). Sleep disorders (insomnia, sleep apnea, periodic
leg movements) were assessed with recognized instruments previously used in epidemiological settings and
based on the ICSD-2 and DSM-IV definitions of sleep
disorders [14,15]. Subjective sleepiness was assessed using
the Epworth Sleepiness Scale [17].

Sociodemographic, lifestyle variables and
clinical characteristics
Demographic characteristics (age, sex), working status
(yes/no) and lifestyle factors such as smoking status (number of cigarettes per day), alcohol consumption (number of
alcohol drink per days), physical activity level and the social
vulnerability (EPICES Score >30) were examined. Briefly,
the EPICES scores for ‘Evaluation de la Précarité et des
Inégalités de santé dans les Centres d’Examens de Santé’
(Evaluation of Precarity and Inequalities in Health Examination Centers) was calculated on the basis of individual
conditions of deprivation (traditional socioeconomic
indicators and questions related to family structure, housing
conditions, employment, social benefits, financial difficulties, leisure activities, social support, childhood/adult life
events, self-perceived health, and healthcare utilization)
[18]. Medical diagnosis associated with cardiovascular
risk included obesity (BMI >30), diabetes or dyslipidemia
diagnoses.

Biochemical blood measurements
Lipids [total cholesterol, high-density lipoprotein cholesterol (HDL-c), low-density lipoprotein cholesterol (LDL-c),
triglycerides] were measured using a Beckman Coulter
(Olympus) AutoMate (Beckman Coulter, Fullerton,
California, USA). Leukocyte counts and subsets were determined on a Beckman Coulter LH750 haemocytometer
(Beckman Coulter). Borderline high cutoff levels were used
for cholesterol level, HDL-c and LDL-c. Cholesterol level
more than 6.18 mmol/l, LDL-c less than 4.13 mmol/l, HDL-c
1.56 mmol/l or less and triglycerides 1.70 mmol/l or more
and increased leukocyte counts (mainly neutrophils) were
considered as markers of increased cardiovascular risk
[19–21].
www.jhypertension.com
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Depression and anxiety
We used the standard cutoff score of 10 out of a total score
of 21 on the 14-question Hospital Anxiety and Depression
(HAD) Scale to measure the symptoms of depression (even
numbers) and anxiety (odd numbers) [22]. Of the 64
participants who reported taking antidepressants, 52 scored
in the nondepressed range on the HAD scale. However, we
included these individuals in the depressed category.

Statistical analysis
Data were analysed using SPSS version 15.0 software (IBM,
Somers, New York, USA). x2 tests were used to test the
association between hypertension and categorical potentially confounding variables (Tables 1 and 2). Student’s
t-tests (Table 1) or ANOVAs (Table 2) were used to verify
associations between hypertension and continuous potentially confounding variables. Logistic regressions were performed to test the associations between hypertension and
usual sleep duration adjusted for multiple confounding
relevant variables (Table 3). A probability level of P less
than 0.05 was considered as statistically significant.

RESULTS
The baseline characteristics of hypertensive and normotensive individuals are summarized in Table 1. Hypertension
was diagnosed in 42% of the individuals examined during a
health promotion medical examination using the criteria of
BP measurements or current antihypertensive treatment.
Among the hypertensive individuals, 34.5% were on antihypertensive medication, 28.5% were detected as having
both elevated SBP and DBP (SBP higher than 140 mmHg
and DBP higher than 90 mmHg), 32.9% were detected as
only having raised SBP and 4.1% only had an elevated DBP.
Within the patients taking antihypertensive medications, BP
measurements indicated that 34% had hypertension with
raised SBP and DBP, 23% had elevated SBP alone 0.02% had
elevated DBP alone. When excluding the 151 patients who
were taking antihypertensive medications, mean  SD DBP
and SBP (mmHg) in the different sleep category durations
were respectively 82.2  10.1 and 135.4  18.6 (5-h
sleep); 78.6  10.9 and 129.9  18.8 (6-h sleep);
78.4  11.2 and 130.1  20.1 (7-h sleep); 80.2  10.2 and
132.1  18.3 (8-h sleep); 78.6  8.5 and 129.2  15.4 (9-h
sleep). The differences in the mean values among the five
sleep duration categories were significant for DBP
(P ¼ 0.008) and just under significance for SBP (P ¼ 0.06).
The shorter 5-h sleep duration category was associated both
to higher DBP and SBP when compared to the 7-h reference
sleep duration category (P ¼ 0.001 and P ¼ 0.01 respectively). Hypertension was associated with male sex,
increased age, nonworking status, cardiovascular risk
factors (obesity, dyslipidemia and diabetes), higher social
vulnerability, larger cigarette and alcohol consumptions
and lower sleepiness levels. Hypertension was also found
to be associated to several blood markers linked to
increased cardiovascular risk, that is increased triglycerides
(1.70 mmol/l) and leukocyte counts (mainly neutrophils
and monocytes) and reduced HDL-c (1.56 mmol/l).
Depression and anxiety were not significantly associated
with hypertension.
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Figure 1 shows the proportion of hypertensive patients
in each category of sleep duration per night. Shorter sleep
durations were associated with a higher prevalence of
hypertension as shown by the presence of hypertension
in over half of the individuals reporting sleeping less than
5 h/night.
Table 2 indicates the characteristics of individuals
according to nocturnal sleep duration categories. The most
represented sleep duration category was 7 h/night which
corresponds to 33.1% of the participants. Sleep duration of
less than 7 h/night was reported by 34.9% of individuals
of which 14.3% sleeping less than 6 h/night. A proportion of
32% of the individuals reported sleeping 8 h/night or more
of which 7.4% of the individuals were sleeping 9 h or more
per night. Shorter sleep durations were associated with a
significant higher prevalence of hypertension but not with
other cardiovascular comorbidities, that is obesity, dyslipidemia or diabetes (P ¼ 0.02). No significant differences in
biomarker levels measured among different sleep duration
categories were found. Individuals with the longer hours of
sleep per night were older with a higher proportion of
nonworkers. Extreme sleep durations and especially those
sleeping less than 5 h/night were more likely to have
depressive and anxiety symptoms and higher social vulnerability. The shorter sleep durations were also associated
with insomnia, higher levels of sleepiness, sleep apnea and
periodic leg movements.
Logistic regressions were performed to test the associations between hypertension and usual sleep duration
progressively adjusted for potential confounders (Table
3). The individuals that slept 5 h or less per night were
significantly more likely to be hypertensive [OR 1.75 (1.18–
2.59), 95% confidence interval (CI), P ¼ 0.005; unadjusted
model 1]. The sleep duration category 5 h or less per night
remained significantly associated with hypertension after
adjusting for confounding variables: sociodemographic
status [OR 1.84 (1.21–2.78), 95% CI, P ¼ 0.004; model 2];
obesity, dyslipidemia and diabetes [OR 1.75 (1.14–2.69),
95% CI, P ¼ 0.01; model 3]; blood lipids and leukocytes [OR
1.77 (1.12–2.82), 95% CI, P ¼ 0.01, model 4]; alcohol and
cigarette consumption, physical activity and social vulnerability [OR 1.68 (1.04–2.70), 95% CI, P ¼ 0.03; model 5];
depression and anxiety [OR 1.65 (1.02–2.70), 95% CI,
P ¼ 0.04; model 6] and sleep disorders such as insomnia,
sleepiness, sleep apnea or periodic leg movements [OR 1.80
(1.06–3.05), 95% CI, P ¼ 0.03; model 7]. Thus, after adjusting for potential confounding factors, the shorter sleep
duration (5 h per night) remains significantly associated
with hypertension with no difference in the OR value.
Being a man, older characteristics, a high social vulnerability status, obesity and diabetes were also linked to
significant higher adjusted ORs of hypertension prevalence.

DISCUSSION
Our data provide further epidemiologic evidence that
usually short-sleep duration is associated to increased
hypertension prevalence in adults over 40 assessed with
no specific selection in primary care health centres. A
gradient of increasing proportion of hypertensive patients
along with the reduction in nocturnal sleep duration was
Volume 30  Number 7  July 2012
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TABLE 1. Baseline characteristics of the individuals
Hypertensionb

Characteristic
Nocturnal sleep duration
Average per week
5 h
6h
7 h (reference)
8h
9 h
Demographic variables
Sex
Women
Men
Age in yearsa
Working status
Yes
No
Clinical characteristics
Obesity (BMI 30 kg/m2)
Yes
No
Dyslipidemia
Yes
No
Diabetes
Yes
No
Biochemical features
Leukocytes countsa
Neutrophils
Eosinophils
Basophils
Lymphocytes
Monocytes
Cholesterol (>6.18 mmol/l)
Yes
No
Low-density lipoprotein (>4.13 mmol/l)
Yes
No
High-density lipoprotein (1.56 mmol/l)
Yes
No
Triglycerides (1.7 mmol/l)
Yes
No
Lifestyle variables
Vulnerable condition (Epices score <30)
Yes
No
Cigarettes per daya
Alcohol drinks per daya
Physical activity level
Sedentary
Regular to intense
Psychological characteristics
Depression (HAD >10)
Yes
No
Anxiety (HAD >10)
Yes
No
Sleep disorders
Insomnia
Yes
No

Journal of Hypertension

Prevalence

Yes

No

n%

n%

n%

1046

438 (42.0)

605 (57.8)

147
211
338
253
76

(14.3)
(20.6)
(33.0)
(24.7)
(7.4)

75
94
126
108
25

(17.5)
(22.0)
(29.4)
(25.2)
(5.8)

72
117
212
145
51

(12.1)
(19.6)
(35.5)
(24.3)
(8.5)

P

0.02

460 (44.1)
583 (55.9)
1043 (99.7)

155 (35.4)
283 (64.6)
57.98  7.36

305 (50.4)
300 (49.6)
53.72  7.70

552 (53.2)
486 (46.8)

201 (46.0)
236 (54.0)

351 (58.4)
250 (41.6)

<0.001

124 (11.9)
917 (88.1)

86 (19.7)
350 (80.3)

38 (6.3)
567 (93.7)

<0.001

133 (12.8)
910 (87.2)

83 (18.9)
355 (81.1)

50 (8.3)
555 (91.7)

<0.001

27 (2.6)
1016 (97.4)

24 (5.5)
414 (94.5)

3 (0.5)
602 (99.5)

<0.001

1029
1029
1029
1029
1029
1029

(98.4)
(98.4)
(98.4)
(98.4)
(98.4)
(98.4)

6.61  1.66
3.85  1.43
0.18  0.12
0.04  0.02
2.01  0.56
0.56  0.17

6.38  1.68
3.69  1.46
0.17  0.14
0.04  0.02
1.97  0.56
0.52  0.17

0.03
0.09
0.87
0.53
0.20
<0.001

343 (35.7)
617 (64.3)

149 (36.8)
256 (63.2)

194 (35.0)
361 (65.0)

0.56

258 (27.5)
679 (72.5)

117 (30.2)
271 (69.8)

141 (25.7)
408 (74.3)

0.13

501 (52.2)
459 (47.8)

232 (57.3)
173 (42.7)

269 (48.5)
286 (51.5)

0.007

187 (19.6)
766 (80.4)

104 (26.0)
296 (74.0)

83 (15.0)
470 (85.0)

<0.001

144 (34.5)
273 (65.5)
8.10  11.93
0.86  1.46

161 (27.7)
420 (72.3)
6.30  9.67
0.61  1.35

0.02

323 (31.0)
720 (66.7)

146 (33.3)
292 (66.7)

177 (29.3)
428 (70.7)

0.16

75 (7.2)
968 (92.8)

35 (8.0)
403 (92.0)

40 (6.6)
565 (93.4)

0.40

231 (22.1)
812 (77.9)

93 (21.2)
345 (78.8)

138 (22.8)
467 (77.2)

0.55

262 (25.1)
781 (74.9)

118 (26.9)
320 (73.0)

144 (23.8)
461 (76.2)

0.25

305
693
1043
1043

(30.6)
(69.4)
(99.7)
(99.7)
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<0.001
<0.001

0.009
0.004
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TABLE 1 (Continued)
Hypertensionb

Characteristic
Sleepiness (Epworth 10)
Yes
No
Sleep apnea
Yes
No
Periodic leg movements
Yes
No
a

Prevalence

Yes

No

n%

n%

n%

1046

438 (42.0)

605 (57.8)

P

267 (26.2)
751 (73.8)

96 (22.4)
333 (77.6)

171 (29.0)
418 (71.0)

0.02

149 (14.3)
894 (85.7)

62 (14.2)
376 (85.8)

87 (14.4)
518 (85.6)

0.92

58 (5.6)
985 (94.4)

24 (5.5)
414 (94.5)

34 (5.6)
571 (94.4)

0.92

Means continuous variables.
Hypertension was defined as a SBP of 140 mmHg or higher, a DBP of 90 mmHg or higher or the use of antihypertensive medications.

b

observed. Longitudinal studies indicate that cardiovascular
events (e.g. coronary heart diseases and heart failure
events) increase proportionately to BP increase [23].
Chronic sleep restriction and associated elevated BP could
contribute to predispose to cardiovascular pathogenesis.
Accordingly, two recent meta-analyses indicate that sleep
deprivation is associated with an increased risk of cardiovascular events [24,25].
The prevalence of hypertension, diabetes and obesity
and sex distribution reported in this sample was similar to
the prevalences classically observed among the same aged
general population of France [26–28]. The same ranges of
resistant hypertension were found in the sample as in the
general population (20–30%) [29]. Classical cardiovascular
risk cofactors associated to a higher prevalence of hypertension, that is male sex, older age, obesity, being diagnosed for diabetes and dyslipidemia, increased blood
triglycerides 1.70 mmol/l or more and reduced blood
HDL-c 1.56 mmol/l or less, higher cigarette and alcohol
consumptions were reported and accounted for. We also
found that hypertension was found to be linked to higher
social vulnerability and lower sleepiness. Chronic stressful
and undesirable life events are common features of higher
social vulnerability that may precede and precipitate the
development of raised BP. A chronic activation of the stress
pathway and excess release of mediators such as cortisol
and catecholamines are often observed during chronic
sleep restriction and may contribute to elevated BP. Higher
stress levels could also be an explanation for the reduced
sleepiness levels observed in hypertensive patients.
Data from a previous population-based study indicated
that patients who suffered from depression were more
likely to be diagnosed with hypertension [30]. In contrast,
other longitudinal population-based studies do not support
a role for depression or anxiety symptoms in the development of hypertension and report that these could predict
lower BP [31,32]. However, numerous potential confounding factors were not always well controlled such as age and
sex effects on BP, the use of different instruments to
measure anxiety and depression or the effects of antidepressants on BP [33]. In our study, however, depression
and anxiety scores were not associated with a significantly
reduced or increased hypertension prevalence. This had
1358
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potential limitations as a large proportion of the individuals
included in the depressed category were taking antidepressant medications or the use of different depression
scales made strict comparisons with other studies on the
topic difficult. Notwithstanding the complex interrelations
between depression and hypertension, sleep duration
could act as a mediator of the relationship between depression and hypertension incidence in middle-aged adults as
recently reported in a multivariate longitudinal study [12].
We also found that participants with short (5 h) and longsleep (9 h) durations were more likely to have depressive
and anxious symptoms, higher social vulnerability and
displayed higher hypertension prevalence. Our results
are consistent with several analyses studying sleep duration
and depression, which report a U-shaped association with
increased depressive symptoms in both extremes of sleep
duration [34].
The mean age of individuals in this study was 55.5 years,
a range of age for which short-sleep duration has been
found to be associated to hypertension, which was not the
case for older individuals [4]. The shorter sleep durations
(5 and 6 h) were significantly associated with insomnia,
higher sleepiness, sleep apnea and periodic leg movements
in agreement with previous reports [4,7]. Short-sleep
durations were not associated with any significant change
in lipid profile as previously reported in middle-aged adults
of both sex [35].
Reduced night-time sleep durations can promote risk
factors for cardiovascular diseases such as obesity (stronger
risk in children and young adults and reduced proportionately to age) and diabetes (higher risk in men) [3,5,36,37].
In multivariable models, the association between shortsleep duration and BP outcomes remain robust after adjusting for numerous potential confounders including sleep
apnea, insomnia, sleepiness, depression or cardiovascular
risk status. As expected, male sex, older age, obesity and
diabetes were linked to significantly higher adjusted ORs
for hypertension prevalence. However, diabetes and
obesity slightly attenuated the relationships between individuals who reported getting 5 h or less of sleep and
hypertension prevalence. This suggests that the association
between reduced sleep duration and hypertension is only
partially mediated through obesity or diabetes and that the
Volume 30  Number 7  July 2012
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TABLE 2. Baseline characteristics of individuals and nocturnal sleep durations
Nocturnal sleep duration

Characteristic

5 h

6h

7h

8h

9 h

n (%)

n (%)

n (%)

n (%)

n (%)

n (%)

1046

147 (14.3)

211 (20.6)

340 (33.1)

253 (24.6)

76 (7.4)

P

75 (51.0)
72 (49.0)

94 (44.5)
117 (55.5)

126 (37.3)
212 (62.7)

108 (42.7)
145 (57.3)

25 (32.9)
51 (67.1)

0.02

67 (45.6)
80 (54.4)
55.24  7.91

102 (48.1)
110 (51.9)
55.24  7.91

140 (41.2)
200 (58.8)
54.43  7.87

106 (41.9)
147 (58.1)
56.65  7.82

39 (51.3)
37 (48.7)
58.22  7.24

0.31

77 (52.7)
69 (47.3)

126 (59.7)
85 (40.3)

202 (59.4)
138 (40.6)

117 (46.2)
136 (53.8)

24 (32.4)
50 (67.6)

0.001

19 (15.7)
128 (87.1)

31 (14.6)
181 (85.4)

34 (10.1)
304 (89.9)

23 (9.1)
230 (90.9)

14 (18.4)
62 (81.6)

0.10

21 (14.3)
126 (85.7)

29 (13.7)
183 (86.3)

33 (9.7)
307 (90.3)

34 (13.4)
219 (86.6)

10 (13.2)
66 (86.8)

0.50

7 (4.8)
140 (95.2)

6 (2.8)
206 (97.2)

7 (2.1)
33 (97.9)

3 (1.2)
250 (98.8)

3 (3.9)
73 (96.1)

0.21

6.62  1.80
3.82  1.55
0.17   0.10
0.04  0.02
2.07  0.61
0.54  0.17

6.22  1.41
3.56  1.13
0.17  0.16
0.04  0.02
1.93  0.51
0.53  0.16

6.43  1.71
3.71  1.49
0.17  0.11
0.04  0.02
2.00  0.58
0.53  0.17

6.61  1.76
3.87  1.55
0.18  0.14
0.04  0.02
1.99  0.55
0.55  0.19

6.46  1.56
3.88  1.38
0.17  0.12
0.03  0.01
1.88  0.50
0.51  0.14

0.10
0.19
0.76
0.05
0.07
0.27

46 (33.3)
92 (66.7)

64 (32.2)
135 (67.8)

112 (36.7)
193 (63.3)

92 (38.8)
145 (61.2)

24 (35.8)
43 (64.2)

0.63

32 (24.6)
98 (75.4)

55 (28.1)
141 (71.9)

89 (29.7)
211 (70.3)

62 (26.7)
170 (73.3)

17 (25.4)
50 (74.6)

0.83

77 (55.8)
61 (44.2)

102 (51.3)
97 (48.7)

158 (51.8)
147 (48.2)

123 (51.9)
114 (48.1)

34 (50.7)
33 (49.3)

0.93

33 (24.3)
103 (75.7)

39 (19.6)
160 (80.4)

53 (17.5)
250 (82.5)

48 (20.4)
187 (79.6)

12 (17.9)
55 (82.1)

0.57

55 (38.7)
87 (61.3)
8.01  12.69
0.76  1.61

66 (32.0)
140 (68.0)
6.67  9.79
0.61  1.18

83 (25.5)
243 (74.5)
6.63  10.42
0.66  1.09

65 (27.3)
173 (72.7)
7.78  11.406
0.83  1.79

26 (35.6)
47 (64.4)
68  8.38
0.68  1.18

0.03

48 (32.7)
99 (67.3)

73 (34.4)
139 (65.6)

95 (27.9)
245 (72.1)

71 (28.1)
182 (71.9)

29 (38.2)
47 (61.8)

0.23

25 (17.0)
122 (83.0)

19 (9.0)
193 (91.0)

9 (2.6)
331 (97.4)

11 (4.3)
242 (95.7)

9 (11.8)
67 (88.2)

<0.001

60 (40.8)
87 (59.2)

48 (22.6)
164 (77.4)

59 (17.4)
281 (82.6)

43 (17.0)
210 (83.0)

17 (22.4)
59 (77.6)

<0.001

97 (66.0)
50 (34.0)

65 (30.7)
147 (69.3)

45 (13.2)
295 (86.8)

37 (14.6)
216 (85.4)

13 (17.1)
63 (82.9)

<0.001

55 (38.5)
88 (61.5)

70 (33.7)
138 (66.3)

75 (22.5)
259 (77.5)

47 (19.0)
200 (81.0)

14 (19.7)
57 (80.3

<0.001

a

Hypertension
Yes
428 (41.8)
No
597 (58.2)
Demographic variables
Sex
Women
454 (44.2)
Men
574 (55.8)
Age in yearsc
1028 (98.3)
Working status
Yes
546 (53.3)
No
478 (46.7)
Clinical characteristics
2
Obesity (BMI 30 kg/m )
Yes
121 (11.8)
No
905 (88.2)
Lipidemy
Yes
127 (12.4)
No
901 (87.6)
Diabetesb
Yes
26 (2.5)
No
1016 (97.5)
Biochemical features
1011 (96.7)
Leukocytes countsc
Neutrophils
Eosinophils
Basophils
Lymphocytes
Monocytes
Cholesterol (>6.18 mmol/l)
Yes
338 (35.7)
No
608 (64.3)
Low-density lipoprotein (>4.13 mmol/l)
Yes
255 (27.6)
No
670 (72.4)
High-density lipoprotein (<1.56 mmol/l)
Yes
494 (52.2)
No
452 (47.8)
Triglycerides (>1.70 mmol/l)
Yes
185 (19.7)
No
755 (80.3)
Lifestyle variables
Vulnerable condition (Epices score <30)
Yes
295 (29.9)
No
690 (70.1)
Cigarettes per dayc
1028 (98.3)
Alcohol drinks per dayc
1028 (98.3)
Physical activity level
Sedentary
316 (30.7)
Regular to intense
712 (69.3)
Psychological characteristics
Depression (HAD >10)
Yes
73 (7.1)
No
955 (92.9)
Anxiety (HAD >10)
Yes
227 (22.1)
No
801 (77.9)
Sleep disorders
Insomnia
Yes
257 (25.0)
No
771 (75.0)
Sleepiness (Epworth 10)
Yes
261 (26.0)
No
742 (74.0)
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0.53
0.47
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TABLE 2 (Continued)
Nocturnal sleep duration

Characteristic
Sleep apnea
Yes
No
Periodic leg movementsd
Yes
No

5 h

6h

7h

8h

9 h

n (%)

n (%)

n (%)

n (%)

n (%)

n (%)

1046

147 (14.3)

211 (20.6)

340 (33.1)

253 (24.6)

76 (7.4)

P

148 (14.4)
880 (85.6)

41 (27.9)
106 (72.1)

34 (16.0)
178 (84.0)

34 (10.0)
306 (90.0)

31 (12.3)
222 (87.7)

8 (10.5)
68 (89.5)

<0.001

58 (5.6)
970 (94.4)

22 (15.0)
125 (85.0)

12 (5.7)
200 (94.3)

13 (3.8)
327 (96.2)

9 (3.6)
244 (96.4)

2 (2.6)
74 (97.4)

<0.001

a

Hypertension was defined as a SBP of140 mmHg or higher, a DBP of 90 mmHg or higher, or the use of antihypertensive medications.
Two cells (25.0%) have expected count less than 5. The minimum expected count is 1.92.
Continuous variables.
d
One cell (12.5%) has expected count less than 5. The minimum expected count is 4.29.
b
c

effects of short-sleep on hypertension may be mediated by
the lack of sleep per se. Short-sleep duration may be a factor
through which insomnia promotes the development of
hypertension, as insomnia with objective short-sleep,
recorded by polysomnography (6 h per night) appears
to be the most significant predictor of hypertension [38].
Here, the association of short-sleep duration with hypertension remained significant after adjustment for insomnia
suggesting that voluntary sleep restriction may predispose
to hypertension development. Some studies indicated that
long-duration sleepers were more likely to be diagnosed
with hypertension [7,39]. Here, we did not report consistent
associations between the longest sleep duration (9 h),
which was the smallest subgroup and displayed the lowest
proportion of hypertensive patients.
No association between short-sleep length and BP were
found in the elderly, and short-sleep durations in women
but not in men were linked to higher hypertension incidence in some publications [13,40–42]. These data suggest
both an age and sex effect on the relationship between
sleep and hypertension and a stronger association in
middle-aged individuals, although it remains to be further
documented.
A methodological limitation of the current study is the
measure of sleep quantity that was recorded with selfreported sleep duration per night. However, although
subjective sleep duration were used in the majority of
the previous studies, consistent findings were reported
for a higher prevalence of hypertension in short sleepers,
which was confirmed with objective sleep length measures
[11,38]. Assessment of sleep duration in a primary healthcare setting on a large unselected adult population requires
a fast and simple method. Self-administered questionnaires, although not as accurate as time-consuming actigraphy or polysomnography (the gold standard reference),
provide a useful measure of sleep duration. Although a
single measure could not accurately represent sleep
duration over time, individual variation year-to-year
showed a low variability for sleep duration, that is a yearly
SD of 0.39 h for sleep duration in actigraphically recorded
middle-aged adults [43]. In summary, further objective
measures of sleep duration per 24 h are required to
assess the relationship between sleep length, quality and
hypertension.
A second limitation is that the detection of hypertension
in individuals not taking antihypertensive medications was
1360
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identified with daily BP measurements. Although the mean
of three consecutive BP measurements was recorded and
used, an unknown environment could influence BP readings in individuals who are more vulnerable to anxiety such
as in the short sleeper category. Sleep is also an important
and constant source of circadian BP variation and reduced
nocturnal dipping of BP is considered as a predictor for
negative cardiovascular outcomes [44]. A study examined
the relationship between self-reported and 24-h ambulatory
BP monitoring and reported that a 1-h reduction in sleep
duration was associated with nondipping status (nocturnal
BP fall) without an elevated morning BP surge [45]. Interestingly, long-sleep duration was associated with a morning
BP surge and less nondipping status. Polysomnography
investigations coupled to 24-h ambulatory BP monitoring
are now needed in order to consider circadian variations
and the effect of sleep deprivation on BP and to better
characterize sleep stages-dependant BP alterations in short
sleepers.
Notwithstanding the previous limitations, we confirmed
the association between short-sleep duration and hypertension in unselected adults in primary care medicine.
Primary care enabled us to control for 21 well recognized
clinical and biochemical potential confounding factors,
which is almost impossible to get in the general population.
Regardless of these numerous adjustments, a strength of the
present study resulted from a robust association between
hypertension and short-sleep duration. The ORs were not
majorly altered after adjustment for 21 covariates including
potential mediators of the association between curtailed
sleep and hypertension, for example obesity, diabetes,
sleep apnea, insomnia.
The mechanism(s) that underlie the association between
short-sleep duration and elevated BP are not yet fully
understood. Activation of the hypothalamic–pituitary–
adrenal (HPA) axis and the sympathetic nervous system
are common characteristics of sleep debt condition and are
potentially involved in higher BP and cardiovascular pathogenesis [46,47]. Several pathways have been proposed to
explain the link between chronic activation of HPA axis and
hypertension, for example cortisol-mediated inhibition of
cholinergic vasodilatation and enhanced mineralocorticoid
activity [48,49].
In summary, cross–sectional analyses support a relationship between insufficient sleep and elevated BP with a
strong variation according to sex and age. Despite this, the
Volume 30  Number 7  July 2012
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1.75 (1.18–2.59)
1.35 (0.95–1.91)
1.00
1.25 (0.89–1.74)
0.82 (0.48–1.39)

Model 1a

0.18
0.47

0.005
0.09

P

0.68
0.17
<0.001
<0.001
0.69

1.88 (1.44–2.46)
1.08 (1.06–1.11)
0.94 (0.69–1.27)

0.004
0.06

P

1.84 (1.21–2.78)
1.40 (0.97–2.03)
1.00
1.07 (0.75–1.53)
0.67 (0.38–1.18)

Model 2b

<0.001
<0.001
0.56
<0.001
0.07
0.007

4.03 (2.58–6.30)
1.46 (0.96–2.24)
5.53 (1.57–19.50)

0.51
0.07

0.01
0.17

P

1.77 (1.34–2.3)
1.08 (1.05–1.10)
0.91 (0.66–1.25)

1.75 (1.14–2.69)
1.30 (0.89–1.91)
1.00
1.12 (0.78–1.62)
0.58 (0.32–1.05)

Model 3c

<0.001
0.19
0.02
0.39
0.55
0.11
0.55
0.06

1.04 (0.95–1.13)
0.86 (0.54–1.39)
1.47 (0.91–2.40)
0.90 (0.63–1.39)
1.45 (0.97–2.16)

<0.001
<0.001
0.69

0.38
0.26

0.01
0.12

P

3.58 (2.20–5.83)
1.37 (0.85–2.19)
4.64 (1.29–16.73)

1.79 (1.30–2.47)
1.09 (1.06–1.12)
0.93 (0.67–1.31)

1.77 (1.12–2.82)
1.38 (0.92–2.08)
1.00
1.19 (0.81–1.76)
0.69 (0.37–1.31)

Model 4d

0.10

0.005
0.75
0.84
0.15

1.63 (1.15–2.31)
1.00 (0.99–1.02)
1.01 (0.91–1.12)
1.27 (0.91–1.80)

0.57

0.08

0.63
0.61

<0.001
0.17
0.01

<0.001
<0.001
0.52

0.24
0.21

0.03
0.13

P

1.41 (0.94–2.11)

0.90 (0.63–1.29)

1.56 (0.95–2.59)

1.02 (0.93–1.12)
0.88 (0.54–1.44)

3.23 (1.95–5.33)
1.40 (0.85–2.28)
6.64 (1.42–31.20)

1.82 (1.28–2.59)
1.10 (1.07–1.13)
1.10 (1.07–1.12)

1.68 (1.04–2.70)
1.38 (0.90–2.11)
1.00
1.27 (0.85–1.91)
0.65 (0.34–1.26)

Model 5e

0.09

0.72
0.53

0.89 (0.48–1.65)
1.13 (0.76–1.67)

c

b

0.86

0.006
0.75

0.09

0.57

0.08

0.65
0.60

<0.001
0.19
0.01

<0.001
<0.001 1
0.52

0.23
0.22

0.04
0.13

P

1.28 (0.91–1.81)

1.00 (0.90–1.12)

1.64 (1.52–2.34)
1.00 (0.98–1.02)

1.41 (0.94–2.13)

0.90 (0.63–1.29)

1.57 (0.95–2.60)

1.02 (0.93–1.12)
0.88 (0.54–1.43)

3.22 (1.95–5.33)
1.40 (0.85–2.28)
6.64 (1.42–31.21)

1.86 (1.30–2.65)
1.10 (1.07–1.13)
0.89 (0.62–1.26)

1.65 (1.02–2.70)
1.38 (0.91–2.11)
1.00
1.28 (0.85–1.92)
0.66 (0.34–1.28)

Model 6f

Model 1, unadjusted.
Model 2, adjusted for demographic variables.
Model 3, adjusted for demographic variables and clinical characteristics.
d
Model 4, adjusted for demographic variables, clinical characteristics and biochemical features.
e
Model 5, adjusted for demographic variables, clinical characteristics, biochemical features and lifestyle variables.
f
Model 6, adjusted for characteristics, biochemical features, lifestyle variables and psychological characteristics.
g
Model 7, adjusted for demographic variables, clinical characteristics, biochemical features, lifestyle demographic variables, clinical variables, psychological characteristics and sleep disorders.
h
Continuous variables.
?
Hypertension was defined as a SBP of 140 mmHg or higher, a DBP of 90 mmHg or higher, or the use of antihypertensive medications.

a

Nocturnal sleep
duration
<5 h
6h
7 h (reference)
8h
9 h
Demographic variables
Men/women
Age in yearsh
Working status/no
Clinical characteristics
Obesity (BMI 30)/no
Dyslipidemia/no
Diabetes/no
Biochemical features
Leucocytes countsh
Cholesterol
(>6.18 mmol/l)/no
Low-density lipoprotein
(>4.13 mmol/l)/no
High-density lipoprotein
(<1.56 mmol/l)/no
Triglycerides
(>1.70 mmol/l)/no
Lifestyle variables
Social vulnerability/no
Number of cigarettes
per dayh
Number of alcohol
drinks per dayh
Sedentary/regular to
intense physical
activity
Psychological
characteristics
Depression/no
Anxiety/no
Sleep disorders
Insomnia/no
Sleepiness/no
Sleep apnea/no
Perdiodic leg
movements/no

Variable

TABLE 3. Odds ratio (95% confidence interval) for hypertension, as a function of different models

0.75
0.14
0.27
0.50

1.18
0.73
0.75
1.28

(0.78–1.80)
(0.49–1.11)
(0.45–1.25)
(0.61–2.69)

0.59
0.42

0.09

0.97

0.005
0.64

0.88

0.15

0.01

0.55
0.005

<0.001
0.19
0.03

<0.001
<0.001
0.61

0.19
0.42

0.03
0.05

P

0.83 (0.43–1.62)
1.18 (0.78–1.80)

1.35 (0.95–1.91)

1.00 (0.89–1.12)

1.67 (1.17–2.40)
1.00 (0.99–1.02)

0.96 (0.60–1.55)

1.38 (0.88–2.18)

0.44 (0.23–0.84)

1.03 (0.93–1.13)
2.34 (1.28–4.27)

3.46 (2.06–5.82)
1.39 (0.84–2.31)
5.46 (1.14–26.05)

2.17 (1.49–3.16)
10 (1.06–1.12)
0.91 (0.63–1.31)

180 (1.06–3.05)
1.54 (0.99–2.39)
1.00
1.31 (0.87–1.98)
0.76 (0.39–1.48)

Model 7g
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Percentage of individuals

Hypertension*

No

100
80

51.0

44.5

49.0

55.5

≤5h

6h

37.3

42.7

62.7

57.3

7h

8h

32.9

60
40
20
0

67.1

≥ 9h

Nocturnal sleep duration
FIGURE 1 Nocturnal sleep duration and the prevalence of hypertension. Proportions of adults with hypertension are represented in grey according to reported
nocturnal sleep duration categories. Hypertension was defined as a SBP of
140 mmHg or higher, a DBP of 90 mmHg or higher, or the use of antihypertensive
medications.

pathophysiological pathway(s) involved remain to be
elucidated. The coexistence of other cardiovascular risk
factors is known to add to the risk associated of BP
elevation. Individuals in midlife reporting an average sleep
duration of 5 h or less at night should be considered as an
additional higher risk group for adverse cardiovascular
events.
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