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Background: Short sleep duration was reported to be associated with an increased risk of hypertension among
adults. The present study aimed to investigate this association in children and adolescents.

Hypothesis: Short sleep duration is related to higher risk of hypertension among children and adolescents.
Methods: We conducted a cross-sectional study of 4902 children and adolescents age 5 to 18 years. Blood
pressure (BP) was measured at the research center and classified using the population-based percentiles.
Sleep duration and related information were determined through questionnaires.

Results: The prevalence of hypertension and prehypertension were 20.3% and 15%, respectively. The median
sleep duration was 8.77 & 1.07 hours (mean + standard deviation). A short sleep duration (<9 hours) was
associated with a higher risk of hypertension when compared with the group sleeping longer (9-10 h),
among boys age 11 to 14 years old (OR, 1.5; 95% Cl, 1.04—-2.15), adjusting for age, body mass index, waist
circumference, and physical activity. The linear regression stratified by age indicated that for boys age 11 to
14 years the inverse association existed after adjustment with the coefficients —1.04 mm Hg and —o0.55 mm
Hg per hour of sleep for systolic BP and diastolic BP, respectively.

Conclusions: Short sleep duration (<9 h) is independently associated with hypertension among Chinese boys
age 11 to 14 years old.

Introduction are related to overactivity of the sympathetic nervous and
rennin angiotensin aldosterone systems,!1~1% alteration of
the circadian rhythm,#15 and hormone concentrations.16:17
Studies have generally reported that short sleep duration is

strongly associated with hypertension in adults'®-23 except

Hypertension and prehypertension have been found to
be highly prevalent in children and adolescents in recent
years.!=* High blood pressure (BP) in childhood is asso-
ciated with target organ damage, notably left ventricular

hypertrophy, which is an independent risk factor for cardio-
vascular disease among adults.>® Children and adolescents
with high BP may be at risk for hypertensive disease in
adulthood,”® contributing to adverse cardiovascular out-
comes. Appropriate changes in lifestyle patterns would be
able to decrease the later incidence and severity of cardio-
vascular diseases.?10

The association between sleep duration and BP has been
the subject of multiple experimental and epidemiological
studies. Both short and long sleep durations are associated
with an increased risk of higher BP. Although the etiology
is unclear, several studies indicate that the mechanisms
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for 2 studies in the elderly.2425 The impact of sleep duration
on BP may differ depending on age.26:%7

A few studies have investigated the relationship between
sleep duration and high BP in children and adolescents, and
have reported conflicting results.?-31 Presently, there are
scant reports on this relationship in Asian populations with
large sample sizes. Therefore, we conducted this study to
investigate the association between the prevalence of hyper-
tension and different BP indexes [systolic BP (SBP) and
diastolic BP (DBP)] with self-reported sleep duration in a
population of children and adolescents in Liaoning, northern
China.

Methods
Study Population

The study was approved by the Ethics Committee of China
Medical University. We conducted a cross-sectional study
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from July 2010 to January 2011. A total of 5512 children
and adolescents age 5 to 18years from 12 schools in
rural areas of Shenyang, Liaoning Province were recruited
into the study by multistage sampling irrespective of
their socioeconomic class. Informed parental consent was
obtained in all cases. The final sample included 4902
students who were free of severe illnesses such as heart,
kidney, or neurological diseases.

Blood Pressure

According to the standardized technique described by
the American Heart Association,? resting arterial BP was
measured while the participant was in a seated position after
5 minutes of rest with the back supported and arms bared
at the heart level. A mercury sphygmomanometer with an
appropriate arm cuff length was used. Two measurements
were taken with 2-minute intervals and the average value was
used in the analysis. Pulse pressure (PP) and mean arterial
pressure (MAP) were calculated from the average SBP
and DBP (PP = SBP — DBP, MAP = DBP + 1/3PP). BP
was classified using the population-based percentiles.323
Normal BP was defined as SBP and/or DBP <90th
percentile for age, sex, and height; prehypertension was
defined as SBP and/or DBP > 90th and <95th percentile
for age, sex, and height, or if the SBP was more than 120
mmHg or DBP was more than 80 mmHg. Hypertension
(HTN) was defined as SBP and/or DBP >95th percentile.

Sleep Duration

Sleep duration was determined for each participant by
asking the participant’s parent the following question,
“How many hours of sleep does your child usually have
in a day on average (including nocturnal sleep duration
and nap duration)?” Parents were asked to answer the
question with 1 digit after the decimal place allowed.
Given that age-specific effects on sleep duration exist, we
categorized the participants into three age groups (5-10,
11-14, and > 15 years) in accordance with their educational
levels (primary, junior, and senior high school). Since the
recommendations for sleep duration were established (for
5-10 years old: 10-11 h; for 11-14 years old: 9-10 h; for
15-18 years old: 8—9 h according to US reference® and
the recommendations of the Chinese government), we
categorized children based on how different their sleep
duration was from the recommended level; ie, <1h less
and >1h more than recommended in each age group (for
5-10 years old: <10, 10-11, and >11 h; for 11-14 years old:
<9, 9-10, and >10 h; and for 15-18 years old: <8, 8-9, and
>9h).

Covariates

Anthropometric measures including height, body weight,
and waist circumference (WC) were evaluated by trained
personnel using standard protocols. Height was measured
using a portable stadiometer to the nearest 0.5cm and
body weight was measured using a professional scale to the
nearest 100 g while the subjects were wearing light clothes
without shoes. Body mass index (BMI) was calculated as
the subject’s weight (in kg) divided by the height (in m)

squared. Detailed data on personal characteristics, such as
age and gender were collected using a questionnaire.

Statistical Analysis

Data are expressed as the mean and standard deviation
(SD) (continuous variables) or numbers and percentages
(categorical variables). We performed analysis of variance
(ANOVA) test (Dunnett method was used for pairwise
comparisons) and y 2 test for continuous and categorical vari-
ables, respectively. Univariate and multivariate regression
analyses were preformed to test the association between
sleep duration and BP. Polynomial in regression analy-
sis was also performed. First a linear model was built as:
BP=a+ (b x Sleep duration), where a and b are calcu-
lated regression parameters and BP includes SBP and DBP.
In order to identify the rate of changes in BP over time,
second-degree regression analysis was performed for each
subject to match available BP values to the formula: BP=a
+ (b x sleep duration) + ¢ x (sleep duration)?, where c is a
third calculated quantity, the “acceleration parameter,” that
measures the rate of changes in BP. The null hypothesis is
that the rate is constant; ie, mean c is zero. One-sample ¢ test
was performed to testify whether ¢ values are significantly
different from zero. We further performed curve fitting of
quadratic model and calculated coefficients of determina-
tion (R%) categorized by sex and age groups. All of the
statistical analyses were calculated with SPSS version 17.0
software (SPSS, Inc., Chicago, IL), and P values <0.05 were
considered to be statistically significant.

Results

The overall response rate in the present study was 88.9%.
Of the 4902 participants (48% girls and 52% boys; mean
age 10.93 years; SD 2.67 years), 20.3% had hypertension
and 15% had prehypertension. Mean 4+ SD as well as
interquartile ranges (Q) of sleep duration were calculated.
On average, the participants slept 8.77 &+ 1.07 hours
(including nocturnal sleep and nap duration). The mean
levels of sleep duration were 9.0 4+ 0.9 hours (Q 2h),
8.7 &+ 1.1 hours (Q 1h), and 8.1 + 1.2 hours (Q 2h) for
male participants age 5 to 10 years, 11 to 14 years, and
15 years or older, respectively. The mean levels of sleep
duration were 9.0 + 0.9 hours (Q 2 h), 8.7 &+ 1.1 hours (Q
1h), and 7.8 & 1.3 hours (Q 1.5h) for female participants
age 5 to 10 years, 11 to 14 years, and 15 years or older,
respectively. Sleep duration ranged from 6 to 12 hours in
each age group by sex.

Table 1 presents the characteristics of the male
participants by age and sleep duration. Among boys age
5 to 10 years, participants sleeping <10 hours had lower
mean DBP and MAP levels than the participants sleeping
10 to 11 hours. For boys age 11 to 14 years, sleep duration
<9 hours was associated with older age, larger BMI, and
higher mean levels of all 4 BP indexes (SBP, DBP, PP, and
MAP). In the group 15 to 18 years old, participants sleeping
8 hours or less were associated with higher DBP levels
using 8 to 9 hours as reference.

Table 2 presents the characteristics of the female
participants by age and sleep duration. For girls age 11 to
14 years, sleeping <9 hours was associated with older age
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compared to those sleeping 9 to 10 hours. No significance
was observed between the longer sleep duration and the
reference duration across the 3 age groups.

Figure 1 presents the prevalence of hypertension by sex
and age. Girls sleeping 8 to 9 hours had a higher prevalence
of hypertension than their male counterparts in the group
15to 18 years old (P = 0.024).

Table 3 presents the results of the logistic regression
analyses. For boys age 11 to 14 years, a short sleep duration
(<9 h) was significantly associated with increased odds of
hypertension in comparison to those sleeping 9 to 10 hours
(OR, 1.5; 95% CI, 1.04-2.15) after adjusting for age, BMI,
WC, and physical activity. For girls age 15 to 18 years old,
participants sleeping <8 hours had significantly lower odds
of hypertension compared with the participants sleeping 8
to 9 hours (OR, 0.46; 95% CI, 0.23-0.94), after adjustment.

Table 4 presents the results from the linear regression
models. We found that for male participants age 11
to 14 years, there were significant inverse associations
(P < 0.05) between sleep duration and either SBP (B =
—1.04 mm Hg per 1h of sleep) or DBP (8 = —0.55 mm
Hg per 1 h of sleep). For boys age 5 to 10 years, a positive
association was observed.

In the second-degree regression analysis, mean values of
acceleration parameter ¢ were all >0. There was overall a
significant acceleration in changes of BP (all P < 0.001).
R2 values in curve fitting of the quadratic model in each age
group by sex were <0.5 (all P < 0.001).

Discussion

In a cross-sectional study of 4902 children and adolescents,
we mainly found that among boys age 11 to 14 years, a short
sleep duration (<9h) was associated with a higher risk
of prevalent hypertension than a sleep duration of 9 to
10 hours. No relationship was observed between longer
sleep duration (more than the reference duration) and
hypertension in both genders.

Consistent with other studies,!~* we observed a high
prevalence of hypertension and prehypertension among
children and adolescents. The average sleep durations in
the present study, as categorized by age, were lower than the
US references® and the recommendations of the Chinese
government (at least 10 h for children <10 years old, 9 h for
11-14 years old, and 8 h for >15 years old).

There is substantial evidence regarding the link between
sleep duration and hypertension in adults.!8-233435 Children
and adolescents have their own lifestyle characteristics
that differ from adults. Several studies investigated the
predictive effect of sleep duration on the risk of hypertension
in children and adolescents and reported conflicting
results.28-31.3637 [n a recent study on 238 adolescents age
13 to 16 years,*” the odds of prehypertension was increased
2.5fold for short sleep (<6.5h) adjusted for gender,
BMI percentile, and socioeconomic status. However,
3 other studies observed no independent association
between sleep duration and BP in different age groups
(3-10years, 10-12years, and 16-19 years).2?3137 The
mechanism underlying the association between sleep
duration and hypertension is not fully understood. A link
between insufficient sleep and metabolic changes, such as
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Figure 1. Prevalence of hypertension by sex and sleep duration among 3
age groups. (A) 5 to 10 years old; (B) 11 to 14 years old; and (C) 15 to

18 years old. Error bars represent standard errors. P value for comparison
between boys and girls using chi-square analysis.
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Table 3. Logistic Regressions of Hypertension Prevalence According to Categories of Sleep Duration

0dds Ratio (95% confidence interval)

11-14 years old (n = 2153) 15—18 years old (n=473)

5—10 years old (n =2276)

>9 (n=118)

8-9 (h=171)

<8 (n=184)

(n=473)

>10

9-10 (N =619)

<9 (n=1061)

10-11 (n =525) >11(n=71)

<10 (n =1680)

Boys

1.14 (0.55-2.36)

1 (ref) 0.94 (0.37-2.39) 1.64 (1.17-2.30)? 1 (ref) 1.43 (0.95-2.15) 1.14 (0.58-2.26) 1 (ref)
1 (ref) 1 (ref)

1 (ref)

0.85 (0.58-1.23)

Unadjusted

1.27 (0.57-2.81)

1.01 (0.48-2.10)

1.43 (0.93-2.20)

1.50 (1.04-2.15)?

0.97 (0.36-2.56)

0.81 (0.55-1.19)

Adjusted?

Girls

1 (ref) 0.64 (0.30-1.38)

1 (ref)

1 (ref) 1.30 (0.50-3.35) 1.13 (0.81-1.57) 1 (ref) 0.97 (0.64-1.45) 0.49 (0.25-0.96)°
1 (ref)

1 (ref)

1.05 (0.71-1.56)

Unadjusted

0.65 (0.29-1.45)

0.46 (0.23-0.94)°

0.96 (0.63-1.47)

1.15 (0.81-1.64)

1.30 (0.50-3.34)

1.07 (0.72-1.59)

Adjusted?

Abbreviations: BMI, body mass index; WC, waist circumference. ?Adjusted for age, BMI, WC, and physical activity. bp < 0.05.

reduced glucose tolerance, have been considered to play
important roles in the complicated mechanisms leading to
hypertension.14-17

A novel finding in the present study is that short
sleep duration was only associated with a higher risk of
hypertension among boys. Previously, short sleep duration
was found to be associated with a higher risk of hypertension
among female adults, and the proposed mechanisms
included menopausal theory and differences in body
composition.22338 However, an opposite gender-specific
association could still exist among children, since the
endocrine status and psychosocial states are dramatically
different between children and adults. Previous studies on
children and adolescents rarely performed gender-specific
analyses to test this hypothesis. Only Bayer et al mentioned
that the effect of sleep duration on BP tended to be
stronger in boys, but this effect did not result in a
significant outcome in any of the ancillary analyses.2? More
investigations are needed to understand the underlying
mechanisms. Interestingly, we observed that there was an
inverse association only in participants age 11 to 14 years,
which might result from a higher sensitivity of the body to
the sleep duration during this developmental period.

In addition, we found short sleep duration (<8h) was
a protective factor for hypertension among girls age 15 to
18 years, and there was a positive association between sleep
duration and DBP among boys age 5 to 10 years. These
disparate phenomena could exist because endocrine status
and life habits differ markedly in different sexes and age
groups. However, it should be noticed that there were very
few individuals in these 2 subgroups.

In the second-degree regression analysis, there was
overall a significant acceleration in changes of BP, indicating
that the rate of BP change was not constant. However,
the results from curve fitting of the quadratic model were
suboptimal. This might be explained by our limited range
of sleep duration (6—-12h) and small sample size in some
subgroups of sleep duration.

There are limitations in the present study. First, informa-
tion about sleep duration was self-reported by the parents
of the participants. Although good correlations between
objectively measured and the self-reported durations in chil-
dren have been observed,3*? this may still compromise the
accuracy of the study. Second, there were very few 5 to
10-year-olds in our study who slept at least 11 hours and
there were few 15 to 18-year-olds overall, thus yielding a lim-
ited statistical power to test the association between sleep
duration and hypertension in these subgroups. Third, our
results are based on a cross-sectional design. Thus, we could
not define a causal association between sleep duration and
hypertension. In addition, residual confounding could also
occur inside the age categories used, and there might be
important confounders that were not taken into account in
our analysis, because research on this issue among children
and adolescents is relatively limited.

Conclusion

In summary, the effect of short sleep duration on BP, which
was previously documented among adults, was observed
among Chinese boys age 11 to 14 years. The odds of
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Table 4. Association Between Sleep Duration (per 1 hour increase) and Different Blood Pressure Indexes (SBP and DBP)

Boys
5—10 years old

11-14 years old

15

Girls
5—10 years old

11-14 years old

15

-18 years old

-18 years old

SBP
Beta (95% Cl)

0.60 (—0.09 t0 1.30)
—1.04 (—1.65 to —0.42)

0.62 (—0.40 t0 1.64)

—0.13 (—0.88 t0 0.62)

—0.43 (—1.13t0 0.27)

0.44 (—0.70 t0 1.58)

P Value

0.090
0.001

0.230

0.737

0.225

0.451

DBP
Beta (95% Cl) P Value
0.82 (0.21t0 1.43) 0.008
—0.55 (—1.05 to —0.05) 0.030
—0.30 (—1.14 to 0.55) 0.493
—0.36 (—0.94 t0 0.21) 0.212
—0.55 (—1.10 t0 0.00) 0.050
0.13 (—0.64 t0 0.90) 0.736

Abbreviations: BMI, body mass index; Cl, confidence interval; DBP, diastolic blood pressure; SBP, systolic blood pressure; WC, waist circumference.
Adjusted for age, BMI, WC, and physical activity.

hypertension were raised 1.5-fold for male participants
sleeping 9 hours or less compared to those sleeping 9
to 10 hours. Further research is needed to clarify the
mechanisms of this gender-specific relationship with better
control for confounders in a prospective longitudinal study
before causality can be determined.
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