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SUMMARY
The aim of this study was to evaluate the association between sleep
duration and blood pressure using a cross-sectional and longitudinal
approach. As part of a population-based cohort, 1403 adolescents were
evaluated at 13 and 17 years old. Sleep duration was estimated by the
difference between self-reported usual bedtime and wake-up time. Blood
pressure was measured using the auscultatory method. Regression
coefficients (b) and respective 95% confidence intervals were computed
to evaluate the association between sleep duration and blood pressure,
using linear regression models adjusted for practice of sports and body
mass index at 17 years old. The mean (standard deviation) sleep
duration at 13 years old was 9.0 (0.76) h per day, and on average it
decreased by 46 min up to 17 years old. The median (25th–75th) systolic
blood pressure at 17 years old was 110.0 (103.5–119.0) mmHg in
females and 114.0 (106.0–122.0)mmHg in males (P < 0.001); for
diastolic blood pressure the values were 66.0 (60.0–71.0) and 69.0
(62.0–75.0) mmHg, respectively (P < 0.001). In cross-sectional analysis,
at 17 years old, after adjustment, a positive association was found
between sleep duration and blood pressure, significant only for systolic
blood pressure among females [b = 0.730 (0.005; 1.455)]. In girls, no
significant association was found between sleep duration at 13 years old
and blood pressure at 17 years old, but in males an inverse association
was found between sleep duration at 13 years old and blood pressure at
17 years old significant only for systolic blood pressure [b = �1.938
(�3.229; �0.647)]. This study found no association between sleep
duration at 13 years old and blood pressure at 17 years old in girls, but
among males an inverse association was found.

INTRODUCTION

Hypertension is an increasingly prevalent health problem in
adults (Chobanian et al., 2003) and adolescents alike,
partially reflecting the increasing prevalence of being over-
weight (Din-Dzietham et al., 2007). Among children and
adolescents, the USA National Health and Nutrition Exam-
ination Survey (NHANES) showed an increase of 1.4 mmHg
in the mean systolic blood pressure (SBP) and 3.3 mmHg for
diastolic blood pressure (DBP) from 1988–1994 to 1990–
2000 (Muntner et al., 2004). As blood pressure (BP) in
adolescence sharply influences adult levels (Lurbe, 2003;
Sun et al., 2007), it is important to identify modifiable factors
that may be the target of preventive measures at young ages,

and to study if adolescence is a window of opportunity for a
potential intervention to prevent hypertension and its conse-
quences later in life.
Sleep patterns among adolescents have been changing

over recent decades, accompanying the social constraints,
the increase of interactions with peers, school requirements
and extracurricular activities (Laberge et al., 2001). Addition-
ally, sleep patterns also change during adolescence: sleep
duration decreases from an average of 9.0 (0.7) h per day at
13 years old to 8.1 (0.7) h at 16 years old (Iglowstein et al.,
2003).
Sleep deprivation has been described as a possible cause

of a set of different health consequences, such as decrease
in cognitive performance, mood disturbances, depressive
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symptoms and metabolic changes (e.g. reduced leptin levels;
Durmer and Dinges, 2005; Knutson et al., 2007). More
recently, insufficient sleep has been implicated as a risk
factor for development of hypertension amongst children and
adults (Nixon et al., 2008; Wang et al., 2015).
Various mechanisms have been suggested as the causal

link between sleep duration and hypertension. The effect of
sleep duration on the activation of the hypothalamic–pitu-
itary–adrenal axis and on the renin–angiotensin system may
be plausible explanations (Kato et al., 2000; Meerlo et al.,
2008). However, in adolescence the association between
sleep duration and BP remains unclear. Kuciene and
Dulskiene (2014) found that short sleep duration was
associated with higher BP, while other studies reported
a positive (Rey-Lopez et al., 2014) or no association
(Shaikh et al., 2010) between sleep duration and BP among
adolescents.
From the standpoint of public health, modifiable risk

factors, such as behaviours and lifestyles, are the most
promising to prevent hypertension and their consequences.
Thus, understanding the role of sleep duration in the
development of high BP during adolescence could be
important to devise more effective interventions.
The aim of this study was to evaluate the association

between sleep duration and BP at 17 years old, using a
cross-sectional and longitudinal approach.

MATERIALS AND METHODS

This study was developed as part of the Epidemiological
Health Investigation of Teenagers in Porto (EPITeen). Eligible
participants were adolescents born in 1990, and were enrolled
at public and private schools in Porto. The first evaluation was
conducted during the 2003/2004 school year, as previously
described (Ramos and Barros, 2007). The follow-up took
place in the 2007/2008 school year, and adolescents were
evaluated following procedures similar to those used at
baseline evaluation. The ethics committee of Hospital S. Jo~ao
approved the study, and informed consent was obtained from
both adolescents and their legal guardians.
At baseline, 2159 adolescents agreed to participate and

provided information at least for part of the planned assess-
ment, resulting in a participation of 77.5%. In the second
evaluation, 1716 (79.4%) were reevaluated.
The evaluation included self-administered questionnaires

comprising information on social, demographic and beha-
vioural characteristics, and the individual and family history of
disease. A physical examination was performed at school, by
a team of experienced nurses, nutritionists and physicians.
Information about sleep duration was estimated by the

difference between usual bedtimes (‘What time do you
usually go to bed?’) and wake-up times (‘What time do you
usually wake up?’), regarding the weekdays and during-
school period.
Blood pressure was measured by trained doctors or

nurses, using the right arm, based on the auscultatory

method with a standard mercury sphygmomanometer,
according to the recommendations of the National High
Blood Pressure Education Program Working Group on High
Blood Pressure in Children and Adolescents (Din-Dzietham
et al., 2007). Two measurements were performed after a 10-
min rest, and if the difference between the two measure-
ments was greater than 5 mmHg a third measurement was
obtained. The average of the two closest measurements was
recorded. Hypertension was defined according to the quan-
titative criteria of the American Academy of Pediatrics (2004):
pre-hypertension if SBP and/or DBP were equal to or above
the 90th percentile for sex, age and height, but both below
the 95th percentile; and hypertension if SBP or DBP was
equal to or above the 95th percentile. The categories pre-
hypertension and hypertension were grouped into one
category – high BP (SBP and/or DBP equal to or above the
90th percentile).
Information about a medical diagnosis of hypertension was

gathered separately from the mother and father. A family
history of hypertension was considered present when at least
one parent reported a medical diagnosis of the condition.
The parental education level was measured as the number

of successfully completed years of formal schooling. Partic-
ipants were classified according to the parent with the higher
education level.
Depressive symptoms were assessed using the Beck

Depression Inventory II (BDI-II; Beck et al., 1996), a 21-item
self-report scale that provides information on current (past
2 weeks) depressive symptoms. The total score ranges from
0 to 63, higher scores reflecting more severe depression. The
BDI-II was previously validated in Portuguese adolescents,
and 13 was the cut-off defined to classify adolescents
presenting depressive symptomatology (Coelho et al., 2002).
Frequency of exercise was assessed using the question:

‘How many times/week do you take part in sport or physical
activity for at least 20 min outside school?’, for which there
are six possible close-answers, ranging from never to every
day. Based on the frequencies reported, participants that
reported any practice were aggregated in the category ‘yes’,
and those who reported ‘never’ were classified as ‘no
practice’. Adolescents were classified regarding their use of
alcohol and tobacco as never users if they had never drank
alcoholic drinks and if they have never smoked; and as
drinkers or smokers if they reported to use them or if they
reported only to have experimented with those substances.
Caffeine intake was assessed using a food frequency

questionnaire (FFQ) concerning the previous 12 months,
completed by the adolescent at home with the help of their
parents or legal guardians. The FFQ was designed according
to Willett and colleagues, and adapted for the Portuguese
population (Lopes et al., 2007). The FFQ was then adapted
for adolescents, including foods more frequently eaten by this
age group (Araujo et al., 2011). The adolescents’ version
comprised 91 food items or beverage categories, a frequency
section with nine possible responses ranging from never to
six or more times per day, and an open-ended section for
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foods not listed in the questionnaire, but eaten at least once
per week. The software Food Processor Plus (version 5.0,
1992; ESHA Research, Salem, OR, USA) based on values
from the US Department of Agriculture was used to estimate
caffeine intake from the evaluated food intake. Caffeine
intake was categorized according to the quartiles of intake
into: ≤11.74; >11.74 and ≤23.61; >23.61 and ≤45.95; and
>45.95 mg day�1.
Weight and height were measured with the adolescent in

light indoor clothes and no shoes. Weight was recorded in
kilograms, to the nearest 10th, using a digital scale; and
height in centimetres, to the nearest 10th, using a portable
stadiometer. For the analysis, body mass index (BMI) was
classified according to the age- and sex-specific percentiles
defined by the US Centres for Disease Control and Preven-
tion (CDC; Kuczmarski et al., 2000) into two categories:
<85th percentile; and ≥85th percentile.

Participants

Of the 1716 participants evaluated both at the baseline
(2003/2004) and at the follow-up (2007/2008), 225 adoles-
cents (91 females and 134 males) were excluded with
missing information for anthropometric measurements or BP,
and 88 (45 female and 43 male) adolescents who did not
report data to estimate sleep duration. Thus, this study was
based on 1403 participants (757 females and 646 males).

Statistical analysis

Distribution of quantitative variables was checked using the
Shapiro–Wilk test, and Mann–Whitney or Kruskal–Wallis
tests were used to test comparisons. Chi-square test was
used to compare qualitative variables.
In order to take in account the effect of height in BP and the

change due to growth, the residues between SBP and DBP
and height were calculated using linear regression models.
Regression coefficients (b) and 95% confidence intervals
(CIs) were computed to estimate the association between
sleep duration and SBP and DBP using linear regression
models, crude and adjusted for BMI (model 1) and for BMI
plus practice of sports at 17 years old (model 2).
All of the analyses were performed using the Statistical

Package for the Social Sciences (SPSS), version 18.0, and
the level of statistical significance was set at 0.05.

RESULTS

The adolescents not included in the present analysis were
mostly male (56.7% versus 46.0%, P = 0.001). Included
participants, males and females, had parents with a signif-
icant lower level of education, had higher sleep duration and
females had higher DBP. For the remaining variables (SBP,
drink, practice of sports and depressive symptomatology), no
significant differences were found between those included
and those not included.

Table 1 Participants’ characteristics at 13 and 17 years of age

Females,
n (%)

Males,
n (%) P value

Age at menarche
>12 years or not yet 245 (32.7)
12 years 258 (34.4)
>7 years and ≤11 years 247 (32.9)
Parent’s education, years 0.001
0–6 180 (24.9) 118 (18.6)
7–9 145 (20.0) 124 (19.6)
10–12 198 (27.3) 183 (28.9)
≥13 201 (27.8) 209 (33.0)
Family history of hypertension 0.552
No 470 (70.9) 382 (69.0)
Yes 173 (26.1) 161 (29.1)
Do not know 20 (3.0) 11 (2.0)
13 years

Blood pressure, mmHg*
SBP 111 (11.0) 115 (12.0) <0.05
DBP 68 (8.0) 67 (8.0) 0.623
Sleep duration, h day�1* 8.99 (0.77) 9.06 (0.73) 0.120
Sleep duration 0.119
≤7 h 8 (1.1) 2 (0.3)
>7 h 749 (98.9) 644 (99.7)
Smoke 0.001
Ever 183 (24.6) 108 (17.4)
Drink 0.091
Ever 426 (57.2) 331 (52.6)
Practice of sports <0.05
Yes 311 (41.8) 408 (63.8)
Quartiles of caffeine intake, mg 0.039
≤11.74 170 (25.8) 143 (25.0)
11.75–23.61 171 (25.9) 142 (24.8)
23.62–45.95 153 (23.2) 150 (26.2)
>45.95 165 (25.0) 137 (24.0)
BDI 7.62 (7.32) 4.54 (5.61) <0.05
BMI, kg m�2 0.024
<85th percentile 592 (78.5) 473 (73.3)
≥85th percentile 162 (21.5) 172 (26.7)
17 years

Blood pressure, mmHg*
SBP 111 (11.0) 115 (12.0) <0.05
DBP 66 (8.0) 69 (10.0) <0.05
Sleep duration, h day�1* 8.29 (1.19) 8.20 (1.09) 0.151
Sleep duration 0.253
≤7 h 116 (15.3) 85 (13.2)
>7 h 641 (84.7) 561 (86.8)
Smoke 0.537
Ever 327 (43.3) 268 (41.6)
Drink 0.282
Ever 625 (82.7) 547 (84.8)
Practice of sports <0.05
Yes 310 (41.8) 457 (72.5)
Quartiles of caffeine intake, mg 0.837
≤11.74 164 (24.9) 143 (25.0)
11.75–23.61 173 (26.3) 135 (23.6)
23.62–45.95 153 (23.3) 155 (27.1)
>45.95 168 (25.5) 139 (24.3)
BDI 7.59 (7.28) 4.20 (4.90) <0.05
BMI, kg m�2 0.018
<85th percentile 631 (84.1) 511 (79.6)
≥85th percentile 119 (15.9) 131 (20.4)

*Mean (SD); BDI, Beck depression inventory; BMI, body mass
index.
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The mean (standard deviation) sleep duration at 13 years
old was 9.0 (0.76) h, and it decreased to 8.25 (1.14) h at
17 years old. No significant differences on sleep duration
were found between genders at 17 years old [8.29 (1.19) h in
girls versus 8.20 (1.09) h in boys; P = 0.131; Table 1].
The prevalence of hypertension (SBP and/or DBP equal to

or above the 95th percentile) at 13 years old was 17.3%, and
was 13.5% at 17 years old, being significantly higher in
males at both ages (18.6% versus 16.2%, P = 0.028 at
13 years old; and 15.8% versus 11.6%, P < 0.05).
The prevalence of high BP (SBP and/or DBP equal to or

above the 90th percentile) at 17 years old was 21.8%, higher
among males (26.9%) than among females (18.1%),
P < 0.001. In both genders, BP was positively associated
with BMI at 13 years old and at 17 years old. Additionally,
among females, it was found that the higher the age at
menarche the lower the SBP. No other characteristics
showed a significant effect on BP.
Regarding the cross-sectional relation at 17 years old,

higher levels of BP were observed among those sleeping
more hours per day, in both genders. Similar results were
found after adjusting for sleep at 13 years old. In longitudinal
analysis, females who had a higher sleep duration had higher
levels of SBP and DBP. Among males, an inverse associ-
ation was found, where those who had higher sleep duration
had lower levels of SBP and DBP (Table 2).
After adjustment for BMI and practice of sports, the cross-

sectional analysis at 17 years old showed a positive asso-
ciation between sleep duration and BP in females, but this
was only significant regarding SBP [b = 0.730 (95% CI:
0.005; 1.455)]. Using the longitudinal approach, no significant
association was found between sleep duration at 13 years
old and BP at 17 years old in females. In males, a negative
association was found: b = �1.938 (95% CI: �3.229;
�0.647) regarding SBP and b = �0.105 (95% CI: �1.203;
0.993) for DBP (Table 2).

DISCUSSION

In this study, it was found that sleep duration decreased from
13 to 17 years old, in both genders, which is in accordance
with data previously described in the literature (Iglowstein
et al., 2003). At 17 years old, sleep duration was higher in
females than in males, as found in a review that summarized
the sleep patterns in young people aged 9.0–18.8 years over
the last 30 years (Olds et al., 2010). However, and similar to
the current results, other studies reported no differences in
sleep duration between genders (Ghanizadeh et al., 2008;
Iglowstein et al., 2003).
The current results showed a decrease in prevalence of

hypertension from the age of 13 to 17 years, in both genders.
This decrease may be related to a lower white-coat effect, as
adolescents in follow-up were more familiar with measure-
ments, but also by a significant decrease in BMI between
13 years old and 17 years old (Araujo et al., 2014).
Regarding the effect of sleep duration at 17 years old on

BP, it was found that longer sleep duration predicted higher
levels of SBP in females. This result is not in accordance with
studies in adolescents reporting an increase in SBP among
those with short sleep (Javaheri et al., 2008; Kuciene and
Dulskiene, 2014; Mezick et al., 2012). However, in the
current study the mean sleep at 17 years old was 8 h per
day, and few adolescents reported short sleep duration (less
than 7 h day�1) when compared with other studies (Carska-
don et al., 1998; Javaheri et al., 2008; Tremaine et al.,
2010), which may explain the current result. Similarly to the
results presented here, Sampei et al. (2006) found high SBP
values among schoolchildren who slept more than 10 h, and
found no association with DBP. Evidence for an association
between longer sleep duration and an increased risk of high
BP was also found by Guo et al. (2011) among girls aged 15–
18 years, and in the authors’ previous study regarding 13-
year-old adolescents (Paciencia et al., 2013). The

Table 2 Cross-sectional and longitudinal associations between sleep duration and BP at 17 years old

Crude b (95% CI)*

Adjusted b (95% CI)†

Model 1 Model 2

SBP DBP SBP DBP SBP DBP

Sleep duration at 17 years old

Females 0.747 (0.027; 1.467)‡ 0.389 (�0.164; 0.943) 0.705 (�0.003; 1.412) 0.365 (�0.183; 0.912) 0.730 (0.005; 1.455)‡ 0.388 (�0.173; 0.949)

Males 0.281 (�0.615; 1.177) 0.094 (�0.650; 0.837) 0.350 (�0.525; 1.225) 0.166 (�0.572; 0.904) 0.191 (�0.694; 1.075) 0.003 (�0.745; 0.750)

Sleep duration at 13 years old

Females 0.382 (�0.728; 1.491) 0.286 (�0.566; 1.138) 0.212 (�0.879; 1.304) 0.184 (�0.659; 1.028) 0.232 (�0.900; 1.365) 0.102 (�0.773; 0.977)

Males �2.113 (�3.428; �0.798)‡ �0.138 (�1.238; 0.962) �1.873 (�3.156; �0.589)‡ �0.025 (�1.113; 1.064) �1.938 (�3.229; �0.647)‡ �0.105 (�1.203; 0.993)

CI, confidence interval; DBP, diastolic blood pressure; SBP, systolic blood pressure.

*Cross-sectional and longitudinal associations using analysis of residues.
†Model 1: adjusted for BMI at 17 years old.

Model 2: adjusted for practice of sports and BMI at 17 years old.
‡P < 0.05.
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differences in this set of studies suggest a possible J-shaped
curve, with higher BP values among those with short sleep
but also among those with longer sleep duration.
In the longitudinal approach, no association was found

between sleep duration and BP in females, but in males
longer sleep duration was associated with lower values of
BP. The result in males is in accordance with data on adults
showing that those who sleep less hours were significantly
more likely to be hypertensive over the follow-up period
(Gangwisch et al., 2006). However, to the authors’ knowl-
edge, this is the first study that evaluates the association
between sleep duration and BP through a longitudinal
approach among adolescents. This effect was only found in
the longitudinal approach. This could represent a higher
effect of exposures during early adolescence that may then
define patterns of behaviour that persist during the following
years, thus promoting a cumulative lifelong effect.
The explanation of an inverse association only in males,

despite sleep duration being similar in both genders, may be
related to differences in sleep needs by gender, with females
needing comparatively less sleep than males (Olds et al.,
2010).
Additionally, during adolescence females are biologically

more developed than males at the same chronological age
(Rogol et al., 2000). So, if in males sexual maturation occurs
later, a delay in the decrease in sleep needs is also expected.
Consequently, at the same chronological age, males prob-
ably need to sleep longer.
In both cross-sectional and longitudinal approaches, a

stronger association was found regarding SBP levels than
DBP. This result is in accordance with the higher variability of
SBP values than DBP values (Basile, 2002), and with other
studies that also found SBP to be more affected by sleep
duration than DBP both in children (Sampei et al., 2006) and
among adults (Bjorvatn et al., 2007). The longitudinal and
cross-sectional approaches allow to clarify the effect of sleep
duration on BP at different ages, and to identify that early
adolescence may be more important than late adolescence.
The major limitation of this study is the use of a self-reported

questionnaire to estimate sleep duration. The actigraphy
monitoring device provides more sustained and less subjec-
tive assessments, and several studies have confirmed the
validity and reliability of actigraphic estimates of sleep
patterns in adolescents (Kushida et al., 2001; Sadeh, 2011).
However, a study of high-school adolescents found that self-
reported total sleep duration is moderately correlated with
actigraphy (r = 0.53), and that self-reported bedtimes and
wake-up times are highly correlated with actigraphy (r = 0.70
and r = 0.77, respectively; Wolfson et al., 2003). Thus, even
with the limitations on the accurate quantification of sleep
time, it can be accepted that the current measure is good
enough to discriminate participants according to their sleep
duration. Data on bedtimes and wake-up times on weekends
were not recorded, which is also a limitation of this study.
A compensatory response at the weekends may help to
minimize the effects of short sleep duration on weekdays

(Moore and Meltzer, 2008). Another limitation of this study is
related to the measurement of BP, because BP may vary
throughout the day and from day to day (Javaheri et al.,
2008), and the use of one isolated measurement may have
resulted in overestimation of the BP values (Barnett et al.,
2005; Sorof et al., 2004). Nevertheless, the BP measurement
was taken at school, in the adolescents’ normal environment,
which would have helped to reduce any ‘white-coat’ effect
(Ramos and Barros, 2005). A high prevalence of hypertension
was also found among adolescents in other Portuguese
studies (Duarte et al., 2000; Macedo et al., 1997), and these
results are consistent with the higher prevalence of hyperten-
sion in adult Portuguese populations (von Hafe et al., 1997;
Macedo et al., 2005). Because BP in adolescence is asso-
ciated with BP in adults (Chen andWang, 2008), it is expected
that the values in Portuguese adolescents are higher than
those of other populations. Additionally, even assuming an
overestimation on BP values the effect is expected to be
independent of sleep duration.
Although this study presents some limitations, there are

also important strengths. The major strength of this study is
the longitudinal approach, as it allows the assessment of the
effect of sleep duration at early adolescence on BP in older
adolescents.
Another strength is related to the population approach, as

in Portugal school education is compulsory at 13 years old
(age at the assembling of the cohort) and the proportion of
participation was high at baseline and also at follow-up, so
therefore there was a good representation of the sample.
The exclusion of some participants with missing information
may limit the extrapolation of the results. However, in
general, no significant differences were found and differ-
ences related to gender were minimized by stratification by
gender so that differences do not affect the association
between sleep duration and BP. On the other hand, those
who were included in the study had shorter sleep duration,
so it is expected that the prevalence of short sleepers is
overestimated, but it is not clear if that affected the
association between sleep duration and BP. The significant
difference on DBP found between included and not-included
females is not clinically relevant as the levels observed were
very close.

CONCLUSION

The results from this study suggest that sleep duration could
play a role in the aetiology of hypertension in adolescents.
Additionally, these results support a stronger effect of sleep
duration at 13 years old than at 17 years old, reinforcing the
fact that sleep duration can be a determinant of BP levels
from a young age. The gender effect may reflect differences
in biological maturation, as girls tend to reach maturity earlier
than males and females at this age need less sleep duration.
However, it is important to recognize that sleep quality can be
important to understand the association between sleep
duration and BP.
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The current results support the relevance of sleep duration
for healthy lifestyles and as a possible target for preventive
measures. Further studies are also needed to evaluate sleep
needs in both genders and to understand their effect on BP
levels.
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