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a b s t r a c t
Objectives: Anxiety and concerns in daily life may result in sleep problems and consistent evidence suggests that inadequate sleep has several negative consequences on cognitive performance, physical activity, and health. The aim of our study was to evaluate the association between mean hours of sleep per
night, psychologic distress, and behavioral concerns.
Methods: A cross-sectional analysis of the correlation between the number of hours of sleep per night and
the Zung Self-rating Anxiety Scale (Z-SAS), the Paykel Suicidal Scale (PSS), and the Strengths and Difﬁculties Questionnaire (SDQ), was performed on 11,788 pupils (mean age ± standard deviation [SD],
14.9 ± 0.9; 55.8% girls) from 11 different European countries enrolled in the SEYLE (Saving and Empowering Young Lives in Europe) project.
Results: The mean number of reported hours of sleep per night during school days was 7.7 (SD, ±1.3),
with moderate differences across countries (r = 0.06; P < .001). A reduced number of sleeping hours (less
than the average) was more common in girls (b = 0.10 controlling for age) and older pupils (b = 0.10 controlling for sex). Reduced sleep was found to be associated with increased scores on SDQ subscales of
emotional (b = 0.13) and peer-related problems (b = 0.06), conduct (b = 0.07), total SDQ score
(b = 0.07), anxiety (Z-SAS scores, b = 10), and suicidal ideation (PSS, b = 0.16). In a multivariate model
including all signiﬁcant variables, older age, emotional and peer-related problems, and suicidal ideation
were the variables most strongly associated with reduced sleep hours, though female gender, conduct
problems measured by the SDQ, and anxiety only showed modest effects (b = 0.03–0.04).
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Conclusions: Our study supports evidence that reduced hours of sleep are associated with potentially
severe mental health problems in adolescents. Because sleep problems are common among adolescents
partly due to maturational processes and changes in sleep patterns, parents, other adults, and adolescents
should pay more attention to their sleep patterns and implement interventions, if needed.
Ó 2013 Elsevier B.V. All rights reserved.

1. Introduction
Adequate sleep is essential for good health and optimal physical
and cognitive performance [1,2]. Insufﬁcient sleep not only interferes with quality of life and general well-being, but it also may
be hazardous to one’s health and the well-being of the public.
There is evidence that sleep loss may affect emotional function
[3] and chronically disrupted sleep may increase the risk for developing affective symptoms [4,5]. In particular, high prevalence and
comorbidity of anxiety and sleep problems suggest an important
association between these two disorders. There is evidence of a
bidirectional relationship in the course of disturbances (i.e., poor
sleep increasing the risk for later anxiety disorder and primary
anxiety developing into insomnia) [6]. Importantly, there is evidence that sleep complaints are more common in suicidal patients
[7,8]. Indeed insufﬁcient sleep and sleep disturbances are common
in depressive disorders and other psychopathologic conditions
potentially associated with suicidal risk. In a large community
sample of 5692 adults in the United States, the presence of sleep
problems (e.g., early morning waking, difﬁculty initiating or maintaining sleep) was signiﬁcantly related to each measure of suicidality, including suicidal ideation, suicide planning, and suicide
attempts [9].
Sleep problems in children and adolescents are common and
sleep disruption is associated with a wide range of behavioral, cognitive, and mood impairments [10]. Biologic studies indicate considerable changes in sleep architecture during adolescence, such
as changes in melatonin secretion and a need for greater total sleep
time, possibly due to maturational changes in the neuronal connectivity [11,12]. Due to circadian changes, teenagers also have a
delayed sleep pattern and prefer to go to sleep between 2:00 am
and 6:00 am and wake up between 10:00 am and 1:00 pm [13].
However, despite a physiologic need for 9 h of sleep each night,
teenagers on average only sleep 7 h per night [14] to meet the challenges of school, sports, part-time jobs, family, and friends [15].
Many clinical studies in adolescents have consistently reported
that reduced hours of sleep are associated with emotional problems such as depressive and anxiety symptoms [16,17], in addition
to self-harm and suicidal ideation [18]. Poor sleep also has been
correlated with increased aggression, irritability, and hostility in
both adults and adolescents; conduct problems and bullying
behavior in schoolchildren [19–21]; and habitual substance use
[22], self-injurious behaviors [23], and suicide attempt overall
[24–26]. It has been hypothesized that the relationship between
sleep problems and aggression may be mediated by the negative
effect of sleep loss on prefrontal cortical functioning, resulting in
loss of control over emotions and regulation of aggressive impulses. Other potentially contributing mechanisms connecting
sleep problems with aggression and violence have been linked to
alterations in functioning of the central serotoninergic system
and the hypothalamic–pituitary–adrenal-axis [5].
Given this evidence, our study was designed to investigate the
effect of number of sleep hours on both emotional and behavioral
problems in adolescents. Indeed we had a unique opportunity to
analyze data collected on a large cohort of pupils (12,395 pupils
from 11 European countries; average age, 15 years) extensively
evaluated for emotional and behavioral problems, including anxi-

ety, suicidal ideation and hyperactivity, together with information
regarding average hours of sleep during school days. Because most
studies mentioned above focused on clinical samples (i.e., adolescents with recognized emotional and behavioral problems), it
was of interest to evaluate if the same association was present in
adolescents recruited from community settings; this evaluation
also enabled us to evaluate the potential beneﬁt of widespread preventive interventions at the same time.
2. Methods
2.1. Description of study sample
The SEYLE study comprises a sample of 12,395 adolescents recruited from 179 randomly selected schools within 11 study sites
in the following countries: Austria, Estonia, France, Germany, Hungary, Ireland, Israel, Italy, Romania, Slovenia, and Spain; Sweden
served as the coordinating center [27]. All questionnaires were
administered in the ofﬁcial languages of the respective countries.
In each country, a list of all eligible schools within the study sites
was generated according to speciﬁc inclusion and exclusion criteria
to assure that representativeness and schools were then randomly
selected [27]. Baseline evaluations were performed during the autumn of 2009 (eight countries) and spring of 2010 (three
countries).
2.2. Participation rates
The overall rate of consent in the ﬁrst eight countries was 76%
(Estonia, Germany, Hungary, Ireland, Israel, Italy, Romania, and
Spain). In the other three countries (Austria, France, and Slovenia)
extended procedures for collection of the informed consent were
imposed by the local ethics committees (i.e., multiple forms to be
signed, pupil could only be enrolled only if both parents signed
the form). This consent resulted in the postponement of pupil
recruitment and a lower rate of consent in these countries (23%).
When including these three countries in the analysis, the overall
rate of consent decreased to 49%; however, the results of the study
did not differ when analyzing the whole sample or when excluding
the three countries with lower rates of consent. This ﬁnding suggests that the external validity of our sample was high.
2.3. Representativeness of the study sample
To assess the potential representativeness of the data from each
study site key parameters, such as mean age, number of immigrants, population density, net income, and sex proportion, were
compared to the corresponding national data. Data at the national
and local levels were extracted from Eurostat (http://epp.eurostat.ec.europa.eu). According to our previous analysis, the adolescents participating in the SEYLE study were reasonably
representative of their respective country [28].
2.4. Measures
A structured questionnaire was administered to adolescents to
collect a large number of demographic, psychosocial, and behav-
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ioral data within the context of the SEYLE project [27]. The employed questionnaire used a process translation and cultural adaptation. All the scales included in the questionnaire were included in
the ofﬁcially translated and validated version in the respective language when available. If the scale was not available in the required
language, it was translated (and back-translated) using the same
procedure as the other study materials. Internal reliability for all
scales used in SEYLE was assessed using Cronbach a. The questionnaire included the question, ‘‘On average, how many hours per
night do you sleep (Monday–Friday) (Answer in hours)?’’ The note
in brackets (Monday–Friday) was speciﬁcally incorporated in the
question to focus on sleep during school days. The questionnaire
also included scales for the evaluation of anxiety symptoms (Zung
Self-rating Anxiety Scale [Z-SAS] [29]), suicidal ideation (Paykel
Suicidal Scale [PSS]) [30], and emotional and behavioral disturbances (Strengths and Difﬁculties Questionnaire [SDQ]) [31]. The
Z-SAS is a 20-item self-report assessment instrument, which includes measures of state and trait anxiety based on scoring in four
groups of manifestations: cognitive, autonomic, motor, and central
nervous system symptoms. The PSS is a 5-item scale that assesses
thoughts of death (‘‘Have you felt that life was not worth living?’’
‘‘Have you wished that you were dead?’’), suicide ideation (‘‘Have
you thought of taking your life, even if you would not really do
it?’’ ‘‘Have you reached the point where you seriously considered
taking your life or perhaps made plans how you would go about
doing it?’’), and suicide attempt (‘‘Have you tried to take your
own life?’’) in the past 2 weeks. The SDQ is a brief behavioral
screening questionnaire comprising 25 items divided in ﬁve subscales: (1) emotional symptoms (i.e., ‘‘I worry a lot,’’ ‘‘I am often
unhappy, down-hearted, or tearful’’); (2) conduct problems (i.e.,
‘‘I am constantly ﬁdgeting or squirming,’’ ‘‘I am often accused of lying or cheating’’); (3) hyperactivity/inattention (i.e., ‘‘I am restless
and I cannot stay still for long,’’ ‘‘I am easily distracted or I ﬁnd it
difﬁcult to concentrate’’); (4) peer relationship problems (i.e., ‘‘I
am usually on my own,’’ I generally play alone or keep to myself,’’
‘‘I get on better with adults than with people my own age’’); and
(5) prosocial behavior (i.e., ‘‘I try to be nice to other people,’’ I care
about their feelings,’’ ‘‘I usually share with others [food, games,
pens etc.]’’). A total SDQ score is derived from the sum of scores
of the ﬁrst four scales summarizing emotional, behavioral, and
interpersonal problems. These scales showed adequate internal
consistency in each country [27] and in the overall sample (ZSAS, = 0.81; PSS, = 0.76; SDQ, = 0.74).

3

variables in the same model with the average number of hours of
sleep in adolescents.
The variance inﬂation factor was calculated to test for collinearity. For signiﬁcant associations, effect sizes in r coefﬁcients, and
standardized b coefﬁcients for regression analyses also were calculated to have an estimate of the strength of associations. In our
sample, we had a high power of 0.95 to detect small effect sizes
of r = 0.005 when comparing two groups by a nonparametric test
on a continuous variable; for example, we corresponded variables
to a difference of 0.12 points when comparing boys and girls on the
number of hours of sleep, with an a value as small as 0.001. However, only medium–large differences (r > 0.06 or standardized
b > 0.05 in regression analysis) were considered as relevant.
3. Results
There were 11,788 pupils who provided data on their number of
sleep hours per night during school days (Monday–Friday). The
main sociodemographic and psychopathologic features of the
responding pupils stratiﬁed for countries are summarized in Table 1. Remarkable differences were observed in the number of
sleep hours, conduct problems at the SDQ self-evaluation, and age.
Overall, adolescents reported sleeping an average of 7.7 ± 1.3 h
per night (Monday–Friday). As reported in Table 1, the Kruskal–
Wallis analysis of variance test (H) revealed that number of hours
of sleep per night was moderately different across countries
(P < .001; r = 0.06) (Fig. 1). Further mean hours of sleep tended to
slightly decrease with age (r = 0.015) and to be lower among girls
(r = 0.015) (see Table 2 for details).
Controlling for age and sex, the mean number of hours of sleep
per night was inversely correlated to emotional problems, conduct
problems, peer problems, and total SDQ scores. A negative correlation also was found with Z-SAS scores (anxiety symptoms) and PSS
scores (suicidal ideation) (Table 3).
We ﬁnally performed a regression model in which we simultaneously entered all signiﬁcant variables as independent variables
and the average number of hours of sleep during school days in
adolescents’ dependent variable to test the independent impact
of each variable. Results are reported in Table 4. Variables maintaining signiﬁcant a association with hours of sleep per night were
older age, emotional and peer problems at the SDQ, and suicidal
ideation as measured by the PSS. Female gender, conduct problems
at the SDQ, and high anxiety at the Z-SAS showed small–medium
associations with hours of sleep per night.

2.5. Statistical analyses
4. Discussion
All analyses were performed using the Statistical Package for
the Social Sciences (SPSS) software [32]. Descriptive statistics, such
as mean, standard deviation (SD), and percentages (%) were calculated. Normal distribution of hours of sleep in the whole sample n
addition to other continuous variables, were tested by the Kolmogorov–Smirnov (K–S) test. The variable age was transformed
in an ordinal variable at 3 levels (614, 15, P16), as less than 8%
of pupils were younger than the age 14 years or older than
16 years. Because the distribution of hours slept per night was
skewed to the left (K–S, d = 0.18; P < .01 [skewness, 0.13; standard
error, 0.02]), nonparametric tests, such as the Mann–Whitney U
test, the Kruskal–Wallis analysis of variance, the nonparametric
v2 test, and the Spearman rank correlation test were utilized. The
Cronbach a coefﬁcient for each scale in each language in which
the scale was administered was calculated to test its internal consistency (i.e., reliability of the scale) in our sample of pupils. Significant associations were further controlled for age and sex by
regression analysis (all effects). A further regression (all effects)
was performed to test the strength of association of signiﬁcant

The major ﬁnding of our study was the correlation between reduced number of hours of sleep per night during school days and
emotional problems, as well as the risk for suicidal ideation in adolescents. Due to the large sample size and the fact that the SEYLE
sites have been shown to be representative of their respective
countries [28], the ﬁndings reported here, which focused on the effect of sleep on adolescents’ emotional and behavioral adjustment,
can be considered valid within each of the 11 participating countries. Our results indicate that pupils between the ages of 14–
16 years generally sleep approximately 8 h per night during school
days. Hours of sleep tended to decrease with age and girls generally slept less than boys. Although this amount of sleep is not strikingly low, it is of considerable interest to examine if there is any
association between hours of sleep and psychologic and behavioral
problems, respectively.
The association between emotional problems (SDQ) and reduced sleep is in line with established evidence that inadequate
sleep affects emotional symptoms [3] and increases risk for devel-
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14–16 4892.74 <.001
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7–9
7
15–16 14
7
15
Sleep (h)
Age (y)

H
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L-UQ
Med
L-UQ
Med
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0.14
<.001
<.001
%
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n
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331 30
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n
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389 35
1039 93

n
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379 32
1122 95

n
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79
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852

n
%

54
88
528
868

n
%

41
85
364
749

n
%
n

676 48
1188 84
31
89

%
n

312
884
46
82

%
n

453
812
38
87

%
n

Sex (boys)
341
Living with biological parents 814

Austria
(N = 932)

Estonia
(N = 1033)

France
(N = 1004)

Germany
(N = 1439)

Hungary
(N = 985)

Ireland
(N = 963)

Israel
(N = 1183)

Italy
(N = 1188)

Romania
(N = 1127)

Slovenia
(N = 1162)

Spain
(N = 1025)

950.62
227.40

v2 test
Country of pupil

Table 1
Main sociodemographic and psychopathologic features of the sample stratiﬁed across countries.

P value r**
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oping affective symptoms [4,5]. Association between reduced
number of sleep hours and suicidal ideation (PSS) also is in line
with previous reports [23–26]. We did not control for depressive
symptoms in our study, but the study by Lee et al. [18] reported
a strong association between reduced sleep (<7 h) and suicidal ideation, independent of depressive symptoms. However, we did control for anxiety symptoms at the Z-SAS and emotional problems at
the SDQ. Controlling for these variables, the association between
reduced sleep per night and suicidal ideation was independently
maintained. This ﬁnding is noteworthy and conﬁrms the results
by Lee et al. [18], who suggested that suicidal ideation may not
be fully explained by depression or emotional problems alone. In
these data, emotional problems were strongly correlated with suicidal ideation (r = 0.41; P < .001). Anxiety also was found to be
associated with sleep hours per night in adolescents, though the
association was small. This ﬁnding is in line with previous evidence
[4,5].
Overall it is not possible to determine if reduced sleep results in
emotional disturbances or if emotional problems increase the risk
for reduced sleep from these cross-sectional data. It has been reported that there may be a bidirectional relation in the course of
these disturbances (i.e., poor sleep increases the risk for a later
emotional disorder and primary emotional problems increasing
the risk for later insomnia) [6]. Although cross-sectional data are
not able to determine causality, it is well-known that sleep is
essential for recovery of central nervous system injury, optimal
physical and cognitive performance, quality of life, and general
well-being [3]. A reduced number of sleep hours also may be associated with a number of other explanations apart from emotional
distress (i.e., primary insomnia, sleep disturbance induced by a
medical condition, familial or individual lifestyles, and natural
individual need of sleep). In our study we were unable to check
for these variables, with the exception of an extra sleep during
weekend days, as we speciﬁcally asked for the average number
of sleep hours during school days (Monday–Friday). However, it
is reasonable to think that speciﬁc conditions did not have an impact on the overall signiﬁcance of the results obtained from such a
large sample.
We also found that reduced sleep correlated with behavioral
problems such as conduct and peer problems. These observations
may support the hypothesis that sleep problems may be associated
with deviant behavior and interpersonal problems [20,21]. The
major strength of our study was its large sample size allowing
for a robust picture of adolescents regarding their sleep patterns
and associated indicators of their psychosocial well-being. Because
the adolescents participating in the SEYLE study were reasonably
representative of their respective country [28], these ﬁndings are
most likely to be valid for all European adolescents.
A limitation of our study is that all data collected were derived
from a self-administered questionnaire, including measurement of
the individual mean number of hours of sleep. Self-evaluation tools
are unfortunately at risk for being affected by cognitive biases,
including recall bias, erroneous self-perception, as well as the desire to please or displease, or to provoke, particularly in adolescents. In particular, some variables such as overcommitment, low
level of social support, and poor self-rated health have been shown
to be associated with overreporting of sleep difﬁculties and underestimation of sleep efﬁciency regarding sleep in working adults.
Therefore, self-reported evaluations among adolescents of hours
of sleep also may be inﬂuenced by psychosocial characteristics to
some extent [33]. Furthermore concerning participation rates, it
should be noted that there were slightly more girls (55.8%) than
boys in our study. We may hypothesize that girls may be more collaborative and sensitive to psychologic and emotional factors than
boys overall, leading to a higher consent rate in girls and participation rate; we also can hypothesize that sex-related cultural factors
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Fig. 1. Mean hours of sleep stratiﬁed by country.

Table 2
Mean hours of sleep stratiﬁed for sex and age cohorts.
Sex

Mann–Whitney test§
n

Median

Boys
Girls

5181
6552
11,733

Age (y)*

Kruskal–Wallis ANOVA§§

614
15
P16

8
8
(missing n = 55)

Lower–upper quartiles

z score

7–9
7–8

10.54

P values
<.001

§

Effect size (r)
0.10

N

Median

Lower–upper quartiles

H

P value

Effect size (r)

3809
5134
2776
12,313

8
8
7
(missing = 82)

7–9
7–8
7–8

197.42

<.001

0.015

Abbreviations: y, years; ANOVA, analysis of variance.
Adolescents aged 12 or 19 years or older were removed from the analysis due to insufﬁcient data.
Controlling for sex, the difference among age cohorts remained signiﬁcant (b = 0.10; P < .001).
§
Controlling for age, the difference between sexes remained signiﬁcant (b = 0.10; P < .001).
*

§§

may have had an impact on consent to participate. Finally, the
cross-sectional design of our study cannot account for causality
of relationships, as previously noted.
Our study supports previous evidence that reduced sleep may
have consequences on the psychosocial adjustment of adolescents,
particularly on negative emotions and suicidal risk. Because sleep
problems are common among young individuals [10] and are at
least partially the result of signiﬁcant changes in sleep architecture
during adolescence due to maturational changes in neuronal connectivity [11,12], individuals who deal with this age population

should consider sleep problems as an important factor and implement necessary interventions to help adolescents better engage in
healthy lifestyles and habits. Parents and adolescents should be advised about the importance of adequate hours of sleep.
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Table 3
Correlations between hours of sleep per night (Monday–Friday), Strengths and Difﬁculty Questionnaire subscales, Zung Self-rating Anxiety Scale, Paykel Suicidal ideation Scale
scores.
Hours of sleep per night (Monday–Friday)
N
Emotional problems (SDQ)
Hyperactivity (SDQ)
Prosocial (SDQ)
Z-SAS
PSS

Spearman Rho

11,768
11,768
11,768
11,532
11,397

0.17
0.05
0.01
0.10
0.16

P value

b coefﬁcients* (95% CI)

P value*

<.001
<.001
.20
<.001
<.001

0.13 ( 0.34 to 0.09)
0.05 ( 0.07 to 0.03)
0.03 (0.01 to 0.05)
0.14 ( 0.06 to 0.34)
0.11 ( 0.15 to 0.07)

<.001
<.001
<.001
<.001
<.001

Abbreviations: CI, conﬁdence interval; SDQ, Strengths and Difﬁculty Questionnaire; Z-SAS, Zung Self-rating Anziety Scale; PSS, Paykel Suicidal ideation Scale in grey mediumlarge effects.
*
Controlling for age and sex by regression analysis.

Table 4
Emotional problems, anxiety and Suicidal ideation regressed on nr. of hours of Sleep.
Hours of sleep

Standardized b (95% CI)

P value

Collinearity test (VIF value)

Age
Sex
Emotional problems (SDQ)
Hyperactivity (SDQ)
Anxiety (Z-SAS)
Suicidal ideation (PSS)

0.07
0.03 (
0.09
0.04
0.04
0.08

<.001
.05
<.001
.04
.04
<.001

1.00
1.13
1.48
1.04
1.29
1.26

( 0.10 to 0.03)
0.001 to 0.07)
( 0.13 to 0.05)
( 0.07 to 0.002)
( 0.08 to 0.002)
( 0.12 to 0.04)

Abbreviations: CI, conﬁdence interval; VIF, Variance Inﬂation Factor; SDQ, Strengths and Difﬁculty Questionnaire; Z-SAS, Zung Self-rating Anziety Scale; PSS, Paykel Suicidal
ideation Scale in grey medium-large effects.
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