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Abstract
Background: Common mental disorders (CMD) in children and adolescents can be initial and non-specific
manifestations of more serious mental diseases and often persist into adulthood. Therefore, early detection is
important, as is the identification of the factors that impact development. Insufficient sleep represents one of the
most common and potentially remediable risks to mental health in children and adolescents for whom chronic
sleep loss has become normal. This study aims to investigate the influence of sleep duration on CMD in
schoolchildren and adolescents.
Methods: The data for this longitudinal study were derived from the community trial Parents, Students,
Community Health Agents and Teachers for Healthy Eating (PAAPAS) in 2016 (N = 2743), with fifth and sixth
graders from 18 public schools of Duque de Caxias, Rio de Janeiro, Brazil. CMD were assessed by the General
Health Questionnaire (GHQ-12) at baseline and at a 9-month follow-up. Sleep duration was evaluated at baseline
and was categorized as short, adequate or long according to age group. The effect of sleep duration on common
mental disorders was analysed by sex using linear mixed-effects models.
Results: At baseline, the frequency of CMD was 33.2% and was higher in boys than in girls and higher among
students with short sleep duration. There was an increase in the CMD score over time among girls with short sleep
duration (p < 0.01). Among boys, a similar trajectory of the CMD score was observed in the subgroups with short
and long sleep duration, but there was a significant reduction in the subgroup with long sleep duration (p = 0.05).
Conclusion: Changes in common mental disorder patterns differ according to sex, and short sleep duration seems
to be problematic for students’ mental health. The promotion of health strategies that involve the family and
school environment, such as later school hours, could help change this scenario.
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Background
Problems related to mental health in childhood and adolescence constitute an important part of the global burden
of diseases (10–20%) and are relevant because they represent one of the main causes of health and developmental
losses in this age group. Additionally, they are long-lasting
and often persist into adulthood [1]. Non-psychotic mental disorders affect approximately 20–30% of the general
population and are known as common mental disorders
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(CMD) [2, 3]. Marked mainly by depressive symptoms,
anxiety and various somatic complaints, they are associated with sociodemographic and lifestyle factors such as
economic status, alcohol and drug consumption, sedentary behaviour, physical inactivity and, more recently,
sleep disorders [4–8].
Sleep problems and sleep-related complaints are frequent among individuals of different age groups [9, 10].
Studies show a tendency of adolescents to present irregular periods of sleep, reducing the amount and quality of
sleep over time due to the biological, social and academic
changes typical of this phase. The definition of what is insufficient or excessive sleep is still controversial, and there
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are no definitive conclusions about what is healthy sleep
since there are individual aspects such as genetic characteristics that determine this need [11, 12]. However, some
recommendations on sleep duration have been proposed;
for example, the American Academy of Sleep Medicine
(AASM), which focuses on childhood and adolescence,
suggests that children between 6 and 12 years old should
sleep from 9 to 12 h, and adolescents between 13 and 18
years old should sleep from 8 to 10 hours [13, 14]. Although most children and adolescents require approximately 9 h of sleep per night, fewer than 8% of high school
students achieve this amount, and this proportion decreases as school grade level increases [15].
Evidence suggests that sleep duration plays an important role in health outcomes. In a recent publication,
Czeisler [16] related the main findings of several studies
on the health consequences of changes in sleep quality,
duration and time. The author points out that sleep deficiency critically affects physical and mental health, performance and safety, and a period of only one to two
weeks of reduced hours of sleep leads to increased attention deficit and mood disorders. Poor sleep may lead to
excessive sleepiness during the day, which is one of the
main consequences of sleep disturbances and has a close
relation with declining school performance and with a
negative perception of the quality of life among adolescents [17]. It has also been observed that girls are more
vulnerable to insufficient sleep than boys, exhibiting
more anxious and depressive symptoms and mood deficits [18–20].
In some studies [21–24], insufficient sleep in young
people is associated with a wide variety of adverse outcomes, from poor mental health to behavioural problems
and lower academic performance, but much of this evidence is made up of cross-sectional studies, and few
studies have investigated the direction of this relationship. In children and adolescents, CMD can be initial
and non-specific manifestations of more serious mental
disorders; therefore, early detection and the identification of factors that impact development are important
[8]. Additionally, insufficient sleep represents one of the
most common, important and potentially remediable risks
to mental health in children and adolescents for whom
chronic sleep loss has become normal [25, 26]. The purpose of this study is to evaluate the influence of sleep duration on CMD in schoolchildren and adolescents.

Methods
Study design and participants

Data for this prospective study were derived from the
trial labelled PAAPAS, which stands for “Parents, Students, Community Health Agents and Teachers for
Healthy Eating”, a randomized community-controlled
trial conducted in 2016 in a sample of fifth and sixth
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graders from 18 public schools in the municipality of
Duque de Caxias, Rio de Janeiro, Brazil.
PAAPAS’s purpose was to reduce excessive weight
gain among adolescents by combining primary intervention at schools with secondary intervention through
trained community health agents (CHAs). The primary
intervention in the school, conducted by trained
teachers, provided the overall basis for a healthy lifestyle,
including food intake, physical activity, and nonsedentary habits. For adolescents diagnosed with excessive weight, household activities were provided as additional motivation to change these behaviours. A
complete description of each intervention and details on
the sample size and randomized procedures are available
in the PAAPAS protocol [27].
The municipality of Duque de Caxias [28] (population,
842,686) is located in the metropolitan area of Rio de
Janeiro, 27 km from the state capital. It is one of the
poorest areas in Brazil. For the PAAPAS study, two of
four districts in Duque de Caxias were included, and
from 45 municipal schools, 18 schools (9 interventions
and 9 controls) with fifth and sixth grade classes were
selected. For this study, data from schoolchildren from
all the selected schools were used, regardless of the
group to which they belonged.
The Ethics Committee of the Institute of Social Medicine (State University of Rio de Janeiro, Brazil) approved
the protocol. Written informed consent was obtained
from all the participants’ parents. Students with physical
or mental disabilities and girls who were pregnant or
lactating were considered ineligible and were not included in the study.
Measurements

All anthropometric measures were collected, and the
questionnaire was administered at the beginning of the
school year and at the end of the school year, with 9
months between the collection dates. Students completed
a structured questionnaire using personal digital assistants
(PDAs) under the supervision of field researchers.
Common mental disorders (the outcome measure)
were evaluated using the Brazilian version of the General
Health Questionnaire – 12 items (GHQ12) [29] at both
baseline and follow-up. The GHQ12 is a self-reported
instrument to track non-psychotic mental disorders. It
was created to identify symptoms of depression and anxiety, inability to deal with habitual situations and lack of
self-confidence, feelings commonly found in the general
population. Each GHQ item has four response options
and a reference period of two weeks before completing
the questionnaire. The questionnaire had previously
been validated for the Brazilian population and has a
structured psychiatric interview as a gold standard, with
good psychometric properties [30]. The Brazilian version
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of the GHQ has shown a sensitivity of 76% and specificity of 82% at the cut-off point of 4/5 [31]. To observe
the individual CMD frequency scores, items were
recoded as “absent” or “present” (0 or 1, respectively)
and then summed. The cut-off point of 4/5, used by
Fortes [32] for the detection of severe-intensity mental
disorders, was applied. To observe a severity spectrum, a
continuous variable, ranging from 0 to 36 potential
points, was composed after recoding each item on a
scale of 0 to 3 points.
Sleep duration was assessed from two baseline questions: (i) In general, at what time do you go to sleep?
and (ii) In general, at what time do you wake up? Sleep
duration was obtained by the difference in hours between the start and end of sleep. A cut-off point of sleep
duration of 3 h or less and 15 h or more (116 students),
as used by Abreu, was established to exclude implausible
data [11]. The variable ‘sleep duration’ was categorized
as short, adequate and long according to age group. For
children of school age (6 to 12 years), sleep duration of 9
to 12 h is recommended, and for adolescents (13 to 18
years), 8 to 10 h is recommended [13].
The economic status of the participants’ families was
constructed from information about durable goods at
home (car, motorcycle, computer, refrigerator, freezer,
washing machine, dishwasher, microwave and DVD
player) and characteristics of the area of residence, such
as piped water and paved streets, according to the Brazilian Economic Classification Criteria [33]. An indicator
was created to represent the economic position of the
families based on the methodology used by Barros and
Victora [34]. The first component generated by principal
component analysis (PCA), which captures the largest
possible amount of data variability with a single linear
combination, was retained [35, 36]. Thus, the 11 variables of durable goods at homes and residences were
used in a 1-factor PCA model, which obtained an eigenvalue of 2.05 and a Cronbach alpha of 0.21 and explained 19.3% of the total data variability. Subsequently,
the factorial score was divided into quintiles.
Physical activity was measured by the time accumulated in the seven days before the questionnaire, according to one of the modules used in the National School
Health Survey (PeNSE) [37]. The variable was categorized as inactive (did not perform any physical activity in
the last week), insufficiently active (1 to 149 min), insufficiently active (150 to 299 min) and active (more than
or equal to 300 min) [37, 38].
Weight and height were measured by trained interviewers. Weight was measured with a Tetrapolar bioimpedance scale (Tanita BC-558), and height was measured
twice with the AlturaExata portable stadiometer with a
variation of 0.5 cm. Both procedures were performed according to Gordon’s protocol [39]. Participants were
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classified by BMI z-scores according to gender and age
group, based on the WHO classification [40].
Statistical analyses

First, the effect of the intervention on the outcome was
analysed. Since there was no significant association between the intervention and the outcome, further analyses were treated as a prospective cohort. Although
there was no specific intervention for sleep duration and
CMD, interventions in food intake, physical activity and
sedentary behaviour could certainly affect sleep and
mental health. Therefore, preliminary analyses were also
performed with only the control group to address this
possibility. As the same direction of results was observed, we maintained the analysis with the complete
sample (controlling the effect of the intervention). The
results of the first analysis of the effect of the intervention on the outcome and the control group-only analysis
can be accessed in the supplementary tables for
complete results (Additional file 1: Tables S1 and S2).
To evaluate the effect of sleep duration on CMD analyses stratified by sex, we used linear mixed-effects models
for repeated measures through the MIXED procedure
from the Statistical Analysis System (SAS), version 9.4.
Initially, each model included time, the baseline exposure
variable and an interaction term time exposure, which
allowed the evaluation of potential differences between exposure groups in response change over time. The models
were adjusted for continuous age, asset indicators, physical
activity, BMI and group (intervention or control). The advantage of using mixed-effects models is that they account
for losses of follow-up for the outcome. This approach
can handle missing values for the outcome, and no data
on individuals at any time were discarded.

Results
Of 2743 eligible school students, 2528 participated in the
baseline. In the first phase of the study, 2511 students answered the GHQ-12, corresponding to 92.2% of the sample, and 2308 participated in the follow-up; therefore,
there was a loss of 8.1% from the first to the second data
collection date. The follow-up losses came mainly from
refusals (15 students) and participant absences.
Table 1 shows the profile of the children and adolescents studied according to gender, demographic characteristics, CMD, sleep duration and covariates, such as
weight status and physical activity level. There were very
close proportions of boys (52%) and girls and children
(56.2%) and adolescents. Almost 32% of the sample had
a BMI-for-age above the recommended level (18.3%
overweight and 13.4% obese) and were insufficiently active, since 43.9% reported between 1 and 149 min of
physical activity per week. We also observed that 57.4%
of the sample had sleep duration considered adequate.
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Table 1 Characteristics of the sample at the baseline, by sex
Total
n (%)

Boys
n (%)

Girls
n (%)

p-value*

9 to 11

1421 (56.2)

679 (51.1)

742 (61.8)

< 0.001

12 to 17

1.107 (43.8)

649 (48.9)

458 (38.2)

Thinness

80 (3.3)

58 (4.6)

22 (1.9)

Adequate

1.588 (65.0)

841 (65.9)

747 (64.0)

Overweight

449 (18.3)

202 (15.8)

247 (21.1)

Obesity

327 (13.4)

175 (13.7)

152 (13.0)

562 (22.4)

253 (19.2)

309 (25.9)

Variables
Age (years

Weight status
< 0.001

Physical activity (min/week)
Inactive
insufficiently active (1–149)

1.101 (43.9)

563 (42.8)

538 (45.1)

insufficiently active (150–299)

469 (18.7)

284 (21.6)

185 (15.5)

Active (> = 300)

378 (15.0)

217 (16.5)

161 (13.5)

< 0.001

Sleep duration (h/day)
Short

712 (34.3)

348 (32.9)

364 (35.8)

Adequate

1.190 (57.4)

613 (58.0)

577 (56.7)

0.001

Long

172 (8.3)

96 (9.1)

76 (7.5)

Yes

834 (33.2)

486 (36.9)

348 (29.2)

No

1.678 (66.8)

832 (63.1)

846 (70.8)

CMD score

mean (SD)

mean (SD)

mean (SD)

p-value**

0–36

11.7 (8.1)

12.5 (8.3)

10.9 (7.8)

< 0.001

CMD frequency
< 0.001

Adequate sleep duration: for children of school-age (6 to 12 years), 9 to 12 h is recommended and, for adolescents (13 to 18 years), 8 to 10 h
CMD Common mental disorders
*Chi-square test between variables and sex. ** Student’s T test between CMD scores, ranging from 0 to 36, and the students’ gender

We noted that 34.3% of the sample slept less than the
recommended time for the age, and girls did so more
frequently (35.8%). On the other hand, boys presented
higher proportions of long sleep duration (9.1%) than
girls (Table 1). In general, the schoolchildren of both
genders and age groups had an average sleep duration of
9.1 h (SD 2.1) (not shown in the table).
The frequency of common mental disorders was 33.2%
at baseline and was higher in boys (36.9%) than in girls
(29.2%) in both age groups. The CMD frequency was
32.2% at follow-up, with 35.1% of boys and 29% of girls.
The presence of CMD was more frequent among students with sleep duration below that recommended for
their age, both in boys (39.6%) and in girls (28.1%), but
girls showed no significant difference. Regarding weight
status, the proportions of CMD were similar, varying in
boys from 32.3% (overweight) to 39.5% (adequate).
Schoolchildren considered to be active and with lower
economic status had higher proportions of CMD among
both sexes (Table 2).
The average predicted values of the CMD score
showed a pattern of reduction among boys and a pattern
of increase among girls at the follow-up. For example, in

graph B, it is possible to observe an increase in the
CMD score over time among girls with short sleep duration (p < 0.01) (Fig. 1). The p-value in each graph refers
to the interaction term between time and duration of
sleep (time * duration of sleep). Among boys, a similar
variation in the CMD score was observed in the subgroups with short sleep and long sleep, but there was a
significant reduction in those with long sleep duration
(p = 0.05).

Discussion
The present study examined changes in CMD over time
according to sleep duration in adolescents. Our findings
revealed that girls who had a short sleep duration at
baseline had a higher CMD score over time. Among
boys, those with longer sleep had a reduction in the
CMD score. These findings show different variations in
CMD between the sexes.
Our results are consistent with the literature existing
thus far, which suggests that short sleep duration is associated with changes in the physical and mental health of
children and adolescents across a broad range of indicators of psychological, interpersonal, and somatic well-
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Table 2 CMD frequency at baseline, according to population
characteristics, by sex
Variables

CMD
Boys (%)
n = 486

Age (years)

Girls (%)
n = 348

p chi2

9 to 11

37.4

12 to 17

36.3

Economic status

0.661

p chi2
26.4

p trend
27.0

2° quintile

32.3

24.7

3° quintile

34.1

26.6

4° quintile

35.5

28.1

5° quintile

50.6

40.3

Thinness

< 0.001

p trend

1° quintile

Weight status

28.5

p trend
32.8

0.009

39.5

30.2

Overweight

32.3

27.8

Obesity

32.6

21.3

insufficiently active (1–149)

30.9

< 0.001

p trend
25.8

43.0

34.6

Active (> = 300)

62.7

42.9

Short

p chi2*
39.6

Adequate

31.6

Long

34.4

< 0.001

25.1

insufficiently active (150–299)

Sleep duration (h/day)

0.052

23.0
p trend

Inactive

0.017

p trend
36.4

Adequate

Physical activity (min/week)

0.007

33.7

p chi2*

0.012

28.1

0.586

27.6

0.479

26.0
0.761

*Chi-square test between “short and adequate sleep duration” and “long and
adequate sleep duration”, and CMD, by sex
Adequate sleep duration: for children of school-age (6 to 12 years), 9 to 12 h is
recommended and, for adolescents (13 to 18 years), 8 to 10 h

being. Typically present in common mental disorders,
more fatigue, less energy, worse perception of health and
symptoms such as headaches, stomach and back pain
may be observed [16, 21, 41].
Among other findings, a large national sectional study
of the U.S. (Youth Risk Behavior Survey data) found that
young people who slept little at night were more likely
to report substance use, have suicidal thoughts, and feel
sad and hopeless [42]. Sarchiapone et al. [43], in a study
of 11,788 young people from 11 European countries, also
identified a strong association between short sleep duration and emotional and behavioural problems, especially in girls. However, because the designs of these
studies were cross-sectional, it was not possible to exclude the possibility of reverse causality in such results.
More recent studies have further extended these findings. A prospective, three-wave study of European and
African American children evaluated the reciprocal

relationships between children’s sleep and their symptoms of internalization and externalization and found
that reduced sleep duration predicted greater depression,
anxiety, and externalizing symptoms over time [44].
Sleep in childhood and adolescence has particularities
that must be considered because they impact the duration and quality of sleep. From a biological perspective,
adolescents can present delays in the sleep phases, characterized by sleeping and waking up later. There is a
delay in the time of nocturnal melatonin secretion across
adolescence that parallels a change in circadian phase
preference from a more “morning” type to a more “evening” type, which consequently results in an increased difficulty in falling asleep at an earlier time [45, 46].
Another important factor is the altered “sleep impulse”
in adolescence, in which the pressure to fall asleep accumulates more slowly than in adults, resulting in a builtup deficit across the day [15]. Added to the sleep-wake
changes that flow from this biological maturation, teens
experience increased academic demands and in some
cases must also cope with part-time jobs, extracurricular
and social activities and the intense use of electronic devices, such as cell phones, computers, video games, and
television. These conflicting demands can cause insufficient sleep, which negatively affects the psychological
well-being, socialization ability, and academic and work
performance of adolescents [47, 48]. The American
Academy of Pediatrics and The American Academy of
Sleep Medicine recognize insufficient sleep in adolescents as an important public health issue, and several
studies have highlighted earlier school start times (before
8:30 am) as a key modifiable contributor to short sleep
duration in this population [46, 49]. A recent review of
the literature about school start times, sleep, and behavioral, health and academic outcomes showed that many
of the studies in support of delaying school start times
have been conducted in the United States, although data
from ten other countries – Hong Kong, Israel, Turkey,
Norway, New Zealand, China, Switzerland, Australia,
Spain, and Croatia – also show benefits in sleep when
schools start later (8:30 or later) [50].
Our results are consistent with findings from other studies
that assessed differences between gender and mental health.
A study performed in a sleep laboratory at the Sleep Research Center in Australia exposed adolescents of both sexes
to a sleepless night to test the hypothesis that their mood
would be significantly worse after a night of sleep deprivation
when compared to the ideal two nights’ sleep. The results
showed that female adolescents presented greater vulnerability to mood deficits after sleep loss in various mood states,
mainly with significant increases in depressive and anxious
symptoms. Thus, the authors suggest that there is a differential sensitivity between male and female adolescents to the effects of sleep loss in some mood states [51].
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Fig. 1 Variation in the predicted CMD score according to sleep duration, by sex, at baseline.* P-values associated with exposure categories. β1Coefficient associated with models without adjustment for baseline measures. β2-Coefficient associated with models adjusted by age, economic
status, physical activity, weight status and group

Although direct comparisons are difficult due to differences in study designs, our findings corroborate the
emerging literature indicating a prospective association
between sleep duration and psychological outcomes in
populations of similar ages. A recent longitudinal study
of 3071 young people in the British Columbia Substance
Use Survey (BASUS), a prospective cohort investigating
the psychosocial and environmental factors associated
with sleep time and two measures of depression over 12
months, showed that chronic sleep deprivation increases
the risk of depression in young women [52]. A previous
longitudinal study in Chicago on sleep, depressive symptoms and self-esteem data, with three years of follow-up,
used latent growth models to show that students who
obtained less sleep over time reported heightened levels
of depressive symptoms and decreased self-esteem [48].
Some authors suggest that insufficient sleep duration itself causes physiological stress pathways to be hyperactive,
and females are more stress-reactive than males due to
the differential effect of testosterone on the hypothalamicpituitary-adrenal axis. Therefore, the promotion of mental
health for young people should include relevant strategies
to ensure that adolescents of both sexes – especially girls,
as they are the most vulnerable subgroup – can achieve
the recommended amounts of sleep [53, 54].

Another important finding of our study is the frequency of baseline CMD, which corresponds to 32.2%,
with a higher prevalence among boys (36.9%) than girls
(29.2%). It should be emphasized that our study used a
higher cut-off point, indicating more severe CMD. Brazilian multicentre data from the Study of Cardiovascular
Risks in Adolescents (ERICA), with approximately 75,
000 adolescents evaluated in 1248 schools, showed a
prevalence of 30% of CMD among Brazilian adolescents,
similar to that found in a population-based study with
adolescents living in Pelotas (28.8%), a municipality in
southern Brazil [8, 55]. Both Brazilian studies used the
same instrument to measure CMD, but with a lower
cut-off point, which indicates a higher frequency of more
severe CMD in the Duque de Caxias region.
The higher prevalence of CMD among boys than
among girls differs from the literature. Although these
associations, particularly with the internalization of mental health outcomes, are commonly reported to be more
adverse in women, men are more frequently exposed to
violence, which is often linked to CMD (especially, but
not exclusively, externalization problems). Thus, these
results may be related to aspects of the study region itself, since these schools are located in one of the poorest
municipalities of the state of Rio de Janeiro, with
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significant indicators of community violence. According
to data from the Public Security Institute [56], of the 92
municipalities of the State of Rio de Janeiro, the Duque
de Caxias region presented the third-highest number of
notifications for violence against children and adolescents in 2017. Among the different types of violence, the
region where the students study and live had higher
rates of physical and patrimonial violence (theft and destruction or retention of personal property, among
others), subtypes that occur more frequently among
male adolescents. According to Curtis et al. [57], some
studies have shown differences in how girls and boys relate to neighbourhood conditions, as parents generally
restrict the out-of-home activities of adolescent boys less
than those of girls; thus, boys may be more exposed to
impoverished neighbourhood conditions. Thus, CMD
seem more strongly associated with neighbourhood conditions for boys than for girls.
Strengths and limitations

This study should be considered in the context of its
strengths and limitations. Among the positive points, we
highlight the longitudinal analysis of the CMD trajectory
through a mixed-effects model that accounts for missing
data and differences in the number of measurements per
subject. Thus, in addition to providing support for the
causal role of sleep loss in adolescent mental health, our
findings contribute to the restricted literature that examines the differences between the sexes in the mental
health response to sleep loss.
However, this study is subject to some limitations.
First, sleep duration data were obtained by self-report
and were not verified by objective measures such as actigraphy (a measurement of the motor activity sensor) or
polysomnography (sleep study), which may lead to overestimation of sleep duration. According to some studies,
such overestimation may occur not only because of the
limitations of subjective sleep reports, such as memory
and interpretation, but also because the simple act of going to bed may be perceived as the onset of sleep [58, 59].
Thus, we recommend evaluating not only sleep duration
but also the quality of sleep and the circadian chronotype
because they contribute significantly to daytime functioning, highlighting the importance of considering these factors together to better understand their impact. Second,
the days of the week and weekends were not differentiated
in collecting information on bedtime and wake-up time,
but as the study was conducted in schools, the responses
were likely related to school days.

Conclusion
This study represents an advancement in the knowledge
of child and adolescent mental health, especially the role
of sleep duration in CMD changes over time. Given our
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findings and prior knowledge that sleep problems are
common among adolescents due to maturational processes and changes in sleep, parents and adolescents
should pay more attention to their sleep patterns and
implement interventions if necessary. The promotion of
health considering the school environment could help to
change this scenario. As discussed earlier, the benefits of
later school start times have gained attention in recent
years, and important organizations, researchers, and educators in the field strongly recommend changes in
school schedules to better attend to the biological sleep
needs of adolescents owing to the social and academic
demands that they experience. From the public health
perspective, our findings can also contribute to discussions within the Brazilian context.

Supplementary information
Supplementary information accompanies this paper at https://doi.org/10.
1186/s12889-020-8260-5.
Additional file 1: Table S1. Variation in mean CMD over time
comparing intervention with control group. β - Coefficient associated to
linear mixed effects models. Group - refers to school allocation group
(intervention or control). Table S2. Regression coefficients (β) of CMD,
according to time of follow-up and sleep duration, by sex. β-Coefficient associated to linear mixed effects models only with the control group sample
adjusted by age, economic status, physical activity and weight status.
Abbreviations
AASM: American Academy of Sleep Medicine; BASUS: British Columbia
Substance Use Survey; BMI: Body mass index; CHA: Community health
agents; CMD: Common mental disorders; ERICA: Study of Cardiovascular
Risks in Adolescents; GHQ: General Health Questionnaire; PAAPAS: Parents,
Students, Community Health Agents and Teachers for Healthy Eating;
PCA: Principal component analysis; PDA: Personal digital assistants;
PeNSE: National School Health Survey; SAS: Statistical Analysis System;
WHO: World Health Organization
Acknowledgements
We are indebted to all of the students and teachers who participated in the
study, and we thank the health secretary and education secretary of the
municipality of Duque de Caxias for their partnership in this project.
Authors’ contributions
All authors contributed to all stages of the production of the manuscript. All
authors read and approved the final manuscript.
Funding
Not applicable.
Availability of data and materials
The participants shared their opinions and experiences upon the assurance
that their confidentiality and anonymity would be protected. Hence, the
research data are not publicly available because this would compromise
individual privacy and our ethical approval conditions.
Ethics approval and consent to participate
The Ethics Committee of the Institute of Social Medicine (State University of
Rio de Janeiro, Brazil) approved the protocol (CAAE: 10471313.2.0000.5260).
Written informed consent was obtained from all the participants’ parents.
Students with physical or mental disabilities and girls who were pregnant or
lactating were considered ineligible and were not included in the study.
Consent for publication
Not applicable.

Agathão et al. BMC Public Health

(2020) 20:148

Competing interests
The authors declare that they have no competing interests.
Received: 10 July 2019 Accepted: 22 January 2020

References
1. Kieling C, Baker-Henningham H, Belfer M, Conti G, Ertem I, Omigbodum O,
et al. Child and adolescent mental health worldwide: evidence for action.
Lancet. 2011;378(9801):1515–25.
2. Steel Z, Marnane C, Iranpour C, Chey T, Jackson JW, Patel V, Derrick S. The
global prevalence of common mental disorders: a systematic review and
meta-analysis 1980-2013. Int J Epidemiol. 2014;43(2):476–93.
3. Goldberg DP, Huxley PY. Common mental disorders: a bio-social model.
London: Tavistock/Routledge; 1992.
4. World Health Organization Regional Office for Europe Copenhagen. Healthy
Living: What is a Healthy Lifestyle? 1999. Available online: http://apps.who.
int/iris/bitstream/handle/10665/108180/EUR_ICP_LVNG_01_07_02.
pdf?sequence=1&isAllowed=y. Accessed 2 Mar 2019.
5. Glozah FN, Asante KO, Kugbey N. Parental involvement could mitigate the
effects of physical activity and dietary habits on mental distress in Ghanaian
youth. PLoS One. 2018;13:e0197551.
6. Velten J, Bieda A, Scholten S, Wannemuller A, Margraf J. Lifestyle choices
and mental health: a longitudinal survey with German and Chinese
students. BMC Public Health. 2018;18:632.
7. Patton GC, Coffey C, Romaniuk H, Mackinnon A, Carlin JB, Degenhardt L,
et al. The prognosis of common mental disorders in adolescents: a 14-year
prospective cohort study. Lancet. 2014;383(9926):1404–11.
8. Lopes CS, Abreu GA, Santos DF, Menezes PR, Carvalho KMB, Cunha CF, et al.
ERICA: prevalência de transtornos mentais comuns em adolescentes
brasileiros. Rev Saude Publ. 2016;50 Suppl 1:14s.
9. Heath AC, Eaves LJ, Kirk KM, Martin NG. Effects of lifestyle, personality,
symptoms of anxiety and depression, and genetic predisposition on
subjective sleep disturbance and sleep pattern. Twin Res. 1998;1(4):176–88.
10. Sateia MJ, Doghramji K, Hauri PJ, Morin CM. Evaluation of chronic insomnia.
An American Academy of sleep medicine review. Sleep. 2000;23(2):243–308.
11. Abreu GA. Associação entre Horas de Sono e Perfil Lipídico de Adolescentes
do Estudo de Riscos Cardiovasculares em Adolescentes (ERICA). Rio de
Janeiro: Tese [Doutorado em Saúde Coletiva] – Universidade Federal do Rio
de Janeiro; 2015.
12. Silva TLN, Abreu GA, Teixeira LR, Bloch KV. Análise da qualidade da
informação autorreferida sobre duração do sono de escolares do Estudo de
Riscos Cardiovasculares em Adolescentes (ERICA). Rio de Janeiro, v. 35, n. 10,
e00152918, Ago: Cad. Saúde Pública; 2018.
13. Paruthi S, Brooks LJ, D'Ambrosio C, Hall WA, Kotagal S, Lloyd RM, et al.
Consensus statement of the American Academy of sleep medicine on the
recommended amount of sleep for healthy children: methodology and
discussion. J Clin Sleep Med. 2016;12(11):1549–61.
14. Hirshkowitz M, Whiton K, Albert SM, Alessi C, Bruni O, DonCarlos L, et al.
National Sleep Foundation's sleep time duration recommendations:
methodology and results summary. Sleep Health. 2015;1(1):40–3.
15. Crowley SJ, Wolfson AR, Tarokh L, Carskadon MA. An update on adolescent
sleep: new evidence informing the perfect storm model. J Adolesc. 2018;67:
55–65.
16. Czeisler CA. Duration, timing and quality of sleep are each vital for health,
performance and safety. Sleep Health. 2015;1:5–8.
17. Meyer C, Junior GJF, Barbosa DG, Andrade RD, Pelegrini A, Felden EPG.
Analysis of daytime sleepiness in adolescents by the pediatric daytime
sleepiness scale: a systematic review. Rev Paul Pediatr. 2017;35(3):351–60.
18. Kabrita CS, Hajjar-Muça TA. Sex-specific sleep patterns among university
students in Lebanon: impact on depression and academic performance. Nat
Sci Sleep. 2016;8:189–96.
19. Koikawa N, Shimada S, Suda S, Murata A, Kasai T. Sex differences in
subjective sleep quality, sleepiness, and health-related quality of life among
collegiate soccer players. Sleep Biol Rhythms. 2016;14:377–86.
20. Supartini A, Oishi T, Yagi N. Sex differences in the relationship between
sleep behavior, fish consumption, and depressive symptoms in the general
population of South Korea. Int J Environ Res Public Health. 2017;14:789.
21. Kaneita Y, Ohida T, Uchiyama M, et al. The relationship between depression
and sleep disturbances: a Japanese nationwide general population survey. J
Clin Psychiatry. 2006;67(2):196–203.

Page 8 of 9

22. Roberts RE, Roberts CR, Duong HT. Chronic insomnia and its negative
consequences for health and functioning of adolescents: a 12-month
prospective study. J Adolesc Health. 2008;42(3):294–302.
23. Meijer AM, Habekothé HT, Van Den Wittenboer GL. Time in bed, quality of
sleep and school functioning of children. J Sleep Res. 2000;9(2):145–53.
24. Sadeh A, Gruber R, Raviv A. Sleep, neurobehavioral functioning, and
behavior problems in school-age children. Child Dev. 2002;73(2):405–17.
25. Eaton DK, McKnight-Eily LR, Lowry R, Perry GS, PresleyCantrell L, Croft JB.
Prevalence of insufficient, borderline, and optimal hours of sleep among
high school students—United States, 2007. J Adolesc Health. 2010;46(4):
399–401.
26. US Department of Health and Human Services. Healthy People 2020 sleep
health objectives. 2018. http://www.healthypeople.gov/2020/
topicsobjectives2020/objectiveslist.aspx?topicId=38. Accessed 26 June 2013.
27. Sgambato MR, Cunha DB, Henriques VT, Estima CC, Souza BS, Pereira RA,
et al. PAAPPAS community trial protocol: a randomized study of obesity
prevention for adolescents combining school with household intervention.
BMC Public Health. 2016;16:809.
28. Instituto Brasileiro de Geografia e Estatística. Censo Demográfico. Rio de
Janeiro: IBGE; 2000. http://www.ibge.gov.br/home/estatistica/populacao/
default_censo_2000.shtm. Accessed 21 Feb 2018
29. Goldberg DP. The detection of psychiatric illness by questionnaire: a
technique for the identification and assessment of non-psychotic
psychiatric illness. London: Oxford University Press; 1972.
30. Mari JJ, Williams P. A comparison of the validity of two psychiatric screening
questionnaires (GHQ-12 and SRQ-20) in Brazil, using relative operating
characteristic (ROC) analysis. Psychol Med. 1985;15(3):651–9.
31. Mari JJ. Minor psychiatric morbidity in three primary care clinics in the city
of São Paulo. Issues on the mental health of the urban poor. Soc Psychiatry
Psychiatr Epidemiol. 1987;22(3):129–38.
32. Fortes S, Villano LAB, Lopes CS. Nosological profile and prevalence of
common mental disorders of patients seen at the family health program
(FHP) centers in Petrópolis. Rio de Janeiro Rev Bras Psiquiatr. 2008;30(1):32–
7.
33. ABEP. Códigos e guias: CCEB – Critério de Classificação Econômica Brasil.
São Paulo: Associação Brasileira de Empresas de Pesquisa; 2016.
34. Barros AJD, Victora CG. Indicador econômico para o Brasil baseado no
censo demográfico de 2000. Rev Saude Publ. 2005;39:523–9.
35. Pereira JCR. Análise de dados qualitativos - Estratégias Metodológicas para
as Ciências da Saúde, Humanas e Sociais: EdUSP; 1999.
36. Olinto MTA. Padrões alimentares: análise de componentes principais.
Epidemiologia Nutricional. Rio de Janeiro: Fiocruz e Atheneu; 2007.
37. Tavares LF, Castro IR, Cardoso LO, Levy RB, Claro RM, Oliveira AF. Validity of
indicators on physical activity and sedentary behavior from the Brazilian
National School-Based Health Survey among adolescents in Rio de Janeiro.
Brazil Cad Saude Publica. 2014;30:1861–74.
38. Gonçalves TR, Mediano MFF, Sichieri R, Cunha DB. Is health-related quality
of life decreased in adolescents with Back Pain? Spine. 2018;43:822–9.
39. Gordon CC, Chumlea WC, Roche AF. Stature, recumbent Lenght, and
weight. Anthropometric standardization reference manual. Champaigh:
Human Kinetics Books; 1988.
40. Onis M, Onyango AW, Borghi E, Siyam A, Nishida C, Siekmann J.
Development of a WHO growth reference for school-aged children and
adolescents. Bull World Health Organ. 2007;85:660–7.
41. Chaput JP, Casey EG, Veronica JP, Valerie C, Reut G, Timothy O. Systematic
review of the relationships between sleep duration and health indicators in
school-aged children and youth. Appl Physiol Nutr Metab. 2016;41:266–82.
42. Roberts RE, Duong HT. Is there an association between short sleep duration
and adolescent anxiety disorders? Sleep Med. 2017;30:82–7.
43. Sarchiapone M, Mandelli L, Carli V, Iosue M, Wasserman C, Hadlaczky G,
et al. Hours of sleep in adolescents and its association with anxiety,
emotional concerns, and suicidal ideation. Sleep Med. 2014;15:248–54.
44. Kelly RJ, El-Sheikh M. Reciprocal relations between children’s sleep and their
adjustment over time. Dev Psychol. 2014;50(4):1137–47.
45. Carskadon MA, Acebo C, Jenni OG. Regulation of adolescent sleep:
implications for behavior. Ann N Y Acad Sci. 2004;1021:276–91.
46. American Academy of Pediatrics, Adolescent Sleep Working Group,
Committee on Adolescence, and Council on School Health. School start
times for adolescents. Pediatrics. 2014;134(3):921–32.
47. Almondes KM, Araújo JF. Sleep/wake cycle pattern and its relationship with
anxiety in college students. Estud Psicol. 2003;8:37–43.

Agathão et al. BMC Public Health

(2020) 20:148

48. Fredriksen K, Rhodes J, Reddy R, Way N. Sleepless in Chicago: tracking the
effects of adolescent sleep loss during middle school years. Child Dev. 2004;
75(1):84–95.
49. Watson NF, Martin JL, Wise MS, Carden KA, Kirsch DB, Kristo D, et al.
Delaying middle school and high school start times promotes student
health and performance: an American Academy of sleep medicine position
statement. J Clin Sleep Med. 2017;13(4):623–5.
50. Wheaton A, Chapman DP, Croft JB. School start times, sleep, behavioral,
health, and academic outcomes: a review of the literature. J Sch Health.
2016;86(5):363–81.
51. Short MA, Louca M. Sleep deprivation leads to mood deficits in healthy
adolescents. Sleep Med. 2015;16:987–93.
52. Conklin AI, Yao CA, Richardson CG. Chronic sleep deprivation and genderspecific risk of depression in adolescents: a prospective population-based
study. BMC Public Health. 2018;18:724.
53. Galvão MO, Sinigaglia-Coimbra R, Kawakami SE, Tufik S, Suchecki D.
Paradoxical sleep deprivation activates hypothalamic nuclei that regulate
food intake and stress response. Psychoneuroendocrinology. 2009;34(8):
1176–83.
54. Handa RJ, Burgess LH, Kerr JE, Ja O’K. Gonadal steroid hormone receptors
and sex differences in the hypothalamo-pituitary-adrenal axis. Horm Behav.
1994;28:464–76.
55. Pinheiro KAT, Horta BL, Pinheiro RT, Horta LL, Terres NG, Silva RA. Common
mental disorders in adolescents: a population based cross-sectional study.
Rev Bras Psiquiatr. 2007;29(3):241–5.
56. Manso FV, Gonçalves LL. Dossiê criança e adolescente. Rio de Janeiro:
RioSegurança; 2018.
57. Curtis S, Pain R, Fuller S, Khatib Y, Rothon C, Stansfeld SA, Daya S.
Neighbourhood risk factors for common mental disorders among young
people aged 10–20 years: a structured review of quantitative research.
Health & Place. 2013;20:81–90.
58. Cespedes EM, Hu FB, Redline S, Rosner B, Alcantara C, Cai J, et al.
Comparison of self-reported sleep duration with actigraphy: results from the
Hispanic community health study. Am J Epidemiol. 2016;183(6):561–73.
59. Guedes LG, Abreu GA, Rodrigues DF, Teixeira LR, Luiz RR, Bloch KV. Rev Bras
Epidemiol. 2016;19(2):339–47.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Page 9 of 9

