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Abstract
Objective: To explore the impact of inadequate sleep and associated factors on the
social behaviour and food consumption of children and adolescents.
Design: Cross-sectional study.
Setting: Sleep information, social behaviour (Strengths and Difficulties
Questionnaire), food consumption, demography, nutritional status, lifestyle, and
biochemical tests were investigated.
Participants: School children in the 4th grade of the municipal school system of a
large Brazilian city.
Results:Of a total of 797 schoolchildren, 50·9 % were female, with a median age of
9·7 (9·5–10·0) years old and an energy consumption of 7613·6 (5982·7–9766·2) kJ.
It was determined that 31·6 % were overweight, and 76·8 % reported insufficient
weekly practice of physical activity. A median of 9·6 (8·9–10·5) h of sleep (lower
values onweekdays: 9·3 v. 10·5 h, P< 0·001) was recorded. In addition, 27 % of the
individuals who experienced inadequate sleep (<9 h) engaged in longer screen
time daily (≥2 h/d) (P= 0·05), had an inadequate bedtime (> 22 h) or adequate
wake-up time (5–7 h), studied in the morning (P< 0·001) and never took a shower
before school (P < 0·001). Of the entire sample, 9·9 % had poor or very poor sleep
quality and a greater probability of sleep talking regularly, had difficulty falling
asleep, and engaged in inadequate social behaviour while experiencing these con-
ditions compared with those with positive sleep quality. There was no association
between sleep and the other variables investigated.
Conclusions: Sleep impairment contributed to changes in sleep and social behav-
iour in schoolchildren. The findings of this study may reinforce the importance of
developing actions to promote adequate sleep and a healthy lifestyle at school age.
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The duration and quality of sleep of children has been
decreasing over the previous two decades(1), including in
Brazil, especially due to industrial development, which
has encouraged the acquisition of consumer electronics,
and has led to widespread internet usage in this age group
and the exacerbation of students’ appointments, which
generates stress, fatigue and emotional breakdown.
Additionally, the lack of options for play in the country
has contributed to this finding(2).

Klein and Gonçalves(3) studying Brazilian children 7 to 11
years of age, found that 43·6% slept less than 9 hper night and
18·6 % presented sleep disruptions, including insomnia,

tiredness when waking up, daytime sleepiness and snoring.
Gonzaga et al.(4) indicated that 40·7 % of children and adoles-
cents (n 135, 5–18 years) in the Brazilian northwest had low
sleep quality, with the prevalence among girls (44·7 % v.
35·6 % male). Souza et al.(5) utilised the Sleep Disability
Scale for Children (SDSC) for a group 5 to 10 years of age
living on the south cost of Paraíba, and found 15·0 % hyper-
hidrosis among those with poor sleep quality.

There has been an increase in public discussion regard-
ing the theme of sleep and the childhood population,
mostly with regard to how sleep duration and quality influ-
ence health and, specifically, cognitive performance in
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education(6). Studies show an association between sleep
irregularity and a negative impact on behaviour control,
the emotions, and food, as well as physical fitness(7,8).
Irregular sleep favours the alteration of the homeostasis
of hormone secretion such as melatonin, cortisol, insulin
and ghrelin, which are regulators of memory, development
and energetic expense(9). The US National Sleep
Foundation recommends that individuals 6 to 13 years of
age sleep from 9 to 10 h per night(10).

Sleep disorders can cause disturbances and psychologi-
cal and behaviour problems, which arise in importance
during the school phase, internalisation (sadness, discour-
agement, fear and loneliness), externalisation (anxious-
ness, depression, impatience, and rules violation) and
the use or abuse of certain substances(11). Furthermore,
they can culminate in a preference for the intake of food
with high energetic density, mainly lipid and saturation
fat(12), since the regulation neuroendocrine can be compro-
mised. A longitudinal study with participants (n 312, 5–12
years) enrolled from the elementary schools of Aalter pre-
sented an association between reduced sleep hours and a
higher intake of fatty foods and lower intake of fruit and
vegetables(13).

In light of the foregoing revelations, the present inves-
tigation represents a theme that is still an incipient
approach, although it is important from the point of view
of attention to the integral health of children and
adolescents.

This study aimed to estimate the prevalence of indica-
tors (duration and self-evaluation of quality) of the habitual
sleep of the schoolchildren and the unhealthy behaviour
associated with it. This information is important with regard
to minimising the negative effects of sleep on social behav-
iour, food consumption, lifestyle, and the biological
changes in the sleep-wake cycle of the population
investigated.

Methods

Cross-sectional study, with data collection between 2014
and 2015, approved by the Human Research Ethics
Committee. All participants gave their consent, in addition
to the signed consent of mothers and/or legal guardians.

Sampling
The sample was representative of children in the 4th grade in
the public elementary schools of Belo Horizonte (1·43million
inhabitants, 330·9 km2), with the phase of life represented by
progressive independence and cognitive maturity(14,15), as
well as the formation of new social entailment. For the sample
calculation a proportion of 50 % was adopted for the charac-
teristics determined for a finite population (n 10·623), a value
that gives a bigger sampling size, and the level of significance
and sampling error was fixed at 5 % (α or error type I),

according to Hulley and Cummings criteria(16). The sampling
of participants was realised by the conglomeration of two
stages (schools and class) with stratification proportional to
location. The sampling size (n 742) was stratified proportion-
ally to the size of each of the nine regional administrations of
Belo Horizonte. Thus, they were selected by a simple con-
glomerate sample of 17 schools, with a total of 931 students
drawn from all genders. The exclusion criteria were the use of
controlled medicines or the actual treatment of infectious
diseases; respiratory (asthma, bronchitis, sinusitis and/or rhi-
nitis) or chronic degenerative illnesses; difficult venous
access; andmembership in the Social Inclusion Program (with
health, mental or cognitive problems), according to the teach-
er’s report. From the total number of invited students, 101
were not assessed for absence on the day of the data collec-
tion, 31 for mental illness, and 2 did not present the parental
consent form. In the sample (n 797) under consideration, indi-
viduals whose data was incomplete or inconsistent had their
evaluations excluded from the results (3 for sleep, 8 for social
behaviour, 29 for food intake, 7 for nutritional status, 37 for
physical activity and 23 for screen time). It should be noted
that students excluded from the study have not presented
differences related to sex, age or the region of the town
(P> 0·05) from those who remain.

Recruitment
One subsamplewas adopted to establish biochemical param-
eters, and parameters for social behaviour as reported by
teachers, to support the questions related to human, material,
technical and logistical resources. Calculated according to the
Campos criteria(17), the subsample of the biochemical param-
eters was estimated among 72 schoolchildren considering a
percentage of loss of individuals, a confidence level of
95 %, a finite population, and a desired maximum error of
5 mg/dl, adopting the SD expected of themain outcome (total
cholesterol TC)(18,19). Of the 797 study participants, 285 were
eligible for biochemical parameters, with 177 excluded due to
a negative response from the parents (n 138) or from the child
(n 37), or due to difficult venous access (n 2), and 108 (37,
9 %) individuals from a total of four regional administrations
were assessed. The subsample of teachers (n 7) for the evalu-
ation of the social behaviour of the schoolchildren was
obtained by agreement, totalling 31·6 % (n 252) of the volun-
teers analysed (Fig. 1).

Instruments
A questionnaire was distributed on site to the schoolchil-
dren in the teaching units.

Data collection
The data collection was performed by a nutritionist and
academics, who specialise in nutrition in public and federal
higher education institutions, and who were trained and
supervised by the main researcher. The study aimed to
characterise the schoolchildren’s sleep, determine its
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relation to social behaviour and food consumption, and, in
addition, to identify how this relates to demographic,
anthropometric and biochemical measurements and
lifestyle.

Demographic variables
Demographic data such as sex and the birth date for the age
calculation were obtained by consulting school documents.

Anthropometric variables
Height and weight measurements were taken at the
school, utilising appropriated equipment and techniques.
Height was assessed with a portable stadiometer (Altura
Exata®) with an amplitude of 220 cm and sub-divisions
of 0·5 cm, and the reading was obtained with the individual
standing. Weight was assessed utilising an electronic
scale (Marte LC 200 PS®) with a capacity of 200 kg and

precision of 50 g. It was calculated using the anthropomet-
rics index height-to-age (H/A) and BMI (weight(kg)/
height(m)2)-to-age (BMI/A) with the help of the software
WHO AnthroPlus®(20). Classification of the individual’s
nutritional status was achieved utilising the charts of the
World Health Organization(21). In this study, H/A was cat-
egorised as low height (score-Z < –2) and adequate height
(score-Z ≥ –2), and BMI/A as eutrophic (score-Z ≥
–2 e score-Z ≤ þ1), overweight (score-Z > þ1 e score-
Z ≤ þ2) and obese (score–Z > þ2)(22).

Lifestyle variables
The amount of physical activity was determined on the
basis of the schoolchildren’s report regarding the weekly
expenditure in hours, including the time dedicated to
classes in physical education, and to sports activities,
planned exercise, physically active leisure, and locomotion
activities. The practice was classified according to the

Total children
selected
(n 931)

Losses and reasons:
(n 134; 14·4 %)

Losses and reasons:
(n 177; 62·1 %)

Biochemical
assessment

(n 108)

Total children
selected for

assessment of social
behaviour by

teacher
(n 252)

Sample study
(n 797)

Total children
selected for
biochemical
 assessment

(n 285)

- 101 (75·4 %) absent on the day of
data collection
- 31 (23·1 %) had impaired mental
health
- 2 (1·5 %) refused to participate in
the study

- 138 (78·0 %) mothers or
guardians refused to collect
biological material
- 37 (20·9 %) children refused
to participate in the study
- 2 (1·1 %) difficult venous
access

Fig. 1 (colour online) Flowchart of the study sample

Sleep, social behaviour and food consumption 1533

https://doi.org/10.1017/S1368980020003924 Published online by Cambridge University Press

https://doi.org/10.1017/S1368980020003924


criteria of WHO(23), with 60 min daily or 300 min weekly
considered adequate. The amount of daily screen time,
an important marker of inactivity, was obtained through
the following question: ‘How long do you watch TV, use
your computer or mobile phone, or play video games
daily?’(24). The answer was categorised as adequate time
(≤ 120 min/d) or inadequate time (> 120 min/d)(25).

Biochemical variables
Blood collection was undertaken in one subsample (n 108;
37,9 %), in the morning at the school, after 12 h of fasting,
by a laboratory technician with a high degree of experience
working with children, and this was explained in instructions
given to the parents and schoolchildren inwriting at the school
and by phone. A maximum of 5·0 ml was collected from each
volunteer by puncturing a vein in the fold of the elbow.
The enzymatic-colorimetric methodology utilising the kit
Glucose-PP and the Spectrophotometer BIOTRON BRT 811®

measured the blood glucose after fasting. Schoolchildren with
a concentration of glucose serum≥ 100 mg/dl were consid-
ered to have elevated blood sugar(26). The lipid metabolism
(triglyceride TG, TC and HDL-cholesterol HDL-c) was
measured using the enzymatic-colorimetric semi-automatic
BIO-2000 (BIOPLUS®) method, employing the reagents of
the brand Labtest Diagnóstica®. The low-density lipopro-
tein-cholesterol (LDL-c) was measured using the formula
LDL-c= TC (HDL-cþ TG/5) of Friedewald(27). Serum concen-
trations of TG≥ 150 mg/dl were considered to identify excess;
for TC, values≥ 200mg/dlwereutilised to indicate an increase,
HDL-c≤ 35 mg/dl to signal deficiency, and values of LDL-
c≥ 130 mg/dl to diagnose an increase(28). The analyses of
the serum samples obtained were performed in the
Haematology and Clinic Biochemistry Laboratory of the
School of Pharmacy of the FUMG. Additionally, serum
insulin, melatonin, growth hormone (GH) and cortisol were
determined by sandwich ELISA, utilizing kits from R&D
Systems® (Minneapolis, MN, USA) and Cloud-Clone Corpo
ration® (Houston, TX, USA)(29), in the Interdisciplinary
Medical Research Laboratory of the School of Medicine
of the FUMG. It considered hyperinsulinemia values
> 15 mUI/ml(30). Serum concentrations of GH> 4·5 ng/ml(31)

and of cortisol> 20 μg/dl were declared in excess(32) Finally,
results of melatonin< 30 pg/ml indicated a hormone
deficiency(32).

Outcome variables

Social behaviour
For the analysis of the social behaviour of the individuals
under consideration, the Strengths and Difficulties
Questionnaire (SDQ) was utilised, and it was validated
for the Brazilian population(33) through interviews with
the schoolchildren. It is a simple self-evaluation instru-
ment featuring an easy application that contains 25 items
to identify difficulties and capacities perceived by the

individual about their social and emotional behaviour
in five domains: hyperactivity problems, conduct, emo-
tional symptoms, relationship problems with colleagues,
and pro-social behaviour. Each item on the question-
naire is divided into three responses (false, more or
less true, and true), and scores (1, 2 and 3) are pre-
determined, for the most part. The total result from the
sum of the scales of all 20 items in the first four domains
was calculated (obtaining a minimum score of 0 and a
maximum of 40 points) to obtain a score of difficulties
with values ≥ 26 points (average score plus 2 SD, percen-
tile 95 p95), according to the scale proposed by Biggs
et al.(34), indicating the worst social behaviour (inad-
equate). The same was performed for pro-social behav-
iour, with five items and a score from 0 to 10 points,
which is considered inadequate for values ≤ 9 points
(p95). In a similar way, teachers who signed the consent
form also answered the SDQ with the aim of evaluating
this characteristic and the reliability of the report on the
schoolchildren, as this verification was made in one sub-
sample of the volunteers (n 252, 31·6 %). To assess the
responses of the teachers who agreed to participate in
the study and signed the consent form (n 7), the difficul-
ties score ≥ 20 points for inadequate social behaviour
was adopted. The score of the pro-social domain was
kept equal to that of the children(34). In the study, the
schoolchildren not evaluated by a teacher have not pre-
sented differences regarding sex, age and city region
(P > 0·05) versus those who were evaluated.

Food consumption
The energy intake of macronutrients and micronutrients,
involved in brain formation, immunological and cognitive
maturation (magnesium, zinc, vitamin B3 and B6)(35), of the
schoolchildren was analysed through the average of two
24 h recalls on non-consecutive days. The participant stated
what s/he had consumed in terms of food and drink, with
the respective methods of cooking where applicable, on
the previous day of the interview(36). Another day was
booked for the interviewer to return to the school and
apply the second R 24 h with a maximum break of 7 d.
Household measurement tools usually utilised in eating
and drinking (e.g. glasses, spoons, etc) were presented
to the individuals with the aim of obtaining a more precise
report with regard to the quantities of food and drink con-
sumed. The data on food and drink intake provided by the
schoolchildren using household measurement tools were
tabbed in the software Brasil Nutri and converted to units
of weight and volume (grams and millilitres). Afterwards,
they were correlated with the respective information
regarding nutritional composition, according to the
methodology proposed by the Brazilian Institute of
Geography and Statistics(37) for the treatment of data on
dietary intake from the Search for Family Budgets 2008/
2009. To assure greater consistency of the information, data
on energetic intake under 2092 kJ (n 2) or above 20 920 kJ
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(n 16) per day of the sample of the study were excluded(38).
To verify the relation between nutrients and the duration of
sleep, the adjustment of the total caloric intake according
to the method of nutrient density was utilised, which was
the result of the multiplication of the value of the intake
of each nutrient by 418·4 kJ divided by the total energy con-
sumed(39). The macronutrients, the SFA and the fibres were
evaluated in g/4184 kJ, and the cholesterol and the micro-
nutrients were analysed in mg/4184 kJ.

Sleep
Aquestionnairewas used for the children in the teaching units
to assess their sleep time on weekdays (Sunday to Monday
and Monday to Thursday) and weekends (Friday to
Saturday and Saturday to Sunday). The sleep duration (h)
was obtained from the difference between the average of
the sleep hours and the wake-up time on seven consecutive
days and categorised in < or≥ 9 h(10), inadequate and
adequate, respectively, according to sleep hours proposed
by Klein and Gonçalves(3). A bedtime between 8 pm and
10 pmand awake-up time between 5 amand 7 amwere con-
sidered adequate(4,40). The alterations in sleep (snoring, mov-
ing the legs, speaking, walking during sleep, and difficulty in
getting to sleep) were self-reported by the schoolchildren(41)

and identified in terms of the frequency of occurrence (never,
sometimes and always). The school shift was evaluated with
the propose of explaining its influence over the total number
of hours of sleep. The habit of taking a shower before school
and its respective frequency of occurrence (never, sometimes
and always) was also questioned in order to evaluate the
influence of that practice on sleep duration, besides being
positive with regard to contributing to alertness throughout
the day(8). The indicator of sleep quality was self-evaluation
based on the question: ‘During the last 30 d (in general)
howdoyouclassify thequality of your sleep?’, and theoptions
for the answers were ‘very good’, ‘good’, ‘poor’ or ‘very
poor’(3). The variables ‘very good’ and ‘good’ were grouped
and categorised as adequate sleep quality; and ‘poor’ and
‘very poor’ as inadequate sleep quality(8).

Statistical analyses
The descriptive analysis was realised including measures of
the central tendency and of the dispersion. The Kolmogorov
Smirnov test was applied to evaluate the adhesion of the var-
iables to normal distribution. The majority of the variables
presented non-normal distribution, opting for standard pre-
sentation of the results (median; min-max).

To evaluate the relation between sleep duration on
weekdays and weekends, and the reliability of children’s
school records versus teachers’ scores regarding strengths
and difficulties of social behaviour, Spearman’s correlation
test was used. The strength of the correlations was consid-
ered weak when the coefficients were smaller than 0·30,
moderate when the values of r presented between 0·40–
0·60, and strong when r was higher or equal to 0·70(42).
The association between the duration of sleep, which

was stratified as adequate or inadequate, and sex, nutri-
tional status, sleep and wake-up time, and sleep quality,
was conducted for Chi-square or Fisher’s exact test; it
included the Bonferroni correction for the variables per-
taining to the school shift and showering before the class.
To compare the relation between sleep duration (hours per
night), age, physical activity, screen time, biochemical
parameters, social behaviour, and food consumption the
MannWhitney test was applied.

The influence of sleep quality (independent variable) in
the alterations in sleep and social behaviour (dependent var-
iables)was tested through theMultinomial andBinary Logistic
Regression, respectively. Confounding factors such as sex,
age, screen time, bedtime and wake-up time were included
as adjustments in these models. No violation of supposition
was found in the analysis. OR and 95 % CI were used as a
measure of effect.

The Stata version 13.0 was utilised to analyse the data,
adopting a value of significance of 5 %.

Results

A total of 797 schoolchildren were evaluated, 50·9 % (n 406)
of whom were female with a median of 9·7 (9·5–10·0) years
of age and energy intake of 7613·6 (5982·7–9766·2) kJ.
Excess weight (overweight/obese) was identified in 31·6
% of the sample, and 76·8 % reported insufficient weekly
physical activity (< 300 min).

Thedaily limit of screen time (≤ 120min)was exceededby
46·9%of the participants.One hundred percent of the school-
children presented normal values for blood glucose after fast-
ing, TG and all hormones. Biochemical alterations were
identified for TC (2·8% above), LDL-c (6·7%with high values)
and HDL-c (19·8 % below). Additional information is
described in Table 1.

In relation to social behaviour, a median of difficulty
of 15·0 (10·0–19·0) points was noted, with 5·6 % of the
schoolchildren exceeding the maximum score for this
parameter. The median of capability was 8·0 (7·0–10·0)
points, and 70·0 % of the schoolchildren presented
results below the minimum for this domain (Table 1).
There was a weak correlation between scores indicating
difficulty in social behaviour described by schoolchil-
dren and teachers (r = 0·194, P = 0·002).

The sleep duration presented a median of 9·6 (8·9–10·5) h
and was smaller on weekdays: 9·3 (8·5–10·2) versus 10·5
(9·5–11·5) h at the weekend (P< 0·001). There were no asso-
ciations between sleepduration independent of the dayof the
week and the variables of demography, nutritional status,
physical activity, biochemical parameters, social behaviour
and food consumption. Inadequate sleep duration was iden-
tified in 27·0 % of the sample and higher among the school-
children who remained in front of a screen above the
recommended time per day (P= 0·05), with an inappropriate
bedtimeor adequatewake-up timeamong the schoolchildren

Sleep, social behaviour and food consumption 1535

https://doi.org/10.1017/S1368980020003924 Published online by Cambridge University Press

https://doi.org/10.1017/S1368980020003924


Table 1 Relationship between the characteristics of schoolchildren and sleep duration in median (min-max), percentage and P values, in Brazil, 2014–2015

Total sample
Schoolchildren with adequate

sleep (≥ 9 h)
Schoolchildren with inadequate

sleep (< 9 h)

P*Median Min-Max Median Min-Max Median Min-Max

Sex n 797 n 580 n 217
Girls 50·9 51·9 48·6
Boys 49·1 48·1 51·4 0·409†
Age (years) 9·7 9·5–10·0 9·7 9·5–10·0 9·8 9·4–10·0 0·717‡
Nutritional status n 790 n 576 n 214
Height to age index
Adequate height 98·2 98·4 97·6
Low height 1·8 1·6 2·4 0·448†
BMI to age
Eutrophic 68·4 70·6 64·5
Overweight 19·1 18·6 19·4
Obesity 12·5 10·8 16·1 0·103†
Weekly physical activity(≥300 min) n 760 n 550 n 210

120·0 60·0–240·0 120·0 60·0–240·0 120·0 60·0–240·0 0·599‡
Daily screen time(≤120 min/day) n 774 n 564 n 210

120·0 90·0–240·0 120·0 60·0–210·0 150·0 90·0–240·0 0·050‡
Biochemical parameters n 108 n 69 n 39
Fasting blood glucose (mg/dl) 81·0 75·0–85·5 79·0 75·0–86·0 82·0 77·0–84·5 0·346‡
TG (mg/dl) 44·5 31·5–65·9 44·0 30·0–62·0 46·0 35·3–74·0 0·200‡
TC (mg/dl) 143·6 128·3–167·2 143·0 129·0–167·9 147·0 126·6–164·0 0·820‡
LDL-c (mg/dl) 90·8 69·9–110·1 89·4 69·2–110·4 94·7 73·5–108·7 0·464‡
HDL-c (mg/dl) 44·1 36·9–51·3 46·4 39·0–51·7 41·7 36·2–49·8 0·144‡
Insulin (mg/ml) 2·5 1·7–3·4 2·4 1·6–3·3 2·7 2·0–3·5 0·301‡
GH (ng/ml) 0·2 0·2–0·3 0·2 0·2–0·3 0·2 0·2–0·3 0·884‡
Cortisol (μg/dl) 0·5 0·4–0·6 0·5 0·4–0·6 0·5 0·4–0·6 0·108‡
Melatonin (pg/ml) 110·7 97·6–125·9 106·9 89·6–120·5 118·1 108·8–130·1 0·052‡
Social behaviour (points) n 789 n 574 n 215
Difficulties 15·0 10·0–19·0 15·0 10·0–19·0 15·0 10·0–19·0 0·340‡
Strengths 8·0 (7·0–10·0) 8·0 7·0–10·0 8·0 7·0–10·0 0·569‡
Food intake n 768 n 560 n 208
Total energy (kJ) 7613·6 5978·5–9766·2 7546·2 5966·3–9613·5 7839·1 6060·1–10142·0 0·284‡
Carbohydrate (g/4184 kJ) 134·5 121·8–146·9 134·3 121·8–146·8 135·1 122·4–147·4 0·927‡
Protein (g/4184 kJ) 40·3 34·2–47·1 40·2 34·8–47·4 40·6 33·7–45·7 0·429‡
Lipid (g/4184 kJ) 33·8 28·8–38,3 34·0 28·5–38·2 33·2 29·0–38·5 0·681‡
SFA (g/4184 kJ) 11·7 9·8–14·3 11·8 9·8–14·3 11·6 9·9–14·2 0·705‡
Cholesterol (mg/4184 kJ) 109·4 77·5–144·2 109·9 76·9–142·3 106·3 79·7–148·1 0·681‡
Fibres (g/4184 kJ) 11·1 8·9–13·2 11·3 8·9–13·2 10·6 8·8–12·8 0·079‡
Magnesium (mg/4184 kJ) 124·2 108·4–142·9 125·2 109·1–143·3 121·3 106·1–139·3 0·096‡
Zinc (mg/4184 kJ) 5·6 4·6–6·7 5·6 4·7–6·7 5·6 4·5–6·7 0·621‡
Vitamin B3 (mg/4184 kJ) 6·7 5·3–8·5 6·6 5·2–8·5 6·8 5·4–8·5 0·366‡
Vitamin B6 (mg/4184 kJ) 0·8 0·6–0·9 0·8 0·6–0·9 0·8 0·6–0·9 0·744‡
Sleep n 794 n 580 n 214
Sleep duration (h) 9·6 8·9–10·5 10·1 9·5–10·8 8·4 8·0–8·7 < 0·001‡
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Table 1 Continued

Total sample
Schoolchildren with adequate

sleep (≥ 9 h)
Schoolchildren with inadequate

sleep (< 9 h)

P*Median Min-Max Median Min-Max Median Min-Max

Go to bedtime n 794 n 580 n 214
Adequate (20–22 h) 70·1 79·9 44·6
Inadequate (≥22 h) 29·9 20·1 55·4 < 0·001†
Wake-up time n 794 n 580 n 214
Adequate (5–7 h) 48·2 34·8 84·9 < 0·001†
Inadequate (≥7 h) 51·8 65·2 15·1
Class time (h) n 797 n 570 n 227
Morning§ 40·2 33·5 58·7 < 0·001†
Afternoon§ 26·8 33·2 9·4
Integrated§ 33·0 33·3 31·9
Shower before class n 797 n 570 n 227
Always§ 46·0 49·7 36·0
Sometimes§ 26·4 25·8 28·5
Never|| 27·6 24·5 35·5 < 0·001†
Sleep quality n 794 n 580 n 214
Very good and good (%) 90·1 91·3 86·9
Poor and very poor (%) 9·9 8·7 13·1 0.069‡

TG= Triglyceride; TC= Total Cholesterol; LDL-c= LowDensity Lipoprotein-Cholesterol; HDL-c=High Density Lipoprotein-Cholesterol; GH=Growth Hormone; SFA=Saturated Fatty Acids; B3=Niacin; B6=Pyridoxine; Min=minimum;Max
= maximum; % = percentage.
*P values tested the difference between schoolchildren with adequate or inadequate sleep for each characteristic analysed.
†Chi-square or Fisher‘s exact tests.
‡Mann-Whitney.
§Proportions with different letters are statistically different according to Bonferroni correction.
||Proportions with equal letters are statistically equal according to Bonferroni correction. Sampling size different due to absence or inconsistency of information and study methodology.
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studied during themorning shift (P< 0·001)whonever took a
shower before school (P< 0·001).

Finally, 9·9 % of the schoolchildren classified the quality
of their sleep as poor or very poor. The negative assessment
of the self-evaluation of sleep quality was significantly
related to the increase in sleep alterations and the inad-
equacy of social behaviour evaluated by the schoolchildren.

The self-evaluation of poor and very poor sleep quality,
for example, was associated, after adjustment for the con-
founding factors, with the higher probability of always
speaking while sleeping (OR = 2·82; 95 % CI: 1·43, 5·53)
and having difficulty in getting to sleep (OR= 4·75 times;
95 % CI: 2·43, 9·25), but not walking while sleeping
(OR= 0·88; 95 % CI: 0·20, 3·84). Lastly, the negative assess-
ment of the self-evaluation of sleep quality was consistently
associated with inadequate social behaviour according to
an assessment of the schoolchildren (OR= 5·53; 95 % CI:
2·74, 11·18) (Table 2).

Discussion

This study reviewed the relationship between sleep dura-
tion and self-evaluation of the quality of social behaviour,
food consumption, demographic and nutritional condi-
tions, lifestyle, and the biochemical parameters of a repre-
sentative sample of schoolchildren from a Brazilian
metropolis.

At least one third of the population investigated pre-
sented inadequate sleep duration, mainly on weekdays,
and it was observed that there was an association with
screen time, total sleep hours, bedtime and wake-up time,
school shift, and showering before class. As many as 1 in 10
children surveyed indicated unsatisfactory sleep quality in
their self-evaluation. A negative assessment of sleep quality
in the self-evaluation was associated with a higher proba-
bility of always talking while sleeping, having difficulty to
getting to sleep, and inadequate social behaviour, after
making adjustments for demographic factors and lifestyle.

The reduced sleep duration identified in the present
study was also found in other investigations concerning
schoolchildren(1,3). The fact that the duration is smaller
on weekdays (versus during the weekend) reflects an
increase in social obligations, academic demands and
exposure to technology (such as TV, video games, com-
puters and social networks), and the specifics of class days
and this phase of life(43). In the study Pasch et al.(44), short
sleep duration during the week was more predictive of
risks, such as fatigue, daytime sleepiness, depression and
aggressiveness, when compared to the weekend, sug-
gesting that the increase in sleep hours during the weekend
is not sufficient to protect schoolchildren from the outcome
behaviours resulting from the accumulated loss of weekly
sleep. In the present study, despite the difference in sleep
duration between weekdays and the weekend, there was T
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no different association with the variables investigated
when studying sleep in these moments.

The insufficient quantity of sleep hours shown is asso-
ciated with excessive daily screen time (51·9 %), as well
as with an inadequate bedtime and wake-up time, with
more than half of the sample (55·4 %) going to bed after
10 pm and 15·1 % waking up after 7 am. This result corrob-
orates with the study scots children whose screen time also
was associated with delayed sleep onset(45). In the study
conducted by Magee et al.(46), children with persistently
short sleep presented worse physical (indisposition), emo-
tional and social health versus those with normal sleep.
Kobayashi et al.(40) conducted research on Japanese chil-
dren 8 years of age and noted that an irregular or late (after
11 pm) bedtime was positively related with aggressiveness
and attention problems in relation to an earlier bedtime
(before 9 pm). In contrast, there was no evidence of an
association between sleep and physical activity. The suffi-
cient practice of weekly physical activity could contribute
to the reduction of the problems above, but studies have
demonstrated that cultural, economic and geographical
aspects, and also technological advances are important bar-
riers to the practice of physical activity(47).

Additionally, in our study of short sleep duration the
morning school shift was the primary period when that
occurred, as the schoolchildren delayed their bedtime and
woke up early to study; this contributed to a daily loss of
sleep which, consequently, could lead to daytime fatigue,
reduced learning and cognitive performance, and sedentary
behaviour(48). Taking a shower before class may be a pos-
sible recommendation to reduce the negative effects of
reduced sleep hours (8 h) and increase the attention span
in the classroom, but not more than 36 % of individuals with
inadequate sleep hours reported always performing this
practice.

In 2014, Becker determined that insufficient sleep
remained significantly associated with anxiety, as well as
with the worst academic performance and social behav-
iour, evaluated by the child and teacher(49). Other authors
observed significant correlations between reduced sleep
duration and an increase in the internalization and exter-
nalization of the scores in 1·622 children, from 5 to 10 years
of age(34). However, in the present study no associationwas
identified between sleep duration and social behaviour
assessed by schoolchildren and teachers. Such findings
may be related to the adaptation of the Brazilian schoolchil-
dren to routine and daily adversity, considering that signifi-
cant differences were not found in socioeconomics in all
the variables analysed, despite known situations regarding
social vulnerability(50) in a significant percentage of the
research population(51).

In contrast to other investigations, in the study referred to,
associations of short sleep duration with higher energy, or
carbohydrate or lipid ingestion by schoolchildren were
not observed. In an intervention study, Hart et al.(52)

detected higher energy intake during one week of restricted

sleep (< 6 h). Other studies also suggested a relationship
between inadequate sleep and intake of determined
macronutrients, such as carbohydrates and fat. Weiss
et al.(53), for example, asserted that short sleep duration
(< 8 h) was associated with a higher proportion of energy
intake via lipids, but with a reduction in carbohydrates.

A similar cut-off point for sleep hours (< 6 h) was also
tested in the sample for this study, and the results were not
different from those described above. Children registered
in the public school system have the benefit of a healthy
diet resulting from the inclusion of schools in the
National School Feeding Program, which provides a better
approach to the meal quality offered to schoolchildren, as
the menu is devised by a nutritionist respecting local and
cultural eating habits, with better monitoring of food and
nutrition education of actions. Furthermore, this study
was realised in an open environment, since the participants
practised their normal daily routine without using control
protocols. Even with regard to the existing association
between inadequate sleep and food consumption, it seems
that this relation becomes evident in experimental studies
where the individuals under consideration are submitted to
protocols and if the sleep duration is excessively
reduced(54). In addition, changes in fasting blood glucose
and serum lipid and hormonal profiles were not identified
in the results, which reinforce the absence of associations.

However, significant associations between the self-
evaluation of sleep quality and sleep alterations and social
behaviour were detected in the present study and deserve
to be highlighted. The authors found that the increase in
the prevalence of poor and very poor sleep quality
increased the likelihood of schoolchildren always pre-
senting sleep alterations and inadequate social behaviour
in relation to those with good and very good sleep quality.
Poor sleep quality seems to contribute to the development
of sleep disorders, as well as depression, anxiety and low
self-esteem(55). Research conducted with Israeli children
7 to 13 years of age noted that lower sleep efficiency
and higher nocturnal awakening predicted poor perfor-
mance in processing emotional information(56). In the
study by Telzer et al.(57), poor sleep quality was associated
with risk behaviour, suggesting an imbalance between the
affective and cognitive control systems. Similarly, sleep
serves as a filter preventing memory loss and impulsivity,
for example, which confirms the important role of parents
and the relevance of establishing limits on sleep. It is pre-
sumed that a family that provides a favorable environment
for good sleep quality is associated with less inadequacy
of social behaviour and better or healthier choices made
by children and adolescents.

In general, such discoveries highlight the necessity of
paying greater attention to the intense changes that have
occurred in the contemporary way of life of children and
adolescents, and that more independence, together with
the frequency and intensity of activities and the inconsis-
tency of social resources, is not always healthy(58). In this
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sense, actions aimed at the formation of good sleep and life
habits are essential at school age. Additionally, there are
demands on several actors (schools, children, parents,
multi-professional staff, and public institutions) in this
process.

It should be noted that the potential of this research is due
to the deficiency of studies on this subject, focusingon this age
range andwith the defined sample size, in Brazil. Moreover, it
highlights the utilization of a validated questionnaire for social
behaviour evaluation, with appropriated statistical methods
and adjustments for confounding factors in order to relate
sleep duration and self-evaluation quality to sleep alterations,
social behaviour and food consumption.

However, some limitations should be noted: 1) the socio-
economic characteristics of the sample, since only children
from public school were evaluated, bearing in mind that it is
an urban population whose geographic variability and
increasing industrialisation providemore heterogeneous life
and consumption habits; 2) the cross-sectional design, in
which, to establish a casual relationship, longitudinal studies
are indicated in order to elucidate the subjacent mechanisms
of how sleep duration and quality influence the social
behaviour and food consumption of schoolchildren over
time(59); and 3) the difficulty in validating the variables col-
lected for the age group studied. Nevertheless, the results
of the present study are relevant to guide future approaches
to public health guidelines, in recommending that these indi-
viduals have an adequate sleep duration and quality.
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