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Abstract

Background: Poor sleep quality is associated with overeating and unhealthy eating. The aim of this study was to
investigate if emotional eating could act as a mediator between poor sleep quality and energy/macronutrients
intake.

Methods: This cross-sectional study was performed with 150 female school-age students, 13 to 19 years old, living
in Tabriz, Iran. The Pittsburgh Sleep Quality Index (PSQI) and Emotional Eating Questionnaire (EEQ) were completed
for data collection. Intake of energy and proportion of calorie from carbohydrate, protein, and fat were evaluated
by a semi-quantified food frequency questionnaire. The data were analyzed using structural equation modeling.

Results: The mean (SD) of age, weight, and BMI were not statistically different between poor and good sleepers.
The mean (SD) of PSQI score was 6.73 ± 2.88, with 75.3% of the participants experiencing poor sleep quality (PSQI>
5). Students with poor sleep quality had increased energy intake and their proportion of calorie intake from fat was
higher (p<0.05). There was a positive correlation between poor sleep quality and emotional eating; however,
emotional eating did not mediate the relationship between poor sleep quality and energy/macronutrients intake.

Conclusions: Emotional eating did not act as a mediator between poor sleep quality and energy/macronutrients
intake in female students. However, poor sleep quality directly influenced energy intake and the proportion of
calorie intake from fat as well as emotional eating.
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Introduction
Duration of sleep time varies among students in different
countries [1]. Recent studies reported that insufficient
sleep duration is a key public health issue as an indicator
of developing unhealthy dietary habits and obesity in ado-
lescents [2]. Adolescent development in many countries is
accompanied by surfing the internet or watching TV for
long periods [3]. Other factors responsible for the decline
in sleep duration include artificial light, caffeine use, and
parental attitudes [4]. Childhood and adolescence are crit-
ical life periods because lifelong habits are formed during

this period [5]. Insufficient sleep is associated with increased
risks for obesity [6, 7] via alterations in metabolic regulation
and appetite [8] and other metabolic disorders including im-
paired insulin resistance, impaired glucose tolerance and
type 2 diabetes [9], and coronary heart disease [10]. An in-
verse relationship was reported between sleep duration and
hypertension in adults and boys ages 11 to 14 years old [11]
as well as waist circumference (WC) and hypercholesterol-
emia in Chinese school children and adolescents 6 to 20
years old included in a cross-sectional study [12].
Obesity, altered metabolic response, and poor nutri-

tional quality are partly mediated by some features of eat-
ing behaviors such as late eating time and skipping
breakfast [13]. The cause-effect relation between diet and
these sleep-related metabolic phenomena is currently
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unknown. Emerging evidence has revealed that poor sleep
quality and quantity result in increased food intake in both
adults and children. Increased wakefulness with conse-
quently higher energy expenditure drives an increased in-
take of food [14]. Moreover, individuals with less sleep
tend to ingest foods with more fats or refined carbohy-
drates [15]. Evaluating the association between dietary nu-
trients and sleep among women showed that there was a
positive relation between sleep acrophase with vitamin D
and a reverse association between less sleep and more fat
intake [16]. Other specific dietary nutrients that disrupt
sleep quality are inadequate intake of selenium, calcium,
and vitamin C [17]. In addition, lower consumption of
certain foods (e.g., fruits and dairy products) can affect
quantity and quality of life negatively [18]. The underlying
mechanisms by which insufficient sleep may increase food
intake are not fully understood. However, a review of the
literature suggests that both homeostatic and
non-homeostatic factors, namely cognitive, emotional and
behavioral, may influence food intake as mediators [14].
As mentioned earlier, there is a relation between dis-

rupted sleep, emotional factors such negative effects and
emotional stress, and food intake. Sleep regulates emo-
tions, modulates affective neural systems, and repro-
cesses recent emotional involvements [19]. Thus,
insufficient sleep leads to dysregulation of emotions in
both adult [20] and pediatric populations [21]. In many
cases, eating especially sweet or energy-dense foods in-
creases calmness and feeling of satisfaction [22]. Higher
scores of emotional and external eating behavior were
observed in healthy women with inadequate sleep using
the Dutch Eating Behavior Questionnaire [23]. However,
the exact cause-effect relation between sleep disorders,
emotional eating behavior, and food intake has not been
clarified.

Conceptual model
To evaluate the hypothesis that emotional eating could
mediate the relation between sleep quality and energy/
carbohydrate/protein and fat intake, a mediation model
was tested with the Pittsburgh Sleep Quality Index
(PSQI) to evaluate sleep quality as the independent vari-
able, the Semi-quantitative Food Frequency Question-
naire (SFFQ) to evaluate energy and macronutrients
intake as the dependent variable, and the Emotional Eat-
ing Questionnaire (EEQ) as the mediator. This model is
illustrated graphically in Fig. 1.
Considering that the prevalence of sleep difficulties

[24] and emotional eating is higher among females, par-
ticularly adolescents [25], this study was conducted to
examine the 1) relations among sleep quality, emotional
eating behavior, and energy and macronutrients intake
among a sample of school –age students (13–19 years)
in Tabriz, Iran, and 2) whether emotional eating behav-
ior mediates the effect of sleep quality on food intake.

Method
Participants
The participating subjects were 150 school-age students,
all of whom were girls. The participants’ mean age was
15.56 (SD = 1.66, range 13–19) years. Subjects were re-
cruited voluntarily through announcement flyers placed
in schools after getting permission from the Ministry of
Education. Written consent form was obtained from stu-
dents and their parents. They entered the study if they
were apparently healthy, based on their self-report of
having no evidence of chronic disease such as diabetes,
cardiovascular disease, cancer, or any condition that
could interfere with study results, such as breathing
problems. Data collection was carried out by two trained

Fig. 1 Graphic representation of emotional eating mediating the relation between sleep quality and energy/macronutrients intake. Note: 1 shows
the theoretical relationship between sleep quality and energy/macronutrients intake, while 2 shows the theoretical model where emotional
eating mediates the relation between sleep quality and energy/macronutrients intake
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study personnel in schools under the supervision of the
Tabriz University of Medical Sciences.
Sample size was determined as follows:
A sample size of 143 achieves 80% power to detect a

change in slope from 0.00 under the null hypothesis to
0.23 under the alternative hypothesis when the standard
deviation of the X’s is 1.00, the standard deviation of Y is
1.00, and the two-sided significance level is 0.05000 [26].

Demographic variables
Weight and height measurements were done on all par-
ticipants with minimal clothes and without shoes using
calibrated scales (Seca, Germany). Demographic data in-
cluded self-report of age and year in school. Body mass
index (BMI) was calculated.

Emotional eating behavior
A ten-item questionnaire, the Emotional Eating Ques-
tionnaire (EEQ; [27], was used to determine the degree
of emotion affecting eating behavior of high school-age
students. The questionnaire consists of 10 questions
which address three emotional aspects: 1) to assess the
degree of disinhibition when facing food, 2) type of
foods eaten in certain situations, 3) to assess the sense
of feeling guilty following eating forbidden foods or fa-
cing a weighing scale. All the questions have four pos-
sible replies: 1) Never, 2) Sometimes, 3) Generally, and
4) Always. Each reply is given a score of 1 to 4; a lower
score is indicated as the healthier behavior. For the
quantitative examination of eating behavior, the scores
were then summed and the subjects were classified in
four groups. Score between 0 and 5: non-emotional
eater. Score between 6 and 10: low emotional eater.
Score between 11 and 20: emotional eater. Score be-
tween 21 and 30: very emotional eater. The validity and
reliability of the questionnaire has been established prior
to the present study. Cronbach ‘s α and ICC were 0.78
and 0.67–0.89, respectively.

Sleep behavior
The Pittsburgh Sleep Quality Index (PSQI; [28] was
completed to determine sleep quality among the stu-
dents. This instrument consists of seven component
scores, each weighted equally on a 0–3 scale. The seven
component scores are summed to yield a global PSQI
score, with a range of 0–21, where higher scores reflect
poorer sleep quality. A global score of 5 or higher is in-
dicative of a poor-quality sleeper. The Persian version of
this questionnaire was used in the present study. Its val-
idity and reliability was recently established [29, 30].

Eating pattern
Food intake of study subjects was obtained using the val-
idated and interviewer-administered Semi-quantitative

Food Frequency Questionnaire (SFFQ), which is scored
on a 5-point scale. The participants reported their mean
frequency of consumption of each food item in day,
week, month, or year and the portion size during the
past year. The portion size of foods was asked based on
standard serving sizes (eg, orange = 1, bread = slice). The
reported frequency of each food item was then con-
verted to grams/week and Nutritionist IV software (First
Data bank, San Bruno, CA, USA) was used to analyze
the participants’ dietary intake. The validity and reliabil-
ity of the questionnaire was established previously [31].

Data analysis
General characteristics of the participants were analyzed
separately by sleep quality category including PSQI> 5 as
poor sleepers and PSQI< 5 as good sleepers and pre-
sented as mean (standard deviation: SD). Pearson’s cor-
relation coefficients were used to evaluate the relations
between PSQI, EEQ, and energy/carbohydrate/protein/
fat intake to establish the conditions necessary for test-
ing the mediation relation. Using structural equation
modeling (SEM), EEQ was examined as the mediator of
the relation between PSQI and energy/carbohydrate/pro-
tein/fat intake. The model fit was evaluated and con-
firmed by model fit indices including chi-square
estimate with degrees of freedom, normed chi-square
(equal to chi-square divided by its degree of freedom;
values < 5); root mean squared error of approximation
(RMSEA; values < 0.08) and 95% CI; Tucker-Lewis index
(TLI; values > 0.9); and comparative fit index (CFI;
values > 0.9).

Results
Baseline characteristics of the study sample
The baseline characteristics of the participating poor
and good sleeper students are presented in Table 1. The
mean (SD) of age for all participants was 15.56 (1.66),
with no statistically significant difference between good
and poor sleepers (p>0.05). Moreover, mean (SD) of
weight and BMI was similar among both groups
(p>0.05). The emotional eating score was significantly
different between the groups, 8.27 (4.35) and 11.38
(5.34) for good and poor sleepers, respectively (p<0.05).

PSQI status
Results of the PSQI are presented in Table 2. The
mean global PSQI score was 6.73 (2.88), with 75.3%
of the participants experiencing poor sleep quality (>
5); only 30.6% of the students reported the recom-
mended seven or more hours of sleep. Taking 15–30
min to fall asleep was recorded by 39.3% and more
than 30 min by 18.6% of the participants, with almost
40% reporting sleep efficiency below 85%. Only 25.3%
of the students reported no daytime dysfunction
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during a week. Taking sleep medication in the previ-
ous month was not common among the students;
6.2% reported taking medicine 1–2 times a week in
the previous month. Almost 85% of the participants
reported some sleep disturbance, but none reported
experiencing high levels of sleep disturbances.

Correlations among PSQI score, EEQ score, and energy
and macronutrients intake
Correlations and descriptive statistics for all study vari-
ables are shown in Table 3. The results of Pearson correl-
ation analyses indicated a positive significant correlation
between PSQI score and EEQ score (r = 0.30, p < 0.05). A
positive correlation existed between energy intake and
carbohydrate/protein/fat intake and between

macronutrients with each other. The statistically signifi-
cant correlations (p < 0.05) ranged from 0.30 to 0.83.

Mediating effect of EEQ score
The result of SEM showed good fit to the data: χ2/df =
1.45, p < 0.01; TLI = 0.957/0.929/0.936/0.946, CFI =
0.988/0.980/0.982/0.984, RMSEA = 0.056 for PSQI score
and energy/carbohydrate/fat and protein intake (EEQ
score as a mediator), respectively. The structural model
paths between PSQI and energy intake (e.g. direct effect
of PSQI on energy intake) (β = 0.14, p = 0.042) and be-
tween EEQ score and PSQI score (β = 0.26, p = 0.001)
were found to be statistically significant. The struc-
tural model path between PSQI and fat intake (e.g.,
direct effect of PSQI on fat intake) was statistically
significant (β = 0.18, p = 0.013). The structural model

Table 1 The mean (SD) of age, anthropometric measurements, and the eating behavior scores of good and poor sleeper students

Total (n = 150) Good sleepers (n = 37) Poor sleepers (n = 113) p

Mean (SD) Mean (SD) Mean (SD)

Age (year) 15.56 (1.66) 15.73 (1.26) 15.51 (1.77) NS

Weight (kg) 60.26 (8.20) 59.44 (8.56) 60.53 (8.11) NS

Height (cm) 161.70 (5.82) 160.06 (6.69) 162.25 (5.43) NS

Body mass index (kg/m2) 23.02 (5.80) 23.16 (2.85) 22.97 (2.80) NS

Emotional eating score 10.61 (5.28) 8.27 (4.35) 11.38 (5.34) 0.01

PSQI score 6.73 (2.88) 3.14 (0.92) 7.91 (2.26) < 0.001

Energy (Kcal/d) 2024 (415.61) 1949.32 (355.58) 2049.43 (432.05) NS

Carbohydrate (% of total energy) 57.65 (5.60) 58.09 (5.30) 57.51 (5.72) NS

Protein (% of total energy) 14.73 (2.44) 15.36 (2.61) 14.52 (2.36) NS

Fat (% of total energy) 28.99 (5.67) 27.96 (4.81) 29.33 (5.91) NS

p- value based on Independent Samples T-Test
NS Not Significant
PSQI Pittsburgh Sleep Quality Index

Table 2 Frequency distributions of sleep quality and sleep disturbance scores as measured by components of the PSQI

Component Question/ Component Scores 0 1 2 3

1 Rate overall quality of sleep Very good Fairly good Fairly bad Very bad

16.8% 62.4% 18.8% 2%

2 How long does it take you to fall sleep < 15 min 16–30 min 31–60 min > 60 min

42.0% 39.3% 13.3% 5.3%

3 Hours do you actually sleep > 7 h 6 h 5 h < 5 h

30.6% 24.5% 29.3% 15.6%

4 % Time in bed sleeping > 85% 75–84% 65–74% < 65%

60.4% 24.3% 10.4% 4.9%

5 Overall sleep disturbances score 0 1–9 10–18 19–27

15.1% 84.9% 0% 0%

6 Taken medicine to aid in sleep? Not in past month < once a week 1–2 times a week ≥3 times a week

64.4% 29.5% 6.2% 0%

7 Daytime dysfunction 0 1–2 3–4 5–6

25.3% 71.9% 2.7% 0%
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paths between PSQI and carbohydrate/protein intake
were not statistically significant, nor was the direct ef-
fect of PSQI on the mentioned variables, nor through
EEQ. The relations among different variables and de-
tails are shown in Fig. 2.

Discussion
Considering that poor sleep is associated with impair-
ments in emotion, motivation, and cognitive functioning
in addition to greater risk for medical conditions like
obesity, diabetes, and cardiovascular disease, which lead
to financial and non-financial costs in community, sleep
problems have become of global public health concern
[32]. Unfortunately, many adolescents experience poor
sleep due to biological changes in the sleep/wake cycle
as well as social, recreational, and academic pressures.
Overall, the consequences of insufficient sleep may in-
clude an adverse effect on the control of emotions,
attention, and behavior that can be associated with
health-risk behaviors [33]. As adolescence is a life period
in which the future adult health pattern is established, a
focus on adolescence is vital to the success of various
public health agendas [34].
The purpose of this study was to investigate the rela-

tions among sleep quality, emotional eating behavior,
and energy/macronutrients intake in female school-age
students and to explore the mediating role of emotional
eating underlying the relation between sleep quality and
energy/macronutrients intake. Males and females sleep
differently because of sex differences, largely physio-
logical and biological differences [24]. We aimed to in-
clude only females in the current study because of their
higher prevalence of sleep difficulties and emotional
eating.
Based on the results of the study, more than half of

the participants were poor sleepers. The study demon-
strated that even though PSQI could predict energy in-
take directly, sleep quality, emotional eating, and energy
intake were not interrelated and that emotional eating
did not act as a mediator between sleep quality and en-
ergy intake in this study group. Notably, in spite of the

direct effect of poor sleep quality on fat intake, a mediat-
ing effect of emotional eating related to sleep quality
and macronutrients intake was not established.
The results showed that 75.3% of the students had a

PSQI score above the cutoff point (> 5). It seems that
some degree of this problem exists in several countries
[35, 36]. We used the PSQI global score and its seven in-
dividual components to examine the sleep pattern of ad-
olescents. This instrument’s validity was examined in
different age groups [29, 37, 38]. PSQI measures sleep
quality subjectively, which leads to the question of
whether subjective methods are valid and reliable as ob-
jective methods. Determination of the correlation be-
tween objective and subjective sleep evaluation has
shown varying results [39, 40] . Overestimation of total
sleep time by children and adolescents has been re-
ported when measured subjectively compared to object-
ive measurement of sleep [41]. As a whole, however,
while subjective measurement of sleep quality may not
detect changes in details, it does discriminate between
poor and good sleepers and detects changes in sleep
quality that are clinically important [42].
The EEQ was used to assess to what extent emo-

tions affect emotional eating. In the present study, a
significant difference in emotional eating behavior be-
tween the two groups of poor and good sleepers was
observed. A significant relation between poor sleeping
and emotional eating confirmed the observed result
(β = 0.26, p = 0.001). This association means that by
increasing the PSQI score, the score of emotional eat-
ing elevated as well. This observation is in accordance
with Dweck’s study, which found that high scores of
emotional and external eating were associated with
poor sleep quality [23]. Thus, disturbed sleep could
cause problems in emotional regulation, which could
result in a desire to eat more food [14]. However, in
the present study emotional eating did not act as a
mediator between poor sleep quality and food intake.
Another study indicated that poor sleep quality was
associated with an increase in hunger, disinhibition,
dietary restraint, and emotional susceptibility to

Table 3 Pearson’s correlation coefficients of the study variables and descriptive statistics

Variable PSQI score EEQ score Energy intake Carbohydrate intake Protein intake Fat intake

PSQI score –

EEQ score 0.30a –

Energy intake (kcal/d) 0.07 −0.001 –

Carbohydrate intake (g/d) 0.05 −0.02 0.83a –

Protein intake (g/d) −0.05 −0.06 0.80a 0.60a –

Fat intake (g/d) 0.12 0.06 0.70a 0.33a 0.51a –

Mean (SD) 6.73 (2.88) 10.61 (5.28) 2024.74 (415.61) 289.51 (72.94) 74.95 (20.35) 65.18 (18.09)
a Correlation is significant at the 0.05 level (2-tailed)
PSQI Pittsburgh Sleep Quality Index, EEQ Emotional Eating Questionnaire
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disinhibition whereas sleep duration was not [43].
Thus, poor sleep quality can be an indicator or
marker of problematic eating behaviors.
As mentioned earlier, emotional eating occurs in re-

sponse to some psychological conditions like depression,
anxiety, and loneliness. As a result, subjects with a high
emotional eating score will likely suffer from poor sleep
quality due to a correlation between emotional stress
and sleep [44]. Previous studies confirm this conclusion.
In one study on healthy women in the United States, the
emotional and external eating scores were significantly
higher in poor sleepers, and subjects with higher scores
of emotional eating behavior were more likely to sleep
for shorter times and have higher food intake [23]. How-
ever, Lotfi et al. found a trend close to significance in
eating behaviors between groups of poor and good
sleepers; a positive relation between the score of differ-
ent eating behaviors and the sleep score was observed
[18]. As a conclusion, it is suggested that there is a re-
ciprocal linkage between sleep quality and emotional
eating, which can affect food intake, healthy behavior,
and body weight. In our study, although the overall
effect of sleep quality on energy intake was statistically
significant, there was not a causal link between the sleep
quality, emotional eating, and energy intake of female
students, which might be because poor sleep quality dis-
plays as a stressor or results in disinhibition of eating
and directly causes the emotional eating as well as in-
creased energy intake.

Eating patterns may be different along with altered
sleep quality in which the characteristics of the subject
play a role. In this study, poor sleep quality correlated
with fat intake (β = 0.18. p = 0.013). Inadequate sleep for
several days under laboratory conditions shifted dietary
patterns to unhealthy choices via physiologic alterations
in leptin and ghrelin levels and increased the subjective
rate of appetite, with morning cravings for high fat, high
carbohydrate foods [45, 46]. Our data are consistent
with experimental findings with regard to higher fat in-
take for adolescents who had higher PSQI score. Al-
though it was assumed that eating patterns are influenced
by sleep duration, the relation between sleep duration and
eating patterns is likely to be bidirectional [8]. This means
that high fat intake might alter sleep duration through re-
duced endogenous lipid synthesis, which delays the phos-
phorylation of e1F2-α. It has been suggested that P-
e1F2-α is a signal for sleep. As a result, it was assumed
that eating patterns are influenced by sleep duration, the
relation between sleep duration and eating patterns is
likely to be bidirectional [8].
Studies that have focused on adolescents have revealed

different results. Our result is in agreement with Weiss
et al., who found that adolescents sleeping less than 8 h
had a higher intake of fats and a lower intake of carbo-
hydrates [2], which may be indicative of choosing snacks
rather than healthy foods by students with poor sleep
quality. This finding is supported by Rangan et al. [47],
but not by two other studies in which girls with poor

Fig. 2 Path diagram of emotional eating as a mediator of the relationship between sleep quality and energy/macronutrients intake
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sleep quality tended to consume carbohydrate-rich foods
[47, 48]. It seems that negative emotion may be respon-
sible for the selection of sweet and high fat foods with
more palatability [49, 50]. The present study could not
confirm emotional eating as a mediator between poor
sleep quality and more energy intake from fat, which is
in contrast with Dweck et al.’s study that reported short
sleep duration resulted in more food intake in subjects
who were emotional eaters [23]. Limited studies have ex-
amined the causes of these discrepancies. Disruption of
the circadian clock [51], which dysregulates the leptin
level [52], could be one main reason. Another factor
might be using different tools to evaluate sleep quality,
emotional eating, and food intake.
As a whole, there are several reasons for overeating

among individuals with poor sleep quality or quantity
other than emotional factors, which did not serve as a
mediator in this study. Time and type of eating is differ-
ent in insufficient sleepers and normative sleepers [23].
Subjects who go to sleep later at night have more time
to eat and, because of an obesogenic environment, they
increase the amount of snacking in comparison to eating
during routine meal times [4]. Other underlying factors
that link disturbed sleep to food intake are homeo-
static (imbalance in leptin and ghrelin levels), cogni-
tive (disruption of reward sensitivity and inhibitory
control), and behavioral (difficulty in control of im-
pulsive behavior) [14].
To our knowledge, the present study is the first to

focus on the mediating effect of emotional eating on the
relation between sleep quality and food intake in Iranian
female adolescents. However, previous studies have ex-
plored sleep quality among students [1, 53] and the rela-
tion with food intake [18, 48]. The current study has
several limitations. The first is that our study sample
consisted of female students only and that the source of
enrolment was limited to one area. Therefore, the results
of this study are not generalizable to other populations
and further studies are needed on males and other age
groups, as well as in different socioeconomic areas with
more participants, since a small sample size can influ-
ence the power of the study and result in nonsignificant
data. Secondly, we used SFFQ to measure food intake.
This instrument may be flawed because of its depend-
ency on memory. Even though it measured food intake,
it does not assess cravings and hunger, which are likely
to have an association with sleep deprivation. In
addition, an assessment of stress over time may clarify
the association between emotional eating and food in-
take. This cross-sectional study was carried out in au-
tumn, a period of time in which students are going to
school, which could affect the results. It would be better
to analyze the sleep quality during both summer holi-
days and school periods. Moreover, we did not measure

the sleep quality objectively using a measurement such
as actigraphy. The subjectivity of the questionnaires may
result in under/overestimation of data by participants,
consciously or unconsciously. However, PSQI and EEQ
are more valid and reliable compared to other question-
naires [27, 54] for determining sleep quality and eating
behavior, respectively.
In conclusion, poor sleep quality, emotional eating,

and energy/macronutrients intake were not interrelated
in female students. The findings confirmed that poor
sleep quality had a direct effect on energy intake and the
proportion of calorie intake from fat without a mediating
effect of emotional eating. However, there was a correl-
ation between poor sleep quality and emotional eating.
These findings suggest that poor sleep quality may be re-
lated to increased energy consumption and unhealthy
eating behavior. Sleep hygiene should be promoted in
adolescence to prevent obesity in the future. Some sug-
gestions include regular sleep-wake schedules, use of
practical instructions to change the incorrect sleeping
habits, and regular physical activity and exercise. Due to
conflicting findings when sleep is assessed objectively or
subjectively, simultaneous measurements are needed.
Examining the environmental risk factors of sleep distur-
bances will help to discover a more detailed relation be-
tween sleep and associated problems.
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