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StudyObjectives:Sleep is an essential normal function for children’s growth and development, but over the years, lifestyle changes have resulted in insufficient
sleep, a factor that may be associated with increased childhood obesity. The aim of this study was to evaluate the association between sleep duration and
sleep patterns separately on weekdays and weekends regarding children’s weight status.
Methods: This study was conducted among Greek students (55.1% girls) in 2014–2016. Children’s weight status was classified according to the International
Obesity Task Force tables and guidelines. Sleep duration was determined based on the sleep and wake time that children reported, separately for weekdays
and weekends. Classification and regression tree analysis was used to derive sleep patterns and evaluate their relation to children’s weight status.
Results: Multiadjusted analysis revealed an inverse association between average duration of sleep on weekdays and weekends with the likelihood of being
overweight/obese (odds ratio per 1 hour 0.82; 95% confidence interval, 0.73–0.92). This was more prominent on weekends than on weekdays. Children who
had lower duration on weekdays, but catch-up sleep duration on weekends, were 2% (95% confidence interval, 0.97–0.99) less likely to be overweight/obese
compared to those children having both less or increased sleep duration on weekdays and weekends.
Conclusions: Sleep duration and sleep patterns seem to be associated with childhood weight status. Interventions should be developed to educate
parents on the importance of an adequate sleep duration and healthy sleep patterns for their children’s healthy development.
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BRIEF SUMMARY
CurrentKnowledge/StudyRationale: In recent years, sleep duration has begun to be studied. However, the aim of this studywas to investigate the effect of
sleep duration and sleep patterns during weekdays and weekends, separately, on the likelihood of overweight/obesity in pre-adolescents in Greece.
Study Impact: Nowadays, there are still uncertainties about sufficient sleep patterns. Parents need to understand their role in ensuring a healthy sleep
pattern in their children.

INTRODUCTION

Sleep is a normal, necessary biological process, which affects
the human body in multiple ways.1 Proper and adequate sleep
enhances the immune function2 and may reduce the likelihood
of developing a number of diseases, such as cardiovascular
disease,3 diabetes,4 and stroke.5 It has also been found to im-
provememory and to help learning6 and to regulate the secretion
of growth hormone,7 which is responsible for the physical
development of children and adolescents. It has been proposed
that the body’s ability to regulate its endocrine function is af-
fected by sleep duration and patterns.8 Sleep deprivation leads
to the deregulation of 2 appetite-related hormones, ghrelin9 and
leptin.10 Ghrelin is a hormone that increases the feeling of
hunger, and leptin regulates the feeling of satiety. Disturbed
sleep may result in an increased feeling of hunger and food

consumption through this deregulation.11 Moreover, insulin,
which is associated with sleep duration12 and responsible for
blood sugar levels, may also be deregulated, resulting in increased
blood levels, which leads to increased fat deposition—ie, it in-
creases the risk of being overweight and of obesity.13 Children,
however, often have habits that affect sleep, such as the time
they spend in front of screens.14 It has been found that many
hours of use of electronic devices during a day are connected
with symptoms of insomnia in children.15 Sleep-specific
guidelines have been developed by the American Academy of
Sleep Medicine to enhance the healthy growth of children.
Specifically, it is recommended that children should sleep 9–
12 hours on a daily basis.16 In recent years, it has been observed
that children adopt patterns of restricted sleep17 as they transition
toward adolescence. Also, children have different schedules on
weekdays compared to weekends, since they spend most of
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their time at school on weekdays and have homework and other
school-related activities. This may lead to adopting different sleep
duration and patterns on weekends compared to weekdays.18

In the GRECO study, in which researchers assessed average
sleep durations for weekdays and weekends, longer sleep du-
ration decreased the likelihood of overweight/obesity.19 An-
other cross-sectional study with more than 5,000 children
revealed that the shorter the sleep duration the higher the body
mass index (BMI) was, while the more hours children slept
during weekends/holidays may improve the risk of childhood
overweight/obesity.20 A systematic review of 103 papers revealed
a significant inverse association between sleep duration and
children’s weight status.21 Another recent cross-sectional study
on children and adolescents indicated that shorter duration of
sleep on weekdays and greater duration on weekends is asso-
ciated with eating in the absence of hunger, which may lead to
excess weight gain.22

Although the association between sleep duration and obesity
status has been well-studied, there is not sufficient evidence on
the association between children’s sleep patterns separately on
weekdays and weekends and their weight status. Therefore, the
main aim of the present study was to investigate the result of
sleep duration and patterns during weekdays and weekends,
separately, on the likelihood of overweight/obesity in children
aged 10–12 years in Greece. Moreover, and since different
lifestyles have been reported in the literature between people
living in the greater Athens metropolitan area and other pro-
vincial cities of Greece,19 the role of residence in the afore-
mentioned hypothesis was also examined.

METHODS

Design and setting
This is a cross-sectional, school-based survey, conducted in the
school years 2014–2015 and 2015–2016. A total of 47 schools
was randomly selected, through a stratified sampling, from
various Greek areas, including the greater Athens metropolitan
area, the Peloponnese peninsula (Sparta, Kalamata, and Pyrgos),
and Heraklion in Crete. In particular, based on the school
listings of each regional Primary Education Office of the Greek
Ministry of Education, a predefined number of schools (according
to the population density) was selected, using a special
function of MS Excel software (ie, RAND). The sampling
areas were proportionally obtained, covering approximately
75% of the total population and representing large urban and
rural municipalities.

Participants and sampling procedure
All children aged 10–12 years attending thefifth and sixth grade
of the selected primary schools were invited to participate
voluntarily in the study. The participation rate within schools
ranged from 95% to 100%, without any significant differences
between the studied areas. A total of 1,728 children (933 girls)
were enrolled. Trained investigators (ie, dietitians, registered
nurses, and physicians) recorded the anthropometric charac-
teristics of the children and performed a face-to-face interview
in which several other characteristics, behaviors (including

sleep patterns), and attitudes were recorded. For the present
analysis, only children with recorded sleep patterns were an-
alyzed; hence, the working sample was 1,482 children (55.1%
girls). No differences in their basic characteristics were found
between children who answered about their sleep patterns and
those who did not answer.

Statistical power analysis
Anapriori statistical power analysis showed that the samplewas
adequate for the evaluation of minimum detectable standard-
ized, 2-sided differences of 20% between obesity groups and
various exposure factors (including sleep pattern categories),
with 85% statistical power at a 5% significance level.

Ethical approval
This study received approval from the Institute of Educational
Policy of theGreekMinistry of Education (F15/396/72005/C1),
and it was carried out in accordance with the Declaration
of Helsinki (1989). The school directors, teachers, parents,
and students were informed about the aims and procedures
of the study. Before children’s participation, parents signed a
consent form.

Measurements
Children completed anonymously, in the school setting, without
the presence of their parents and through face-to-face inter-
views with the study’s investigators, a special questionnaire
that recorded various demographic characteristics of children
(age, sex, region of residence) and daily activities (ie, physical
activity, dietary habits, and other behaviors, including sleep
duration on a daily and weekend basis). A validated semi-
quantitative food frequency questionnaire23 was used to eval-
uate children’s dietary habits recalling from a “typical” week.
Information on frequency consumption of various foods,
food groups, and beverages, as well as information on the
number of meals per day, including snacks, was gathered.
To assist children and strengthen the accuracy of their re-
sponses, they were provided with practical examples by
specially trained investigators.

Children’s height (in m) and weight (in kg) were measured
using a tape measure and a scale, with children wearing skin-
tight clothes and without shoes. Anthropometric data were used
to calculate children’s BMI (kg/m2). Children’s specific age (by
0.5 years) and sex were taken into consideration for the eval-
uation of weight status in relation to the derived BMI. The
International Obesity Task Force BMI cut-offs that link BMI
values at the age of 18 years (ie, 18.5, 25, and 30 kg/m2) in child
centiles were used to assess the prevalence of childhood un-
derweight, normal weight, overweight, and obesity.24

Adherence to the Mediterranean diet was assessed through a
Mediterranean diet quality scale for children and adolescents
(the KIDMED score). This index ranges from 0 to 12 and was
divided into 3 categories (≤ 3, very low-quality diet; 4–7, diet
that needs improvement to conform to Mediterranean patterns;
≥ 8, optimal Mediterranean diet).25 Children’s physical and
sedentary activities were recorded using the validated Physical
Activity and Lifestyle Questionnaire (PALQ).26 Involvement in
usual activities, such as participation in sports clubs, jogging,
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and swimming, was recorded on a weekly basis and was
coded as a binary variable (yes/no) based on whether children
achieved at least 60minutes of physical activity daily according
to World Health Organization recommendations. Sedentary
activities were evaluated through total screen time exposure,
including the total hours that children watched television (TV)
or used any electronic device.

Sleep patterns were assessed through the time children went
to bed (bedtime) and the time they woke up. Sleep duration (in
hours, minutes) was calculated as the interval between the
reported bedtime and the reported hour children usually woke
up. Given that children usually have different sleep habits
throughout the week, sleep duration was calculated separately
for weekdays and weekends. Here it should be pointed out that
given that sleep duration was based on a self-reported bedtime
andwake-up time, it was actually a self-reported sleep duration.

Statistical methods
Continuous variables are presented as mean value ± standard
deviation, while categorical variables are presented as absolute
and relative (%) frequencies. Between-mean group differ-
ences were evaluated through the independent samples t test,
while associations between categorical variables were evalu-
ated through the Pearson chi-square test. Multiple binary lo-
gistic regression was used to estimate adjusted odds ratios and
their 95% confidence intervals between sleep duration and
children’s weight status. Multicollinearity among the indepen-
dent variables was evaluated through the variance inflation
factor and tolerance. The classification and regression tree
(CART) analysis,27 a simple and powerful analytic tool for de-
termining the most significant factors, identifying interactions,
and crafting a potent explanatory model, was used to assess the
relationship between children’s weight status and several con-
tributing factors, including sex, sleep duration, and sleep pat-
terns. All analyses were conducted using Stata 15.0 (M. Psarros &
Assoc., Sparti, Greece) at the 5% significance level.

RESULTS

Sleep duration and patterns
Data analysis regarding sleep time revealed that children had
different sleep patterns on the weekends than on weekdays.
Specifically, 25% of children went to bed before 21:00 on
weekdays, 42% of children went to bed between 21:00 and
22:00, and the rest (33%) went to bed after 22:00 (P for sex
differences = .60). The vast majority of children, ie, 95%,
woke up between 07:00 and 07:55 on weekdays (P for sex
differences = .58). Themean duration of sleep onweekdayswas
9.05 (± 0.9) hours (P for sex differences = .10). Regarding
weekends, the mean duration of sleep was 10.3 (± 1.4) hours
(girls slept 0.5 hour more than boys; P < .001). Only 20% of
children woke up before 08:00, whereas 55%woke up between
08:00 and 10:00, and the remaining 14% woke up between
10:00 and 11:00; girls woke up earlier than boys on weekends
(P < .001). In addition, 52% of children went to bed before
22:00, and 10% went to bed after 23:00. Girls tended to go
earlier to bed than boys on weekends (P < .001). Moreover,

children slept approximately 1.5 hours more on weekends
compared to weekdays (10.30 ± 1.48 vs 9.08 ± 0.95; P < .001);
45.3% of children had insufficient sleep duration (ie, less than
9 hours) on weekdays, while only 22.3% slept for less than
9 hours on weekends. Furthermore, 2 out of 3 children (ie,
67%)whowent to bed before 23:00 onweekdays did so after 23:
00 on weekends.

Sleep duration, patterns, and overweight/obesity
Overall, the prevalence of overweight was 21.7% and obesity
was 5.0% among the school-aged children enrolled. Signifi-
cant sex differences were found, with more boys (32.4%)
compared to girls (23.3%) being categorized as children with
overweight/obesity (P< .001 for sex difference). InTable 1, the
distribution of children’s sleep patterns and other characteristics
byweight status is presented. Childrenwith normalweightwere
sleeping on average more time compared to children who were
overweight or obese, both on weekdays (P = .044) and on
weekends (P = .002). Moreover, a large proportion of children
with overweight or obesity went to sleep after 23:00, whereas a
large proportion of children with normal weight went to sleep
before 23:00 (P = .003).

Unadjusted analyses between children’s overweight/obesity
status, other characteristics, and sleep duration on weekdays
and on weekends are presented in Table 2. The prevalence of
overweight/obesity was progressively reduced with sleep du-
ration, both onweekdays (P= .016) and onweekends (P< .001).
However, although an inverse association was observed be-
tween sleep duration and overweight/obesity status of children,
residual confounding may exist. To account for such con-
founding, multiadjusted models were estimated (Table 3). In
the basic model (model 1), it was observed that for each
additional 1 hour of sleep on weekdays, the odds of being
overweight/obese decreased by 11%. This association remained
significant even when adjusted for age and sex (model 2) but
lost its significance when dietary habits (ie, through the
KIDMED score), physical activity status, and having a TV or
personal computer (PC) or tablet in the bedroom were inserted
in the model (see models 3–6). Moreover, when sex was taken
into account, the significant association of weekday sleep
duration with the likelihood of being overweight/obese was
revealed only in boys (ie, for 1 more hour of sleep on weekdays,
boys had 14% lower odds of being overweight/obese;P< .001),
but not in girls (P = .67).

When the analysis was split between weekdays and week-
ends, sleep duration on weekends was also inversely associated
with overweight/obesity status (Table 3). In particular, it was
observed that for each additional hour of sleep on weekends,
the odds of being overweight/obese decreased by 11% (model 1);
this association remained significant even after various ad-
justments were made (see models 2–6). No significant inter-
action between sleep duration on weekends and dietary habits,
playing video games, having a PC or TV in their room, or sex
regarding children’s overweight/obesity status was observed
(all P values > .5).

Concerning sleep patterns, children who reported bedtime
after 23:00 on weekdays had up to 50% higher odds of being
overweight/obese (Table 3). Moreover, children who woke
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up before 07:00 on weekends had up to 100% higher odds of
being overweight/obese (all P values < .05). On the contrary,
children who reported bedtime before 22:00 on weekdays

had a 21% lower likelihood of being overweight/obese,
whereas no significant association was observed regarding
weekend bedtime before 22:00 and the likelihood of being

Table 1—Characteristics stratified by body weight status.

Characteristics Overall (n = 1,482) Normal Weight* (n = 1,068) Overweight and Obese (n = 414) P†

Sex

Boys 665 (44.9%) 443 (41.5%) 222 (53.6%)
< .001

Girls 817 (55.1%) 625 (58.5%) 192 (46.4%)

Age (y) 11.20 (0.78) 11.22 (0.79) 11.17 (0.78) .259

Sleep duration (h/d)

Weekdays 9.08 (0.95) 9.11 (0.93) 9.00 (1.02) .044

Weekend 10.30 (1.48) 10.37 (1.44) 10.11 (1.57) .002

Bedtime (weekdays)

Before 23:00 1128 (76.1%) 835 (78.2%) 293 (70.8%)
.003

After 23:00 354 (23.9%) 233 (21.8%) 121 (29.2%)

Wake time (weekdays)

Before 07:00 779 (52.6%) 552 (51.7%) 227 (54.8%)
.277

After 07:00 703 (47.4%) 516 (48.3%) 187 (45.2%)

Bedtime (weekends)

Before 23:00 400 (27.0%) 300 (28.1%) 100 (24.2%)
.126

After 23:00 1082 (73.0%) 768 (71.9%) 314 (75.8%)

Wake time (weekends)

Before 09:30 757 (51.1%) 538 (50.4%) 219 (52.9%)
.383

After 09:30 725 (48.9%) 530 (49.6%) 195 (47.1%)

KIDMED score (–4 to 12) 4.54 (2.28) 4.65 (2.26) 4.28 (2.31) .005

Physical activity (yes) 1170 (78.9%) 871 (81.6%) 299 (72.2%) < .001

Present in their room

TV 435 (29.6%) 287 (27.0%) 149 (36.5%) < .001

Computer 436 (29.7%) 282 (26.6%) 153 (37.4%) < .001

Family structure

Married 872 (89.1%) 653 (89.6%) 219 (87.6%)
.388

Nonmarried 107 (10.9%) 76 (10.4%) 31 (12.4%)

Father’s educational level

Primary 159 (16.3%) 120 (16.5%) 39 (15.7%)

.111Secondary 429 (44.0%) 301 (41.4%) 128 (51.4%)

Tertiary 388 (39.8%) 306 (42.1%) 82 (32.9%)

Mother’s educational level

Primary 101 (10.3%) 74 (10.2%) 27 (10.9%)

.036Secondary 433 (44.3%) 307 (42.1%) 126 (508%)

Tertiary 443 (45.3%) 348 (47.7%) 95 (38.3%)

Income (euros)

≤ 18,000 466 (49,9%) 343 (49.2%) 123 (52.1%)
.440

> 18,000 467 (50,1%) 354 (50.8%) 113 (47.9%)

Area of residence

Athens 945 (65.5%) 699 (67.2%) 246 (61.0%)
.027

Other area 498 (34.5%) 341 (32.8%) 157 (39.0%)

Age, KIDMED score, and sleep duration are presented as mean (standard deviation) and categorical variables as n (%). *Weight status is defined
based on International Obesity Task Force cutoff criteria for children. †Level of significance set at P <.05; tested via t test for sleeping duration and chi-square
test for all other categorical variables.
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overweight/obese. However, a highly significant interaction
between sleep duration on weekdays and sleep duration on
weekendson theoverweight/obesity statusofchildrenwas revealed.
Specifically, in children who had 1-hour longer duration on
weekends and 1-hour lower duration on weekdays, the likelihood

of being overweight/obese was 2% lower compared to children
havingboth 1-hour lower or 1-hour higher sleepduration (odds ratio
per 1 hour = 0.98; 95% confidence interval, 0.97–0.99).

The CART analysis concerning sleep duration on weekdays
and overweight/obesity status led to a 3-level tree solution. As

Table 2—Characteristics stratified by sleep duration on weekdays and weekends.

Characteristics
Sleep Duration on Weekdays Sleep Duration on Weekends

< 8 h/d
(n = 106)

8–9 h/d
(n = 713)

> 9 h/d
(n = 663) P* < 8 h/d

(n = 63)
8–9 h/d
(n = 267)

> 9 h/d
(n = 1,152) P*

Weight status

Normal weight 64 (60.4%) 513 (71.9%) 491 (74.1%)
.016

34 (54.0%) 183 (68.5%) 851 (73.9%)
< .001

Overweight or obese 42 (39.6%) 200 (28.1%) 172 (25.9%) 29 (46.0%) 84 (31.5%) 301 (26.1%)

Age (y) 11.45 (0.70) 11.29 (0.77) 11.07 (0.79) < .001 11.36 (0.78) 11.19 (0.74) 11.20 (0.79) .275

Bedtime (weekdays)

Before 23:00 3 (2.8%) 462 (64.8%) 663 (100.0%) < .001 30 (47.6%) 181 (67.8%) 917 (79.6%) < .001

After 23:00 103 (97.2%) 251 (35.2%) 0 (0.0%) 33 (52.4%) 86 (32.2%) 235 (20.4%)

Wake time (weekdays)

Before 07:00 63 (59.4%) 461 (64.7%) 255 (38.5%) < .001 46 (73.0%) 158 (59.2%) 575 (49.9%) < .001

After 07:00 43 (40.6%) 252 (35.3%) 408 (61.5%) 17 (27.0%) 109 (40.8%) 577 (50.1%)

Bedtime (weekends)

Before 23:00 9 (8.5%) 117 (16.4%) 274 (41.3%) < .001 3 (4.8%) 41 (15.4%) 356 (30.9%) < .001

After 23:00 97 (91.5%) 596 (83.6%) 389 (58.7%) 60 (95.2%) 226 (84.6%) 796 (69.1%)

Wake time (weekends)

Before 09:00 40 (37.7%) 363 (50.9%) 354 (53.4%) .013 61 (96.8%) 226 (84.6%) 470 (40.8%) < .001

After 09:00 66 (62.3%) 350 (49.1%) 309 (46.6%) 2 (3.2%) 41 (15.4%) 682 (59.2%)

Sex

Boys 56 (52.8%) 327 (45.9%) 282 (42.5%)
.042

36 (57.1%) 159 (59.6%) 470 (40.8%)
< .001

Girls 50 (47.2%) 386 (54.1%) 381 (57.5%) 27 (42.9%) 108 (40.4%) 682 (59.2%)

KIDMED score (–4 to 12) 3.74 (2.32) 4.39 (2.24) 4.84 (2.27) < .001 4.21 (2.38) 4.28 (2.09) 4.62 (0.07) .045

Physical activity (yes) 81 (76.4%) 558 (78.3%) 531 (80.1%) .287 51 (81.0%) 218 (81.6%) 901 (78.2%) .241

Present in their room

TV 53 (50.9%) 232 (32.8%) 151 (23.0%) < .001 14 (22.2%) 84 (31.7%) 338 (29.6%) .663

Computer 55 (51.9%) 239 (33.8%) 141 (21.5%) < .001 22 (34.9%) 82 (30.9%) 331 (29.0%) .264

Family structure

Married 48 (85.7%) 458 (90.7%) 366 (87.6%)
.441

21 (84.0%) 161 (90.4%) 690 (88.9%)
.986

Nonmarried 8 (14.3%) 47 (9.3%) 52 (12.4%) 4 (16.0%) 17 (9.6%) 86 (11.1%)

Father’s educational level

Primary 12 (22.2%) 76 (15.3%) 71 (16.7%)

.636

7 (29.2%) 32 (17.9%) 120 (15.5%)

.022Secondary 20 (37.1%) 230 (46.1%) 179 (42.3%) 8 (33.3%) 90 (50.3%) 33 (42.8%)

Tertiary 22 (40.7%) 192 (38.6%) 174 (41.0%) 9 (37.5%) 57 (31.8%) 322 (41.7%)

Mother’s educational level

Primary 8 (14.5%) 52 (10.4%) 41 (9.7%)

.191

8 (32.0%) 22 (12.2%) 71 (9.2%)

.010Secondary 24 (43.6%) 229 (45.7%) 180 (42.8%) 10 (40.0%) 79 (43.9%) 344 (44.6%)

Tertiary 23 (41.8%) 220 (43.9%) 200 (47.5%) 7 (28.0%) 79 (43.9%) 357 (46.2%)

Area of residence

Athens 71 (68.3%) 501 (72.2%) 373 (57.8%)
< .001

19 (67.8%) 170 (65.6%) 756 (67.2%)
< .001

Other area 33 (31.7%) 193 (27.8%) 272 (42.2%) 40 (32.2%) 89 (34.4%) 369 (32.8%)

Data presented as n (%) except age and KIDMED score, which are presented asmean (standard deviation). *Level of significance set atP <.05; tested via t test
for KIDMED score and chi-square test for all other categorical variables.
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can be seen from the paths illustrated inFigure 1, the prevalence
of overweight/obesity increased from 27.9% (baseline level) to
39.6% among both boys and girls reporting < 8 hours of sleep

during weekdays (first level). Moreover, the prevalence of
overweight/obesity increased from the baseline level to 43.7%
among boys reporting sleep duration > 8 hours but bedtime

Table 3—Results of nested multiple logistic regressions that evaluate the association between children’s sleep characteristics
(weekdays or weekends) and body weight status.

Model 1 Model 2 Model 3 Model 4 Model 5 Model 6

Sleep duration (weekdays)
(h/day)

0.89 (0.79–0.99)* 0.88 (0.78–0.99)* 0.90 (0.80–1.02) 0.91 (0.80–1.02) 0.92 (0.81–1.04) 0.94 (0.83–1.07)

Sleep duration (weekends)
(h/day)

0.89 (0.82–0.96)* 0.91 (0.84–0.98)* 0.91 (0.84–0.99)* 0.91 (0.84–0.98)* 0.91 (0.84–0.98)* 0.91 (0.84–0.98)*

Wake time < 07:00
(weekdays), yes/no

1.14 (0.90–1.43) 1.13 (0.90–1.42) 1.13 (0.89–1.42) 1.10 (0.87–1.39) 1.10 (0.87–1.39) 1.08 (0.86–1.37)

Bedtime < 22:00 (weekdays),
yes/no

0.79 (0.63–1.01) 0.77 (0.61–0.99)* 0.77 (0.62–0.98)* 0.77 (0.62–0.98)* 0.76 (0.62–0.97)* 0.79 (0.62–1.00)*

Bedtime > 23:00 (weekdays),
yes/no

1.48 (1.15–1.91)* 1.50 (1.16–1.96)* 1.44 (1.11–1.88)* 1.41 (1.08–1.85)* 1.38 (1.05–1.81)* 1.36 (1.04–1.78)*

Wake time < 07:00
(weekends), yes/no

1.97 (1.30–2.98)* 1.87 (1.22–2.84)* 1.85 (1.22–2.82)* 1.91 (1.25–2.91)* 1.94 (1.27–2.97)* 2.00 (1.30–3.06)*

Bedtime < 22:00 (weekends),
yes/no

0.84 (0.75–1.41) 0.89 (0.77–1.49) 0.91 (0.79–1.52) 0.90 (0.78-1.41) 0.95 (0.85–1.71) 1.01 (0.75–1.39)

Bedtime > 23:00 (weekends),
yes/no

1.23 (0.94–1.59) 1.22 (0.94–1.59) 1.19 (0.91–1.55) 1.19 (0.92–1.55) 1.17 (0.89–1.53) 1.14 (0.87–1.50)

Data presented as odds ratio (95% confidence interval). Model 1 = crude model, Model 2 = adjusted for age and sex, Model 3 = adjusted for variables
in model 2 plus KIDMED score, Model 4 = adjusted for variables in model 3 plus physical activity status, Model 5 = adjusted for variables in model 4 plus having
television in the room. Model 6 = adjusted for variables in model 5 plus having personal computer or tablet in the room. *P value < .05.

Figure 1—Classification tree for overweight/obesity based on weekday sleep duration.

Journal of Clinical Sleep Medicine, Vol. 17, No. 5 May 1, 20211098

A Kanellopoulou, V Notara, E Magriplis, et al. Sleep and obesity



after 23:00 (third level). On the contrary, the prevalence of
overweight/obesity decreased from the 27.9% baseline level to
20.2% for girls reporting sleep duration > 8 hours but wake-up
time after 07:00 on weekdays (third level). Regarding sleep
patterns on theweekends, a 3-levelCARTsolutionwas revealed
(Figure 2). The prevalence of overweight/obesity increased
from the baseline level (ie, 27.9%) to 46.0% among children
reporting < 8 hours of sleep during weekdays (first level).
In another path, the prevalencewas also increased from the baseline
level to35.6%inboyswhoreported sleepduration> 8 hours but also
bedtime after 23:00.

DISCUSSION

The aim of the present study was to investigate the associa-
tion of sleep duration and sleep patterns on the likelihood of
overweight/obesity among children aged 10–12 years and also
to test whether there was a weekday effect. It was revealed that
increased sleep duration was associated with decreased odds of
overweight/obesity among children, and this was more prom-
inent forweekends than forweekdays.However, childrenwhohad
lower sleep duration on weekdays but caught up with the lack
of sleep on weekends were less likely to be overweight/obese
compared to those children having both less or increased sleep
duration on weekdays and weekends. To our knowledge, this is
one of the few studies that investigated not only the duration of
sleep but also sleep patterns on weekdays and weekends of
school children in association with overweight and obesity.

It has been reported that insufficient sleep duration in chil-
dren is associatedwith an increased risk of obesity, ranging from
58–89%,with each additional hour of sleep per day reducing the
risk of obesity by 9%.28 In recent years, the observed association
between short sleep and obesity has been explained through
several mechanisms. A review of the laboratory evidence has
come to the conclusion that sleep deprivation leads to the
downregulation of leptin and upregulation of ghrelin, leading to
the enhancement of overeating and weight gain risk.11,12 The
study of Miller et al29 showed that children who go to bed late
or do not have a regular sleep schedule are exposed to a higher
risk of developing obesity. Similarly,Ogden et al30 andKnutson
and Van Cauter31 reported an inverse association between sleep
duration and risk of childhood obesity. Moreover, in a recent
systematic review and meta-analysis of Fatima et al,32 it was
highlighted that children and adolescents who sleep less had
approximately twice higher odds of being overweight/obese
compared to those who sleep for more time. Similar to these
observations, the present study also revealed an inverse asso-
ciation between sleep duration and the likelihood of a child aged
10–12 years being overweight/obese. However, the previous
studies did not distinguish the association of sleep duration on
overweight/obesity risk between weekdays and weekends, al-
though it has been reported that children follow different sleep
patterns on weekends than on weekdays.33–35 According to our
findings, children slept about 90 minutes more on weekends
compared to weekdays, and this seemed to have a detrimental
role in the likelihood of being overweight/obese. In particular,
the association between sleep duration and overweight/obesity

was stronger on weekends, but less prominent and more
influenced to confounding when weekdays were studied. This
probably can be attributed to the fact that on weekdays children
had to wake up earlier and thus had less sleep duration,18

whereas those who caught up the “lost” sleep hours seemed to
benefit more than the others.

Regarding the weekend sleeping pattern, this seemed to have
a more prominent role for children who reported bedtime early
(ie, before 22:00) and for children who woke up early even on
weekends. These results highlight the usefulness, but also the
need, for children to sleep andwake up early; the earlier children
sleep, the easier it is to complete the necessary hours of sleep
without having to wake up late.

The association between having a TV in the children’s room
or using small screens (ie, smartphones or tablets) to relax with
shorter sleep duration has already been reported.36,37 Although
in the present study sleep duration was positively associated
with better dietary habits and inversely associated with the
presence of a TV and or a PC/tablet in the children’s room,
no significant interaction between sleep duration and dietary
habits, playing video games, or having a PC or TV in their room
on children’s overweight/obesity status was observed. This
could be explained by the fact that few children reported
having a PC or TV in their room in our sample. Moreover,
sleep duration, especially at weekends, was positively as-
sociated with both parents’ educational levels. This is in line
with the results of Padez et al38: Children whose parents have a
lower level of education sleep fewer hours than those whose
parents have a higher level of education. This is probably be-
cause parents with low education do not understand the im-
portance of sleep for their children’s proper growth. Moreover,
the more adherent to the Mediterranean diet children were, the
greater their sleep duration. This result is in line with the
results of Rosi et al,39 who studied 690 primary school children
attending the fifth grade (ie, ages 9–11 years) in Parma, Italy,
and found a positive association between dietary quality and
sleep duration.

The American Academy of Sleep Medicine recommends
that the nightly duration of healthy sleep for children ages
6–12 years should be 9–12 hours.16 If children sleep the rec-
ommended hours regularly, they will have better health out-
comes, such as improved attention, better memory, emotional
regulation, better quality of life, and better mental and physical
health. The National Sleep Foundation40 has stated that ap-
proximately 35% of U.S. children and adolescents had insuf-
ficient sleep duration on weekdays, while a study conducted in
10 European cities revealed that about 34% of adolescents had
insufficient sleep time.41 Our study revealed that 45.3% of
children had insufficient sleep duration (ie, less than 9 hours) on
weekdays. This percentage is similar to the one reported by
Tambalis et al35 in a nationwide study of the Greek population,
in which approximately 40% of the 177,091 studied children
aged 8–17 years in Greece reported insufficient sleeping hours.
The National Sleep Foundation recommends parents to teach
school-aged children about healthy sleep habits, to emphasize
the need for a regular and consistent sleep schedule and bedtime
routine, and to keep children’s bedrooms conducive to sleep, ie,
dark, cool, and quiet without TV and PC inside.38
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Limitations
This studyhas some limitations due to its cross-sectional design.
First of all, no temporal relationship and causal inference can
be established. Moreover, the findings cannot be generalized
to all Greek children, but only to children aged 10–12 years.
Regarding the accuracy of the children’s answers, this would
always be a “question” as in all observational studies that use
questionnaires.However, to limit this bias, trained investigators
were present throughout the whole study’s procedure to address
any possible misunderstanding, increasing in this way the
validity of the responses and measurements. Another limitation
of the study is that it did not evaluate sleep quality. The cal-
culation of sleep duration was based only on the information
about sleep and wake time, which was self-reported; thus,
reporting bias may also be an additional limitation. The pu-
bertal stage of the participating children was not taken into
account. This age is a borderline time where some children
have already begun their puberty, and may have less sleep
duration, whereas others have not. This lack of information
may have confounded the strength of the relationships with
body weight status.

CONCLUSIONS

Despite the aforementioned limitations, the findings of this
study deserve special attention to the promotion of effective
strategies and policies toward the reduction of childhood
overweight/obesity. Sleep is a natural need, the quantity and
quality of which are important for the healthy development of
children. Although the literature has dealt extensively with the
study of sleep and its aspects, there are still uncertainties about

adequate sleep patterns. The present study revealed that sleep
patterns on weekends are different from those on weekdays
and they seem to play a different role in overweight/obesity
risk; nevertheless, enough sleep hours during the entire week
seems to be a key player in reducing the prevalence of
childhood overweight/obesity. Actions should be taken for
parents to realize and understand that a sufficient sleep du-
ration, especially on weekends when children’s schedules
are not so heavy, has a protective role in their children’s
weight status.

ABBREVIATIONS

BMI, body mass index
CART, Classification and Regression Tree
PC, personal computer
TV, television
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