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Abstract

Objectives: The present study aimed to analyze the association between

healthy sleep duration of children and the parental perception of the social/

built environment.

Methods: A cross-sectional study was done and a sample of 8273 children

(4183 females) aged 6–9 years was observed. Height (cm) and weight

(Kg) were measured, and the body mass index (BMI) was calculated. Partici-

pants were classified as normal weight or overweight/obese. Sleep habits, sed-

entary behaviors (i.e., TV viewing) and environmental variables were assessed

by questionnaire. Logistic regressions were used, with adjustments for age, sex,

BMI, and sedentary time.

Results: Children whose parents reported a positive perception of the built

environment in the residential area were 1.21 times more likely to have regular

sleep habits during weekdays. Furthermore, children whose parents reported a

negative perception of the social environment and safety were 81% more likely

to have irregular sleep habits during the weekdays.

Conclusions: The present study revealed a positive association between regu-

lar sleep during the weekdays and the parental perception of the social/built

environment (land use and urban design).

1 | INTRODUCTION

The scientific literature has consistently emphasized that
irregular sleep habits in children impact a range of health
problems such as impaired cognition (Astill, Van der
Heijden, Van Ijzendoorn, & Van Someren, Astill
et al., 2012; Sampasa-Kanyinga et al., 2020; Xiao
et al., 2020), behavioral difficulties (e.g., emotion regula-
tion, aggression) (Kamphuis et al., 2012), and increased
risks of overweight/obesity (Gazmararian & Smith, 2020;
Rosi et al., 2017). Because the prevalence of irregular sleep
in children and adolescents has substantially increased in
many countries during the past decades (Matricciani

et al., 2012), prevention strategies strongly depend upon
an understanding of its causes and correlates.

Across childhood, sleep duration patterns vary widely
since they are driven by a complex interaction between
biological processes, environmental, behavioral, and
social factors (Bang et al., 2020; Busch et al., 2017). For
example, among children of the primary school, sleep
duration varies according to the school schedules, family
routines, and cultural practices, among others. However,
an issue of equal importance, that has received compara-
tively less attention, is the potential impact of the social
and environmental factors in sleep duration of children.
The overall patterns suggest that children from more
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disadvantaged circumstances have lower sleep quality
and shorter duration than those from more advantaged
backgrounds (Jarrin et al., 2014; Ordway et al., 2020).

On one hand, exposure to violence and crime and
feeling unsafe in one's neighborhood has been associated
with reductions in both quality and sleep duration of
families (Hill et al., 2016; Simonelli et al., 2017). On the
other hand, living in a neighborhood that is characterized
by high levels of noise (e.g., from neighbors or highly
trafficked streets) or high levels of artificial light
(e.g., from street lamps) may directly undermine the initi-
ation or maintenance of sleep (Fyhri & Aasvang, 2010).
This suggests that effects of residential neighborhood
characteristics on sleep may represent one pathway by
which neighborhood environment has an impact on
health outcomes.

The majority of research on sleep habits, however,
has been carried out on adults, with studies of children
and adolescents often being based on small samples with
homogeneous sociodemographic composition (Galland
et al., 2012). Therefore, further research is needed on rep-
resentative samples of children. The present study aimed
to analyze the association between healthy sleep duration
of Portuguese children and the parental perception of the
social/built environment of their residential area.

2 | MATERIALS AND METHODS

2.1 | Participants

The Portuguese prevalence study of obesity in childhood
(PPSOC) was a random cross-sectional survey conducted in
mainland schools in Portugal between March 2009 and
January 2010. Details on sampling and response rates can be
found elsewhere (Machado-Rodrigues, Santana, Gama,
Mourao, Nogueira, Rosado, & Padez, 2014a). Sampling was
based on a sex and age-specific proportionate stratified ran-
dom design with district as the primary sampling unit. A
total of 17 509 2–13 years-old children were recruited among
whom 8273 childrens (4183 females) aged 6–9 were included
in the present analyses. Ethical approval for PPSOC was
given by the Portuguese commission for data protection,
which requires anonymity and nontransmissibility of data,
corroborated by the Direcç~ao-Geral de Inovaç~ao e Des-
envolvimento Curricular. Prior to data collection, informed
written assent was obtained from parents or guardians.

2.2 | Anthropometry

Height and weight were measured by two trained techni-
cians at school in the morning, using a portable Seca

217 standiometer and portable Seca 770 scales to the
nearest 0.1 cm and 0.1 kg, respectively, with participants
in t-shirt and shorts. Body mass index (BMI, kg/m2) was
calculated and categorized using age and sex-adjusted
cutoff points (Cole et al., 2000). The sample was divided
into two weight-status groups, normal weight, and over-
weight/obese.

2.3 | Sleep habits

Sleep habits was assessed by questionnaires filled out by
the parents, and information was recorded in terms of
sleep duration. Thus, parents were asked to write down
the usual bedtimes and wake times of their child on week
days and at the weekend. Total sleep time was calculated
in hours as the difference between bedtime and wake up
time for weekdays and weekend days.

On the basis of the American academy of pediatrics rec-
ommendations to promote optimal health for 6–12 years
children (American Academy of Pediatrics, 2016), sleep
duration was classified as irregular if less than 9 h per night
or higher than 12 h per night, and recommended/regular
sleep if between 9 and 12 h per night; therefore, for the sta-
tistical analysis, sleep durationwas dichotomized as healthy
sleep (0) versus unhealthy sleep (1) duration. Similar proce-
dure was used in other epidemiological studies of children
(Machado-Rodrigues et al., 2018).

2.4 | Environmental neighborhood
perceptions

Parental perceptions of their local neighborhoods were
assessed by a questionnaire using the environmental
module of the international physical activity prevalence
study (IPS, 2002). This questionnaire has been previously
used in Portuguese youth (Machado-Rodrigues, Santana,
Gama, Mourao, Nogueira, Rosado, & Padez, 2014b; Mota
et al., 2005; Santos et al., 2009) showing good reliability
(intra-class correlation coefficients ranging from 0.36 to
0.79) (Mota et al., 2005). The questionnaire was designed
to be a brief assessment of variables believed to be related
to the activity-friendliness of neighborhoods.

Subsequently, to reduce the 15 contextual variables
into a more parsimonious and intelligible data without
losing information, a categorical principal component
analysis (CATPCA) was performed. CATPCA uses an
optimal scaling approach that allows variables to be
scaled at different levels and optimally quantified in the
specific dimension (Nogueira et al., 2013). Four compo-
nents satisfied this initial criterion, but only the first two
had the premise of reliability, showing adequate internal
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consistency (Cronbach's alpha scores above 0.5) (Santos
et al., 2009).

Two indices which explained about 54% of the original
variance were used: (i) First index: Neighborhood built
environment (land use and urban design): availability and
proximity of infrastructure and facilities (retail, leisure and
sports), access to destinations, physical feature availability,
and maintenance of features, such as cycle paths and side-
walks, and general aesthetics (Cronbach's α = 0.78);
(ii) Second index: Neighborhood social environment and
safety: perceptions of disorder, crime, violence and safety,
including road safety (Cronbach's α = 0.63). For the statis-
tical analysis, indices were dichotomized based on a
median split into negative overall perception versus posi-
tive overall perception.

2.5 | Sedentary behavior

Screen time was the indicator of SB and was based on TV
viewing. The amount of time spent viewing TV was
determined from the proxy-report instrument as in other
epidemiological studies of children (Machado-Rodrigues
et al., 2015; Machado-Rodrigues, Santana, Gama,
Mourao, Nogueira, Rosado, Mota, et al., 2014a) and was
expressed as min/day. Thus, parents reported their child's
TV viewing habits during weekdays and at the weekend
and a categorical variable was computed according to the
recommendations of the AAP for children (AAP, 2016):
less than 2 h per day and two or more hours per day.
Similar procedure has been used in several epidemiologi-
cal studies of children (Machado-Rodrigues et al., 2015;
Machado-Rodrigues et al., 2017).

2.6 | Statistical analysis

Means and SD were calculated for all variables. Prior to
analysis, the Kolmogorov–Smirnov test was conducted
to check the normality of the distribution for indicators
of body size and sleep duration on week days and at the
weekend, and results indicated these measures were nor-
mality distributed. Sex-specific descriptive statistics were
calculated for age, height, weight, BMI, and sleep dura-
tion on week days and at the weekend. One-way analysis
of covariance (ANCOVA) was used to test the effect of
sex and controlling for chronological age. All ANCOVAs
were followed with Bonferroni-corrected post hoc tests.

Associations between sleep habits and the parental
perception of the social/built environment of their resi-
dential area, controlling for potentially confounding
effects of chronological age, sex, BMI, and time spent in
sedentary behaviors (i.e., TV viewing), were estimated

using logistic regression analysis. In the minimally
adjusted model (Model 1), the social/built environment
of their residential area was the sole predictor of the child
regular sleep habits. Chronological age and sex were sub-
sequently added as potential confounders (Model 2). In
Model 3, BMI was added as a potential confounder.
Finally, in the Model 4, the time spent sedentary (i.e., TV
viewing) was also added as confounder. The complex
samples generalized linear models procedure to produce
results with robust standard errors that take into account
clustering of participants by school were used. Signifi-
cance was set at 5%, and SPSS 15.0 (SPSS Inc., Chicago,
Illinois, USA) was used.

3 | RESULTS

Characteristics of the sample stratified by sex are summa-
rized in Table 1. The mean age of school children of this
sample was 8.0 (±1.11) and 8.1 (±1.14) years for boys and
girls, respectively. About 67.7% of girls were categorized
as normal weight status, 23.1% as overweight, and 9.2%
as obese; corresponding values for boys were 71.7%,
19.7%, and 8.9% for normal weight status, overweight and
obese males, respectively. About 31% of boys and 29% of
girls spent more than 2 h per day in front of TV. The
mean values of the built environment index were 0.038
and � 0.001 for boys and girls, respectively;
corresponding values for the social environment and

TABLE 1 Descriptive statistics of participantsª and results of

ANCOVAs (chronological age as co-variable) of the effect of sex on

body size, sleep habits and TV-viewing

Variablea
Boys
(n = 4089)

Girls
(n = 4183)

Chronological age, years 7.98 (1.11) 8.05 (1.14)

Weight (kg) 29.3 (7.4) 29.2 (7.5)b

Height (m) 1.29 (0.08) 1.28 (0.09)c

BMI 17.53 (2.82) 17.60 (2.85)

Sleep habits (hours/day), week
days

10.03 (0.66) 10.04 (0.68)

Sleep habits (hours/day),
weekend days

10.80 (0.83) 10.99 (0.83)c

TV-viewing (hours/day), week
days

1.33 (0.51) 1.30 (0.48)c

TV-viewing (hours/day),
weekend days

1.98 (0.61) 1.97 (0.61)

aData are shown as mean (SD) unless otherwise stated.
bp < .05.
cp < .01.
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safety index were � 0.011 and 0.014, respectively for
males and females.

Weight and height were, on average, significantly
higher in males, whereas sleep duration at the weekend
was significantly higher in females than in males
(i.e., girls: 11.0 h/day; boys: 10.8 h/day); furthermore,
males spent significantly more time watching TV on
week days than their female counterparts (i.e., girls:
1.30 h/day; boys: 1.33 h/day). Males and females did not
significantly differ in BMI, sleep duration on week days,
and TV-viewing at the weekend.

The associations between sleep habits with the built
environment (land use and urban design) and the social
environment, controlling for the afore-mentioned con-
founding effects are presented for week days and week-
end in Table 2 and Table 3, respectively. For the week
days, the crude model revealed a significant positive asso-
ciation between regular sleep habits and the parental pos-
itive perception of the social/built environment (land use

and urban design) in the residential area. After control-
ling for the afore-mentioned confounders, children
whose parents reported a positive perception of the built
environment in the residential area were 1.21 times more
likely to have regular sleep habits during weekdays than
those children whose parents reported a negative percep-
tion of the built environment. Furthermore, after control-
ling for confounders, children whose parents reported a
negative perception of the social environment were 81%
more likely to have irregular sleep habits during the week
days, than those children whose parents had a positive
perception of the social environment and safety of their
residential area.

Inspection of the final regression model, results rev-
ealed that children who are involved in more sedentary
activities (i.e., TV viewing) during the week days were
2.21 times more likely to have irregular sleep habits than
their peers who have healthy daily TV viewing habits
(i.e., < 2 h/day); furthermore, findings also shown that

TABLE 2 The association between

weekdays sleep habits with the parental

perception of the built (land use and

urban design) and social environment

of their residential area

Sleep habits

n Model B
Standard
Error eB 95% C.I. p

Built environment
(land use and urban
design)

8273 1 0.18 0.08 1.19 1.03–1.39 .02

2 0.18 0.08 1.20 1.03–1.40 .02

3 0.18 0.08 1.20 1.03–1.39 .02

4 0.19 0.08 1.21 1.04–1.41 .02

Social environment
and safety

8273 1 �0.26 0.08 0.77 0.66–0.90 .001

2 �0.25 0.08 0.78 0.67–0.91 .001

3 �0.24 0.08 0.79 0.68–0.92 .003

4 �0.21 0.08 0.81 0.70–0.95 .01

Note: Model 1 = unadjusted; Model 2 = model 1 + sex and chronological age; Model 3 = model 2 + BMI;

Model 4 = model 3 + TV viewing.

TABLE 3 The association between

weekend sleep habits with the parental

perception of the built (land use and

urban design) and social environment

and safety of their residential area

Sleep habits

n Model B S.E. eB 95% C.I. p

Built environment
(land use and urban
design)

8273 1 0.05 0.07 1.06 0.93–1.20 0.42

2 0.06 0.07 1.06 0.93–1.21 0.36

3 0.06 0.07 1.07 0.94–1.21 0.34

4 0.05 0.07 1.06 0.93–1.20 0.42

Social environment and
safety

8273 1 �0.002 0.07 1.00 0.88–1.14 0.97

2 �0.01 0.07 0.99 0.87–1.13 0.90

3 �0.01 0.07 0.99 0.87–1.13 0.91

4 0.02 0.07 0.98 0.88–1.14 0.98

Note: Model 1 = unadjusted; Model 2 = model 1 + sex and chronological age; Model 3 = model 2 + BMI;

Model 4 = model 3 + TV viewing.
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children who had irregular sleep habits were 96% more
likely to be classified as overweight than their counter-
parts who had regular sleep habits (finding not displayed
on tables).

On the other hand, findings for the weekend did not
revealed any significant association between sleep habits
of children and the parental perception of the social/built
environment in their residential area.

4 | DISCUSSION

Simultaneous consideration of multiple built environ-
mental and social features of the residential area of fami-
lies and their impact on sleep duration of children is
lacking. Findings of the present study revealed that chil-
dren whose parents reported a positive perception of the
built environment (land use and urban design) in the res-
idential area were 1.21 times more likely to have regular
sleep habits during weekdays. Similar trends were found
in US children (Singh et al., 2010), highlighting the need
of community strategies to provide environments with
better conditions to avoid perpetuation of irregular sleep
habits among children. Residential neighborhood charac-
teristics could be a source of continuation of social
inequalities in health and well-being through the reduc-
tion of sleep quality and their consequences in child
health.

Several potential mechanisms may underlie the
impact of the built environment on sleep duration of chil-
dren. For example, the exposure to road-traffic and
corresponding related noise (Christensen et al., 2016), air
pollution and electric lighting (Knutson, 2014) may
reduce sleep duration. Thus, the quite community,
absence of air pollution, and even the balanced light
exposure are each prominent features of the landscape,
which, subsequently, may moderate the association
between the positive perception of the built environment
and the sleep duration of the Portuguese children of the
present study.

On the other hand, a growing body of work indicates
that experiences of neighborhood disadvantage place
children at risk for poor sleep, and the present study rev-
ealed that children whose parents reported a negative
perception of the social environment were 81% more
likely to have irregular sleep habits during the week days.
Those findings are consistent with previous studies exam-
ining the role of crime, violence, and neighborhood dis-
advantage (Billings et al., 2020; Singh & Kenney, 2013).
Recently, in the same line, parental perception of safety
of their neighborhood/community was also associated
with inadequate sleep of children (Hawkins &
Takeuchi, 2016; Ordway et al., 2020). Additionally,

parental attitudes and beliefs towards sleep habits may be
an additional factor that moderates the relationship
between social features of the residential area and its
impact on regular sleep of children.

Another source of variation, which could explain the
different significant results from the week days to
the weekend, is probably the effects of wake-time and
bedtime during all week. Indeed, those shifts vary from
week days to the weekend and it may result in weight
problems. Findings of the present study have also shown
that children who had irregular sleep habits were 96%
more likely to be classified as overweight than their coun-
terparts who had regular sleep habits on week days. Of
note, this association was also reported in another study
in Portuguese children (Padez et al., 2009), and similar
trends were also found in a cross-sectional study of 5.159
children, revealing those who slept more during the
weekend had lower risk of overweight and obesity (Wing
et al., 2009). Furthermore, Wong and colleagues (Wong
et al., 2013) reported that children slept 0.6 h/day longer
(p < .001) at the weekend days than on weekdays, cor-
roborating results from the present study (i.e., males:
0.8 h/day; females: 0.9 h/day). The potential mechanism
for this finding is likely to be at least partly behavioral.
Indeed, obesogenic behaviors, such as TV watching and
late-night snacking, are more common in the later eve-
ning. However, it is also possible that circadian phase-
delay may play a role in explaining the risk for over-
weight/obesity, particularly given research suggesting the
importance of circadian clocks in metabolism and obesity
(Gazmararian & Smith, 2020; Medic et al., 2017). Longi-
tudinal studies, especially using objective instruments of
sleep are needed to establish causality between sleep
habits and overweight risk and obesity-related co-
morbidities in children.

The main strengths of the present study are the use of
a large sample of 6–9 years-old Portuguese children and
the simultaneous consideration of multiple built environ-
ment and social features of the residential area of their
families. On the other hand, limitations of the present
study should be also recognized; first, this study has a
cross-sectional design and, therefore, it is not possible to
infer casual relationships. Second, sleep habits, sedentary
behaviors, and perceived neighborhood characteristics
were obtained by self-reported instruments (e.g., parental
proxy), which might be inaccurate and should be rep-
laced by objective tools in the future researches.

5 | CONCLUSION

The present study revealed a significant positive associa-
tion between regular sleep habits during the week days
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and the parental perception of the social/built environ-
ment in the residential area. These findings emphasize
the need for policymakers to develop urban strategies to
provide environments with better conditions to avoid
irregular sleep duration, which could positively impact
on health of our children.
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