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1  |  INTRODUC TION

Inadequate sleep health (e.g. insufficient sleep duration, poor sleep 
quality and irregular sleep timing [Buysse, 2014]) among children 

is an important public health concern (Matricciani, Olds, & Petkov, 
2012; Matricciani, Paquet, Galland, Short, & Olds, 2019), as healthy 
sleep is essential for a wide range of physical, mental, and be-
havioural outcomes (Astill, Van der Heijden, Van Ijzendoorn, & Van 
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Summary
The aim of the present study was to explore potential factors of inadequate sleep 
health (i.e. sleep duration, quality, and timing) of school- aged children. Data were 
collected among 382 primary school children (aged 4– 13 years) and their parents. 
Personal characteristics (i.e. age, sex), individual lifestyle behaviours (i.e. screen use, 
sleep hygiene behaviour), social and community factors (i.e. parental sleep- related 
practices, parental barriers, perceived ethnicity), and living conditions (i.e. parental 
educational level, sleep environment) were assessed with a parental questionnaire. 
Sleep duration, quality, and timing were assessed with a sleep diary. Associations 
were analysed using linear mixed models and logistic regression analyses. In total, 332 
children, with a mean (range) age of 7.5 (4– 13) years, were included in the analyses. 
The mean sleep duration was 632 min/night, the mean sleep quality score was 40, on 
a scale from 10 to 50, and 25% had a bedtime that varied >40 min between week-
days. Factors negatively associated with children’s sleep health included older age, 
perceived non- Dutch cultural background, lower parental pre- sleep emotional sup-
port, the parental barrier to get their child to bed on time when siblings have a later 
bedtime, high parental educational level, sleeping in a darkened bedroom, and being 
brought to bed after falling asleep. On average, children in the present study had ad-
equate sleep health. The factors found to be associated with children’s sleep health 
are useful for future healthy sleep research and intervention development.
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Someren, 2012; Matricciani et al., 2019). Despite these benefits, 
the percentage of children around the world who meet the recom-
mended amount of good quality sleep (i.e. 10– 13 hr/day for chil-
dren aged 3– 5 years and 9– 11 hr/day for children aged 6– 13 years 
(Hirshkowitz et al., 2015)) seems to be declining (Matricciani et al., 
2012). Therefore, promotion of healthy sleep among children via 
preventive interventions is warranted.

To develop preventative sleep interventions, it is essential to 
know which factors are most important when promoting healthy 
sleep among children. A model that has been shown to be help-
ful in explaining potential factors of sleep health among children 
is	the	Dahlgren	and	Whitehead’s	“determinants	of	health	model”,	
which is therefore also applied in the present study (Dahlgren & 
Whitehead,	1991;	Komrij	et	al.,	2020).	In	this	model,	the	child	has	
a set of fixed characteristics (e.g. age, sex) and is surrounded by 
several layers of (changeable) factors regarding (sleep) health: the 
individual lifestyle factors (e.g. screen use, sleep hygiene), social 
and community factors (e.g. parental practices), living conditions 
(e.g. housing, education, sleep environment) and the general so-
cioeconomic and cultural factors (e.g. access to health care, po-
litical	 environment;	 Dahlgren	 &	Whitehead,	 1991).	 The	 factors	
are interrelated within and between the various layers and are 
all potentially related to sleep health. Therefore, it is important 
to consider all these factors together when examining potential 
factors of children’s sleep health.

Prior research identified several factors related to sleep health 
that	 could	 be	 placed	 in	 the	 various	 layers	 of	 the	 “determinants	
of	health	model”	 (Dahlgren	&	Whitehead,	1991).	Several	studies	
show the importance of children’s age in relation to children’s 
sleep and sleep practices (Belmon, Van Stralen, Busch, Harmsen, 
& Chinapaw, 2019; Buxton et al., 2015). For individual lifestyle 
factors, numerous studies found evidence for an adverse relation 
between screen time behaviour and sleep duration (Belmon et al., 
2019; Hale & Guan, 2015). In addition, children, parents, and sleep 
professionals perceived psychological factors (e.g. fear, affective 
state) and evening activities (e.g. playing stimulating games before 
sleeping) as important factors of children’s sleep health (Belmon, 
Brasser, et al., 2020; Belmon, Busch, et al., 2020). For social and 
community network factors, previous research indicated that pa-
rental pre- sleep emotional support (e.g. reviewing the day), pa-
rental structure (e.g. providing a bedtime routine) and parental 
rule setting is positively related to children’s sleep health (Adam, 
Snell, & Pendry, 2007; Buxton et al., 2015). Moreover, perceived 
barriers to go to bed on time (e.g. social norm among siblings; 
Belmon,	Busch,	et	al.,	2020;	McDowall,	Campbell,	&	Elder,	2016)	
and cultural differences in sleep practices (Anujuo, Vrijkotte, 
Stronks,	 Jean-	Louis,	&	Agyemang,	 2016)	might	 negatively	 influ-
ence children’s sleep. For the factors related to children’s living 
conditions that influence children’s sleep health, a low parental 
educational level (Doane et al., 2019; Komrij et al., 2020), the 
presence of screens in the bedroom (Belmon et al., 2019; Hale & 
Guan, 2015), the lack of a healthy sleep environment (e.g. a dark 
and	quiet	bedroom	at	night;	Bagley,	Kelly,	Buckhalt,	&	El-	Sheikh,	

2015; Galland & Mitchell, 2010) and bed(room) sharing (Mindell, 
Meltzer, Carskadon, & Chervin, 2009; Spruyt, O'Brien, Cluydts, 
Verleye, & Ferri, 2005) were found to be negatively related to 
sleep health. However, many previous studies considered only 
one sleep outcome or investigated only one or a few potential fac-
tors and their relation to sleep health (Anujuo et al., 2016; Bagley 
et al., 2015; Belmon et al., 2019; Buxton et al., 2015), thereby 
ignoring the overlap in explained variance by the factors from the 
different	layers	of	the	“determinants	of	health	model”.

Therefore, the aim of the present study was to explore a broad 
range of potential factors of school- aged children’s inadequate sleep 
health (i.e. sleep duration, sleep quality, and sleep timing) to inform 
future	intervention	development.	We	hypothesised	that	all	factors	
are individually related to at least one of the sleep outcomes and that 
some associations are different between younger and older school- 
aged children.

2  |  METHODS

2.1  |  Study design, setting and participants

This correlational study was performed as part of the research pro-
ject	 “The	 Amsterdam	 Healthy	 Sleep	 Project”,	 which	 focussed	 on	
developing a preventative intervention to promote healthy sleep 
among primary school- aged children. The study was carried out 
among primary school- aged children (aged 4– 13 years) and their par-
ents from schools located in the City of Amsterdam, the Netherlands. 
The	Medical	Ethical	Committee	of	the	VU	University	Medical	Center	
approved the study protocol (2018.170). Before the start of the data 
collection, written informed consent was obtained. No exclusion 
criteria were applied as we aimed to obtain a diverse study sample 
(including children with and without sleep problems) representative 
for primary schoolchildren living in the City of Amsterdam.

Data	collection	took	place	from	April	until	July	2018.	All	schools	
were	 approached	 by	 a	 “Healthy	 School”	 advisor	 from	 the	 Public	
Health Service of Amsterdam who was associated with that school. 
When	a	school	agreed	to	participate,	researchers	visited	the	schools	
to provide children with in- class oral information on the study and 
handed out envelopes containing the study materials to be taken 
home. These included an information letter, an informed consent 
form, a 7- day sleep diary, and a parental questionnaire. To stimu-
late participation enthusiasm, incentives were used in the form of a 
lottery among participating parents and children (i.e. for every 10th 
participating child and their parent, a cinema voucher of 10 euros 
was allotted), and a reward was provided for the classroom with the 
highest response rate per school (i.e. a package with all sorts of toys 
to play games in the schoolyard). Parents were also reminded by the 
schools via the app or school website to participate in the study. 
After parents completed the study materials, the sealed envelopes 
were returned to the classroom teachers and collected by the re-
searchers (after ~2– 4 weeks). Data were collected from a total of 
382 children from six primary schools along with their parents.
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2.2  |  Measures

The parental questionnaire was created specifically for this re-
search project. As, to our knowledge, no instrument with high- 
quality evidence for the psychometric properties of reliability and 
validity is available that comprehensively measures child sleep 
health in a general population of healthy children, the best avail-
able questionnaires and sleep diary were selected and used as 
a basis for our study (Carney et al., 2012; Gradisar et al., 2013; 
Harsh,	 Easley,	 &	 LeBourgeois,	 2002;	 McDowall	 et	 al.,	 2016;	
Musher-	Eizenman	 &	 Holub,	 2007).	 Both	 the	 questionnaire	 and	
sleep diary were pre- tested among six parents representative of 
the study population. The comprehensibility of the study mate-
rials	 was	 pre-	tested	 using	 the	 “think	 aloud	 method”	 (Charters,	
2003) and necessary changes were made accordingly. The pre- test 
showed that the materials were well- understood by parents. To 
focus on the factors that were most relevant for child public health 
practices, all decisions regarding the selection, conceptualisation, 
and prioritisation of the variables were made in close collaboration 
with two child health experts: a paediatrician at the Child Public 
Health department and the head of prevention at the Parenting 
Advice Center in Amsterdam.

2.2.1  |  Children’s	sleep	health

Data on children’s sleep health were collected with a sleep diary. 
Parents were asked to complete the diary together with their child 
each morning for 7 consecutive days. Items in the diary included 
a question about bedtime, sleep time (i.e. time of trying to go to 
sleep), sleep offset time, and sleep quality. Sleep duration was de-
fined as the time, in minutes, between sleep time and wake time. 
Napping was not considered, because most children stop napping 
when they start primary school (Kocevska et al., 2020) and in the 
Netherlands children start primary school at the age of 4 years. 
Sleep quality was defined as the rating of the child’s sleep, on a 5- 
point	Likert	scale	ranging	from	(1)	“very	bad”	to	(5)	“very	good”.	To	
facilitate interpretation due to small regression coefficients, the 
sleep quality scores were multiplied by 10 and therefore ranged 
from 10 to 50. Sleep timing was defined as the variability of the 
bedtime of the corresponding week. This was determined by 
the standard deviation (SD) of the bedtimes of each child, with 
a minimum of two reported bedtimes. As there is no evidence- 
based recommendation for bedtime variability (Allen, Howlett, 
Coulombe, & Corkum, 2016), the corresponding values were di-
chotomised based on the value of the third quartile (i.e. 40 min): 
(1)	“a	regular	bedtime”	(i.e.	SD <40	min)	and	(2)	“an	irregular	bed-
time”	(i.e.	SD	≥40	min).	In	this	way,	children	with	the	largest	vari-
ability in bedtimes (i.e. the fourth quartile) were compared to the 
participating children with a lower variability in bedtimes (i.e. SD 
<40 min). For descriptive purposes, mean sleep duration and sleep 
quality scores were calculated for each child with at least two re-
ported sleep duration and sleep quality values.

2.2.2  |  Personal	characteristics

The personal characteristics of the child included age (continuous 
in years) and a dichotomous variable for age, which was categorised 
into 4– 8 and 9– 13 years. Also, the child’s sex (female/male) was 
included.

2.2.3  |  Individual	lifestyle	factors

The individual lifestyle behaviours of the child included sleep hy-
giene behaviours, e.g. screen use, drinking, physical activity, and 
worrying before bedtime. The questions to measure screen use were 
based on the National Sleep Foundation’s 2011 Sleep in America Poll 
(Gradisar et al., 2013). It was assessed whether the child was ac-
customed to using (1) mobile devices (smartphone and/or tablet), (2) 
a computer or game console, and (3) a television in the hour before 
bedtime. The questions regarding sleep- related behaviours were 
based on the Children’s Sleep Hygiene Scale (CSHS; Harsh et al., 
2002). It assessed whether the child was accustomed to (1) drink-
ing one or more glasses before bedtime, (2) playing around before 
bedtime (e.g. running, jumping), (3) using his/her bed for other things 
besides sleeping (e.g. playing or watching television), and (4) going 
to bed with worries. Parents answered the questions on a 5- point 
Likert	 scale:	 “never”,	 “almost	 never”,	 “sometimes”,	 “almost	 every	
evening”,	and	“every	evening”.	Due	to	low	variability,	the	answers	to	
each	question	were	dichotomised	into	“no”	(i.e.	[almost]	never)	and	
“yes”	(i.e.	sometimes	or	[almost]	every	evening).

2.2.4  |  Social	and	community	factors

The social and community factors we included were parental sleep- 
related practices, parental barriers, and perceived cultural group. 
The parental sleep- related practices that were assessed were 
based on the domains of the Comprehensive Feeding Practices 
Questionnaire	(CFPQ)	(Musher-	Eizenman	&	Holub,	2007):	(1)	emo-
tional support, (2) routine, and (3) rules. Other domains of the CFPQ 
were not included as these were less relevant to the purpose of this 
study. The items of the domains of the original questionnaire were 
adapted and translated into sleep practices, based on findings in the 
scientific literature (Adam et al., 2007; Belmon, Brasser, et al., 2020; 
Belmon, Busch, et al., 2020; Gruber et al., 2014). Parents answered 
the	questions	on	a	5-	point	Likert	scale,	ranging	from	(1)	“never”	to	
(5)	“always”.	For	each	domain,	a	mean	score	was	calculated,	ranging	
from 1 (indicating that the parent did not engage in this sleep- related 
practice) to 5 (indicating that the parent fully engaged in this sleep- 
related practice). As the number of items of each domain was low, 
Cronbach’s alpha was acceptable if >0.5 (Bowling, 2014). The do-
main	“parental	pre-	sleep	emotional	support”	consisted	of	two	items	
(i.e.	 “I	make	 sure	 that	 going	 to	 bed	 is	 a	 pleasant	 and	 fun	 time	 for	
my	child”	 and	 “When	my	child	goes	 to	bed,	 I	 review	 the	day	with	
him/her”):	Cronbach’s	alpha	0.53.	The	domain	“routine”	consisted	of	
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five	items	(e.g.	“My	child	has	a	bedtime	routine”):	Cronbach’s	alpha	
0.62.	The	domain	 “rules”	 consisted	of	 four	 items	 (e.g.	 “Within	our	
family,	there	are	rules	about	bedtimes,	and	these	are	carried	out”);	
Cronbach’s alpha of 0.71. Table S1 provides an overview of the in-
cluded items per domain.

Three parental barriers were assessed, based on the results of 
previous research (Belmon, Busch, et al., 2020; McDowall et al., 
2016). Parents were asked to what extent they perceived a barrier 
to get their child to bed in time when (1) the parents are busy them-
selves, (2) the parents experience stress, and (3) siblings have a later 
bedtime. Answers could be given on a 5- point Likert scale ranging 
from	(1)	“I	never	succeed”	to	(5)	“I	always	succeed”.	Due	to	low	vari-
ability,	the	answers	were	dichotomised	into	“Parent	succeeds	in	get-
ting	his/her	child	to	bed	on	time”	(i.e.	“I	[almost]	always	or	sometimes	
succeed”)	and	“Parent	does	not	succeed	 in	getting	his/her	child	 in	
bed	on	time”	(i.e.	I	[almost]	never	succeed”).	For	the	question	about	
siblings,	parents	could	also	answer	“not	applicable”.

Finally, the child’s perceived cultural background was assessed 
according	 to	 the	 following	 question:	 “Which	 cultural	 group	 do	
you	 feel	 your	 child	 belongs	 to?”.	 Parents	 could	 indicate	 multiple	
pre- specified cultural backgrounds: Dutch, Moroccan, Turkish, 
Surinamese,	or	other.	The	answers	were	dichotomised	 into	“a	per-
ceived	 Dutch	 cultural	 background”	 and	 “a	 perceived	 non-	Dutch	
cultural	background”	 (including	a	mixed	 [Dutch]	perceived	cultural	
background).

2.2.5  |  Living	conditions

The living conditions included parental educational level, the pres-
ence of screens in the house, and the physical sleep environment. 
Parental educational level was categorised into a low educational 
level (primary school or prevocational secondary education), a me-
dium educational level (senior general secondary education, pre- 
university education or vocational secondary education), or a high 
educational level (higher professional education or university), based 
on the highest level of education completed by the parent and his/
her partner.

The presence of screens at home was assessed with three ques-
tions (Gradisar et al., 2013). Firstly, whether the child had access 
to a mobile device (smartphone/tablet): (1) the child does not own 
nor has access to a mobile device, (2) the child does not own, but 
has access to a mobile device, or (3) the child owns a mobile device. 
Secondly, whether the child has (a) screen(s) (television/computer/
game console) in his/her own bedroom (no/yes). Thirdly, whether 
the child was accustomed to bringing a mobile device into his/her 
bedroom at night. This third question was measured on a 5- point 
Likert	scale	and	dichotomised	into	“no”	(i.e.	[almost]	never)	and	“yes”	
(i.e. sometimes or [almost] every evening).

The physical sleep environment was assessed (Harsh et al., 2002) 
by asking if the child (1) sleeps in a darkened bedroom, (2) is brought 
to bed after falling asleep, (3) shares his/her bedroom (e.g. with sib-
lings or parents), and (4) sleeps in a quiet sleep environment. These 

answers were also measured on a 5- point Likert scale and dichoto-
mised (no/yes).

2.3  |  Statistical analyses

Data entering, cleaning, and transformation of variables was exe-
cuted in IBM Statistical Package for the Social Sciences (SPSS), ver-
sion 26. The data were checked on possible data- entry errors and 
extreme	 values.	 When	 parents	 reported	 their	 child’s	 sleep	 times	
being consistently earlier than their child’s bedtime, the times were 
swapped.	 When	 this	 was	 done	 inconsistently,	 both	 times	 were	
changed	to	missing.	When	 it	was	only	a	single	error,	 the	time	was	
changed to the other corresponding days in the diary. Similar proce-
dures were followed for wake- up times and the time of getting out 
of bed. Outliers on all of the continuous variables were reduced or 
increased to a maximum of three times the value of the SD above or 
below the mean.

To investigate how many days of the diary had to be completed 
for reliable estimation of sleep duration and sleep quality, reliabil-
ity analyses were performed by comparing mean sleep duration 
and sleep quality of 7 completed diary days with the means of less 
completed diary days. The analyses showed that, for each child, a 
minimum of 2 completed sleep diary days (either week or weekend 
days) needed to be included. The 2 completed weekdays compared 
to 7 completed diary days showed good reliability for both sleep 
duration and sleep quality with an intraclass correlation coefficient 
(ICC) of 0.84 and 0.81, respectively. The 2 completed weekend days 
compared to 7 completed diary days also showed good reliability 
with an ICC of 0.78 for both sleep duration and sleep quality (Koo 
& Li, 2016). Table S2 presents the results of the reliability analyses. 
In addition, sensitivity analyses were performed by running all the 
following analyses only for the children whose parents completed 
all 7 diary days and comparing these results with the results of the 
analyses including children whose parents completed a minimum of 
2 diary days.

Descriptive statistics were performed to describe the character-
istics of the study sample. As the age range was rather large and 
sleep and its potential related factors may differ with age, these 
analyses were stratified for children’s age (i.e. 4– 8 and 9– 13 years). 
Independent- samples t tests for the continuous factors and chi- 
square tests for the categorical factors were conducted to analyse 
whether the means of the two groups differed. Children with miss-
ing data on sleep timing and with <2 complete days for both sleep 
duration and sleep quality were excluded. A logistic regression anal-
ysis was performed to assess whether the excluded children differed 
significantly in age, sex, and parental educational level. The number 
of missing values was <10% of the study population for each of the 
independent	variables,	with	exception	of	the	variable	“using	a	televi-
sion	before	bedtime”	(11.4%	missing).	This	was	considered	as	incon-
sequential for the results (Bennett, 2001).

Repeated- measures analyses were performed using linear 
mixed models to assess the associations between the independent 
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variables and (1) sleep duration and (2) sleep quality. For sleep timing, 
logistic regression analyses were performed. The mixed models and 
logistic regression analyses were executed in STATA standard edi-
tion, version 14. All assumptions to perform the analyses were met. 
To assess the associations with sleep duration and sleep quality, an 
intercept- only model was run first. In this model, (1) sleep duration 
and (2) sleep quality were the dependent variables and a random 
intercept for the child was added on a second level. Subsequently, 
it was assessed whether it was necessary to add a random inter-
cept for schools on a third level, using the likelihood- ratio test. As 
the models did not significantly improve, the random intercept for 
schools was excluded.

First, analyses were performed for each of the independent 
variables, which were adjusted for the child’s age and sex, as these 
factors have been reported to be associated with children’s sleep, 
thus possibly introducing confounding effects (Komrij et al., 2020; 
Spilsbury et al., 2004). Second, all variables that were significantly 
associated with (1) sleep duration or (2) sleep quality were subse-
quently added as a random slope to the intercept- only models. 
According to the likelihood- ratio test, none of the variables improved 
the model when added as a random slope. Hence, no random slope 
was added in the final models. Third, potential effect modification by 
children’s age (i.e. dichotomous; 4– 8 and 9– 13 years) was explored 
by adding an interaction term to the model. Age was considered 
to be an effect modifier if the p value of the interaction term was 
<0.1. Lastly, multivariable mixed model analyses were performed for 
children aged 4– 8 and 9– 13 years separately with the variables that 
were significantly associated with the sleep outcomes to investigate 
which of the variables were correlated to (1) sleep duration and (2) 
sleep quality, adjusted for the influences of other relevant factors, 
and the dependency of the repeated measures of the sleep outcome 
within the individuals. For sleep timing, a multivariable logistic re-
gression analysis was performed. Regression coefficients (B), odds 
ratios (ORs) and confidence intervals (CIs) were reported (α = 0.05; 
two- sided).

3  |  RESULTS

3.1  |  Characteristics of the study participants

Of the 35 invited schools, six agreed to participate (17% response 
rate). The schools were located in socioeconomically diverse areas of 
Amsterdam. For these six participating schools, the response rates 
ranged from 5% to 27%. A total of 382 children and their parents 
participated in the study. The percentage of children with sleep diary 
data for a minimum of 2 completed diary days was 82% for sleep 
duration, 86% for sleep quality, and 75% for sleep timing. The per-
centage of children with complete 7 diary days was 59%, 70%, and 
63%, respectively. After exclusion of 50 children with missing data 
for sleep timing and <2 reported values for both sleep duration and 
sleep quality, data from 332 children and their parents (92%) were 
used in the present study. The logistic regression analysis showed 

that the excluded children did not differ from the included children 
in terms of age, sex, and parental educational level. The characteris-
tics of the study sample are shown in Table 1.

3.2  |  Associations with children’s sleep health

Table 2 presents the results from the univariable linear mixed model 
and logistic regression analyses. Most factors were only marginally 
associated with children’s sleep health. Children’s age was associ-
ated with all three sleep domains (i.e. sleep duration, sleep quality, 
and sleep timing). This means that for every year older the children 
are,	they	sleep	on	average	8.8	(95%	CI	−10.8	to	−6.9)	min	less,	have	
a	 0.3	 (95%	CI	 −0.6	 to	 0.0)	 points	 lower	 rated	 sleep	 quality	 score,	
and have 1.3 (95% CI 1.1 to 1.3) higher odds of an irregular bed-
time. None of the individual lifestyle factors were associated with 
the sleep outcomes. Regarding the social and community factors, 
lower parental pre- sleep emotional support was associated with an 
irregular bedtime (B 0.6; 95% CI 0.5 to 0.9). Moreover, the parental 
barrier to get their child to bed on time when siblings have a later 
bedtime	was	associated	with	a	lower	sleep	quality	score	(B	−2.0;	95%	
CI	−3.9	to	−0.1).	Regarding	living	conditions,	a	high	parental	educa-
tional	 level	 (B	−14.1	min;	95%	CI	−27.7	to	−0.5)	and	being	brought	
to	bed	after	falling	asleep	(B	−15.1	min;	95%	CI	−26.6	to	−3.7)	were	
negatively associated with sleep duration and sleeping in a darkened 
bedroom	was	 associated	with	 a	 lower	 sleep	quality	 score	 (B	−1.9;	
95%	CI	 −3.3	 to	 −0.5).	 The	 sensitivity	 analyses	 showed	 that	 there	
were no relevant differences between the children whose parents 
completed a minimum of 2 diary days and the children whose par-
ents completed all 7 diary days.

Effect	modification	by	age	was	found	for	11	associations	in	total,	
i.e., six factors related to sleep duration, two related to sleep quality, 
and three related to sleep timing. Table 3 presents the results of the 
stratified analyses for these factors. The parental barrier to get the 
child to bed on time when siblings have a later bedtime was asso-
ciated with sleep duration, but only for children aged 4– 8 years (B 
−17.6;	95%	CI	−33.3	to	−1.9).	Parental	pre-	sleep	emotional	support	
was related to sleep quality, but only for children aged 4– 8 years (B 
1.2; 95% CI 0.1 to 2.2). For sleep duration and sleep quality, the asso-
ciation of eight factors showed different directions for the two age 
groups, although most associations were non- significant in these 
stratified analyses. Gender was associated with sleep timing, where 
boys aged 6– 13 years had 0.4 lower odds of an irregular bedtime 
than girls in that age group (95% CI 0.2 to 0.9). Furthermore, children 
aged 4– 8 years with a perceived non- Dutch cultural background (OR 
3.0; 95% CI 1.4 to 6.6) and those who shared a bedroom (OR 2.1; 
95% CI 1.0 to 4.3) had higher odds of an irregular bedtime than those 
with a Dutch cultural background and who did not share a bedroom.

Table 4 shows the results of the multivariable analyses for 
children aged 4– 8 years. As in the univariable analyses, these 
analyses	also	showed	that	older	age	of	the	children	(B	−7.8;	95%	
CI	−11.4	to	−4.2),	the	parental	barrier	to	get	the	child	to	bed	on	
time	when	siblings	have	a	 later	bedtime	 (B	−15.3;	95%	CI	−30.5	
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TA B L E  1 Characteristics	of	the	study	sample

Characteristic
Total
n = 332

Age 4– 8 years
n = 211

Age 9– 13 years
n = 106

Sleep health

Sleep duration, min, mean (SD) 631.8 (41.3)*** 644.2 (35.8) 608.7 (41.9)

Sleep quality score, mean (SD) 40.2 (5.6)*** 40.6 (5.6) 39.4 (5.1)

Irregular bedtime, % 25 19 36

Individual characteristics

Age, years, mean (SD) 7.5 (2.2) - - 

Boys, % 46 49 42

Individual lifestyle factors, %

Mobile device use before bedtime 55 52 62

Television use before bedtime 52 50 56

Computer/game console use before bedtime 36 32 42

Drinks one or more glasses before bedtime 73 74 70

Active play before bedtime 44** 51 31

Bed also used for other purposes beside sleeping 46 44 48

Goes to bed with worries 12 10 17

Social and community factors

Pre- sleep emotional support score, mean (SD) 3.9 (0.8) 3.9 (0.7) 3.8 (0.8)

Routine score, mean (SD) 4.1 (0.6)** 4.2 (0.6) 4.0 (0.6)

Rules score, mean (SD) 4.4 (0.6)** 4.4 (0.6) 4.2 (0.7)

Parental barrier to get their child to bed on time when the 
parent is busy, %

26 26 28

Parental barrier to get their child to bed on time when the 
parent experiences stress, %

21 19 24

Parental barrier to get their child to bed on time when siblings have a later bedtime, %

Parent succeeds to get the child to bed on time 48 45 52

Parent does not succeed to get the child in bed on time 13 12 15

Not applicable 39 43 32

Perceived non- Dutch cultural background, % 54 55 53

Living conditions

Parental educational level, %

Low 12 11 14

Medium 22 20 25

High 66 69 61

Having access to mobile devices, % ***

Does not have access to a mobile device 6 6 6

Has access to a mobile device, but does not own one 43 54 21

Owns a mobile device and thus has access 51 40 33

Mobile devices in the bedroom at night, % 17* 87 77

Screen(s) in the bedroom, % 30 27 37

Darkened bedroom, % 76 78 72

Brought to bed after falling asleep, % 15 16 14

Bedroom sharing, % 34* 38 27

Quiet sleep environment, % 84 82 89

Differences in means with independent sample t test for continuous variables and differences in proportions for categorical variables. *p < 0.05, 
**p < 0.01, ***p < 0.001.



    |  7 of 12BELMON Et aL.

to	−0.1),	and	being	brought	to	bed	after	falling	asleep	(−26.5;	95%	
CI	−39.8	 to	−13.2)	were	associated	with	 shorter	 sleep	duration;	
parental pre- sleep emotional support (B 1.4; 95% CI 0.3 to 2.5), 
and	sleeping	in	a	darkened	bedroom	(B	–	2.3;	95%	CI	−4.1	to	−0.5)	
were associated with a lower sleep quality, and a perceived non- 
Dutch cultural background was associated with irregular sleep 

timing (OR 2.8; 95% CI 1.3 to 6.3). Table 5 shows the results of the 
multivariable mixed model analyses for children aged 9– 13 years. 
No multivariable analyses could be performed for sleep timing, 
as solely pre- sleep emotional support, children’s sex and age 
were univariably associated with sleep timing for children aged 
9– 13 years. The multivariable mixed model analyses showed that 

TA B L E  2 Univariable	associations	between	child	characteristics,	lifestyle	factors,	social	and	community	factors,	living	conditions	and	
sleep health

Sleep duration
(n = 314)

Sleep quality
(n = 329)

Sleep timing
(n = 330)

B (95% CI) B (95% CI) OR (95% CI)

Individual characteristics

Age in years −8.8	(−10.8	to	−6.9)*** −0.3	(−0.6	to	−0.03)* 1.3 (1.1 to 1.4)*

Boys −4.3	(−12.7	to	4.1) −0.5	(−1.7	to	0.7) 0.7 (0.4 to 1.2)

Individual lifestyle factors

Mobile device use before bedtime 1.9	(−6.8	to	10.5) 0.8	(−0.4	to	2.0) 1.1 (0.7 to 2.0)

Television use before bedtime 0.9	(−8.1	to	9.9) 0.9	(−0.3	to	2.2) 1.7 (0.9 to 2.9)

Computer/game console use before bedtime −0.5	(−9.8	to	8.8) 0.3	(−1.0	to	1.6) 0.9 (0.5 to 1.5)

Drinks one or more glasses before bedtime 3.9	(−5.5	to	13.4) 1.0	(−0.4	to	2.3) 0.7 (0.4 to 1.2)

Active play before bedtime −1.6	(−10.1	to	7.0) 0.1	(−1.1	to	1.3) 0.7 (0.4 to 1.2)

Bed also used for other purposes besides sleeping 5.4	(−3.1	to	13.9) −0.7	(−1.9	to	0.5) 0.6 (0.4 to 1.1)

Goes to bed with worries −9.9	(−22.9	to	3.3) −1.4	(−3.2	to	0.5) 0.7 (0.3 to 1.7)

Social and community factors

Perceived non- Dutch cultural background 6.0	(−2.4	to	14.4) −0.5	(−1.7	to	0.7) 1.5 (0.9 to 2.6)

Parental pre- sleep emotional support −0.1	(−5.7	to	5.6) 0.6	(−0.2	to	1.4) 0.6 (0.5 to 0.9)**

Rules 6.6	(−0.7	to	14.0) −0.1	(−1.1	to	1.0) 1.2 (0.8 to 1.9)

Routine 2.7	(−4.3	to	9.7) 0.0	(−1.0	to	1.0) 1.2 (0.8 to 1.9)

Parental barrier to get the child to bed on time when 
the parent is busy

−7.5	(−16.8	to	1.9) −1.1	(−2.4	to	0.3) 0.8 (0.4 to 1.4)

Parental barrier to get the child to bed on time when 
the parent experiences stress

−9.2	(−19.6	to	1.2) −1.2	(−2.7	to	0.3) 1.0 (0.5 to 1.9)

Parental barrier to get the child to bed on time when 
siblings have a later bedtime

−5.2	(−18.3	to	7.9) −2.0	(−3.9	to	−0.1)* 1.0 (0.4 to 2.3)

Living conditions

Parental educational level [reference category = low]

Medium −4.1	(−19.5	to	11.3) −0.5	(2.7	to	1.7) 1.4 (0.6 to 3.7)

High −14.1	(−27.7	to	−0.5)* −0.9	(2.7	–	1.0) 1.0 (0.4 to 2.4)

Access to mobile devices [reference category = has no access to mobile devices]

Has access to a mobile device, but does not own one 10.1	(−8.1	to	28.2) 0.6	(−2.1	to	3.3) 1.0 (0.3 to 3.7)

Owns a mobile device and thus has access 3.6	(−14.8	to	21.9) 0.5	(−2.2	to	3.1) 1.9 (0.5 to 7.1)

Mobile devices in the bedroom at night −3.6	(−15.4	to	8.3) 0.0	(−1.7	to	1.6) 1.1 (0.6 to 2.2)

Screen(s) in the bedroom 5.8	(−3.6	to	15.2) 0.5	(−0.8	to	1.9) 1.0 (0.5 to 1.7)

Darkened bedroom 0.9	(−9.3	to	11.1) −1.9	(−3.3	to	−0.5)** 1.0 (0.5 to 1.8)

Brought to bed after falling asleep −15.1	(−26.6	to	−3.7)* 0.0	(−1.7	to	1.7) 0.6 (0.3 to 1.5)

Bedroom sharing −2.0	(−11.0	to	7.1) −0.7	(−2.0	to	0.6) 1.3 (0.8 to 2.3)

Quiet sleep environment 3.7	(−7.9	to	15.2) 0.3	(−1.4	to	1.9) 1.2 (0.5 to 2.5)

B, regression coefficient; CI, confidence interval; OR, odds ratio. *p < 0.05, **p < 0.01, ***p < 0.001.
All univariable analyses were adjusted for age and sex.
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older age of the children was associated with both shorter sleep 
duration	(B	−11.5;	95%	CI	−19.3	to	−3.7)	and	a	lower	sleep	qual-
ity	 (B	 –	1.1;	 −2.1	 to	 −0.1),	 and	 that	 a	 high	 parental	 educational	
level was associated with shorter sleep duration (B – 30.8; 95% 
CI	−55.1	to	−6.5).

Although some effects were small (e.g. sleep duration in min-
utes), the variation of the means of the sleep outcomes were also 
small. Some of the associations comprised up to almost half a SD 
and could therefore be considered as meaningful. For example, the 
factor	“parental	barrier	to	get	the	child	to	bed	on	time	when	siblings	

TA B L E  3 Univariable	associations	between	child	characteristics,	lifestyle	factors,	social	and	community	factors,	living	conditions	and	
sleep health stratified by age

Age 4– 8 years Age 9– 13 years

B (95% CI) B (95% CI)

Sleep duration

Mobile device use before bedtime 7.6	(−2.3	to	17.4) −10.6	(−27.2	to	6.1)

Television use before bedtime 8.1	(−2.3	to	18.4) −12.2	(−29.2	to	4.8)

Parental barrier to get the child to bed on time when siblings have 
a later bedtime

−17.6	(−33.3	to	−1.9)* 14.2	(−8.9	to	37.4)

Darkened bedroom 8.0	(−4.3	to	20.3) −9.8	(−27.6	to	8.0)

Brought to bed after falling asleep −23.7	(−36.5	to	11.0) 3.7	(−19.1	to	26.5)

Bedroom sharing −8.6	(−18.9	to	1.6) 12.6	(−5.1	to	30.3)

B (95% CI) B (95% CI)

Sleep quality

Parental pre- sleep emotional support 1.2 (0.1 to 2.2)* −0.3	(−1.5	to	0.9)

Quiet sleep environment 1.2	(−0.8	to	3.12) −2.0	(−5.0	to	1.0)

OR (95% CI) OR (95% CI)

Sleep timing

Boys 1.0 (0.5 to 2.1) 0.4 (0.2 to 0.9)*

Perceived non- Dutch cultural background 3.0 (1.4 to 6.6)** 0.6 (0.3 to 1.4)

Bedroom sharing 2.1 (1.0 to 4.3)* 0.6 (0.2 to 1.5)

B, regression coefficient; CI, confidence interval; OR, odds ratio. *p < 0.05, **p < 0.01.
All univariable analyses were adjusted for age and sex.

TA B L E  4 Multivariable	associations	between	child	characteristics,	social	and	community	factors,	living	conditions	and	sleep	health	for	
children aged 4– 8 years

Sleep duration
(n = 183)

Sleep quality
(n = 198)

Sleep timing
(n = 205)

B (95% CI) B (95% CI) OR (95% CI)

Age in years −7.8	(−11.4	to	−4.2)*** −0.1	(−0.7	to	0.5) 1.3 (1.0 to 1.7)

Boys −3.0	(−12.5	to	6.4) −0.5	(−2.0	to	1.1) 1.0 (0.5 to 2.0)

Perceived non- Dutch cultural background - - 2.8 (1.3 to 6.3)*

Parental pre- sleep emotional support - 1.4 (0.3 to 2.5)* 0.7 (0.4 1.1)

Parental barrier to get their child to bed on time when 
siblings have a later bedtime

−15.3	(−30.5	to	−0.1)* −2.4	(−4.8	–		0.1) - 

Parental educational level [reference category = low]

Medium −0.7	(−19.7	to	18.2) - - 

High −9.2	(−26.2	to	7.5) - - 

Darkened bedroom - −2.3	(−4.1	to	−0.5)** - 

Brought to bed after falling asleep −26.5	(−39.8	to	−13.2)*** - - 

Bedroom sharing - - 2.0 (1.0 to 4.3)

B, regression coefficient; CI, confidence interval; OR, odds ratio.* p < 0.05, **p < 0.01, ***p < 0.001.
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have	 a	 later	 bedtime”	was	 associated	with	 sleeping	 15.3	min	 less	
on average with the total sleep duration variable having a standard 
error of the mean of 35.8 min. An association that entails such a 
large part of the variation could be seen as meaningful in practice. 
Similarly, this also applies to the other found associations, except 
for	 the	 factor	 “children’s	age”	 in	 relation	 to	 sleep	quality	 for	older	
children	(B	−1.1;	95%	CI	−2.1	to	−0.1),	which	was	considered	rather	
small and therefore less meaningful.

4  |  DISCUSSION

The aim of the present study was to explore factors related to chil-
dren’s sleep health. The results showed that children slept on aver-
age ~10.5 hr/night, had a mean sleep quality score of 40 on a scale 
of	10–	50,	and	25%	of	children	had	a	bedtime	variability	of	≥40	min.	
Although most factors were only marginally associated with chil-
dren’s sleep health, we found that older children, children with a 
perceived non- Dutch cultural background, lower parental pre- sleep 
emotional support, the parental barrier of getting their child to bed 
on time when siblings have a later bedtime, high parental education 
level, sleeping in a darkened bedroom, and being brought to bed 
after having fallen asleep, were negatively associated with children’s 
sleep. In addition, we found that children’s age modified some of the 
associations and that the direction of these associations were differ-
ent between age groups.

For all three sleep domains (i.e. sleep duration, quality, and tim-
ing) we found two or more associated factors. Only children’s age 
was associated with all three domains. Although older children do 
need fewer hours of sleep, our findings indicate that they also, more 
often than younger children, have inadequate sleep, which is con-
sistent with previous research (Belmon et al., 2019). In addition, our 
present finding that being brought to bed after falling asleep was 
associated with shorter sleep was in accordance with an earlier 
study among pre- schoolers (Mindell et al., 2009). An explanation for 

this finding is that independence when falling asleep (i.e. children 
settling to sleep in their own bed without parental presence) could 
be important for children’s sleep health (Allen et al., 2016). Another 
explanation for this association could be that the time children slept 
before they were brought to bed was not included in the sleep diary. 
However, due to the cross- sectional nature of our present study, 
reverse	 causation	 cannot	 be	 excluded	 as	 a	 possibility.	When	 chil-
dren already have shorter sleep, they might be more tired and fall 
asleep before they are being brought to bed. A high parental edu-
cational level was also associated with shorter sleep among older 
children. The findings from previous research for this association 
are inconsistent (Belmon et al., 2019; Komrij et al., 2020; Labree 
et al., 2015). In addition, the present study aimed to include an as 
heterogeneous sample as possible by specifically selecting schools 
from varied neighbourhoods in terms of their socioeconomic po-
sition and the cultural backgrounds of its residents. Although this 
indeed resulted in a rather culturally diverse sample with 54% of the 
parents categorising their child as part of a perceived cultural group 
other than native Dutch, the parents in our sample did have a slightly 
higher education level than would be representative for Amsterdam 
as a whole, i.e. 66% high, 22% medium and 12% low versus re-
spectively 46%, 31%, and 23% in Amsterdam in general (Statistics 
Netherlands, 2018). Therefore, we cannot be certain that our find-
ings are generalisable to low- educated parents, as they were less 
well- represented in our present study. The present study supports 
evidence for the association between perceived cultural background 
and sleep timing, which is in accordance with the literature, where 
children’s sleep is found to be influenced by their cultural environ-
ment	 and	 family	 context	 (Jenni	&	Werner,	 2011).	Having	 parental	
pre- sleep emotional support was associated with better sleep qual-
ity among younger children. This finding is supported by previous 
research (Allen et al., 2016). Parental psychosocial functioning can 
positively contribute to children’s emotional well- being and relax-
ation before bedtime, which may impact their sleep health. Also, in 
general, younger children need more parental support than older 

TA B L E  5 Multivariable	associations	between	child	characteristics,	social	and	community	factors,	living	conditions	and	sleep	duration	and	
sleep quality for children aged 9– 13 years

Sleep duration
(n = 98)

Sleep quality
(n = 101)

B (95% CI) B (95% CI)

Age in years −11.5	(−19.3	to	−3.7)** −1.1	(−2.1	to	−0.1)*

Boys −2.0	(−17.0	to	13.1) −0.6	(−2.6	to	1.4)

Parental barrier to get their child to bed on time when 
siblings have a later bedtime

- −1.7	(−4.5	to	1.2)

Parental educational level [reference category = low]

Medium −9.6	(−36.1	to	16.8) - 

High −30.8	(−55.1	to	−6.5)** - 

Darkened bedroom - −1.4	(−3.7	to	0.8)

Brought to bed after falling asleep −7.7	(−31.3	to	16.0) - 

B, regression coefficient; CI, confidence interval.*p < 0.05, **p < 0.01.
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children. Still, as mentioned above, reverse causation might also be 
possible, meaning that when children sleep better, they might re-
quire less pre- emotional support from their parents. Furthermore, 
sleeping in a darkened bedroom was negatively associated with 
younger children’s sleep quality. Although a more darkened bed-
room is seen as a good sleep hygiene practice (Galland & Mitchell, 
2010), it could also lead to difficulties with getting up in the morning 
due to the lack of natural morning light. In addition, fear of the dark 
is common among (especially younger) children, which is found to 
be associated with sleep problems (Galland & Mitchell, 2010). Again, 
reverse causation might be an explanation, as parents could have 
darkened the bedroom because of pre- existing sleep problems. The 
finding that the parental barrier to get their child to bed on time 
when siblings have a later bedtime was related to younger children’s 
sleep duration could be explained by the fact that younger children 
usually go to bed earlier and greater parental involvement is needed 
to get children to bed on time. In addition, some factors were only 
related to the children’s sleep for either the younger or older chil-
dren and the direction of these associations differed per age group. 
This finding is supported by the literature, as it is well- known that 
sleep itself and sleep- related practices change with the child’s age 
(Belmon et al., 2019; Buxton et al., 2015). No other associations with 
children’s sleep health were found. However, the rather small effect 
sizes found in the present study may indicate that there are other 
important factors, outside those carefully selected for inclusion in 
our research, that might play a part in explaining children’s inade-
quate sleep health.

Results from the present study may inform future sleep research. 
First, there is a lack of validated questionnaires to assess sleep and 
its potentially related factors. As validated questionnaires are im-
portant to produce reliable and valid results, future research could 
focus on adapting, validating, and translating existing question-
naires. It is important to create questionnaires that include different 
sleep domains and sleep concepts (e.g. sleep onset latency [SOL], 
wake	 after	 sleep	 onset	 [WASO])	 and	 that	 make	 a	 distinction	 be-
tween sleep (related) behaviours on week and weekend days (Adam 
et	 al.,	 2007;	 Bartholomew	 Elredge	 et	 al.,	 2016).	 Additionally,	 it	 is	
important to create questionnaires with good content validity, i.e. 
that measure what they intend to (De Vet, Terwee, Mokkink, & Knol, 
2011), and that they are easy to use in practice. Therefore, when 
creating such questionnaires, specific attention should be paid to 
creating them in co- creation with the intended users. Secondly, the 
rather low response rates in the present study might have occurred 
due to the length of the questionnaire and the workload. In contrast 
to earlier research (Borba et al., 2020; Short, Arora, Gradisar, Taheri, 
& Carskadon, 2017), our present study showed good reliability for 
both mean sleep duration and sleep quality for 2 completed diary 
days compared to 7 days. This indicates that, instead of using a 7- day 
diary, it could be explored whether a shortened diary may be pos-
sible to lower the burden for participants and potentially increase 
participation rates. In addition, ecological momentary assessment 
could be considered for future research, as this method enables the 
investigation of short- term relationships between certain factors 

and children’s sleep (Buysse et al., 2007). Furthermore, digital ques-
tionnaires could be of interest to improve the usability for parents 
and researchers.

The present study has several strengths. One is that we included 
multiple sleep domains and a wide range of factors related to children’s 
sleep health, and we included a study population with a diverse perceived 
cultural background. In addition, data on sleep health were collected 
through a sleep diary, which is more reliable tool to measure sleep health 
than	a	questionnaire	(Werner,	Molinari,	Guyer,	&	Jenni,	2008).	Although	
previous research showed that measurement with a sleep diary reached 
satisfactory agreement with actigraphy measurement (i.e. differences 
were <30	min;	Werner	et	al.,	2008),	an	objective	measurement	of	sleep	
might have produced different results. Also, our collaboration with mem-
bers of the Child Public Health Service and the Parenting Advice Center 
enabled us to match the research objectives with the needs of relevant 
organisations in the practical field. Involving these relevant stakeholders 
enables researchers to incorporate practical knowledge and produce re-
search results that are relevant for application in practice. This collabora-
tion helped us in the selection of factors and outcome measures, as we 
included only those that were indicated as most relevant by practice. For 
example, we included the dichotomous outcome variable for sleep timing 
based on the discussion with the practice professionals about a relevant 
cut- off value for an irregular bedtime. Finally, our present study provided 
insights for future sleep research and intervention design. Specifically, to 
provide parents with tailored support according to their children’s age 
and thereby create custom materials to promote healthy sleep practices. 
Another insight was that the factors found in the present study could be 
included	when	designing	healthy	sleep	interventions	for	children.	When	
designing interventions, it is important to take a holistic approach and 
consider all important factors related to children’s sleep health and their 
potential interrelatedness, e.g. with the use of systematic intervention 
design	methods	(e.g.	Intervention	Mapping,	Bartholomew	Elredge	et	al.,	
2016). Finally, the present study provided insight into which factors 
could be relevant to further investigate with other study designs (e.g. 
ecological momentary assessment). Our present study also had limita-
tions. The response rate was rather low, it varied from 5% to 27% across 
schools. This might have resulted in some selection bias of good sleepers, 
which indeed seems likely when looking at the relatively good reported 
sleep health of the sample. However, our present results for mean sleep 
duration were comparable to the results of a recent meta- analysis which 
found that the mean sleep duration of Dutch children aged 6– 13 years 
was 636 min/night (Kocevska et al., 2020). Furthermore, our present 
study population was rather diverse based on perceived cultural group, 
as 54% of parents categorised their child as part of a cultural group other 
than native Dutch. So, if selection bias towards good sleepers occurred, it 
seems to have been modest. Another limitation is that socially desirable 
responding might have occurred, as the variability in answers was low for 
many factors and was skewed towards better sleep hygiene. Finally, we 
eventually	did	not	consider	SOL	and	WASO	in	the	calculation	of	sleep	
duration,	as	previous	research	found	that	SOL	and	WASO	are	difficult	
to measure accurately via self- report (Mazza, Bastuji, & Rey, 2020). This 
previous study showed that measuring bedtime and wake- up time with a 
sleep diary do correspond to the measurement of these constructs with 
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actigraphy. Therefore, we used the bedtime and wake- up time as a basis 
for sleep duration. Unfortunately, this most likely resulted in overesti-
mating sleep duration.

To conclude, the children in the present study had on average 
good sleep health. Being an older child, having a perceived non- 
Dutch cultural background, lower parental pre- sleep emotional 
support, the parental barrier to get their child to bed on time when 
siblings have a later bedtime, high parental education level, sleeping 
in a darkened bedroom, and being brought to bed after the child has 
fallen asleep were factors associated with children’s less adequate 
sleep health. The present study provides valuable insights for future 
sleep research and intervention development.
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