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Objectives: Attending center-based childcare has been linked to shorter nighttime sleep in children.
However, relatively little attention has been paid to the role of complexity and transition of childcare
arrangements on children's sleep. This study used prospective, nationally representative data to estimate
the associations between complex childcare experiences and sleep outcomes during infancy and toddlerhood.
Design: Prospective longitudinal study.
Setting: This study used 9-month (n=3921) and 2.5-year-old (n=3412) data from the Longitudinal Study of
Australian Children. The 2-wave longitudinal sample included 3046 children.
Intervention: Not applicable.
Measurements: Complex childcare experiences were measured by time spent in center, relative, and

nonrelative childcare; use of multiple childcare arrangements; and patterns of childcare use over the 2-
wave period. Sleep outcomes included maternal reports of weekday and weekend nighttime sleep duration,
difficulty falling asleep, waking up during the night, and restless sleeping of the child.
Results: Cross-sectional analysis showed that, in addition to center childcare, hours spent in relative and
nonrelative childcare were negatively associatedwith weekday nighttime sleep duration but not weekend
nighttime sleep duration.Multiple childcare arrangementswere not associatedwithworse sleep outcomes.
Longitudinal analysis showed that the association between child age and nighttime sleep duration was
moderated by patterns of childcare use. Late attenders and children who used childcare for 2 waves but
changed configuration had smaller increase of nighttime sleep duration.
Conclusions: In addition to center childcare, noncenter childcare may be an influential factor for children's
nighttime sleep. Longitudinal patterns of childcare use can moderate children's developmental trajectories
of nighttime sleep.

© 2017 National Sleep Foundation. Published by Elsevier Inc. All rights reserved.
Introduction

In recent decades, dramatically increased maternal labor force
participation in developed countries has led to a corresponding
increase in the demand for and use of childcare. This shift
from home environment to out-of-home care can challenge a child's
development and health.1–4 Although a child's subjective experiences
with childcare can vary, the objective characteristics of and practices
within childcare settings can powerfully shape a young child's health
andwell-being. Childcare settings can provide a set of unique socializa-
tion experiences and learning opportunities to children5while concur-
rently posing different challenges for health and well-being.6,7

Sleep is a critical developmental outcome that is particularly af-
fected by childcare context. For young children, a good night's sleep
is critical for healthy development, and it promotes the neurosensory
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system development in early childhood.8 Thus, poor sleep in early
childhoodmay lead to various health-related problems, including be-
havioral problems,9–11 obesity,6,12,13 and unintentional injury14; it
can also negatively impact children's learning and result in poor aca-
demic performance in preschool or kindergarten.11 The normative
developmental trajectory of sleep characterizes a transition from
polyphasic sleep to monophasic sleep by gradual reduction in day-
time sleep.15,16 During early infancy, children sleep multiple times a
day.16 As children reach 3 to 5 years old, their sleep patterns become
monophasic by consolidating sleep time into the nighttime.16 As
childcare use is themost common during this developmental period,
understanding whether and how patterns of childcare use influence
children's development of habitual sleep is crucial.

Scheduled naptime is a common practice for center childcare.17

Thismakes center-based childcare the focus of childcare and sleep lit-
erature. From the developmental perspective, scheduled naptime
poses opportunities and challenges for children's development of
habitual sleep. On one hand, scheduled naptime can respond to
young children's sleep needs which can be important and beneficial
.
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for children's learning and brain development in early stage.17,18 On
the other hand, after children develop themonophasic sleep patterns
with a single consolidated nighttime sleep, napping can cause
disruption to nighttime sleep which in turn affects health and
development.17 Empirical studies consistently find that center
childcare attendance is associated with shorter nighttime sleep
duration.19–24 The association is stronger with the increase of
naptime and when scheduled naptime is mandatory.24

Although informative, these studies offer a partial view of the role
of childcare attendance on sleep for several reasons. First, the litera-
ture has paid relative little attention to alternative types of childcare
arrangements. In addition to center-based childcare, other childcare
settings such as relative care and other nonrelative family day care2

may also affect children's sleep.23 Second, the literature also ignores
the increasing complexity of childcare arrangements. For example,
the rapid growing of the 24/7 economy25 worldwide and the growth
of single-parent households have ledmany parents to rely onmultiple
childcare arrangements (defined as more than 1 childcare provider or
setting that a child experiences at the same time) to accommodate
their daily schedules.26 In the United States, recent estimates indicate
that approximately 15% of children younger than 5 years of age regu-
larly participate in more than 1 childcare arrangement that usually
involves a combinationof formal and informal care.27 In Australia, ap-
proximately one-quarter of children under age 5 experiencemultiple
childcare arrangements.28 Concurrent multiple arrangements intro-
duce instability by requiring children to travel between different
childcare settings, inhibiting the development of stable relationships
with caregivers, and requiring adjustments to different naptime
schedules and practices in different settings, thereby potentially lead-
ing to sleep problems.26,29

Third, relatively few studies have investigated whether and how
longitudinal patterns of childcare use in early life relate to children's
sleep. Most of existing studies are based on cross-sectional data. As
parents may use multiple arrangements to meet their needs, they
may also change childcare use over time to accommodate their
changing work schedules. Thus, to consider complexity of childcare
arrangements on child sleep, it is also essential to take longitudinal
patterns of childcare use into account. Transition into and out of
childcare settings and changes of childcare configuration over time
may affect children's sleep as well.

Finally, most of prior studies have used small convenience sam-
ples to examine childhood sleep patterns within specific childcare
settings.23,30,31 However, by only focusing on children in a specific
childcare setting, these studies did not specifically investigate differ-
ent childcare characteristics and their effects on sleep. Furthermore,
these studies were based on small, nonrepresentative samples.
Thus, the findings cannot be generalized to the general population
of young children,which limited the public health and policy implica-
tions of the studies. The only exception is a recent study by Ikeda and
colleagues.32 Using a national survey of approximately 40,000
Japanese children, the study found that preschool or childcare
attendance was associated with shorter maternally reported sleep
durations.32 However, this study only investigated childcare
attendance, and it failed to consider the effects of different childcare
characteristics on childhood sleep patterns. Thus, it remains unknown
whether complex characteristics of early childcare arrangements affect
sleep patterns in the general population of young children.

Using a nationally representative sample from the Longitudinal
Study of Australian Children (LSAC), this study aims to fill these
gaps in the literature. The LSAC data provide a wealth of information
about children and their families, aswell as detailed childcare history
and childhood sleep in early life. The prospective, longitudinal study
design allows for the examination of the relationship between
complex early childcare experiences and sleep problems at different
time points and over time. The study results provide national-level
evidence indicating a relationship between complex childcare
arrangements and sleep outcomes. The findingsmay provide insights
into the screening of children at higher risks of sleep problems in
early childhood in Australia and other developed countries.

Methods

Data

The data used in this analysis were obtained from LSAC, which is a
nationally representative sample of Australian children that is
designed to focus on family and social environments and captures
information about health and development. LSAC follows 2 cohorts
of Australian children. The birth cohort data were used in this
analysis. The initial recruitment took place between March and
November of 2004, and families were interviewed every 2 years.
The present study relies on the first 2 waves of data collection: 9
months (wave 1) and 2.5 years (wave 2). The LSAC sample, when
properly weighted, is representative of a recent cohort of Australian
children who were born in 2003-2004.

The first wave of data collection started with 5102 children.
Approximately 500 cases were lost due to attrition, resulting in a
sample size of 4586 in the secondwave. In addition to the core survey
questionnaire, the mothers were asked to complete a leave-behind
time-use questionnaire that documented the child's time use for 2
full days (1 randomly selected weekday and 1 randomly selected
weekend day). Because variables of sleep duration were constructed
using time-use data (please see below for details), the analysis of the
relationship between early childcare experiences and sleep outcomes
was limited to cases with completed time-use data. In total, 3921
mothers completed the time-use survey in the first wave, and 3412
mothers completed the time-use survey in the second wave.
A longitudinal sample of 3046 children was obtained by using 2
waves of data.

Measures

Complex childcare experiences
During the respective interviews, mothers reported the type of

each arrangement, hours per week, and total number of regular
childcare arrangements that they used at the time of the interview.
In this study, I differentiated between 3 aspects of complex childcare
experiences. First, I calculated hours of use for 3 types of childcare ar-
rangement: center-based care, relative care, and nonrelative care.
Second, at each time point, the number of childcare arrangements
was recoded as a 3-categorical variable that differentiated between
no childcare, single arrangement, andmultiple arrangements. Finally,
a categorical indicator was created to reflect children's childcare ex-
periences over time: (1) nonattenders; (2) wave 2 childcare only
(ie, late attenders); (3) wave 1 childcare only (ie, early attenders);
(4) consistent attenders, no change in configuration; and (5) incon-
sistent attenders, change in configuration (ie, from single arrange-
ment to multiple arrangements or vice versa).

Sleep outcomes
Weekday and weekend nighttime sleep durations were calculat-

ed in each wave by excluding sleep and nap during the period from
8:00 AM to 6:00 PM. Although time diaries offered detailed informa-
tion of young children's time use for 2 full days, mothers might not
be able to accurately report children's sleep and napping activities
when children were in childcare settings. Thus, this study focused
on nighttime sleep duration. Mothers also reported the existence of
their children's sleep problems during each wave of interviews. The
interviewers asked the mothers whether their children had the
following sleep problems on 4 or more nights per week: “difficulty



Table 1
Weighted descriptive statistics in the LSAC

9 mo 2.5 y

Mean or %
(SD)

Mean or %
(SD)

Early childcare experience
Average hours of primary arrangement per week 45 39
Center 21 20
Relative care 15 22
Nonrelative care 19 19

Number of arrangement
No childcare arrangement 65 31
Single arrangement 27 50
Multiple arrangement 8 18

Sleep outcomesa

Weekday nighttime sleep duration (min) 627 (195) 601 (211)
Weekend nighttime sleep duration (min) 601 (192) 590 (199)
Difficulty getting off sleep 10 16
Waking during the night 40 29
Restless sleep 12 10
Sample size 3921 3412

a Weekday and weekend nighttime sleep durations were calculated based on ma-
ternal report of sleep episodes in time diaries excluding the periods from 8:00 AM to
6:00 PM. Difficulty getting off sleep, waking during the night, and restless sleep were
based on maternal reports of having the sleep problems 4 or more nights per week.
Standard deviations were reported for continuous variables.
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getting off to sleep at night,” “waking during the night,” and “restless
sleep.” Thus, together, this study examined 5 sleep outcomes in early
childhood: weekday nighttime sleep duration, weekend nighttime
sleep duration, difficulty sleeping, restless sleep, and waking during
the night. Except for sleep duration variables, all other outcome var-
iables were coded dichotomously.

Covariates
Because certain characteristics of the children were associated

with childhood sleep and maternal characteristics might affect
mothers' reports of children's sleep, the analysis included several po-
tential confounding variables. This study controlled for child's age,
sex, global rating of the child's health by the mothers, aboriginal sta-
tus, maternal immigration status, not speaking English at home, ma-
ternal education, maternal employment status, breastfeeding,
maternal depressions scale (asmeasured by the Kessler-6 Psychological
Distress Scale), status of living in a single-parent household, and
household income. Although the time diaries did not provide accurate
estimates of children's naptime in childcare settings, this study
controlled for average childcare hours per day in regressions. Finally,
parent-child relationship may affect mothers' report of child sleep out-
comes. Hence, this study controlled for 2 proxies of parent-child rela-
tionships available in LSAC: parenting warmth scale and parenting
hostile scale.

Statistical methods

This study startedwithweighted descriptive statistics of childcare
arrangements and sleep outcomes during infancy and toddlerhood.
Next, this study conducted cross-sectional analysis using ordinary
least square regression and logistic regression to link different as-
pects of early childcare experience to child sleep outcomes in each
wave of the survey. Next, random-effectsmodelwas used for longitu-
dinal analysis. Regression analyses controlled for aforementioned co-
variates and were weighted using population weights. Multiple
imputation was used to account for potential biases resulting from
missing data in all missing variables. MI involves replacing the miss-
ing values with predictions based on other observed variables using
the Monte Carlo technique. In contrast to single imputation, which
replaces each missing value with 1 predicted value, MI replaces sev-
eralmissing valueswith repeated imputation inference, creating sev-
eral complete data sets. The results are combined to produce better
estimates of the missing value that incorporate uncertainty in miss-
ing data. I performed 10 imputations. Stata 13 was used for all statis-
tical analyses.

Results

Summary statistics

Table 1 provides descriptive statistics of the sample. During the 9-
month survey, approximately 35% of the children had regular
childcare arrangements. On average, the children spent approximate-
ly 21 hours perweek in center-based childcare at this stage. Although
the majority of the children had only 1 regular childcare arrange-
ment, multiple arrangements were not uncommon (8%). Sleep prob-
lems were commonly reported by the mothers, with 10% reporting
difficulty falling sleeping, 40% reporting waking during the night,
and 12% reporting restless sleep. At 2.5 years, themajority of children
(69%) had regular childcare arrangements at this age. On average, the
children spent approximately 20 hours per week in center-based
childcare. Furthermore, the use of multiple arrangements in-
creased to 18%. Maternal reports of their children's sleep problems
remained common: 16% reported difficulty falling asleep, 29%
reported waking during the night, and 10% reported restless
sleep. As expected, children during infancy and toddlerhood
spent substantial amount of time sleep, whereas toddlers slept
slightly less than infants (ie, 627 vs 601 minutes for weekdays
and 601 vs 590 minutes for weekend days).
Regression results

Table 2 shows the hours spent in each type of primary arrange-
ment and the associated sleep problems. As expected, increased
time spent in center childcare was associated with less weekday
nighttime sleep but not weekend nighttime sleep compared with
childrenwithout childcare. However, increased time spent in relative
and nonrelative childcare was also associated with shorter weekday
nighttime sleep duration compared with children without childcare.
Panel A and Panel B show similar patterns. Other indicators of sleep
problemswere not affected by the amount of time spent in childcare
arrangement.

Table 3 provides results linking multiple arrangements to child-
hood sleep outcomes. To assess the association between childcare
configuration and sleep, regressions included average hours of
childcare per day as an additional control. Because prior studies
have found that multiple arrangements negatively affect a child's
physical and mental health compared with single arrangement,30 it
was expected that multiple arrangements would increase the risk of
sleep problems. However, contrary to this expectation, this study
found no evidence that children inmultiple arrangements had higher
risks of shorter nighttime sleep duration, difficulty falling sleep, rest-
less sleep, and waking up during the night compared with children
with single arrangements during infancy and toddlerhood.

Table 4 provides results for longitudinal analysis that considers
the relationship between longitudinal patterns of childcare use and
changes in nighttime sleep duration. Children who had no childcare
arrangement were the reference group. The table shows several in-
teresting patterns. First, the coefficient of child age suggests that
nighttime sleep duration increased with age. This may indicate that
children gradually consolidate their sleep time into a single nighttime
sleep. Second, the table also shows moderation effects by childcare
arrangements during early years. The negative coefficient of late



Table 2
Associations between the amount and type of childcare arrangement and maternal reported sleep outcomes during infancy and toddlerhood

Weekday nighttime
sleep duration (min)

Weekend nighttime
sleep duration (min)

Difficult getting sleep Waking during the night Restless sleep

Coefficient [SE] Coefficient [SE] Odds ratio
[95% CI]

Odds ratio
[95% CI]

Odds ratio
[95% CI]

A: 9 mo
Hours in childcare center −.99 [.56] −.16 [.44] 1.00 [.99 1.02] 1.00 [.99 1.01] 1.00 [.99 1.02]
Hours in relative care −.98* [.46] −.87 [.60] 1.00 [.99 1.02] 1.00 [.99 1.01] 1.01 [.99 1.02]
Hours in nonrelative care −1.80* [.71] −1.40* [.67] .98 [.96 1.01] .99 [.98 1.00] 1.00 [.99 1.02]
Sample size 3921 3921 3921 3921 3921

B: 2.5 y
Hours in childcare center −1.35*** [.34] −.52 [.38] 1.00 [.99 1.01] .99 [.98 1.00] .98 [.98 1.00]
Hours in relative care −.95* [.45] .18 [.53] 1.01 [.99 1.02] 1.00 [.99 1.01] 1.00 [.99 1.01]
Hours in nonrelative care −2.78*** [.65] .01 [.46] 1.01 [.99 1.02] 1.01 [.99 1.02] .99 [.96 1.01]
Sample size 3412 3412 3412 3412 3412

The table reports coefficient and odds ratio. Standard error and 95% confidence interval are in brackets. All regressions controlled for breastfeeding, maternal employment status,
single-parent family, child age, child sex, child global health rating, maternal aboriginal status, maternal immigration status, not speaking English at home, maternal education,
weekly household income, parenting warmth scale, and parenting hostile scale. All regressions were properly weighted to account for the complex survey design.
†P b .1, *P b .05, **P b .01, and ***P b .001 for 2-tailed test.
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attenders (ie, children with childcare in second wave but
without childcare in the first wave) suggests that these children's
nighttime sleep duration increased in a slower rate compared with
nonattenders. Inconsistent attenders who changed childcare
configuration also had a slower rate of increase in nighttime sleep
duration. Nevertheless, this study found no difference in terms of
rate of changes in nighttime sleep duration between nonattenders
and early attenders. Results for weekday and weekend nighttime
sleep durations were similar. Finally, the author performed
sensitivity analysis to examinewhether childcare attendancewas as-
sociated with children's bedtime. Results (not showed) suggested
that childcare attendance was not associated with later bedtime.

Discussion

Sleep is critical for children's healthy development. However,
although prior studies have identified center childcare attendance
as an influential factor of children's sleep, the complexity of childcare
arrangements that may affect childhood sleep in early life remained
an understudied topic in population health research. This study
used nationally representative data to identify childcare multiplicity
and patterns of longitudinal use that were associated with nighttime
sleep and sleep problems in early childhood. Results found that, in
addition to center childcare, relative care and nonrelative care during
Table 3
Associations between the multiple childcare arrangements and maternal reported sleep ou

Weekday nighttime
sleep duration (min)

Weekend nighttime
sleep duration (min)

Coefficient [SE] Coefficient [SE]

A: 9 mo
(Ref: single arrangement)
No arrangement −25.49* [10.28] 7.91 [11.58]
Multiple arrangements 13.29 [14.67] 10.95 [14.60]
Sample size 3921 3921

B: 2.5 y
(Ref: single arrangement)
No arrangement −5.23 [9.82] 6.87 [10.35]
Multiple arrangements 17.11 [9.83] −12.81 [11.32]
Sample size 3412 3412

The table reports coefficient and odds ratio. Standard error and 95% confidence interval are
single-parent family, child age, child sex, child global health rating, maternal aboriginal sta
weekly household income, average hours of childcare use per week, parenting warmth sca
the complex survey design.
†P b .1, *P b .05, **P b .01, and ***P b .001 for 2-tailed test.
infancy and toddlerhood were related to shorter weekday nighttime
sleep duration. Results also found that longitudinal patterns of
childcare use moderated the association between child age and
nighttime sleep duration. Late attenders and inconsistent attenders
with configuration change had a slower rate of increase in nighttime
sleep duration from infancy to toddlerhood. Clinical and neurological
research suggests that infancy is the period in which rapid brain de-
velopment occurs33 and the period in which dramatic changes in
sleep patterns and sleep architecture occur.34 Although the rapid de-
veloping brain of infant is governed by biological processes, it may be
also susceptible to the influence of environment.33 Prior studies have
demonstrated that the negative developmental consequences of unfa-
vorable social and familial environment are greater for very young
children.35 Findings from this studymay add to this literature by show-
ing how complex use of childcare in early life can influence children's
nighttime sleep and potentially the transition from polyphasic sleep
to monophasic sleep.

Second, cross-sectional results suggest that the associations
between childcare experiences and nighttime sleep duration were
significant for weekdays but not for weekend days. However,
longitudinal results show significant associations for both weekdays
and weekend days. These patterns suggest that long-term patterns
of childcare attendance appears to have a lasting influence on
children's sleep that extended to the weekend (ie, nonchildcare)
tcomes during infancy and toddlerhood

Difficult getting sleep Waking during the night Restless sleep

Odds ratio
[95% CI]

Odds ratio
[95% CI]

Odds ratio
[95% CI]

1.06 [.74 1.52] 1.11 [.89 1.37] 1.23 [.87 1.72]
.99 [.62 1.60] 1.01 [.78 1.32] .97 [.63 1.49]
3921 3921 3921

.92 [.67 1.24] 1.01 [.81 1.27] 1.20 [.83 1.74]

.91 [.69 1.19] 1.07 [.87 1.33] .85 [.57 1.27]
3412 3412 3412

in brackets. All regressions controlled for breastfeeding, maternal employment status,
tus, maternal immigration status, not speaking English at home, maternal education,
le, and parenting hostile scale. All regressions were properly weighted to account for



Table 4
Associations between childcare use over time and changes in nighttime sleep duration

Weekday nighttime sleep duration (min) Weekend nighttime sleep duration (min)

Coefficient [SE] Coefficient [SE]

Child age (mo) 3.31* [1.48] 1.64 [1.55]
Child age × wave 2 use only −1.32** [.46] −1.15* [.49]
Child age × wave 1 use only .84 [.96] −.58 [1.01]
Child age × 2-wave use, no configuration change −.95 [.54] −1.05 [.57]
Child age × 2-wave use, configuration change −1.12* [.53] −1.17* [57]
Sample size 3046 3046

The table reports coefficient, and standard errors are in brackets. All regressions controlled for breastfeeding, maternal employment status, single-parent family, child age, child sex,
child global health rating, maternal aboriginal status, maternal immigration status, not speaking English at home,maternal education,weekly household income, parentingwarmth
scale, and parenting hostile scale.
†P b .1, *P b .05, **P b .01, and ***P b .001 for 2-tailed test.
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days. This finding also implies that longitudinal studies are better to
capture the impact of childcare attendance on children's sleep devel-
opment. Future studies that use longitudinal data can provide addi-
tional insights into the complex patterns of childcare attendance
and sleep development from infancy to early childhood.

Third, multiple arrangements are nomore harmful than single ar-
rangements to young children's sleep, a result that is contrary to the
predictions from existing multiple arrangements and child health
literature.26,29,36 Multiple arrangements influence mental health by
creating instabilities and increasing contact with pathogens. Such in-
creasing instabilities in environment (ie, adjusting to different rules,
peers, and adult caregivers in different settings) may be more likely
to manifest in behavioral problems and physical illness but not
sleep problems. This may explain why multiple arrangements were
more harmful than single arrangements.

In addition, the negative and significant coefficient of no arrange-
ment in the first wave for weekday nighttime sleep duration is unex-
pected. Additional statistical analysis suggests that the negative
association may be due to the inclusion of suppression variables as co-
variates. The association was in the expected direction (i.e., positive)
without covariates. However, the association turned negative after
adding covariates. Since the suppression effect was only observed in
the first wave and for one sleep outcome and the association was not
the focus of Table 3, this study did not further identify specific suppres-
sor variables and investigate their influence on the associationbetween
single arrangements and weekday nighttime sleep duration. Thus, in-
terpretation of this coefficient should be made with caution.

Finally, this study found no effect of early childcare experience on
difficulty falling to sleep, waking up during the night, and sleeping
restlessly. Sleep is a complex behavior and health outcome.24

Childcare arrangementmay influence different aspects of sleep in dif-
ferentmanners. A recent study of the social determinants of sleep has
demonstrated the differential effects of social processes on sleep in a
nationally representative sample of older adults.37 As such, it is pos-
sible that children's sleep duration is more susceptible to the influ-
ence of childcare arrangement than other aspects of sleep.

Despite this study's strength of population data, controlling for a
wide range of covariates and rigorous statistical analysis, this study
still has several limitations. First, this study only relied on maternal
reports of the children's time use and sleep outcomes. Although
time diaries produced good estimates of children's nighttime sleep
duration, it did not generate equally good estimates of children's day-
time sleep. This is particularly the case for children who attend
childcare during the daytime. Mothers often did not report children's
naptime in childcare settings. Thus, although naptime still could be
calculated from timediaries, daytime sleep for childrenwhoattended
childcare was seriously underestimated because of missing data and
underreport. Because of this reason, this study was not able to
explore the relationship between complex childcare experiences
and children's daytime sleep.
Second, LSAC data did not include information if the selected
time-diary day was a childcare day. As such, this study was not able
to control for the exact time children spent in childcare. However,
the LSAC questionnaire asked mothers to report average hours of
childcare for each arrangement. Thus, this study controlled for aver-
age childcare hours obtained from the main survey.

Third, this studywas unable to examine the relationship between
the early childcare experiences and the children's sleep states and
sleep architecture. However, even with maternal reports (ie, sleep
measurements with the potential issue of measurement errors), I
still found significant associations. Using improved sleep measures
in future national surveys of children, it will be possible to better
identify the impact of early childcare experiences on sleep architecture.
Finally, this study used nonexperimental data, and therefore, causal in-
ference is not likely. Even with the inclusion of a large set of potential
confounding and the use of longitudinal data, the results still cannot be
interpreted as causal. However, the results do suggest that children
who were exposed to different arrangements of childcare had different
sleep outcomes. These children should be the target populations for fu-
ture research and, potentially, future interventions.

To conclude, this study offers systematic analyses of complex
childcare experience and sleep using longitudinal data from a nation-
ally representative sample of young children. The results suggest that
relative and nonrelative childcare can be risk factors for sleep devel-
opment in early childhood. In addition, longitudinal patterns of
childcare use may influence children's developmental trajectory of
sleep. Using large-scale and nationally representative data, this
study also demonstrated the usefulness of a population health ap-
proach to illuminate childcare experiences and sleep in early years.
Furthermore, the results also send a message that researchers should
pay more attention to the increasing complexity of childcare use
among parents with young children and its impacts on child health
and development; therefore,more research is needed to identify spe-
cific childcare characteristics and transitions that promote or deter
sleep to provide a good recommendation for parents and policy
makers. This study provides the first such evidence and serves as a
good example for future studies.

Disclosure

The author has no conflict of interest to disclose.

References

1. Bradley RH, Vandell DL. Child care and the well-being of children. Arch Pediatr
Adolesc Med. 2007;161:669–676.

2. Geoffroy MC, Séguin JR, Lacourse É, Boivin M, Tremblay RE, Côté SM. Parental
characteristics associated with childcare use during the first 4 years of life: results
from a representative cohort of Quebec families. Can J Public Health. 2012;103(1):
76.

3. Phillips D, Lowenstein A. Early care, education, and child development. Annu Rev
Psychol. 2011;62:483–500.

http://refhub.elsevier.com/S2352-7218(17)30140-7/rf0005
http://refhub.elsevier.com/S2352-7218(17)30140-7/rf0005
http://refhub.elsevier.com/S2352-7218(17)30140-7/rf0010
http://refhub.elsevier.com/S2352-7218(17)30140-7/rf0010
http://refhub.elsevier.com/S2352-7218(17)30140-7/rf0010
http://refhub.elsevier.com/S2352-7218(17)30140-7/rf0010
http://refhub.elsevier.com/S2352-7218(17)30140-7/rf0015
http://refhub.elsevier.com/S2352-7218(17)30140-7/rf0015


378 J.-H. Chen / Sleep Health 3 (2017) 373–378
4. Reves R, Pickering L. Infections in child day care centers as they relate to internal
medicine. Annu Rev Med. 1990;41:383–391.

5. Geoffroy MC, Côté S, Giguère CÉ, Dionne G, Zelazo PD, Tremblay RE, Boivin M,
Séguin J. Closing the gap in academic readiness and achievement: the role of
early childcare. J Child Psychol Psychiatry. 2010;51(12):1359–1367.

6. Geoffroy MC, Power C, Touchette E, Dubois L, Boivin M, Séguin JR, Tremblay RE,
Côté SM. Childcare and overweight or obesity over 10 years of follow-up. J Pediatr.
2013;162(4):753–758.

7. NICHD Early Child Care Research Network. Child Care and Child Development: Re-
sults From the NICHD Study of Early Child Care and Youth Development. New
York: Guilford Press; 2005.

8. Graven SN, Browne JV. Sleep and brain development: the critical role of sleep in
fetal and early neonatal brain development. Newborn Infant Nurs Rev. 2008;8(4):
173–179.

9. Lavigne JV, Arend R, Rosenbaum D, Smith A, Weissbluth M, Binns HJ, Christoffel
KK. Sleep and behavior problems among preschoolers. J Dev Behav Pediatr. 1999;
20(3):164–169.

10. Lam P, Hiscock H, Wake M. Outcomes of infant sleep problems: a longitudinal study
of sleep, behavior, and maternal well-being. Pediatrics. 2003;111(3):e203–e207.

11. Touchette É, Petit D, Séguin JR, BoivinM, Tremblay RE, Montplaisir JY. Associations
between sleep duration patterns and behavioral/cognitive functioning at school
entry. Sleep. 2007;30(9):1213.

12. Anderson SE, Whitaker RC. Household routines and obesity in US preschool-aged
children. Pediatrics. 2010;125(3):420–428.

13. Taveras EM, Rifas-Shiman SL, Oken E, Gunderson EP, Gillman MW. Short sleep du-
ration in infancy and risk of childhood overweight. Arch Pediatr Adolesc Med. 2008;
162(4):305–311.

14. Koulouglioti C, Cole R, Kitzman H. Inadequate sleep and unintentional injuries in
young children. Public Health Nurs. 2008;25(2):106–114.

15. Blair PS, Humphreys JS, Gringras P, Taheri S, Scott N, Emond A, Henderson J,
Fleming PJ. Childhood sleep duration and associated demographic characteristics
in an English cohort. Sleep. 2012;35(3):353–360.

16. Iglowstein I, Jenni OG,Molinari L, Largo RH. Sleep duration from infancy to adolescence:
reference values and generational trends. Pediatrics. 2003;111(2):302–307.

17. Staton SL, Smith SS, Thorpe KJ. “Do I really need a nap?”: the role of sleep science
in informing sleep practices in early childhood education and care settings. Transl
Issues Psychol Sci. 2015;1(1):32.

18. Kurdziel L, Duclos K, Spencer RM. Sleep spindles in midday naps enhance learning
in preschool children. Proc Natl Acad Sci. 2013;110(43):17267–17272.

19. Acebo C, Sadeh A, Seifer R, Tzischinsky O, Hafer A, Carskadon MA. Sleep/wake
patterns derived from activity monitoring and maternal report for healthy 1-to
5-year-old children. Sleep. 2005;28(12):1568.
20. Fukuda K, Asaoka S. Delayed bedtime of nursery school children, caused by the
obligatory nap, lasts during the elementary school period. Sleep Biol Rhythms.
2004;2(2):129–134.

21. Fukuda K, Sakashita Y. Sleeping pattern of kindergartners and nursery school
children: function of daytime nap. Percept Mot Skills. 2002;94(1):219–228.

22. Komada Y, Asaoka S, Abe T, Matsuura N, Kagimura T, Shirakawa S, Inoue Y. Rela-
tionship between napping pattern and nocturnal sleep among Japanese nursery
school children. Sleep Med. 2012;13(1):107–110.

23. Ward TM, Gay C, Anders TF, Alkon A, Lee KA. Sleep and napping patterns in 3-to-5-year
old children attending full-day childcare centers. J Pediatr Psychol. 2008;33(6):666–672.

24. Staton SL, Smith SS, Pattinson CL, Thorpe KJ. Mandatory naptimes in child care and
children's nighttime sleep. J Dev Behav Pediatr. 2015;36(4):235–242.

25. Presser HB. Working in a 24/7 Economy: Challenges for American Families. New
York: Russell Sage Foundation; 2005.

26. Morrissey TW. Multiple child-care arrangements and young children's behavioral
outcomes. Child Dev. 2009;80(1):59–76.

27. Capizzano J, Adams G. The Number of Child Care Arrangements Used by Children
Under Five: Variation Across States. (New Federalism: National Survey of America's
Families Series, No. B-12). Washington, DC: The Urban Institute; 2000.

28. Qu L, Wise S. Multiple child care arrangements in Australia. Fam Matters. 2004;69:
56–61.

29. Claessens A, Chen JH. Multiple child care arrangements and child well being: early
care experiences in Australia. Early Child Res Q. 2013;28(1):49–61.

30. Iwata S, Iwata O, Iemura A, Iwasaki M, Matsuishi T. Determinants of sleep patterns
in healthy Japanese 5-year-old children. Int J Dev Neurosci. 2011;29(1):57–62.

31. Iwata S, Iwata O, Iemura A, Iwasaki M, Matsuishi T. Sleep architecture in healthy 5-
year-old preschool children: associations between sleep schedule and quality
variables. Acta Paediatr. 2012;101(3):e110–e114.

32. IkedaM, Kaneita Y, Kondo S, Itani O, Ohida T. Epidemiological study of sleep habits
among four-and-a-half-year-old children in Japan. Sleep Med. 2012;13(7):
787–794.

33. Phillips DA, Shonkoff JP, editors. From Neurons to Neighborhoods: The Science of
Early Childhood Development. Washington, DC: National Academies Press; 2000.

34. Crabtree VM,Williams NA. Normal sleep in children and adolescents. Child Adolesc
Psychiatr Clin N Am. 2009;18(4):799–811.

35. Belsky J, Vandell DL, Burchinal M, Clarke-Stewart KA, McCartney K, Owen MT.
Early child care research network. Are there long-term effects of early child
care? Child Dev. 2007;78(2):681–701.

36. Chen JH. Multiple childcare arrangements and health outcomes in early childhood.
Matern Child Health J. 2013;17(3):448–455.

37. Chen J, Waite L, Lauderdale D. Marriage, relationship quality, and sleep among U.S.
older adults. J Health Soc Behav. 2015;56(3):356–377.

http://refhub.elsevier.com/S2352-7218(17)30140-7/rf0020
http://refhub.elsevier.com/S2352-7218(17)30140-7/rf0020
http://refhub.elsevier.com/S2352-7218(17)30140-7/rf0025
http://refhub.elsevier.com/S2352-7218(17)30140-7/rf0025
http://refhub.elsevier.com/S2352-7218(17)30140-7/rf0025
http://refhub.elsevier.com/S2352-7218(17)30140-7/rf0030
http://refhub.elsevier.com/S2352-7218(17)30140-7/rf0030
http://refhub.elsevier.com/S2352-7218(17)30140-7/rf0030
http://refhub.elsevier.com/S2352-7218(17)30140-7/rf0035
http://refhub.elsevier.com/S2352-7218(17)30140-7/rf0035
http://refhub.elsevier.com/S2352-7218(17)30140-7/rf0035
http://refhub.elsevier.com/S2352-7218(17)30140-7/rf0040
http://refhub.elsevier.com/S2352-7218(17)30140-7/rf0040
http://refhub.elsevier.com/S2352-7218(17)30140-7/rf0040
http://refhub.elsevier.com/S2352-7218(17)30140-7/rf0045
http://refhub.elsevier.com/S2352-7218(17)30140-7/rf0045
http://refhub.elsevier.com/S2352-7218(17)30140-7/rf0045
http://refhub.elsevier.com/S2352-7218(17)30140-7/rf0050
http://refhub.elsevier.com/S2352-7218(17)30140-7/rf0050
http://refhub.elsevier.com/S2352-7218(17)30140-7/rf0055
http://refhub.elsevier.com/S2352-7218(17)30140-7/rf0055
http://refhub.elsevier.com/S2352-7218(17)30140-7/rf0055
http://refhub.elsevier.com/S2352-7218(17)30140-7/rf0060
http://refhub.elsevier.com/S2352-7218(17)30140-7/rf0060
http://refhub.elsevier.com/S2352-7218(17)30140-7/rf0065
http://refhub.elsevier.com/S2352-7218(17)30140-7/rf0065
http://refhub.elsevier.com/S2352-7218(17)30140-7/rf0065
http://refhub.elsevier.com/S2352-7218(17)30140-7/rf0070
http://refhub.elsevier.com/S2352-7218(17)30140-7/rf0070
http://refhub.elsevier.com/S2352-7218(17)30140-7/rf0075
http://refhub.elsevier.com/S2352-7218(17)30140-7/rf0075
http://refhub.elsevier.com/S2352-7218(17)30140-7/rf0075
http://refhub.elsevier.com/S2352-7218(17)30140-7/rf0080
http://refhub.elsevier.com/S2352-7218(17)30140-7/rf0080
http://refhub.elsevier.com/S2352-7218(17)30140-7/rf0085
http://refhub.elsevier.com/S2352-7218(17)30140-7/rf0085
http://refhub.elsevier.com/S2352-7218(17)30140-7/rf0085
http://refhub.elsevier.com/S2352-7218(17)30140-7/rf0090
http://refhub.elsevier.com/S2352-7218(17)30140-7/rf0090
http://refhub.elsevier.com/S2352-7218(17)30140-7/rf0095
http://refhub.elsevier.com/S2352-7218(17)30140-7/rf0095
http://refhub.elsevier.com/S2352-7218(17)30140-7/rf0095
http://refhub.elsevier.com/S2352-7218(17)30140-7/rf0100
http://refhub.elsevier.com/S2352-7218(17)30140-7/rf0100
http://refhub.elsevier.com/S2352-7218(17)30140-7/rf0100
http://refhub.elsevier.com/S2352-7218(17)30140-7/rf0105
http://refhub.elsevier.com/S2352-7218(17)30140-7/rf0105
http://refhub.elsevier.com/S2352-7218(17)30140-7/rf9050
http://refhub.elsevier.com/S2352-7218(17)30140-7/rf9050
http://refhub.elsevier.com/S2352-7218(17)30140-7/rf9050
http://refhub.elsevier.com/S2352-7218(17)30140-7/rf0110
http://refhub.elsevier.com/S2352-7218(17)30140-7/rf0110
http://refhub.elsevier.com/S2352-7218(17)30140-7/rf0115
http://refhub.elsevier.com/S2352-7218(17)30140-7/rf0115
http://refhub.elsevier.com/S2352-7218(17)30140-7/rf0120
http://refhub.elsevier.com/S2352-7218(17)30140-7/rf0120
http://refhub.elsevier.com/S2352-7218(17)30140-7/rf0125
http://refhub.elsevier.com/S2352-7218(17)30140-7/rf0125
http://refhub.elsevier.com/S2352-7218(17)30140-7/rf0130
http://refhub.elsevier.com/S2352-7218(17)30140-7/rf0130
http://refhub.elsevier.com/S2352-7218(17)30140-7/rf0130
http://refhub.elsevier.com/S2352-7218(17)30140-7/rf0135
http://refhub.elsevier.com/S2352-7218(17)30140-7/rf0135
http://refhub.elsevier.com/S2352-7218(17)30140-7/rf0140
http://refhub.elsevier.com/S2352-7218(17)30140-7/rf0140
http://refhub.elsevier.com/S2352-7218(17)30140-7/rf0145
http://refhub.elsevier.com/S2352-7218(17)30140-7/rf0145
http://refhub.elsevier.com/S2352-7218(17)30140-7/rf0150
http://refhub.elsevier.com/S2352-7218(17)30140-7/rf0150
http://refhub.elsevier.com/S2352-7218(17)30140-7/rf0150
http://refhub.elsevier.com/S2352-7218(17)30140-7/rf0155
http://refhub.elsevier.com/S2352-7218(17)30140-7/rf0155
http://refhub.elsevier.com/S2352-7218(17)30140-7/rf0155
http://refhub.elsevier.com/S2352-7218(17)30140-7/rf0160
http://refhub.elsevier.com/S2352-7218(17)30140-7/rf0160
http://refhub.elsevier.com/S2352-7218(17)30140-7/rf0165
http://refhub.elsevier.com/S2352-7218(17)30140-7/rf0165
http://refhub.elsevier.com/S2352-7218(17)30140-7/rf0170
http://refhub.elsevier.com/S2352-7218(17)30140-7/rf0170
http://refhub.elsevier.com/S2352-7218(17)30140-7/rf0170
http://refhub.elsevier.com/S2352-7218(17)30140-7/rf0175
http://refhub.elsevier.com/S2352-7218(17)30140-7/rf0175
http://refhub.elsevier.com/S2352-7218(17)30140-7/rf0180
http://refhub.elsevier.com/S2352-7218(17)30140-7/rf0180

	Complex childcare experiences and sleep outcomes in young children
	Introduction
	Methods
	Data
	Measures
	Complex childcare experiences
	Sleep outcomes
	Covariates

	Statistical methods

	Results
	Summary statistics
	Regression results

	Discussion
	Disclosure
	References


