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Summary

The objectives were to systematically investigate the multiple dimensions of sleep

and their association with overweight or obesity among primary school-aged chil-

dren. CINHAL, PsycINFO, SPORTDiscus, Medline, Cochrane, Embase, and PubMed

databases were searched for papers reporting on an association between children's

sleep and weight status. Studies on clinical populations, published in languages other

than English, without objectively measured weight status, or where weight status

was reported outside the outlined age bracket (5-13 years) were excluded. A total of

34 248 citations were extracted from our systematic search protocol, of which

112 were included for detailed review. Compared with sleep duration, of which

86/103 articles found a significant inverse association between sleep duration and

measured weight status, few studies examined other dimensions of sleep, such as

quality, efficiency and bed/wake times, and relationship with weight status. Where

studies existed, variation in defining and measurement of these dimensions restricted

comparison and potentially influenced discrepancies across results. Overall, the find-

ings of this review warrant the need for further research of the outlined dimensions

of sleep. Future research would benefit from clarity on definitions across the differ-

ent dimensions, along with the use of valid and reliable tools.

K E YWORD S

children, obesity, overweight, sleep, sleep dimensions

1 | INTRODUCTION

There is growing evidence internationally that declines in the duration

of sleep children obtain is inversely associated with overweight and

obesity (Ow/Ob).1-4 Studies have shown that where children were

classified as sleeping for shorter or insufficient durations they had sig-

nificantly increased odds of being affected by overweight/obesity,

compared with those who slept for sufficient durations.5,6 The pro-

posed etiology of this association suggests that insufficient sleep leads

to an energy imbalance via altered hormone regulation, reducing

physical activity levels, increasing sedentary time, and a higher caloric

intake.6-8 While several reviews have examined the available literature

on the link between sleep duration and rates of overweight and obe-

sity among children,9-14 there is argument that these overlook more

nuanced and potentially important dimensions of children's sleep that

might influence this association.

Buysse critiqued the reliance on duration as a measure of sleep,

arguing that the dimensions of children's sleep such as efficiency,

Abbreviations: BMI, body mass index; BT, bed time; OR, odds ratio; Ow/Ob, overweight and

obesity; PSG, polysomnography; SMP, sleep mid-point; SWP, sleep wake pattern; WT,

wake time.
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quality, and sleep timing (onset/off-set) should also be considered as

part of the sleep-obesity relationship.15 Definitions and categorization

of these dimensions differ slightly across studies; however, as guided

by definitions from the previous literature,15-17 these four sleep dimen-

sions can be defined as: Sleep duration: the quantity/length of sleep

time obtained; Sleep quality: objectively measured architecture of sleep

(adequacy of time spent in the different sleep wave cycles), or subjec-

tively reported satisfaction/perceived problems with sleep; Sleep effi-

ciency: a measure of sleep continuity, incorporating the ease to initiate

(sleep latency) and maintain sleep (minimal wake episodes) in an effi-

cient manner, or the percentage of sleep time achieved between bed

and wake times; and Sleep timing: the placement of sleep within the

24-hours of the day, including factors such as bed/wake times.

Beyond the prominent focus of children's sleep duration on the

sleep-obesity association of previous reviews, 9-14 there is emerging lit-

erature for each of these additional dimensions. For example Jarrin et al

studied 240 Canadian children and adolescents (aged 8-17 years) and

found that, independent of self-reported sleep duration, children with

delayed sleep timing (late to bed and late to wake) related to a higher

risk of being affected by overweight and obesity relative to early to

bed/wake counterparts.18 An Australian study found later bedtimes

were linked with higher body mass index (BMI) z-scores and lower diet

quality scores regardless of self-reported wake time.19 Sleep quality and

sleep efficiency have also been highlighted as important dimensions of

sleep associated with overweight and obesity risk among children.20-22

Lui et al used polysomnography (PSG) to analyze sleep quality by

recording stages of sleep among a sample of American children and

adolescents (7-17 years). It is suggested that nonrapid eye movement

(REM) sleep could be an important stage of sleep for endocrine and

metabolic regulation as reduced REM was associated with higher BMI

z-scores.23 Furthermore, the authors also reported that higher sleep

efficiency (determined by the percentage of time spent asleep between

sleep onset to wake time, measured via PSG) was a significant dimen-

sion of sleep associated with reduced risk of overweight and obesity.23

While PSG is considered the gold standard for measuring multiple sleep

components, it is quite invasive and costly and therefore not always

practical for use in larger samples.24 Self-reported proxies for sleep

quality and efficiency have therefore often been used, with results

appearing to support those from more objective measures. Studies have

reported that those with lower self-perceived sleep quality (ie, less likely

to report sleeping “well”) or lower perceived sleep efficiency (reported

issues around waking up during the night or issues falling asleep) are

more likely to experiences poorer weight status outcomes.25

With emerging empirical evidence of associations between the spe-

cific dimensions of sleep and weight status, a more nuanced understand-

ing of these associations is now possible and needed to adequately

inform future obesity prevention initiatives.11,12 A systematic understand-

ing of the current conceptions and measurements of the dimensions of

sleep is needed; and an examination of variability of results across the dif-

ferent dimensions of sleep will help determine the importance of these

on the sleep-obesity association, among population samples.

As sleep requirements notably vary across the life span, with quite

considerable differences in optimal sleep duration recommendations

for primary school aged children (5-13 years; 9-11 hours per night)

compared with those for adolescents (14-18 years; 8-10 hours per

night), the association between sleep habits and obesity needs to be

unpacked across the age groups.26,27 Furthermore, there is a particular

need to better understand the etiology of obesity among early primary

school-aged children. Data from the National Child Measurement Pro-

gram in England found that of children with obesity at the beginning of

primary school only 10% were of a healthy weight by the end of pri-

mary school, while more than two thirds remained in the category of

being with obesity or severe obesity.26 Therefore, with strong evidence

for the tracking of obesity and health behaviors from this age through

to adolescence and beyond, 26-29 along with the differences in sleep

needs, there is a need to better understand the sleep-obesity nexus of

this particular at risk age group. This article presents a systematic

review of the peer-reviewed literature with data on the association

between different dimensions of sleep and weight status among pri-

mary school-aged children (5-13 years old).

2 | METHOD

2.1 | Literature search

Following the Preferred Reporting Items for Systematic Reviews and

Meta-Analyses (PRISMA) review process, a systematic search was con-

ducted across CINHAL, PsycINFO and SPORTDiscus (via EBSCOhost),

Medline, Cochrane, Embase, and PubMed databases. A search strategy

(available in Table S1) was used to extract literature published up until

March 2018. Our search strategy was informed by previous systematic

reviews of sleep and weight status of children,9-14 including all appro-

priate search terms and additional terms for dimensions of sleep. The

search strategy was adapted to search each database for original

research articles published in English and in peer-reviewed journals.

2.2 | Inclusion/exclusion criteria

Included studies were restricted to (a) peer-reviewed original research;

(b) contain some measure of sleep; (c) had objectively measured weight

status; (d) report on the association between the two variables (sleep

and weight status); (e) participants were primary school aged children

(aged 5-13 years); and (f) sample was nonclinical/free-living population.

Reviews, meta-analyses, dissertations, expert opinions, conference

abstracts, unpublished studies, and studies published in a language

other than English were excluded from the review. Studies were also

excluded if the main outcome variable (children's weight status) was

reported outside the age bracket (5-13 years).

2.3 | Recording and synthesis of findings

For each included article, the two reviewers (B.M. and C.S.) indepen-

dently utilized a developed data extraction tool (available in Table S2)
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to obtain relevant information for each study (eg, study design, sample

characteristics, dimension[s] of sleep analyzed, association of each

dimension, and the main findings). The study quality was also assessed

for each article utilizing an adjusted version of the Newcastle-Ottawa

Scale (NOS),30,31 with a 10-point star scale (10 as the highest quality)

to critic studies based on the selection of the study groups (two

points), the comparability of the groups (three points), and the ascer-

tainment of either the exposure or outcome of interest (five points).

The two data sets were then cross checked and discrepancies

amended, using a third reviewer (S.A.) if required. Once included in

the review, a narrative synthesis of the data was conducted. Studies

were grouped by dimension of sleep and then measurement type cat-

egories, enabling comparison of results and measurements across and

within each of the different dimensions of sleep.

3 | RESULTS

A total of 34 248 citations were extracted from the outlined databases

using the key search terms, and duplicate citations (n = 11 001) were

removed (see Figure 1). Following the inclusion/exclusion criteria,

abstracts were screened and a total of 22 852 irrelevant articles

were excluded. The remaining 393 articles were read in full, with

281 excluded: 120 did not meet the age criteria (5-13 years); 8 were of

clinical or nonfree-living population groups; 8 did not measure weight

status objectively; 68 did not analyze the association between sleep-

obesity; and 77 were excluded either due to being non-English, not

peer-reviewed, review/meta-analysis, duplicate data, or a conference

abstract/other unpublished data. This left 112 articles deemed relevant

and included in the analysis (Table 1).8,20-22,32-112,115-141

The included studies examined sleep across four dimensions

(duration, timing, efficiency, and quality). Sleep duration was the most

frequent dimension analyzed, with all but nine of the 112 studies

reviewed assessing sleep duration. Of these 103 studies: 73 reported

solely on the association between children's sleep duration and their

weight status, 22 assessed duration and one other dimension, and

seven assessed at least another two. Of the nine articles not reporting

sleep duration, six solely reported on sleep timing factors, two on

sleep quality, and one on sleep efficiency.

3.1 | Sleep duration

Overall, there was strong evidence in support of an inverse associa-

tion between primary school-aged children's sleep duration and

measured weight status. Of the 103 articles reporting on sleep

duration: 86 (83%) reported a significant negative association

between duration of sleep and measured weight status, where

shorter sleep durations were linked with poorer weight status mea-

sures. In contrast, one study132 reported overweight and obesity to

be higher among longer sleepers (>10 hours/night); while another

study indicated mixed results, where girls with short sleep dis-

played higher weight status and boys with short sleep displayed

lower weight status measures.47 Only 15 articles (14%) found no

significant association between children's sleep duration and mea-

sured weight status.

F IGURE 1 Flow chart of article
selection process
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Comparing measurement methods, sleep duration was mostly

assessed subjectively through a calculation from self/proxy report bed

(or sleep onset) and wake times, or self/proxy report duration (ie, “How

many hours does your child usually sleep per day?”) (n = 84); with lim-

ited use of objectively assessed time spent asleep as determined

through polysomnography (PSG) or accelerometry scoring of activity

(n = 19). However, results were relatively similar across measurement

methods, with a similar proportion of articles reporting an inverse asso-

ciation between longer sleep duration and healthier weight status as

assessed via subjectively reported sleep duration (71/84; 85%), com-

pared with objectively measured duration (16/19; 84%).

The longitudinal relationship between children's sleep duration

and weight status outcomes was investigated by 22 studies, of which

a significant negative association between shorter sleep durations and

poorer weight status outcomes over time was reported across all but

three.74,75,101 These three studies did however report significant

cross-sectional associations. While Hiscock et al74 reported a signifi-

cant association between short sleep and higher weight status among

children aged 6-7 years, cross sectionally, initial sleep at 4 years did

not significantly predict later weight status at age seven. Miller 101

and Hjorth et al 75 reported similar results.

There was also some evidence for gender patterning: with nine of

the 103 reviewed articles reporting on sleep duration indicating the

association between sleep duration and Ow/Ob as significant among

boys only 62,88,89,104,107,108,116,120,126; while three reported it as signif-

icant among girls only44,77,128; and one reported mixed results across

genders, as mentioned above.47

3.2 | Sleep timing

Out of 112 reviewed articles, there were only 24 articles that

reported on an association between the timing of children's sleep and

their weight status (Table 2). Assessed components of sleep timing

across these studies included either the timing of going to bed (bed

time = BT) (n = 19), the time of waking (wake time = WT) (n = 10),

sleep midpoint (n = 3), or sleep-wake cycles (n = 4). Fifteen out of the

24 found a significant association between a timing componentry of

sleep and Ow/Ob among children.

A trend was found supporting a positive association for the rela-

tionships between later bed-timing/sleep onset and Ow/Ob among

children. Of the 19 articles reporting on children's bedtime (BT),

12 indicate later bed-times/sleep onset were linked with significantly

poorer weight status (though one of these was significant among girls

only; and two for weekday BT only). These findings were consistent

across both self-reported and parent-reported BT, cross sectionally

and longitudinally, with 10 of 12 studies with parent-reported BT and

three of five studies with self-reported BT reporting significant links

between later or inconsistent bed times and increased overweight/

obesity. The remaining six out of the 19 articles (32%) reporting on BT

and Ow/Ob among children, found no association between BT and

children's weight status, two of which were the only studies with

accelerometry determined BT.22,63T
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Results were mostly consistent when assessing the impact of

wake time (WT), regardless of being assessed from parent report, self-

report or measured via accelerometry. Of the total 112 reviewed arti-

cles, only 10 papers examined the association between WT and

weight status among children, of which only one reported a significant

association. Scharf and DeBoe121 reported that children aged five

waking before 6:30 AM were significantly more likely to be affected by

obesity (OR = 1.23, 95%CI 1.01-15.51, P < .05), although this associa-

tion was not observed amongst their longitudinal sample comparing

WT at 4 years of age and weight status at 5 years of age.

There was less examination across the other aspects of sleep

timing including sleep midpoint (the half-way point/time between

sleep onset and wake time) and sleep-wake patterns. Only three

studies reported on sleep midpoint, of which two reported signifi-

cant positive associations. Both Thivel et al131 and Martoni et al)99

indicated that measures of overweight and obesity were signifi-

cantly higher among children who demonstrated a later sleep

midpoint.

The final aspect of sleep assessed was sleep-wake patterns,

determined according to consideration of combined dichotomized cat-

egorization of BT and WT, creating the sleep timing labels of early to

bed/early to rise; early to bed/late to rise; late to bed/early to rise;

and late to bed/late to rise. Only one of the four studies assessing this

factor found a significant association reporting higher BMI z-scores

among late to bed/early to rise profiles compared with early to

bed/early to rise sleepers, although this was only significant among

6-7 year olds and not 8-9 year olds. 115

Of the total 112 reviewed studies and 24 timing studies, only

four22,63,72,99 measured sleep timing objectively via accelerometry.

One of these assessed sleep-wake timing,72 which supported the

TABLE 2 Findings from sleep timing articles

Article

Timing factor/s
Measure of
timingBed time Wake time Other

Alqaderi et al (2017)34 ✓ Pos (LT) Self-report

Amigo et al (2014)36 ✓ Pos Self-report

Anderson et al (2017)37 ✓ Neg (consistent bed-time

at age 3; compared with

inconsistent)

Parent report

Berentzen et al (2014)44 NS (sleep-wake pattern) Self-report

Busto-Zapico et al (2014)45 ✓ Pos Parent report

Cassimos et al (2011)51 NS Self-report

Combs et al (2016)55 ✓ Pos (weekday) NS (weekday) Parent report

Ekstedt et al (2013)63 NS NS Accelerometry

Firouzi et al (2013)67 NS NS Parent report

Harrex et al (2017)72 NS (sleep-wake pattern) Accelerometry

Kelly et al (2015)80 ✓ NEG (nonregular BT) POS

(BT > 9 PM; LT)

Parent report

Khan et al (2017)81 ✓ Pos (weekday) Parent report

Lumeng et al (2007)94 ✓ Pos NS Parent report

Martoni et al (2016)99 ✓ Pos (sleep midpoint) Accelerometry

McNeil et al (2015)22 NS NS NS (Sleep midpoint) Accelerometry

Ochiai et al (2012)104 NS NS Parent report

Quach et al (2016)115 ✓ Pos (LT: as dichotomous

categorization of LTB)

✓ Pos (LT: wave 2 only) (sleep-wake

pattern)

Parent report

Rosi et al (2017)118 NS (sleep-wake pattern) Self-reported

Scharf and DeBoer

(2015)121
✓ Pos (CS and LT) ✓ Neg

(CS only)

Parent report

Sekine et al (2002)122 ✓ Pos NS Parent report

Sugimori et al (2004)126 ✓ Pos (Girls Only; LT) NS Parent report

Sun et al (2009)128 NS NS Self-report

Thivel et al (2015)131 ✓ Pos (sleep midpoint) Parent report

Wang et al (2017)136 ✓ Pos Self-report

Abbreviations: Key: ✓ = significant association reported; NS = no significant association with weight status; Pos = positive association (later BT OR WT à

higher weight status); Neg = negative association (earlier BT OR WT à higher weight status); BT = Bed Time; WT = Wake Time; LTB = late to bed;

CS = cross-sectional association; LT = longitudinal association.
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general nonsignificance consensus. Two of the studies22,67 reported

on the association between BT and WT with children's BMI z-scores,

both reporting nonsignificant results. While these findings were con-

sistent with those from both parent reported and self-reported WT,

these contrasted the general consensus found for later self-/parent-

reported BT and increased weight status among children.

McNeil et al22 also assessed sleeping midpoint, as did and Mar-

toni et al .99 These studies had converse findings with Martoni

reporting a significant positive association, which contrasted the non-

significant findings reported by McNeil. However, the only other

study reporting on sleep midpoint, findings from Thivel et al found a

positive association between parent reported later sleep midpoints

and higher percentage fat mas among children, further supporting the

positive association.131

3.3 | Sleep efficiency

Twelve studies examined an aspect sleep efficiency; analyzing either

sleep latency (the efficiency of initiating sleep), maintaining sleep

(wake episodes), or as a time percentage variable.

The percentage of time spent asleep, calculated as the time between

sleep onset and waking, was assessed by seven of the 12 papers. These

seven studies used accelerometry to objectively measure the efficiency,

with four reporting a significant negative association between higher

sleep efficiency scores and poorer anthropometric outcomes among chil-

dren, while three found no significant association (Table 3).

Two further aspects of sleep efficiency were identified across six

of the 12 papers; sleep latency issues (delay/difficulty initiating sleep),

and night awakenings (problems with or frequency/duration of wake

episodes). Sleep initiation was assessed by two studies,67,92 night

awakenings by four,20,44,92,94 and one paper combined the two factors

as a single item.65 No significant association between sleep onset

delays and children's weight status was reported (both parent

reported). Only night awakenings were found to be a significant pre-

dictor across two studies. Liu et al reported significantly higher pro-

portion of Ow/Ob children had issues with sleep maintenance,

reporting more night awakening problems (parent reported) compared

with normal weight children (P < .05),92 while Bagley and El-Sheikh

reported that the number of wake episodes (assessed via

accelerometry) was only significant if these episodes

were ≥ 5 minutes each.20

TABLE 3 Findings from sleep efficiency articles

Article

Classification of efficiency measure

Measure
method

Efficiency
%

Sleep onset
delay Night awakenings Measure

Arora and Taheri

(2015)39
NS The percent of time between sleep onset

and wake time spent asleep

Accelerometry

(wrist)

Bagley and El-Sheikh

(2013)40
✓ Neg The percent of time between sleep onset

and wake time spent asleep

Accelerometry

(wrist)

Bagley and El-Sheikh

(2014)20
✓ Neg ✓ NS (sleep activity) Pos (long

wake episodes)

The percent of time between sleep onset

and wake time spent asleep; long sleep

wake episodes; sleep activity

Accelerometry

(wrist)

Berentzen et al

(2014)44
NS Frequency/length of night awakenings Self-report

Ekstedt et al (2013)63 NS The percent of time between sleep onset

and wake time spent asleep

Accelerometry

(wrist)

El-Sheikh et al

(2007)64
✓ Neg The percent of time between sleep onset

and wake time spent asleep

Accelerometry

(wrist)

Fernandez-Mendoza

et al (2014)65
✓ (combined) NS “has trouble falling asleep” or “wakes up

often in the night”
Parent report

Firouzi et al (2013)67 NS Sleep onset delay Parent report

Liu et al (2011)92 NS ✓ Pos One item on trouble falling asleep; one

item on waking up during night; One

item restless at night

Parent report

Lumeng et al (2007)94 NS Night waking problems Parent report

McNeil et al (2015)22 ✓ Neg The percent of time between sleep onset

and wake time spent asleep

Accelerometry

(waist)

Pesonen et al

(2009)109
NS Actual sleep time divided by the time in

bed

Accelerometry

(wrist)

Abbreviations: Key: ✓ = significant association reported; NS = no significant association with weight status; Pos = positive association (higher % or high

problems or high awakenings leads to higher weight status); Neg = negative association (lower % or low problems or low awakenings leads to higher

weight status); CS = cross-sectional analysis.
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3.4 | Sleep quality

Of all 112 studies reviewed, 13 analyzed the association between

quality of sleep and children's weight status (Table 4). All 13 studies

collected subjective measures of sleep quality, ranging from a sin-

gle item question on whether sleep problems were present, to the

sum of scores across 10-33 items relating to multiple aspects of

sleep quality. The measurement method across the studies was dif-

ferent for all 13 studies. While the Child Sleep Health Question-

naire was used in four studies, each used different adaptations or

modified version. Results were mixed, with four of six studies with

self-reported sleep quality and three of seven studies with parent-

reported sleep quality reporting no significant association between

children's anthropometric measurements and the reported quality

of sleep. The remaining six studies indicate a negative association,

where higher levels of reported sleep problems lead to higher risk

of Ow/Ob.

Results also varied longitudinally, with two of the four studies

assessing the impact of sleep quality on weight status over time reported

results to be non-significant. Hiscock et al74 and Lumeng et al94 found

no significant association across their time points. Furthermore, out of

the two studies indicating lower sleep quality to be associated with

poorer weight status,21,33 one found the association as significant among

girls only.21 El-Sheikh et al,21 found that those who reported higher sleep

problems at T1 (9 years old) had higher BMI scores at T3 (11 years old),

although this was only significant among girls.

4 | DISCUSSION

This systematic review highlights a strong importance on assessing

sleep as a behavioral factor associated with increased risk of Ow/Ob

among primary school aged children across multiple studies set in mul-

tiple countries. Out of the 112 reviewed studies, 98 reported a signifi-

cant association with a dimension of sleep and increased weight

status. Supporting findings from previous reviews, the current review

found 86 of 103 (83%) studies found a significant negative association

between sleep duration and overweight and obesity among children

aged between five to thirteen years old. As previously

reported,9-11,13,14 this association has been demonstrated cross sec-

tionally as well as longitudinally, using both subjectively and objec-

tively measured duration of children's sleep.

Of particular interest to the current review, is the in-depth inves-

tigation of the association between other dimensions of sleep (namely

sleep efficiency, quality, and the timing of both bed and wake times)

and Ow/Ob among primary school aged children. Beyond those of

previous reviews, the current article highlights that outside the heavily

researched influence of the duration of sleep, aspects of the outlined

sleep dimensions potentially have significant and independent influ-

ence in the sleep-obesity association.

Compared with sleep duration, we found less evidence of studies

examining other dimensions of sleep, such as quality, efficiency and

bed/wake times, in attempts to understand the sleep-obesity relation-

ship. Where studies exist, there is evidence of associations across

TABLE 4 Findings from sleep quality articles

Article Measure Measure method Association

Alamian et al (2016)33 Infant sleep problems: score of multiple sleep measure,

according to three classifications

Parent report ✓ NEG (LT)

Berentzen et al (2014)44 Difficulty getting up, feeling rested, daytime sleepiness Self-report NS

El-Sheikh et al (2014)21 School Sleep Habits Survey (10 item sleep wake

problem scale)

Self-report ✓ NEG (LT, girls only)

Ferrari et al (2017)66 The Diet and Lifestyle Questionnaire (how well slept) Self-report NS

Firouzi et al (2013)67 CSHQ: parent report total sleep disorder score

(34 items)

Parent report ✓ NEG

García-Hermoso et al (2017)68 Sleep Self-Report (SSR), Spanish version (19 items) Self-report ✓ NEG (girls only)

Hiscock et al (2011)74 Parent report: on sleep problem (single question-none/

mild); sleep problem (mod/severe)

Parent report NS

Hjorth et al (2014)75 CSHQ: parent report sleep disturbances (33 item) Parent report NS (CS and LT)

Jing Jing et al (2017)78 Likert scale (very good, good, fair, poor, very poor) Self-reported NS

Khan et al (2017)81 Likert scale (child snores, if they ever wake up

unrefreshed in the morning and if they were sleepy

during the daytime), dichotomized into good vs poor

Parent report ✓ NEG

Liu et al (2011)92 Sleep Behavior Questionnaire: total sleep behavior

score (11 items on sleep problems)

Parent report ✓NEG

Lumeng et al (2007)94 CSHQ: parent report sleep disturbances General sleep

problem score (27 items)

Parent report NS (CS and LT)

Wang et al (2017)136 CSHQ: self-report total sleep disorder score (21 items) Self-report NS

Abbreviations: CSHQ = Child Sleep Health Questionnaire; ✓ = significant association reported; NS = no significant association with weight status;

NEG = negative association with weight status (better sleep quality reduces weight status); CS = cross-sectional association; LT = longitudinal association.
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these additional dimensions on the sleep-obesity nexus, particularly

supporting a positive association with later bed timing and increased

weight status. Less consistent findings were found across studies

exploring components of sleep efficiency and sleep quality; however,

the variations in these findings appear to relate to the inconsistencies

of outlined definitions and measurement tools utilized. From previous

definitions, sleep efficiency relates to the ease and continuity of initi-

ating and maintaining sleep, while quality surrounds either measure-

ment of specific sleep wave or perceived satisfaction/perceived

problems with sleep.15,16 The term sleep quality appeared to be used

as an interchangeable/overreaching term for many of these aspect of

sleep, some which appear more relevant to sleep maintenance/effi-

ciency. Each of the reviewed studies also utilized a unique variation to

obtain perceived quality or an overall sleep quality score. The varia-

tion in measurement approach and definition of these dimensions cre-

ates difficulties in comparing results across the literature. However,

despite these discrepancies, this review indicates the importance of

considering the influence of different dimensions when examining the

sleep-obesity nexus.

This review identified several timing factors that can be measured,

including bedtime, wake time, sleep midpoint, and sleep timing pat-

terns. Across the reviewed articles bedtime appears to be more influen-

tial than wake time, with a much stronger evidence for the association

of later bedtimes and increased weight status among school

children,36,45,94,121,122 than that of later wake times.121 Considering the

target population, this could mostly be due to the commonality of the

daily school routine, acting as a regulator on morning wake times/

schedules, and more individual variability on bedtime routines.142

One of the other two measures of sleep timing minimally outlined

included sleep midpoint, which used as a single marker (the midpoint)

to assess the timing of sleep, taking duration completely out of the

equation. 22,99,131 The second measure was sleep wake cycles, almost

a combined sleep timing/duration variable, categorising children as

late to bed/wake early (shortest duration), early to bed/wake early or

late to bed/wake late (mid duration), and early to bed/wake late (long

duration).44,72,115,118 While results from the reviewed studies poten-

tially suggest a stronger importance of sleep midpoint than sleep-

wake patterns, it is still unclear how reliable/useful these measures of

sleep timing are when analyzing the sleep-obesity association, due to

the limited number of studies with these measures of timing and the

discrepancies across results. It could be hypothesized that compared

with WT and sleep-wake patterns, bedtime and sleep midpoint might

be more significant factors in the sleep-obesity nexus, independently

from sleep duration,18,45 due to potential night-time behaviors associ-

ated with delayed sleep.

With limited articles reporting on the longitudinal association

between sleep timing and children's weight status, the etiology of the

association is hard to determine. However, one proposed mechanism

suggests children with later bedtimes have higher TV viewing/screen

time and poorer snacking/dietary habits.36,45,121,131 Busto-Zapico

et al indicate children with later bedtimes are more likely to have a

higher BMI, especially when they use the time that they should be

sleeping engaged in sedentary leisure activities (watching TV,

computer games, etc.),45 while Thivel et al found children with later

sleep midpoint, compared with normal sleepers, had poorer eating

habits measured by number of cumulated eating risk factors (eg,

snacking and sweetened beverage consumption).131 It could be pro-

posed that later sleep timing not only contribute to a disrupted energy

balance directly through reduced restorative sleep (reduced duration

due to consistent WT) but also by generating increased time available

for these additional obesity risk factor behaviors. Further evidence is

required to unpack these associations.

This review found contrasting evidence across both night awak-

enings and objectively measured efficiency percentage (percentage of

time spent asleep during the period between sleep onset and wak-

ing).20,22,40,64,92 While most subjectively assessed awakenings were

reported as non-significant, Bagley and El-Sheikh,20 the only study

with objectively measured night awakenings (via accelerometry),

reported that although the number of wake episodes alone was non-

significant with BMI, however the number of long wake episodes

(those longer than 5 minutes) was associated with a significant

increase in BMI among children. Contrasting evidence was also

reported among sleep quality studies, with significant associations of

poorer sleep quality and increased obesity risk reported among less

than half of those exploring self or parent determined sleep quality.

There was a lack of consistency in measurement approach across all

reviewed studies reporting on children's sleep quality and efficiency.

While four of the sleep quality studies used the same tool (the Child

Sleep Habits Questionnaire [CSHQ]), minor alterations and differing

questionnaire items were included across these. The variation in mea-

surement approach and definition of these dimensions could be

impacting findings. There is also a risk of error associated with poten-

tial recall bias from self-report among young children, or reporter bias

through proxy report by parents.143 The use of measures such as PSG

or accelerometry might provide more objective assessment of these

dimensions and should be used where possible. However, self-/proxy-

reported measures are practical and cost-effective and are deemed

more suitable in population-based research.143,144 Pragmatic consid-

erations on research methodology therefore call for enhanced clarity

around definitions along with development of further psychometri-

cally tested measurement tools to examine these dimensions among

the target population.

Despite the variations, understanding the impact of both sleep

efficiency and quality of sleep on the sleep-obesity association should

be of interest of future research as some research has indicated this

association could be independent from the duration of sleep.67,145

Delayed sleep initiation and poor sleep maintenance not only poten-

tially reduce overall sleep duration but can also, as with delayed sleep

timing, present available time for snacking. As the length of wake epi-

sodes is reportedly more influential on weight status outcomes, rather

than simply the number of episodes,20 it could be suggested that

these periods provide opportunity for snacking. Higher caloric intake

has been recorded among clinical samples of adults with sleep related

eating disorders in America, where higher wake-episode frequencies

were associated with increased snacking after initial sleep onset and

overall daily calorie consumption.146,147 However, research on this
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mechanism is limited, particularly among children. Future research

would benefit from exploring how time in wake episodes is spent and

the impact this might have on the sleep-obesity nexus.

Furthermore, factors such as reduced sleep duration, later timing

and poor sleep maintenance could impact sleep quality, altering hor-

mone levels due to disrupted structure and timing of specific sleep

wave cycles.148 Optimal sleep quality usually involves around four

cycles of sleep, through slow wave sleep to REM sleep, which is

important for endocrine and metabolic regulation. Kim et al review

how impeded sleep quality and disruptions to these sleep cycles has

been linked with insulin insensitivity, dysregulation of appetite hor-

mones (leptin and ghrelin), decreased melatonin and metabolic disrup-

tion among adults.148 Sleep curtailment studies among adults have

shown altered hormones such as leptin could negatively impact

weight status outcomes through altered hunger signals, resulting in

higher caloric consumptions.149 Additionally, disruptions to melatonin

have been associated with increased daytime sleepiness among clini-

cal samples of adults and children,150-152 which has been shown to

influence physical activity levels and increased obesity risk among

samples of adults in America153,154 and school-aged children in

Japan.155

In agreeance with a recent review that evaluated the association

between sleep quality and obesity among children and young

adults,145 more research is required to explore how these factors

impact each other and the sleep-obesity relationship, along with the

need for clarity on defining and assessing these dimensions.

4.1 | Implications of the study

This review highlights the importance of assessing and understanding

the impact of the multiple dimensions of sleep when investigating the

association between sleep and weight status among children. The

results propose that children's bedtimes, quality of sleep, and sleep

efficiency could be equally as influential on the sleep-obesity associa-

tion (among children) as the prolifically researched dimension of sleep

duration. While the consensus of this association appears stronger for

the duration of sleep, this review also highlighted the importance of

bed times/sleep patterns in the sleep-obesity nexus. Less congruent

findings were found for sleep quality and efficiency measures; how-

ever, this could be due to the comparatively limited studies investigat-

ing these dimensions when assessing adequate/inadequate sleep

among children. The inconsistencies of measurement methods and

definitions across the literature also create some discrepancies in

results. To better understand the role of these dimensions on the

sleep-obesity association, future research would benefit from clarity

on definitions across the different dimensions along with the use of

valid and reliable tools.

Furthermore, due to the scarce longitudinal data across the

reviewed studies (outside of sleep duration), the etiology of the asso-

ciation is hard to determine. To better determine the causality on the

association between children's weight status and the multiple sleep

dimensions, changes in these variables need to be examined over time

among population samples, as well as exploring the impact of poten-

tial covariates (ie, screen time, diet, and physical activity).

Whilst further research is needed, there is consensus in the litera-

ture around the importance of the timing of sleep and not only sleep

duration on the sleep-obesity nexus. Clinicians should therefore con-

sider all dimensions of sleep but particularly children's sleep timing

and duration in their practice.

4.2 | Strength and Limitations

To the authors' knowledge, this is the first systematic review that has

explored and compared several dimension of sleep in relation to the

sleep-obesity association among children. A strength of the current

study was the large number of studies systematically reviewed in

order to broadly cover several active dimensions in the sleep-obesity

association among children. However, while the inclusion criterion of

objectively measured weight status may have created a limitation on

the number of included studies (potentially limiting a greater repre-

sentation of each of the sleep dimensions), this criterion minimized

the risk of variability due to measurement of the outcome variable.

Furthermore, focusing on free-living populations and the defined

age group allowed for a clearer indication of the association on chil-

dren, as opposed to adolescents, as sleep needs and behaviors can be

affected/altered among some clinical populations and across age

groups.

While the large spread of studies provides a greater exploration of

the multiple dimensions in the sleep-obesity association among chil-

dren, it also creates some restrictions. The multiple measurement and

definition discrepancies within the dimensions complicated and limited

comparisons of results across studies and dimensions, hence why no

meta-analysis was conducted. This review was also limited in the

capacity to compare findings across potentially linked/covariate factors

(that might influence the sufficiency of sleep attained (across the

dimensions) and influence the sleep-obesity association. For example,

one factor potentially relevant to the sleep-obesity relationship not

detailed in this review was the impact of tanner stage/maturation. This

was due to the limited number of studies22,50,71,90,97,98,125,137

reporting/controlling for this covariate making it impossible to include

this in comparisons of papers.

5 | CONCLUSIONS

Similar to previous reviews, this study found strong evidence for a

negative association between sleep duration and overweight and obe-

sity among primary school-aged children. However, inconsistencies in

both measurement method and definition of sleep quality, sleep effi-

ciency, and sleep timing limited the conclusions that could be drawn

for these dimensions. To better understand the role of these dimen-

sions on the sleep-obesity association, future research would benefit

from clarity on definitions across the different dimensions along with

the use of valid and reliable tools. Furthermore, a combined approach
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should be incorporated in future research, to investigate these dimen-

sions simultaneously and longitudinally so that the potential influence

of the multiple dimensions of sleep on children's weight status can be

analyzed overtime and as sleep needs change.
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