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Highlights

• Using screen-based devices in the 
evening and access to screen-based 
devices in the bedroom were asso-
ciated with reduced sleep duration 
and quality.

• Findings were based primarily on 
observational studies, using self-
report methodologies.

• Children and youth should be 
encouraged to minimize the use of 
screen-based devices before bed 
and remove screens from bedrooms.

reading typically show null or even bene-
ficial associations with health.3,4

In a 2016 systematic review of 235 studies, 
Carson et al.4 reported that higher dura-
tions and frequencies of screen time were 
associated with unfavourable body com-
position, behavioural conduct, fitness, 
self-esteem and clustered cardiometabolic 
risk. In contrast, reading and homework 
were positively associated with academic 
achievement.4 Other recent systematic 
reviews and meta-analyses report that 
higher levels of screen-based sedentary 
behaviours are also associated with 
increased risk of depression,5,6 although 
questions remain regarding the magnitude 
of this relationship.7

Abstract

Background: The purpose of this study was to systematically review the relationship 
between the timing of sedentary behaviours and access to sedentary activities in the 
bedroom with sleep duration and quality in children and youth. A secondary purpose 
was to examine whether these relationships differ when comparing screen-based and 
non-screen-based sedentary activities.

Methods: We searched four databases for peer-reviewed studies published between 
1 January 2010 and 19 January 2021. Risk of bias assessment for each study and cer-
tainty of evidence were assessed using the GRADE framework.

Results: We identified 44 eligible papers reporting data from 42 separate datasets and 
including 239 267 participants. Evening participation in screen-based sedentary behav-
iours and access to screen-based devices in the bedroom were associated with reduced 
sleep duration and quality. Daytime screen use was also associated with reduced sleep 
duration, although this was examined in relatively few studies. Whether performed dur-
ing the day or night, non-screen-based sedentary behaviours were not consistently asso-
ciated with sleep duration or quality. The quality of evidence was rated as low to very 
low for all outcomes.

Conclusion: In order to maximize sleep duration and quality, children and youth should 
be encouraged to minimize screen time in the evening and remove screens from bed-
rooms. (PROSPERO registration no.: CRD42020189082)

Keywords: sedentary behaviour, screen time, sleep duration, sleep quality, timing, systematic 
review, youth, public health

linked with numerous important health 
outcomes among school-aged children 
and youth.2 While screen-based sedentary 
behaviours are often associated with detri-
mental health outcomes, non-screen-
based sedentary behaviours such as 

Introduction

Sedentary behaviours (waking behaviours 
characterized by an energy expenditure of 
1.5 or less metabolic equivalents while in 
a sitting, reclining or lying posture)1 are 
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Inadequate sleep duration and quality 
likely mediate the relationship between 
screen-based sedentary behaviour and 
health outcomes.8 Longer sleep duration is 
associated with favourable body composi-
tion, emotional regulation, academic 
achievement and quality of life.9 A sys-
tematic review reported that 90% of stud-
ies examined found that screen time is 
associated with poor sleep outcomes (pri-
marily shorter and delayed sleep) among 
children and youth.10 Reductions in total 
daily screen time are also associated with 
small increases in sleep duration among 
children and youth.11

A number of mechanisms have been sug-
gested to explain these associations, the 
most obvious being time displacement; 
more time using screens means less time 
for other behaviours, including sleep.10,12 
Other mechanisms include increased 
arousal and negative effects on circadian 
rhythms.10,13 Limited evidence has also 
suggested that interactive screen time 
(e.g. using a computer, smartphone or 
video game console) is more consistently 
associated with poor sleep than more pas-
sive forms of screen time (e.g. television 
viewing).10

Based on these suggested mechanisms, it 
is plausible that the timing of screen-
based sedentary behaviours may have a 
greater impact on sleep than total daily 
volume. A meta-analysis by Carter et al.14 
reported a strong and consistent associa-
tion between bedtime use of smartphones 
and tablets with deleterious sleep quantity 
(odds ratio [OR] = 2.17; 95% confidence 
interval [CI]: 1.42–3.32) and quality 
(OR = 1.46; 95% CI: 1.14–1.88). Not sur-
prisingly, it is common to recommend that 
children and youth avoid screens in the 
hour(s) before bed and limit using screen-
based devices in the bedroom.10,13,15,16

While this evidence suggests that the tim-
ing of sedentary behaviour may be associ-
ated with sleep quality and duration, 
several key questions remain. Although 
previous reviews have examined the 
impact of screen use in the bedroom, or 
immediately preceding sleep, to date none 
have compared this with the impact of 
screen use during other periods of the day 
or with the impact of non-screen-based 
sedentary behaviours during these same 
periods. It is therefore unclear whether 
the relationship between evening screen 
use and sleep differs markedly from that 

of daytime screen use. It is also unclear 
whether non-screen-based sedentary 
behaviour such as reading a book or doing 
paper-based homework show similar or 
different associations with sleep. These 
are important research gaps, as they pre-
clude specific public health recommenda-
tions related to sedentary behaviour and 
sleep.

The purpose of this study was to system-
atically review the relationship between 
the timing of sedentary behaviours and 
access to sedentary activities in the bed-
room with sleep duration and quality in 
children and youth. A secondary purpose 
was to examine whether these relation-
ships differ based on the mode of seden-
tary behaviour (i.e. screen based and 
non-screen based).

Methods

Protocol and registration

This systematic review was registered 
with the International Prospective Register 
of Systematic Reviews (PROSPERO; Regis-
tration no. CRD42020189082) and con-
ducted in accordance with the Preferred 
Reporting Items for Systematic Reviews 
and Meta-Analyses (PRISMA) statement.17 

Methods are presented below using 
the Population, Intervention/Exposure, 
Comparison/ Control and Outcome (PICO) 
framework.

Eligibility criteria

Population
The population of interest was apparently 
healthy children and youth aged 5 to 
17.99 years. Studies with participants out-
side of this age range were included if par-
ticipants aged 5 to 17.99 were reported 
separately or if the mean age fell within 
this range. Studies exclusively targeting 
disease-specific populations (e.g. children 
with diabetes, children with congenital 
heart defects) or patients with sleep disor-
ders were excluded.

Intervention/exposure
The intervention or exposure was the tim-
ing of sedentary behaviour as well as 
access to both screen-based and non-
screen-based sedentary activities in the 
bedroom. Sedentary behaviours were 
defined as any waking behaviour charac-
terized by low energy expenditure and a 
sitting, reclining or lying posture.1 This 
included measures of time spent sitting as 

well as screen-based sedentary behaviours 
(e.g. watching TV, playing video games, 
accessing social media, reading an ebook) 
and non-screen-based sedentary behav-
iours (e.g. reading a print book, listening 
to music, playing board games).

Sedentary behaviour timing refers to the 
time of day that sedentary behaviours 
occur. The timing may be reported as time 
of day or time relative to bedtime. Studies 
were eligible if they included device-mea-
sured (e.g. using an inclinometer, acti-
graph unit/accelerometer) or self-reported 
(e.g. questionnaire) measures of seden-
tary behaviour timing or both. Studies 
were also included if they reported the 
presence of objects used to engage in 
screen-based or non-screen-based seden-
tary activities in the bedroom. For experi-
mental studies, the interventions must 
have targeted sedentary behaviour timing 
or presence of sedentary activities exclu-
sively and not multiple health behaviours 
(e.g. both sedentary behaviour and diet 
or sedentary behaviour and physical 
activity).

Comparison/control
Various levels of sedentary behaviour tim-
ing/access to sedentary activities in the 
bedroom were used for comparison. 
However, a comparator or control group 
was not required for inclusion.

Outcomes
This systematic review had two outcomes: 
sleep duration (e.g. hours per night, hours 
per 24-hour period), and sleep quality, 
which included the following measures: 
sleep onset latency, sleep efficiency (% of 
time in bed spent sleeping), waking after 
sleep onset, waking up too early, sleeping 
restlessly, difficulty falling asleep, insom-
nia symptoms and overall sleep quality.

Study designs
All study designs, except case studies, 
were eligible for inclusion, but only pub-
lished or in-press English or French lan-
guage peer-reviewed studies were eligible; 
all grey literature (e.g. book chapters, dis-
sertations, conference abstracts) were 
excluded. For longitudinal studies, any 
length of follow-up was allowed, but there 
must have been at least one measure of 
sleep timing at 5 to 17 years of age. 
Because we initially identified a large 
number of small cross-sectional studies, 
we set the minimum sample size for cross-
sectional studies to 1000 midway through 
the review. This threshold is consistent 
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with previous systematic reviews in this 
field.9 There were no sample size limita-
tions for longitudinal or experimental 
studies.

Information sources and search strategy

A comprehensive search strategy was 
developed by a research librarian (AR-W). 
Four bibliographic databases were searched: 
Ovid MEDLINE, Ovid Embase, Ovid 
PsycINFO and EBSCO Cumulative Index 
to Nursing & Allied Health Literature 
(CINAHL). Searches were conducted on 
19 January 2021. All studies had to have 
been published on or since 1 January 
2010; these dates were chosen to manage 
scope and to focus on the most recent 
body of evidence.

The search strategy is shown in 
Supplementary Table 1 (https://osf.io 
/q7wes/?view_only=420496c898b740f988 
e9077c3a9010e1).

We also searched the reference lists of all 
review studies identified during level 2 
screening for additional relevant studies.

Data extraction

To remove duplicates, bibliographic records 
were extracted and imported into EndNote 
software (Clarivate, Philadelphia, PA, US). 
During level 1 screening, two reviewers 
(any combination of JC, TM, SP or TJS), 
working independently, screened titles 
and abstracts of potentially relevant arti-
cles using Covidence (Veritas Health 
Innovation, Melbourne, AU). We obtained 
full-text copies of the articles that met ini-
tial screening criteria. During level 2 
screening, two reviewers (any combina-
tion of JC, TM, SP, KD or TJS), working 
independently, examined all the full-text 
articles. Any discrepancies were resolved 
via discussion until consensus was 
reached.

A reviewer (TM) extracted the relevant 
data using a customized Google Form, 
and another (TJS) verified the data. 
Authors’ and journal names were not 
blinded when the reviewers were extract-
ing data. The extracted information 
included descriptive study characteristics 
(e.g. author, publication year, study 
design, country, sample size, age, sex), 
intervention/exposure, outcome(s), results 
and confounders. Where studies reported 
multiple models, the reviewers extracted 
results from the most fully adjusted 

model, including both the direction and 
statistical significance of any associations.

Risk of bias and study quality assessment

Using the Grading of Recommendations 
Assessment, Development and Evaluation 
(GRADE) framework,18 we systematically 
examined the quality of primary research 
contributing to each health indicator and 
assessed the overall quality and risk of 
bias of the evidence across health indica-
tors. We completed the risk of bias assess-
ment for individual intervention studies 
according to methods described in the 
Cochrane Handbook.19 GRADE does not 
have a tool for assessing risk of bias in 
observational studies, but does recom-
mend the types of characteristics to exam-
ine.18 For individual observational studies, 
we assessed selection bias, performance 
bias, selective reporting bias, detection 
bias, attrition bias and other biases (e.g. 
inadequate control for key confounders). 
Risk of bias for individual studies was 
assessed by one reviewer (TM) and veri-
fied by another (TJS). According to the 
GRADE framework, randomized con-
trolled trials start with a quality of evi-
dence rating of “high”; all other designs 
start at a rating of “low.”18 The quality of 
evidence can be downgraded if there are 
limitations across studies as a result of 
risk of bias (operationalized as ≥50% of 
studies showing high risk of bias for a 
given outcome), inconsistency, indirect-
ness, imprecision or other factors.18 The 
quality can be upgraded if there are no 
serious limitations, as well as a large mag-
nitude of effect or evidence of a dose–
response relationship.18

Results

Description of studies

A total of 3548 studies were identified 
through database searches, leaving 2999 
after duplicates were removed. After title 
and abstract screening, 803 papers under-
went full-text review. Of these, 42 met all 
inclusion criteria. Searching the reference 
lists of all reviews identified at level 2 
screening identified 132 potentially rele-
vant papers, of which 2 met the inclusion 
criteria. This left a total of 44 papers, 
reporting on 42 individual datasets. (See 
Figure 1 for the PRISMA flow diagram17.)

The most common reasons for excluding 
an article at level 1 full-text screening was 
that the study failed to measure or report 

sedentary behaviour timing (n = 290), it 
was a conference abstract (n  =  154) or 
that it examined ineligible populations 
(n  =  110). Forty-three cross-sectional 
studies that met other inclusion criteria 
were excluded because the sample size 
was less than 1000. A list of reasons for 
excluding individual papers is in 
Supplementary Table 2 (https://osf.io/
q7wes/?view_only=420496c898b740f988
e9077c3a9010e1). Quality of evidence for 
each outcome are presented in Table 1, 
and a high-level summary of findings is 
presented in Table 2.

Characteristics of the individual studies 
included in this review are in 
Supplementary Tables 3–6 and risk of bias 
assessments of individual studies are in 
Supplementary Tables 7–10 (https://osf.
io/q7wes/?view_only=420496c898b740f9
88e9077c3a9010e1). We identified 28 
cross-sectional studies, 6 longitudinal 
studies lasting between 1 and 3 years, and 
8 nonrandomized intervention studies 
lasting 1 to 14 days.

Sedentary behaviour was self- or parent-
reported in 36 studies, device-measured in 
1 study, and intervened upon by the 
research team in 5 nonrandomized inter-
vention studies. Sleep duration and qual-
ity were device-measured in 7 of the 
8  intervention studies and 1 of the 
34  observational studies. Sedentary 
behaviour timing was categorized in a 
variety of ways across studies, including 
“morning,” “after school,” “dinner time,” 
“after dinner,” “before bedtime/sleep,” “at 
night,” “before and/or after lights out,” 
“last hour before bed” and “in bed,” as 
well as the specific time of use/last use. 
For this review, “morning,” “after school” 
and “dinner time” were considered day-
time, and all other time points, evening.

Thirty-one studies examined the impact of 
sedentary behaviour timing, while 16 
studies examined the impact of sedentary 
behaviours in the bedroom (5 studies 
included both). Sleep duration was 
assessed in 34 studies, and sleep quality 
in 23, with 16 studies examining both eli-
gible outcomes. Across all studies, there 
were 239 267 participants from 23 coun-
tries. Mean ages ranged from 5.3 to 17.4 
years.

Data synthesis

Because the heterogeneity in study design, 
measurement of sedentary behaviour and 

https://osf.io/q7wes/?view_only=420496c898b740f988e9077c3a9010e1
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FIGURE 1  
PRISMA 2020 flow diagram17 of search and inclusion of studies in this systematic review

Records identified from databases (n = 3548):

• Ovid MEDLINE (n = 773)

• Ovid Embase (n = 2020)

• Ovid PsyINFO (n = 276)

• EBSCO CINAHL (n = 479)

Duplicate records removed  
(n = 549)

Records identified from reference 
lists of previous reviews

(n = 132)

Records screened 
(n = 2999)

Records excluded 
(n = 2196)

Reports sought for retrieval 
(n = 803)

Reports not retrieved 
(n = 0)

Reports excluded (n = 761):
• Sedentary behaviour timing  

not examined (n = 290) 

• Conference abstract (n = 154)

• Ineligible population (n = 110)

• Ineligible design (n = 74)

• Small sample size (n = 42)

• Associations not reported  
(n = 40)

• Not English/French (n = 18)
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Abbreviation: PRISMA, Preferred Reporting Items for Systematic Reviews and Meta-Analyses.

sleep, and statistical analyses precluding 
the use of meta-analyses, we present our 
results as a narrative synthesis.

Sedentary behaviour timing and sleep 
duration

Four nonrandomized intervention stud-
ies20-23 examined the relationship between 
sedentary behaviour timing and sleep 
duration. One 2-week-long intervention 
reported that reducing total screen time 
after 9 p.m. increased sleep duration by 
17 ± 2 minutes.20 Another 1-week-long 
intervention found that reducing mobile 

phone use in the hour before bed led to 
sleep lasting 21 minutes longer each 
night.21 An intervention lasting a single 
night reported a negative correlation 
between video game time and sleep dura-
tion (r  =  −0.92; p  <  0.05),22 while 
another single-night intervention reported 
that playing video games for 150 minutes 
reduced sleep duration by 27 ± 12 min-
utes, compared to effects of playing the 
same game for 50 minutes.23

Quality of evidence was rated as very low 
for these experimental studies because of 

the lack of randomized trials, concerns 
related to bias and lack of evidence of 
large effects or dose–response relationships.

One longitudinal study lasting 3 years 
reported that, in comparison to those who 
did not use screens at any time after din-
ner, those who used screens after dinner 
had significant reductions in sleep dura-
tion (β = −0.10; 95% CI: −0.18, −0.02; 
p = 0.01).24 However, there was no signif-
icant association between changes in 
screen use after dinner and changes in 
sleep duration (β  = −0.08; 95%  CI: 
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TABLE 1 
Quality assessment and quality of evidence rating of studies included in this systematic review

Health 
outcome Study design No. of 

studies
No. of 

participants

Quality assessment indicator

QualityRisk of 
bias Inconsistency Indirectness Imprecision

Large 
magnitude 
of effect

Dose 
response

Sleep duration

Sedentary 
timing

Nonrandomized 
trials

4 71
High risk 

of selection 
bias

Low Low Low No No Very low

Observational 
studies

21 208 801
Low risk  
of bias

Low Low Low No No Low

Presence of 
sedentary 
behaviours  
in bedroom

Nonrandomized 
trials

0 0 NA NA NA NA NA NA NA

Observational 
studies

15 36 711
Low risk  
of bias

Low Low Low No No Low

Sleep quality

Sedentary 
timing

Nonrandomized 
trials

8 361
High risk 

of selection 
bias

High Low Low No No Very low

Observational 
studies

12 154 836
Low risk  
of bias

Low Low Low No No Low

Presence of 
sedentary 
behaviours  
in bedroom

Nonrandomized 
trials

0 0 NA NA NA NA NA NA NA

Observational 
studies

5 11 154
Low risk  
of bias

Low Low Low No No Low

Abbreviations: NA, not applicable; no., number.

TABLE 2 
High-level summary of findings by health outcome

Sleep outcome No. of studies No. of participants Quality of evidence Summary of findings

Sleep duration 34 233 067 Very low

Evening screen use is negatively associated with sleep duration

Reducing evening screen use may increase sleep duration

Presence of screen-based devices in the bedroom may be associated 
with reduced sleep duration

Sleep quality 22 160 686 Low

Evening screen use and presence of screens in the bedroom are 
negatively associated with sleep quality

Reducing evening screen use may increase sleep quality

Abbreviation: No., number.

−0.16, 0.01; p  =  0.07). A longitudinal 
study that lasted 2 years reported that 
watching TV/using video games before 
bedtime was associated with reduced 
sleep duration (β  =  −0.04; 95% CI: 
−0.05, −0.12; p < 0.05).25

Nineteen cross-sectional studies examined 
the relationship between sedentary behav-
iour timing and sleep duration26-44, 2 of 
which looked only at daytime sedentary 
behaviour39,44. Evening screen use was 
negatively associated with sleep in 15/17 
studies26-35,37,40-43, positively associated 
with sleep in 1/17 study38, and showed 

one or more null associations in 5/17 
studies28,36,40-42. Several studies reported 
associations for multiple modalities of 
screen use.

All 3 of the studies that examined daytime 
screen use reported negative associations 
with sleep duration.33,39,44 One study 
reported that daytime homework/reading 
was negatively associated with sleep dura-
tion39, while another reported no 
association30.

Apart from video game use, the associa-
tions between evening screen use and 

deleterious sleep duration were consistent 
across devices. The majority of studies 
reported that sleep duration was nega-
tively associated with evening use of 
smartphones (8/10 studies)26-29,33-35,40, total 
screen time (6/8 studies)30,33,34,40,42,43, 
watching TV (5/6 studies)29,32-34,42, texting/
instant messaging (6/6 studies)27,28,31,35,37,42, 
using a computer (3/3 studies)32,33,41 and 
accessing the Internet (3/3 studies)28,29,42, 
but not video games (1/4 studies)33.

In terms of non-screen-based sedentary 
behaviours, 1 study reported a positive 
association between evening homework/
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reading and sleep duration30, while 2 stud-
ies reported no association29,43. Listening 
to music on a phone or MP3 player in the 
evening was negatively associated with 
sleep duration in 2/2 studies28,33, while lis-
tening to the radio was not associated 
with sleep duration in 1/1 studies41. Two 
cross-sectional studies examined the rela-
tionship between evening screen use in 
bed and sleep duration30,41. Of these, one 
reported that adolescents with the lowest 
self-reported sleep were more likely to 
report screen use in bed30; the other 
reported that self-reported sleep duration 
was lower among adolescents who used 
computers, but not other screen-based 
devices, in bed “almost every night” or 
more often41.

Quality of evidence was rated as low for 
all observational studies because of the 
lack of large effects or dose–response 
relationships.

Access to sedentary activities in the 
bedroom and sleep duration

Three longitudinal25,46,47 and 12 cross- 
sectional41-45,48-54 studies examined the rela-
tionship between access to sedentary 
activities in the bedroom and sleep dura-
tion. The longitudinal studies provided 
mixed results: Cespedes et al.45 found that 
the presence of a TV in the bedroom was 
associated with reduced sleep duration; 
King et al.23 reported no association 
between bedroom screens and sleep dura-
tion; and Nuutinen et al.46 reported that 
having a TV in the bedroom was nega-
tively associated with weekend sleep 
duration among boys, and positively asso-
ciated with weekend sleep duration 
among girls, with no significant associa-
tions observed between having a TV or 
computer in the bedroom and weekday 
sleep in either gender.

In the cross-sectional studies, associations 
between the use of screens in the bed-
room and deleterious sleep duration were 
observed for computers (3/4 studies)41,42,44 
and all screen-based devices (3/3 stud-
ies)40,42,52, with inconsistent results 
observed for TV watching (negative asso-
ciation observed for at least one analysis 
in 5/11 studies)42,47,50,52,53, playing video 
games (negative association in 1/2 stud-
ies)42 and using cell phones (negative 
association in 1/2 studies)42.

The quality of evidence was rated as low; 
although bias was not a concern, there 

was no evidence of large magnitude of 
effect or dose–response relationships.

Sedentary behaviour timing and sleep 
quality

Eight nonrandomized intervention studies 
and 12 observational studies examined 
the relationship between sedentary behav-
iour timing and sleep quality. One inter-
vention asked participants to avoid using 
screens after 9 p.m. on school nights for 2 
weeks20. Compared to baseline, this inter-
vention resulted in earlier sleep onset on 
school nights, by 20 minutes, with no 
change in sleep efficiency20. The other 
interventions lasted one night; they 
reported significant associations between 
evening screen use and sleep onset latency 
(negative in 2/6 studies)23,54, sleep effi-
ciency (negative in 2/3 studies)23,55, num-
ber of arousals per hour (negative in 1/1 
studies)55 but not waking after sleep onset 
(0/1 studies)55.

One intervention study also reported that 
exposure to violent video games before 
bed reduced overall sleep quality for those 
with low exposure to games in daily life 
(≤1 hour/day), but not for those with high 
exposure (≥3 hours/day)56.

Of the 6 interventions investigating device- 
measured sleep quality20,22,23,54,55,57, 4 reported 
negative associations between evening 
screen use and at least one outcome 
20,23,54,55. The quality of evidence for inter-
vention studies was rated as very low 
because of the lack of randomized trials, 
high risk of selection bias and inconsis-
tency of results, with no evidence of large 
effects or dose–response relationship.

Two longitudinal studies examined the 
relationship between timing of sedentary 
behaviour and sleep quality over 1 year58 
and 3 years59. Foerster et al.58 reported that 
adolescents woken by their phone were 
more likely to develop restless sleep and 
problems falling asleep than those who 
were not woken up by their phone. 
Similarly, Vernon et al.59 reported that 
nighttime phone use was also associated 
with poor sleep quality.

The relationship between timing and sleep 
quality was also assessed in 10 cross-sec-
tional studies32-35,37,39,40,43,60,61. The use of 
screen-based devices in the evening was 
negatively associated with measures of 
sleep quality in 7/9 studies33-35,37,40,60,61, 

positively associated with sleep quality in 
1/9 studies34 and demonstrated null asso-
ciations in 3/9 studies32,34,43. (Several stud-
ies reported associations for multiple 
measures of sleep quality.)

Daytime screen use was negatively associ-
ated with measures of sleep quality in 
2/2 studies33,39 or had null associations in 
1/2 studies39.

Overall sleep quality was negatively asso-
ciated with evening screen use in 
3/4  studies35,40,61, but was not associated 
with reading in 1/1 studies43. Sleep onset 
latency was positively associated with 
evening screen use in 2/3 studies33,60, neg-
atively associated with evening screen use 
in 1/3 studies34 and positively associated 
with daytime screen use in 1/1 studies33. 
Sleep efficiency was negatively associated 
with evening screen access/use in 
1/1  studies40. Insomnia symptoms were 
positively associated with evening screen 
use in 2/2 studies35,37. Waking up too 
early, difficulty falling asleep and sleeping 
restlessly were all positively associated 
with evening screen use in 1/1 studies34. 
Waking after sleep onset34 and frequency 
of sleep disturbances32 were not associ-
ated with evening screen use in 
1/1 studies.

After-school homework and mobile phone 
use were positively associated with diffi-
culty maintaining sleep in Grades 6 to 8 
(but not Grades 4 to 5) and were not asso-
ciated with difficulty falling asleep in 
either age group in 1/1 studies39.

The quality of evidence for these observa-
tional studies was rated as low, as there 
was a low risk of bias with no evidence of 
large effects or dose–response relationships.

Access to sedentary activities in the 
bedroom and sleep quality

Of the 5 cross-sectional studies40,43,52,53,61 
that examined the relationship between 
access to screen-based devices in the bed-
room and sleep quality, 4/5 reported neg-
ative associations between the presence of 
electronic screens in the bedroom and at 
least one measure of sleep quality40,43,52,61, 
and 1/5 reported only null associations53. 
Overall sleep quality was negatively asso-
ciated with the presence of screen-based 
devices in the bedroom in 3/3 studies40,43,61, 
while both sleep efficiency40 and per-
ceived insufficient sleep52 were negatively 
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associated with screen-based sedentary 
behaviours in 1/1 studies. Sleep onset 
insomnia was not associated with the 
presence of screens in the bedroom in 
1/1 studies53.

The quality of evidence for these cross-
sectional studies was rated as low; 
although risk of bias was low, there was 
no evidence of large effects or dose–
response relationship.

Discussion

The purpose of this study was to system-
atically review the relationship between 
the timing of sedentary behaviours and 
access to sedentary activities in the bed-
room with sleep duration and quality in 
children and youth. Our findings suggest 
that evening screen use and access to 
screen-based devices in the bedroom are 
associated with reduced sleep duration 
and quality in this age group. Intervention-
based studies suggest that reducing eve-
ning screen use may lead to improved 
sleep duration and quality, although most 
interventions only examined a single 
night’s sleep. In the 2 studies lasting 
1  week or longer, restricting evening 
screen use resulted in a roughly 20-minute 
increase in each night’s sleep20,21, suggest-
ing that the impacts may be clinically 
meaningful.

A secondary purpose of this review was to 
examine whether these relationships dif-
fer based on the mode of sedentary behav-
iour. In contrast to screen-based sedentary 
behaviours, our results suggest that read-
ing and doing homework are not consis-
tently associated with sleep duration or 
quality in this age group. Although only 
3  studies reported on listening to music, 
2 studies reported that listening to music 
on a cell phone or MP3 player was nega-
tively associated with sleep duration30,33, 
whereas listening to the radio was not 
associated with sleep duration41.

Taken together, these findings suggest that 
screen-based sedentary behaviours are 
more likely to negatively impact sleep 
duration and quality, although relatively 
few studies examined the impact of non-
screen-based sedentary behaviours. In 
contrast to previous research10, we found 
that, with the exception of video games, 
both interactive (e.g. computers, phones) 
and passive (e.g. TV viewing) forms of 
screen use were consistently associated 
with reduced sleep duration.

Compared to evening screen use, far fewer 
studies examined the impact of daytime 
use on sleep duration33,39,44 or quality33,39; 
only one study examined associations 
between both daytime and evening seden-
tary behaviours and sleep duration or 
quality33. However, all these studies 
reported deleterious relationships between 
daytime screen use and at least one mea-
sure of sleep duration or quality. This is in 
line with previous research that found 
that total screen time is consistently asso-
ciated with poorer sleep outcomes among 
children and youth10. Unfortunately, the 
timing of sedentary behaviour was mea-
sured in various ways across studies, 
using broad descriptions such as “morn-
ing,” “after school” or “before bedtime.” 
This evidence gap makes it impossible to 
identify the optimal “cooling off” period 
prior to sleep. Further research is needed 
to directly compare the impact of seden-
tary behaviour during different periods of 
the day and night, as well as to examine 
the optimal interval between screen use 
and bedtime.

Our findings do suggest that children and 
youth are likely to benefit from following 
the recommendations of the American 
Academy of Pediatrics15 and Canadian 
Pediatric Society16, both of which include 
removing screens from bedrooms and 
avoiding screens for at least 1 hour before 
bed. Although the current findings are 
based on very low quality evidence, meet-
ing these recommendations will likely still 
benefit sleep, with very low risk of harm. 
Removing screens from bedrooms is par-
ticularly important because bedroom 
screen use is most likely to directly dis-
place or delay sleep. This may also be 
easier than reducing screen time during 
other periods of the day, when parents 
have less control over screen use. It is 
important that schools and teachers help 
to support students in limiting their eve-
ning screen time, by limiting the volume 
and frequency of screen-based homework 
that must be completed each day.

Although we cannot rule out the possibil-
ity of a bidirectional relationship, the evi-
dence included in this review does not 
suggest that changes in sleep duration or 
quality lead to increases in evening screen 
use. Of the longitudinal studies we iden-
tify in the review, none reported that 
reductions in sleep quality or duration 
predicted subsequent increases in evening 
screen time. Further, the intervention 
studies included suggest that increases in 

evening screen use are associated with 
subsequent reductions in sleep duration 
and quality. Future studies should specifi-
cally investigate the directionality of the 
relationship between sedentary behaviour 
timing and sleep outcomes.

Strengths and limitations

This review has a number of strengths 
and limitations. We used a comprehensive 
search strategy, included all study designs, 
assessed risk of bias within studies and 
used the GRADE approach to determine 
the certainty of evidence across studies. 
However, GRADE takes a conservative 
approach, with all study designs other 
than randomized trials starting as “low 
quality” by default.18

All the cross-sectional studies (but not 
longitudinal or intervention studies) had 
to have a minimum of 1000 participants, 
which may have limited the number of 
included studies for some outcomes. 
Restricting inclusion to larger cross-sec-
tional studies increases the likelihood of 
detecting a true effect62, and the large 
number of included studies (n = 44) and 
participants (n = 239 267) increased the 
confidence in our findings. The studies 
excluded because of small sample size 
had altogether 17 603 eligible participants, 
which represents just 7% of participants 
in the papers in this review.

Our search strategy did not include grey 
literature and we did not contact content 
experts, although we believe this would 
be unlikely to impact our overall findings. 
Our review also identified relatively few 
intervention studies.

The studies did not differentiate between 
recreational and school-related screen 
time; nor did they indicate whether home-
work was screen or paper based. Future 
studies should employ randomized inter-
vention studies to better understand the 
chronic impact of reductions in evening 
screen use, and to examine the associa-
tions between sleep and both recreational 
and school-related screen time.

All the observational studies in our review 
measured self- or parent-reported seden-
tary behaviour; using objective measures 
of sedentary behaviour timing would 
improve the quality of future research. 
Because of the heterogeneity in the 
included studies, we were unable to 
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perform meta-analyses, which also pre-
cluded a formal assessment of publication 
bias or investigation of whether relation-
ships varied by age or gender. However, 
only including studies published in the 
last 10 years could have partly mitigated 
the risk of publication bias, as many more 
journals publish null findings in recent 
years. 

Finally, our review was limited to English 
and French language peer-reviewed 
papers, although available evidence sug-
gests these restrictions are unlikely to 
impact our findings63,64.

Conclusion

Our results suggest that engaging in 
screen-based sedentary behaviours in the 
evening and access to screen-based 
devices in the bedroom are associated 
with reduced sleep duration and quality 
among school-aged children and youth. In 
contrast, there were no consistent associa-
tions between non-screen-based sedentary 
behaviours and sleep duration or quality 
in this age group. In order to maximize 
sleep duration and quality, children and 
youth should minimize screen time prior 
to bedtime and remove screens from their 
bedrooms.
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