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ABSTRACT
Objective To determine the associations between 
screen media use and sleep throughout infancy (3–12 
months).
Design Prospective Nurture birth cohort.
Setting North Carolina, USA, 2013–2015.
Participants Women enrolled in their second to third trimester, 
completed a phone interview after birth, and completed home 
visits at 3, 6, 9 and 12 months post partum.
Primary and secondary outcome measures Women 
reported the usual hours their infants slept during 
the day and night and their infants’ usual use of five 
screen media activities at 3, 6, 9 and 12 months post 
partum. Adjusted mixed- effects regression analyses 
modelled the associations between infant screen 
time and sleep outcomes while disaggregating the 
between- infant and within- infant effects.
Results Among 558 mother–infant dyads, 374 
(67.0%) infants were black and 304 (54.5%) 
households earned <$20 000 per year. Half (254, 
50.2%) of the infants engaged with screens at 3 
months of age, while 326 (72.9%) engaged at 12 
months. The median value of the average daily screen 
time over the study period was 50 (IQR: 10–141) min. 
Infant screen time was inversely associated with night- 
time sleep duration only when considering between- 
infant effects (adjusted beta: −2.9; 95% CI −5.9 to 
0.0; p=0.054 for log- transformed screen time). Effects 
were stronger for television+DVD viewing specifically 
(adjusted beta: −5.2; 95% CI −9.1 to −1.4; p<0.01 for 
log- transformed television+DVD time). For example, an 
infant who averaged 1 hour of television+DVD viewing 
over the study period slept, on average, 9.20 (95% CI 
9.02 to 9.37) hours per night by 12 months compared 
with 9.60 (95% CI 9.41 to 9.80) hours per night for an 
infant with no screen time over the study period. There 
were no significant within- infant effects between 
screen time and night- time sleep, and screen time 
was not associated with daytime sleep or night- time 
awakenings.
Conclusions Screen time during infancy was inversely 
associated with night- time sleep duration; however, 
causal associations remain uncertain.
Trial registration number NCT01788644.

INTRODUCTION
Adequate sleep during infancy is essential for 
healthy cognitive, physical, emotional and 
behavioural development.1–3 Less night- time 
sleep has been associated with poorer cogni-
tive development,1 2 socioemotional difficul-
ties3 and overweight/obesity risk4–6 in infants. 
Infant sleep patterns are highly dynamic in 
the first year of life. There is wide variability 
in sleep behaviours up to 3 months of age; 
thereafter regular circadian rhythms begin to 
develop.7–9 Infants also shift to more night- 
time and less daytime sleep and experience 
fewer night- time awakenings from 4 to 12 
months.9–11 In a 2016 consensus statement, 
the American Academy of Sleep Medicine 
recommends that infants aged 4–12 months 
achieve 12–16 hours of sleep per 24 hours.12 
Identifying risk factors that may impede the 
natural development of sleep patterns during 
infancy is important to ensure optimal growth 
and development.

Strengths and limitations of this study

 ► This study reports on the associations between 
screen use and sleep among infants as they age 
from 3 to 12 months.

 ► Our analytic approach used repeated measures in 
the study to isolate the effects due to differences 
between infants versus differences within the same 
infant over time.

 ► Our analyses adjusted for a comprehensive set of 
potential confounding variables.

 ► Racial minorities and those from lower socioeco-
nomic status were well represented in the cohort.

 ► The study relied on parent report and thus the pre-
cision of the exposure and outcome measures may 
be limited.
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There has been limited study of the influence of screen 
time on sleep during infancy13–18 despite a robust body of 
research demonstrating adverse effects of excessive screen 
time (eg, television (TV)/video viewing, playing apps/
games) on reduced sleep quantity and quality among 
children and adolescents.19 20 In 2017, children under the 
age of 2 years spent 42 min per day engaged with screens, 
with traditional TV as the primary source.21 In contrast, 
the American Academy of Pediatrics recommends no 
screen media for children under 18 months,22 largely due 
to potential adverse effects on cognitive, socioemotional 
and language development.23–26 Previous cross- sectional 
studies have reported inverse associations between screen 
time and night- time sleep13 18 in infants as young as 4 
months. Inverse associations between infant screen time 
and 24- hour sleep have also been reported,13–18 with mixed 
findings for infants under 12 months; little research has 
examined screen use and daytime sleep (with mixed find-
ings)13 18 or night- time awakenings.13

The goal of this study was to examine the associations 
between infant screen time and sleep quantity during the 
first year of life, leveraging the repeated- measures data 
from the prospective Nurture birth cohort study. We 
present an analytic approach that isolates the associations 
between screen time and sleep attributable to differences 
between infants and differences within the same infant 
over time.27 This approach allows us to address (1) if an 
infant’s average screen time over the study year is associ-
ated with their average sleep over that same time frame; 
and (2) if an infant’s observed screen time at one time-
point deviates from their expected screen time at that 
timepoint, their sleep at that timepoint is in turn affected. 
Using this analytic approach enables more refined state-
ments regarding the associations by comparing an infant’s 
usual screen time and sleep over the entire study year, as 
well as shorter- term deviations in those behaviours during 
a shorter time frame (ie, at each study assessment).

METHODS
Participants
The Nurture study28 is a longitudinal, observational birth 
cohort designed to examine feeding, activity and sleep in 
relation to excessive weight gain in infancy. Women were 
recruited from the county health department prenatal clinic 
and a private prenatal clinic in Durham, North Carolina, 
USA, during 2013–2015; data collection ended in 2017. 
Women were enrolled in their second or third trimester, 
completed a phone interview after birth, and completed 
home visits at 3, 6, 9 and 12 months post partum, at which 
time they also completed a questionnaire. A copy of the 
questionnaire is available from the corresponding author 
on reasonable request. Women provided written consent at 
enrolment and verbally confirmed consent for themselves 
and their infants at birth. The Nurture study was powered 
at 0.90 probability to detect a 0.09 increase in mean infant 
weight- for- length z- scores per each 10- hour- per- week incre-
ment spent in childcare outside the home, with 666 dyads 

enrolled and 85% retention over 12 months.28 The original 
protocol for the study is available in the online supplemental 
material and is published in BMJ Open.28

Exposures
Women reported their infants’ screen time via questionnaire 
items at 3, 6, 9 and 12 months as the number of minutes their 
infants spent doing five screen activities on a typical weekday 
and typical weekend day, considering their infants’ typical 
use over the past 4 weeks: (1) watching TV on a TV set; (2) 
watching DVDs or videotapes; (3) streaming videos or shows 
on TV, watching on a computer or a handheld device; (4) 
playing games on a handheld device; or (5) using educa-
tional software. Women were instructed to also consider 
their infants’ screen media exposure at childcare when 
reporting each value. Weekday and weekend responses were 
weighted by 5/7 and 2/7, respectively, to compute a mean 
daily screen time per each category. Totals over all five catego-
ries were summed to create the total minutes of screen time 
per day. We included all screen time, including the use of 
educational software, to align with the American Academy of 
Pediatrics’ recommendation of no screen time for children 
under the age of 18 months.22 Screen time was also catego-
rised as TV+DVD viewing versus other (ie, streaming on a 
TV, computer or handheld device; playing games on a hand-
held device; using educational software) to best differentiate 
between screen time on a traditional TV set versus screen 
time on mobile devices. Infant screen time was not normally 
distributed and the distribution was positively skewed. There 
were several large outlying values and many parents reported 
no infant screen time. Therefore, screen time values were 
transformed for analysis. First, values >10 hours per day were 
truncated at 10 hours per day to align with the maximum 
allowable values reported in a previous study assessing media 
use and sleep among children.15 This process affected 55 
(2.9%) of all data points for infant screen time. Then, 1 min 
was added to all values to eliminate zeros and values were 
natural log- transformed.

Outcomes
Women reported the usual number of hours their infants 
slept during the day (from 07:00 to 19:00) and night (from 
19:00 to 07:00) considering the past 4 weeks via question-
naire items at 3, 6, 9 and 12 months post partum. Durations 
were summed at each assessment to create total sleep per 24 
hours. Women additionally reported the number of times 
their infants woke in the night (ie, night- time awakenings).

Covariates
Women reported their age, marital status, education and 
annual household income at enrolment and at each home 
visit. Infants’ sex, race and ethnicity were reported at the 
postbirth phone call. Women reported on the following at 
each postpartum assessment, which were included as poten-
tial covariates: number of household members, infant breast 
feeding (yes/no), and weekly hours of formal and relative- 
based childcare. Women reported their own screen time 
at each assessment as the average number of hours they 
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spent watching TV/DVDs/videotapes or streaming on a 
TV, computer or handheld device, or playing games on a 
handheld device on a typical weekday and a typical weekend 
day; whether the mother’s screen time was concurrent 
with the infant’s screen time was not reported. Daily totals 
were similarly weighted and summed to create total screen 
time per day. The number of total media screens at home 
was also reported at 6 and 12 months post partum. Women 
reported their current cigarette smoking status (yes/no) 
and completed the Edinburgh Postnatal Depression Scale 
(EPDS)29 at each assessment. EPDS scores of 12 or more 
were considered a positive screen for postpartum depres-
sion.30 To assess overall disorder and environmental confu-
sion at home, women completed the validated Confusion, 
Hubbub and Order Scale31 at 6 and 12 months post partum; 
higher scores indicate greater chaos. Potential confounders 
were selected to account for sociodemographic differences 
or because of potential associations with infant screen time or 
infant sleep. Specifically, exclusive breast feeding (vs partial 
or exclusive formula feeding) has been associated with more 
night- time awakenings at 3 and 6 months of age,32 more 
time spent in formal or informal childcare during the day 
has been inversely associated with night- time sleep duration 
among infants33 and delayed bedtime among infants and 
toddlers,34 maternal screen time is highly correlated with 
infant screen time,35 maternal smoking has been related to 
night- time awakenings among infants,36 maternal depression 
has been related to unsettled sleep among infants,37 and a 
greater level of disorder and chaos at home has been related 
to sleep problems and fragmented sleep among young 
children.38 We included a category of ‘missing’ for each 
covariate to account for missing data. Covariates affected 
were maternal smoking status (9.3% of dyads were missing 
data at all timepoints), maternal depression (10.3% of dyads 
missing data at all timepoints) and maternal screen time 
(11.6% of dyads missing data at all timepoints). We did not 
account for missing data for childcare measures because 
dyads missing data on those measures for all timepoints were 
minimal (<0.5%). Our results from the adjusted regression 
models were similar when accounting for the missing data 
(as presented in the following section) and when the sample 
was limited to complete cases only (ie, without accounting 
for missing data), supporting that data on these covariates 
were missing completely at random. Additionally, values of 
‘missing’ for these covariates were not related to the outcome 
in any model.

Statistical analyses
Analyses were completed on the subset of mother–infant 
dyads with both infant sleep and screen time reported 
for at least one postpartum assessment (N=558). We first 
completed a series of unadjusted analyses to identify 
potential covariates for the final models. We assessed the 
associations of infant, maternal and household charac-
teristics with infant screen time (any vs none), and sepa-
rately the associations of infant, maternal and household 
characteristics with each sleep outcome using unadjusted 
bivariate tests: χ2 test when comparing two categorical 

measures, t- test or one- way analysis of variance when 
comparing a continuous measure across a categorical 
measure, and Pearson’s correlation coefficients when 
comparing two continuous measures.

Generalised mixed- effects regression was used to model 
the associations between infant screen time and each 
sleep outcome. Linear regression was used for night- 
time, daytime and 24- hour sleep, and Poisson regres-
sion was used for the number of night- time awakenings. 
Infant screen time was included in each model in two 
ways. One, to compare screen time between infants (ie, 
between- infant effects), each infant’s mean amount of 
screen time over the 1- year study period was included in 
the model. Second, to assess how differences in screen 
time within each infant over the study period related to 
sleep (ie, within- infant effects), we included a variable 
in the model that reflected each infant’s deviation in 
screen time at each timepoint (ie, at 3, 6, 9 or 12 months 
of age) from their expected value of screen time at that 
timepoint. Specifically, the method of detrending27 was 
used, where a simple linear regression model was fit for 
each infant, regressing screen time on age (3, 6, 9 and 12 
months), and residuals from that model reflected each 
infant’s deviation in their expected value of screen time at 
each timepoint (ie, the difference between their observed 
screen time and their expected value based on their own 
linear regression). Including both of those measures of 
infant screen time in the model allowed us to isolate the 
between- infant and within- infant effects, respectively.27 A 
generalised form of the equation is included in the online 
supplemental material.

In each mixed- effects regression model, a random 
intercept and slope at age (ie, the time variable) were 
included for each infant. All models were adjusted for 
infant age and time- invariant sociodemographic charac-
teristics measured at baseline (infant sex and race, moth-
er’s age at birth and educational level); annual household 
income was included as a time- varying covariate. A series 
of models further adjusted for three sets of time- varying 
covariates: infant breastfeeding status, maternal char-
acteristics (smoking status, depression and daily screen 
time) and childcare measures (hours per day of rela-
tive or formal childcare, separately). The time- invariant 
covariates included were those measures associated with 
infant screen time or any sleep outcome at the p<0.10 
level in unadjusted analyses and were grouped into sets 
to determine how the main effect of infant screen time 
differed based on adjustment for different risk factors 
for poor sleep. A set of analyses were also completed 
to confirm that including infant screen time as log- 
transformed, versus non- transformed, improved the 
model fit as judged by Akaike’s information criterion 
and inspecting the model assumptions (eg, homoscedas-
ticity of residuals for linear regression models). A series 
of sensitivity analyses were also completed that confirmed 
there were no significant cross- lagged effects between 
infant screen media and sleep over time (eg, from 3 to 6 
months of age), thus supporting our modelling approach 
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to isolate the between- infant and within- infant effects. 
The adjusted models were also repeated among the dyads 
with complete data at each of the four postpartum study 
timepoints (ie, with infant sleep and screen time data 
reported at 3, 6, 9 and 12 months post partum). Anal-
yses were completed using the R language for statistical 
computing (V.3.6.2).

Patient and public involvement
There was no patient or public involvement in the devel-
opment of the research questions or in the analyses.

RESULTS
Among the 666 women who consented at birth with 
infants who met the inclusion criteria, 108 were excluded 
because they did not have any follow- up data on infant 
sleep or screen time for at least one postpartum visit, 
leaving 558 dyads in the analytic sample. Dyads included 
in the analysis were more likely to be white (16.3% vs 
9.3%; p=0.02) and women were more likely to have some 
education past high school (53.8% vs 43.9%; p=0.08) 
than dyads not included. The distribution of infant sex 
also differed between those included (49.5% male) 
versus excluded (60.2% male) from the analysis (p=0.05). 
Included and excluded dyads were similar by other base-
line measures at the p≥0.10 threshold.

Table 1 includes the characteristics of the sample. 
There was an equal proportion of male and female 
infants in the sample, most (67.0%) infants were black, 
the mean maternal age at enrolment was 27.5 years, 
about half (53.8%) of women completed schooling after 
high school, and the annual household income was 
≤$20 000 for 54.5% of dyads. Most (452, 81.0%) infants 
engaged with screens during at least one follow- up period 
(ie, at 3, 6, 9 or 12 months), with a median value for the 
average daily screen time over the entire postpartum 
study period of 50 (IQR: 10–141) min per day. Any screen 
time was more common among black infants and was 
associated with lower maternal age, non- marital or cohab-
itation status, lower maternal educational level, cigarette 
smoking, greater amount of maternal screen time, pres-
ence of postnatal depression among mothers at any study 
timepoint and lower annual household income (table 1).

The mean (SD) age of infants at each postpartum 
assessment was 3.4 (0.5), 6.2 (0.5), 9.4 (0.5) and 12.3 
(0.8) months, respectively. The proportion of infants with 
any screen time increased with age (table 2), from 50.2% 
of infants at 3 months to 72.9% at 12 months (p<0.01).

Watching traditional TV or DVDs/videotapes 
accounted for most (>70%) of infant screen time at any 
assessment. Streaming accounted for 15.5% and 15.7% of 
infant screen time at 3 and 12 months of age, respectively, 
and engagement with educational software accounted 
for 2.6% and 5.4% of screen time at 3 and 12 months of 
age, respectively. The median infant screen time over the 
1- year study period was 50 (IQR: 10–141) min per day (also 
noted in table 1), with a mean of 109 min per day; the 

median infant TV+DVD time over the 1- year study period 
was 36 min per day, with a mean of 79 min per day. The 
disparities in the median and mean values reflect the posi-
tive skew of the data, yet we report the mean for compar-
ison with other studies. When examining time- varying 
characteristics and infant screen time, the following were 
positively associated with any infant screen time over the 
study period: maternal smoking, depression and screen 
time and infant hours per week in relative- based child-
care. Conversely, infant breast feeding and infant hours 
per week in formal childcare were inversely associated 
with any infant screen time. There were also significant 
temporal trends in all sleep outcomes (table 3). On 
average, infants increased their night- time sleep duration 
and decreased their daytime and 24- hour sleep duration 
with age. The number of infant night- time awakenings 
decreased with age.

There was a significant between- infant association 
between total infant screen time (min/day) and night- 
time sleep duration in the adjusted linear mixed- effects 
regression models (table 4), where greater values of daily 
infant screen time over the study year were associated with 
shorter night- time sleep duration. The effect was stable 
across the varying adjustments for risk factors; however, 
the main effect was the most attenuated once adjusted 
for childcare characteristics relative to the model only 
adjusted for sociodemographic measures. Model coeffi-
cients require transformation for interpretation on the 
scale of the outcome. Figure 1 presents the predicted (ie, 
marginal) values from the adjusted regression model that 
included the childcare covariates (table 4, model 4) to 
facilitate interpretation of the effect size. For example, 
infants who averaged 15 min of daily screen time over the 
study period experienced 13.6 min less night- time sleep 
per night compared with infants with no screen time, and 
infants who averaged 60 min of daily screen time over the 
study period experienced 20.1 min less night- time sleep 
per night compared with infants with no screen time. An 
infant who averaged 1 hour of screen time per day over 
the study period would achieve, on average, 9.28 (95% 
CI 9.13 to 9.42) hours of night- time sleep at 12 months of 
age, as compared with 9.61 (95% CI 9.42 to 9.80) hours 
of night- time sleep for an infant with no screen time over 
the study period.

There were no significant within- infant effects in those 
models, meaning that each infant’s deviation in screen 
time at any one timepoint, relative to their expected 
values of screen time at that timepoint, was unrelated to 
their night- time sleep. Infant race was also strongly asso-
ciated with night- time sleep duration (table 4), where 
infants of black race averaged nearly 1 hour less night- 
time sleep duration as compared with their white peers. 
Model findings were similar when limited to the 361 
dyads with infant screen time and sleep reported at each 
postpartum timepoint (online supplemental table 1), in 
that there were significant between- infant effects, yet the 
within- infant effects were non- significant. For example, 
the adjusted association for the between- infant effect of 
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daily total screen time and night- time sleep was −4.0 (95% 
CI −7.9 to −0.1; p<0.05 for log- transformed screen time) 
and the adjusted association for the within- infant effect of 
daily total screen time and night- time sleep was 1.1 (95% 
CI −2.1 to 4.4; p=0.50 for log- transformed screen time); 
the model was adjusted for sociodemographic and child-
care characteristics.

Table 5 presents the model results for the adjusted 
associations between infant screen time and night- 
time, daytime and 24- hour sleep for all infant screen 
time combined and for infant screen time stratified as 
TV+DVD time and other screen time. The inverse main 
effect between infant screen time and night- time sleep 
was stronger when considering infant TV+DVD time 

Table 1 Infant, maternal and household characteristics overall and stratified by any infant screen time during the 12- month 
postpartum follow- up

Screen time at any timepoint during the 12- month follow- up

Overall (N=558) None (n=106) Any (n=452)

P valuen (%) n (%) n (%)

Average infant daily screen time (min) over the study 
period, median (IQR)

50 (10–141) 0 76 (30–184) –

Infant characteristics

Male sex 276 (49.5) 52 (49.1) 224 (49.6) >0.99

Infant race

  White 91 (16.3) 32 (30.2) 59 (13.1) <0.001

  Black 374 (67.0) 50 (47.2) 324 (71.8)

  Other 92 (16.5) 24 (22.6) 68 (15.1)

  Missing/not reported 1 (0.2) 0 (0) 1 (0.2)

Hispanic/Latina ethnicity 50 (9.5) 10 (10.3) 40 (9.4) 0.92

Maternal characteristics

Age at enrolment, years, mean (SD) 27.5 (5.8) 29.6 (6.2) 27.1 (5.6) <0.001

Marital status at enrolment*

  Married or cohabitating with partner 337 (60.7) 79 (75.2) 258 (57.3) <0.01

  Not married or cohabitating with partner 218 (39.3) 26 (24.8) 192 (42.7)

Education

  High school graduate or lower 258 (46.2) 32 (30.2) 226 (50.0) <0.001

  Some college or higher 300 (53.8) 74 (69.8) 226 (50.0)

Cigarette smoker at any timepoint* 162 (29.0) 19 (17.9) 143 (31.6) <0.01

Daily screen time, average hours per day
over the study period*, mean (SD)

7.6 (5.5) 5.3 (4.8) 8.3 (5.6) <0.001

Depression, EPDS 12 or more, at any
timepoint*

123 (22.0) 12 (11.3) 111 (24.6) <0.01

Household characteristics

Annual household income at enrolment*

  ≤$20 000 304 (54.5) 39 (36.8) 265 (58.6) <0.001

  >$20 000 208 (37.3) 63 (59.4) 145 (32.1)

  Missing 46 (8.2) 4 (3.8) 42 (9.3)

Total household members, average over
the study period*†, mean (SD)

4.3 (1.4) 4.4 (1.6) 4.3 (1.4) 0.62

Number of screens at home†, mean (SD) 7.9 (3.3) 7.9 (3.1) 7.8 (3.3) 0.82

Household chaos*†, mean (SD) 24.6 (6.2) 24.4 (6.4) 24.7 (6.2) 0.68

Among 558 mother–infant dyads enrolled in the prospective Nurture birth cohort study.
Per cents sum down the columns to 100%.
P values are from χ2 test for categorical measures or t- test for continuous measures.
*Value treated as a time- varying covariate in later analyses.
†Average of values reported at 6 and 12 months post partum, which were the only timepoints when these measures were reported.
EPDS, Edinburgh Postnatal Depression Scale.

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2020-044525 on 24 June 2021. D

ow
nloaded from

 

http://bmjopen.bmj.com/


6 Emond JA, et al. BMJ Open 2021;11:e044525. doi:10.1136/bmjopen-2020-044525

Open access 

specifically (adjusted beta: −5.2; 95% CI −9.1 to −1.4; 
p<0.01 for log- transformed TV+DVD time), indepen-
dent of other screen time. Additionally, more TV+DVD 
screen time was related to less 24- hour sleep duration 
(adjusted beta: −6.4; 95% CI −12.0 to −0.9; p=0.02 for log- 
transformed TV+DVD time). Other screen time was also 
positively associated with more 24- hour sleep duration 
(adjusted beta: 5.4; 95% CI −0.6 to 11.3; p=0.076 for log- 
transformed other screen time), although this finding 
was of borderline statistical significance. Model findings 
again were similar when limited to the 361 dyads with 
infant screen time and sleep reported at each of the four 
postpartum timepoints (online supplemental table 2), in 
that there were significant between- infant effects, yet the 
within- infant effects were non- significant. For example, 
the adjusted association for the between- infant effect of 
daily TV+DVD time and night- time sleep was −5.2 (95% CI 
−10.1 to −0.3; p<0.05 for log- transformed TV+DVD time) 
and the adjusted association for the within- infant effect 
of daily TV+DVD time and night- time sleep was 1.2 (95% 
CI −2.5 to 4.9; p=0.52 for log- transformed TV+DVD time); 
the model was adjusted for other infant screen time 
and sociodemographic and childcare characteristics. 

However, in contrast to the model in table 5, the adjusted 
association for the between- infant effect of TV+DVD time 
and 24- hour sleep was not statistically significant in the 
model among the subsets with complete data (adjusted 
beta: −5.5; 95% CI −12.4 to 1.5; p=0.12 for log- transformed 
TV+DVD time).

Figure 2 presents the predicted, adjusted values of the 
sleep outcomes from those models to demonstrate the 
magnitude of the effect attributable to TV+DVD screen 
time; the predicted values are the marginal values from 
the final regression model for various values of infant 
screen time. Values for sleep outcomes are presented for 
12 months of age. Infants who averaged 60 min of daily 
TV+DVD time over the study period experienced 24.4 min 
less night- time sleep per night compared with infants 
with no TV+DVD screen time over the study, adjusted for 
screen time other than TV+DVD time (figure 2A). There 
were no significant associations between infant screen 
time and daytime sleep duration (figure 2B). Infants who 
averaged 60 min of daily TV+DVD time over the study 
period experienced 29.1 min less 24- hour sleep compared 
with infants with no TV+DVD screen time over the 
study, adjusted for screen time other than TV+DVD time 

Table 2 Unadjusted trends in infant screen time during the 12- month postpartum follow- up

Infant age 
(months) Overall (n)

Concurrent* screen time Daily screen time (min/day)

None, n (%) Any, n (%)

Proportion as television+DVD 
viewing Any screen time (min/day)

% Median (IQR)

3 506 252 (49.8) 254 (50.2) 79.2 1 (0–120)

6 476 195 (41.0) 281 (59.0) 72.6 29 (0–120)

9 442 160 (36.2) 282 (63.8) 76.6 30 (0–120)

12 447 121 (27.1) 326 (72.9) 73.3 60 (0–149)

P value for linear trend† <0.01 0.42 <0.01

Among 558 mother–infant dyads enrolled in the prospective Nurture birth cohort study.
*Concurrent screen time refers to screen time at that study assessment.
†P values for linear trends are from simple linear regression models regressing any screen time (%), median screen time or proportion of 
screen time as television+DVD viewing on infant age (3, 6, 9 or 12 months).

Table 3 Infant sleep outcomes by infant age during the 12- month postpartum follow- up

Infant age 
(months) Overall (n)

Night- time sleep 
(hours)*

Daytime sleep 
(hours)†

24- hour sleep
(hours/day)

Number of night- time 
awakenings

Mean (SD) Mean (SD) Mean (SD) Mean (SD)

3 506 8.6 (1.7) 5.1 (2.2) 13.8 (2.7) 2.0 (1.3)

6 476 9.0 (1.6) 4.0 (1.9) 13.0 (2.3) 1.7 (1.4)

9 442 9.2 (1.5) 3.6 (1.6) 12.8 (2.2) 1.6 (1.3)

12 447 9.3 (1.4) 3.3 (1.5) 12.6 (1.8) 1.4 (1.1)

P value for linear trend‡ <0.05 <0.05 0.07 <0.05

Among 558 mother–infant dyads enrolled in the prospective Nurture birth cohort study.
*Night- time sleep reflects sleep from 19:00 to 07:00.
†Daytime sleep reflects sleep from 07:00 to 19:00.
‡P values for linear trends are from simple linear regression models regressing night- time sleep, daytime sleep, 24- hour sleep, achieving 12 or 
more hours of sleep per night (%) or number of night- time awakenings on infant age (3, 6, 9 or 12 months).
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Table 4 Adjusted longitudinal associations of total infant screen time and night- time sleep while disaggregating the between- 
infant and within- infant effects

Outcome: night- time sleep (min)

Model 1: adjusted for 
SES only (N=558)

Model 2: adjusted for 
SES and breast feeding 
(N=558)

Model 3: adjusted for 
SES and maternal 
characteristics (N=558)

Model 4: adjusted for 
SES and childcare 
characteristics (N=558)

Beta (95% CI) Beta (95% CI) Beta (95% CI) Beta (95% CI)

Infant screen time   

Between- infants, min/day 
(averaged over the study 
period), log- transformed†

−3.2 (−6.2 to −0.3)* −3.1 (−6.1 to −0.2)* −3.2 (−6.2 to −0.2)* −2.9 (−5.9 to 0.0)***

Within- infants, min/day§
(difference between observed 
and expected
infant- specific value at each 
timepoint), log- transformed†

−0.4 (−3.5 to 2.8) −0.3 (−3.4 to 2.8) −0.3 (−3.5 to 2.8) −0.4 (−3.5 to 2.8)

Model intercept 551 (515 to 587)** 559 (512 to 586)** 550 (513 to 587)** 552 (516 to 588)**

Infant age, per month 4.6 (3.5 to 5.8)** 4.8 (3.6 to 6.1)** 4.6 (3.4 to 5.8)** 4.6 (3.4 to 5.8)**

Infant sex: male vs female 0.9 (−10.2 to 12.1) 0.9 (−10.3 to 12.0) 0.6 (−10.7 to 11.8) 0.5 (−10.6 to 11.6)

Infant race   

  White Reference Reference Reference Reference

  Black −57.3 (−74.0 to −40.6)** −56.6 (−73.4 to −39.8)** −58.4 (−75.3 to −41.4)** −58.1 (−74.7 to −41.5)**

  Other −30.2 (−49.6 to −10.7)* −30.0 (−49.4 to −10.6)* −30.8 (−50.4 to −11.3)* −29.9 (−49.1 to −10.6)*

Mother’s age at baseline 0.1 (−1.0 to 1.1) 0.0 (−1.0 to 1.1) 0.2 (−0.9 to 1.2) 0.0 (−1.0 to 1.1)

Marital status§
Not married or cohabitating 
with partner

−6.0 (−16.5 to 4.4) −5.6 (−16.1 to 4.9) −5.1 (−15.6 to 5.4) −6.4 (−16.9 to 4.1)

Mother’s highest educational 
level
Some college or more vs no 
college

13.9 (1.6 to 26.2)* 13.3 (0.9 to 25.7)* 13.5 (1.0 to 26.0)* 14.5 (2.2 to 26.8)*

Annual household income§
>$20 000 vs ≤$20 000

0.9 (−9.2 to 11.0) 0.8 (−9.2 to 10.9) 0.1 (−10.1 to 10.3) −0.1 (−10.2 to 10.0)

Infant breast feeding (any vs 
none)§

– 4.9 (−7.0 to 16.8) – –

Maternal tobacco smoking (any 
vs none)‡§

– – −9.8 (−22.6 to 3.1) –

Maternal depression (EPDS 
≥12 vs <12)‡§

– – −3.7 (−17.0 to 9.6) –

Maternal screen time‡§
>5.5 vs ≤5.5 hours/day

– – 5.5 (−4.8 to 15.7) –

Relative- based childcare 
(hours/week)§

– – – −0.2 (−0.5 to 0.1)

Formal childcare (hours/week)§ – – – 0.3 (0.0 to 0.7)****

Each column reflects one mixed- effects linear regression model with a random effect at the infant level and a random slope for age (ie, time). All 
model covariates are presented.
*P<0.05, **P<0.01, ***P=0.054, ****P=0.08.
†The predictors are on the natural log scale and are interpreted as the change in night- time sleep per 1% increase in infant screen time. For example, 
a 1% incremental difference in infant screen time between infants translates into a difference of approximately −0.03 min of night- time sleep. Figure 1 
presents the effect size in absolute terms.
‡A category of ‘missing’ was included for these categorical variables (breastfeeding data were not missing in this analytic subset). Effect sizes for 
those ‘missing’ categories are not included in the table for simplicity; however, none of those ‘missing’ categories was significantly associated with 
the outcome at the p<0.05 level. A category of ‘missing’ was not included for hours of relative- based or formal childcare, for which missing data were 
minimal (<0.5%). There was one infant missing race and that infant was classified as ‘other’ race for the regression models.
§Time- varying covariate.
EPDS, Edinburgh Postnatal Depression Scale; SES, socioeconomic status.
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(figure 2C). Finally, there were no associations between 
infant screen time and the number of night- time awaken-
ings when considering all screen time combined or strati-
fied by TV+DVD and other screen time (data not shown).

DISCUSSION
In this diverse sample of 558 mother–infant dyads, most 
infants engaged with screens from 3 to 12 months of age, 
and infant screen time was associated with less night- 
time sleep in the first year of life. Infants who averaged 
more daily screen time over the study year experienced 
less night- time sleep than their peers over that same 

time frame, and the effect was greatest when consid-
ering TV+DVD viewing. Specifically, infants who averaged 
60 min of daily TV+DVD time over the study period expe-
rienced approximately 24 min less night- time and 29 min 
less 24- hour sleep compared with infants with no TV+DVD 
screen time during infancy (ie, 3–12 months of age). 
Effects were consistent when considering adjustment for 
multiple covariates. Importantly, we did not find evidence 
of within- infant effects, meaning that deviations in screen 
time at any one specific timepoint (ie, 3, 6, 9 or 12 months 
of age), as compared with an infant’s average screen time 
over the study period, were not uniquely related to sleep. 
Our findings align with a previous study among older 
children15 that demonstrated a significant association 
between greater TV viewing and shorter sleep duration 
as children aged from 1 to 7 years, where that effect was 
largely attributable to between- child differences that 
represented children’s average TV viewing over the study 
period. In summary, our findings document that screen 
time increases considerably during infancy and suggest 
that more screen time, on average, in infancy relates to 
less night- time sleep, on average. Effects were limited to 
between- infant differences. In contrast, shorter- term devi-
ations in screen use did not have a more acute effect on 
sleep, independent of an infant’s usual screen time over 
the study year.

Our reported inverse association between screen time 
and night- time sleep duration aligns with the few previous 
studies among infants13 17 18 and the multitude of studies 
among preschool- aged and older children.19 In a cross- 
sectional study of 4- month- old infants,18 each hour of 
screen use was related to 13 min less night- time sleep dura-
tion. In a cross- sectional study of 715 parents of children 
aged 6–36 months old,13 each additional hour of infant 
touchscreen tablet use related to 26.4 min less night- time 
sleep duration; that study did not include the child’s TV 
viewing but did adjust for background TV exposure. It 
is difficult to directly compare our findings with those 
previous studies because of the way infant screen time 
was treated: in the two previous studies,13 18 infant screen 
time was treated as a continuous, normally distributed 
variable, while in our study infant screen time was zero- 
inflated and highly skewed and was therefore natural log- 
transformed. Yet effect sizes across the studies are similar. 
We did not find evidence that infant screen time related 
to daytime sleep duration. That null association aligns 
with the previous study of 4- month- olds,18 yet differs 
from the survey of children aged 6–36 months old,13 in 
which each additional hour of infant screen time related 
to 10.8 more minutes of daytime sleep. We also report 
that infant screen time was unrelated to night- time awak-
enings, a finding similar to that same previous study of 
children aged 6–36 months old.13 In summary, evidence 
appears to align that greater levels of infant screen time 
are associated with shorter night- time sleep duration, yet 
associations with other sleep outcomes are less consis-
tent. However, additional studies specifically assessing 
between- infant and within- infant effects are needed to 

Figure 1 Predicted, adjusted values of night- time sleep, 
stratified by infant age, for a range of mean daily screen time 
(all screen time combined) over the study period; infants were 
enrolled in a prospective cohort study. Predicted values are 
the marginal values from a mixed- effects linear regression 
model adjusted for sociodemographic characteristics (infant 
age, sex and race; maternal age, marital/cohabitation status 
and education; and annual household income) and childcare 
characteristics (hours/week in relative- based or formal 
childcare, separately). Marital/cohabitation status, annual 
household income and childcare characteristics were time- 
varying covariates. Random effects at the infant level and 
a random slope for age were included in the model. Infant 
screen time was included as log- transformed and included 
as two terms to account for the between- infant and within- 
infant effects. The predicted values in this figure reflect the 
between- infant differences in night- time sleep for various 
values of screen time (min/day) among infants, with screen 
time reflecting the mean daily screen time per day over the 
study period (ie, the between- infant differences; see table 4, 
model 4). Data are from 558 dyads with data collected 
during at least one postpartum follow- up; not all dyads 
have complete data at each timepoint. The following are the 
number of infants for each range of average daily screen 
time over the study period: 0 min/day: n=106; 1–15 min/day: 
n=66; 16–30 min/day: n=52; 31–45 min/day: n=42; 46–60 min/
day: n=39; 61–75 min/day: n=25; 76–90 min/day: n=30; 
91–105 min/day: n=22; 106–120 min/day: n=19; 120+ min/
day: n=157.
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better understand if our findings are generalisable across 
different populations.

TV+DVD viewing accounted for most of infants’ screen 
time in our study, and we found that infant TV+DVD 
viewing had a greater association with shorter night- 
time sleep duration than all screen time combined. Our 
measure of screen time other than TV+DVD viewing 
approximated mobile or handheld media, media that 
may have been more challenging for parents to report 
accurately as compared with TV+DVD viewing, and thus 
may have been more affected by reporting bias. Mobile 
media use among infants also requires parental (or other 
caregiver) involvement and may involve more active inter-
action from the infant. Thus, mobile screen use may be 
qualitatively different from when infants more passively 
view TV.

Our findings suggest that children with higher levels 
of screen time, on average, over the study period had 
lower amounts of night- time sleep, on average. Our study 
cannot prove a causal relationship exists between screen 
time and sleep. It is possible that reverse causality explains 
the reported association, where less night- time sleep led 
to more screen time. It is also possible that unmeasured 
confounding is related to both increased infant screen 

time and decreased night- time sleep, which would explain 
our observed association for the between- infant effect. 
However, our finding of a significant between- infant 
effect was consistent after adjusting for a multitude of 
other risk factors, suggesting unmeasured confounding 
may be low. The lack of a significant within- infant effect, 
where deviations in screen time at any one specific time-
point (ie, 3, 6, 9 or 12 months of age), as compared with 
an infant’s average screen time over the study period, 
were not uniquely related to sleep, further suggests that 
more acute and thus potentially causal associations are 
not present between screen time and sleep. However, 
our measurements of infant screen time and sleep were 
both parent- reported and may lack the precision needed 
to measure small to moderate changes in screen time or 
sleep over time. Thus, it is possible that measurement 
error obscured any within- infant effects over the study 
period. Importantly, negative effects of screen time on 
infant sleep are biologically plausible.19 Screen time at 
night or in the bedroom may displace sleep, exposure 
to stimulating media content may disrupt sleep,39 40 and 
exposure to light emitted from screens may disrupt sleep 
hormones and circadian cycles. Unfortunately, we did not 
record when infants used screens, and we are not able to 

Table 5 Adjusted longitudinal associations between infant screen time and night- time, daytime and 24- hour sleep duration 
among infants, while disaggregating the between- infant and within- infant effects, with screen time modelled as (A) any screen 
time combined or (B) stratified as TV+DVD or other screen time

Outcome: night- time 
sleep (min) (N=558)

Outcome: daytime sleep 
(min) (N=558)

Outcome: 24- hour 
sleep (min) (N=558)

Mean difference
Beta (95% CI)

Mean difference
Beta (95% CI)

Mean difference
Beta (95% CI)

(A) Modelled as all screen time combined

All screen time combined

  Between- infants, min/day
  (averaged over the study period), log-transformed†

−2.9 (−5.9 to 0.0)*** 1.2 (−2.2 to 4.6) −1.6 (−5.9 to 2.7)

  Within- infants, min/day
  (difference between observed and expected value 

at each timepoint), log- transformed†

−0.4 (−3.5 to 2.8) 2.6 (−1.2 to 6.5) 2.3 (−2.3 to 6.9)

(B) Modelled as TV+DVD or other screen time

TV+DVD screen time

  Between- infants, min/day, log- transformed† −5.2 (−9.1 to −1.4)** −1.4 (−5.8 to 3.1) −6.4 (−12.0 to 
−0.9)*

  Within- infants, min/day, log- transformed† 0.5 (−3.1 to 4.1) 1.3 (−3.1 to 5.7) 1.8 (−3.5 to 7.0)

Any other screen time

  Between- infants, min/day, log- transformed† 2.1 (−2.0 to 6.2) 3.4 (−1.3 to 8.1) 5.4 (−0.6 to 11.3)****

  Within- infants, min/day, log- transformed† −0.1 (−3.3 to 3.0) 0.8 (−3.1 to 4.7) 0.7 (−4.0 to 5.4)

Two models (A and B) for each outcome are presented. Each model is a mixed- effects linear regression model with random effects at the 
infant level and a random slope for age (ie, time). Each model was adjusted for sociodemographic (infant age, sex and race; maternal age, 
marital/cohabitation status and education; and annual household income) and childcare characteristics (hours/week in relative- based 
or formal childcare, separately). Marital/cohabitation status, annual household income and childcare characteristics were time- varying 
covariates. Other screen time includes streaming videos or shows on a television (TV), computer or handheld device; playing games on a 
handheld device; or using educational software.
*P<0.05, **P<0.01, ***P=0.054, ****P=0.076.
†The predictors are on the natural log scale and are interpreted as the change in nighttime sleep per a 1% increase in infant screen time.
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address if screen time more (vs less) proximal to bedtime 
accounted for our findings.

This study included high racial and socioeconomic 
diversity, multiple measures of infant screen time and sleep 
during the first year, five screen- based activities common 
among infants, and a rich set of measures to adjust for 
potential confounding. Our study is not without limita-
tions, however. Infant screen time and sleep were parent- 
reported and are subject to error, the effect of which may 
be most pronounced for night- time awakenings.41 We did 
not collect data on the length of night- time awakenings 
and thus could not adjust night- time and 24- hour sleep 
for awakenings. Our measurements of infant screen time 
lacked the granularity needed to address timing of screen 
use (eg, before bedtime) and effects on sleep; parents did 
not report when during the day or night their infants used 
screens. However, our measure of infant screen time is 
consistent with previous studies on infant screen time and 
sleep (ie, usual hours per day).13–18 We also did not assess 
potentially different effects of different types of content, 
although children may not comprehend screen media 
content until 2 years of age.26 It is possible that unmea-
sured characteristics, such as child temperament,42 43 may 

confound our reported associations. Per the methods 
of Curran and Bauer,27 we used simple linear regression 
to compute each infant’s expected value of screen time 
at each timepoint, which does not account for the vari-
ability of those estimates in the later mixed- effects regres-
sion models. Data on both infant screen time and sleep 
were not available at each timepoint for each dyad; while 
mixed- effects regression accounts for partial missing data, 
our effects may be biased if the missing data process was 
not missing at random.

CONCLUSIONS
In this diverse, regional cohort, most infants engaged 
with screens from 3 to 12 months of age and infant screen 
time increased with age. Given that screen use behaviours 
track from infancy into early childhood,44 the findings 
highlight the need for clear messaging and intervention 
efforts to limit screen use and exposure during infancy. 
Furthermore, we found that greater amounts of infant 
screen time were associated with shorter night- time sleep 
duration when considering the between- infant effect, yet 
we report a non- significant within- infant effect. Studies 

Figure 2 Predicted, adjusted mean values of (A) night- time, (B) daytime and (C) 24- hour sleep at 12 months of age, by 
average daily television (TV)+DVD screen time over the study period. Values are adjusted for other infant screen time. Predicted 
values are the marginal values from separate mixed- effects linear regression model (n=555) adjusted for sociodemographic 
characteristics (infant age, sex and race; maternal age, marital/cohabitation status and education; and annual household 
income) and childcare characteristics (hours/week in relative- based or formal childcare, separately). Marital/cohabitation 
status, annual household income and childcare characteristics were time- varying covariates. Random effects at the infant 
level and a random slope for age were included in the model. TV+DVD time was included as a log- transformed variable in the 
regression model and was included as two terms to account for the between- infant and within- infant effects; each model was 
also adjusted for all other (ie, non- TV+DVD) screen time. The predicted values in this figure reflect the mean values for each 
sleep outcome for various values of TV+DVD screen time (min/day), with TV+DVD screen time being the average over the entire 
1- year study period (ie, between- infant effects). Data are from 558 dyads with data collected during at least one postpartum 
follow- up; not all dyads have complete data at each timepoint. The following are the number of infants per each range of 
average daily TV+DVD time over the study period: 0 min/day: n=124; 1–15 min/day: n=82; 16–30 min/day: n=52; 31–45 min/day: 
n=47; 46–60 min/day: n=50; 61–75 min/day: n=26; 76–90 min/day: n=24; 91–105 min/day: n=22; 106–120 min/day: n=12; 120+ 
min/day: n=119.
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to specifically assess potential causality, ideally with more 
intensive objective measures of infant sleep and screen 
time, are needed to help inform evidence- based guide-
lines. Continued studies are needed to understand how 
screen use at such a young age may affect sleep and 
other areas of growth and development, and our find-
ings support the current guidelines of no screen time for 
infants under 18 months of age to support healthy sleep 
behaviours in infancy given the potential detrimental 
effects of screen time on infant health.
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