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Abstract 

Background:  Screen media use in early childhood has largely increased in recent years, even more so during the 
COVID-19 epidemic, and there is much discussion regarding its influence on neurodevelopment, including Autism 
Spectrum Disorder (ASD).

Methods:  We examined the relationship between use of TV, computer, tablet and smartphone at age 2 years and risk 
of ASD assessed in telephone-based questionnaires among 12,950 children participating in the nationally representa‑
tive ELFE (‘Etude Longitudinale Française sur les Enfants’) birth cohort study in France.

Results:  In inverse-probability weighted (IPW) multinomial regression analyses, children’s weekly or daily screen 
media use was associated with an increased likelihood of an intermediate risk of ASD (IPW-controlled OR for weekly 
use:1.07, 95% CI 1.02—1.12; IPW-controlled OR for daily use:1.05, 95% CI 1.02—1.08) but inversely associated with 
a high risk (IPW-controlled OR for weekly use: 0.60, 95% CI 0.50—0.73; IPW-controlled OR for daily use: 0.75, 95% CI 
0.62—0.91), as ascertained by the M-CHAT. This was confirmed when studying TV as well as computer/tablet expo‑
sure separately.

Conclusions:  Overall, our nationally-representative study conducted among a large sample of 2-year-old children, 
indicates a complex relationship between screen exposure and ASD risk.
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Background
While children’s use of screen-based media is ubiq-
uitous across high-income countries, and seems to 
have increased since the beginning of the COVID-19 
pandemic [1], growing evidence suggests that expo-
sure in infancy and early childhood is associated with 
unfavourable developmental outcomes over the short 
and mid-term [2–5]. In particular, there has been 

suggestion that high levels of screen-based media 
viewing are related to a higher level of risk of autism-
spectrum disorder (ASD) [2, 6].

Although genetics play an important role with regard 
to the risk of ASD and symptoms of neurodevelopmental 
delay, evidence suggests that certain environmental expo-
sures could also be involved [7]. Media screen exposure 
is a candidate, as children who early on in life spend a lot 
of time watching screens – particularly if their content is 
poor and/or if they are unsupervised—are less likely to 
play, be physically active, and engage in interactions with 
other children and adults, all of which could be related 
to worse neurodevelopmental outcomes [3, 5]. However, 
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while it has been documented that children and adoles-
cents diagnosed with ASD are more exposed to screens 
[2], research examining whether early screen exposure 
precedes later ASD diagnosis has been limited. A recent 
study based on 2,100 US-based children participating in 
the nationally representative National Children’s Study 
(NCS), found no association between exposure to TV/
DVD watching at 12 and 18  months and a high risk of 
ASD at age 2 years, although the authors did report a lin-
ear association with the number of ASD symptoms [8]. 
To our knowledge, associations between the use of other 
forms of screen media, including computers/tablets and 
smartphones and children’s risk of ASD, have not yet 
been evaluated.

Our aim was to evaluate the relationship between use 
of TV, computer/tablet and smartphone in relation to 
neurodevelopmental difficulties and particularly ASD 
risk in early childhood, in a general population setting.

Methods
Data for this study come from the ELFE (“Étude Longi-
tudinale Française depuis l’Enfance”) study, a nation-
ally representative birth cohort of 18,329 children born 
in France in 2011 in 320 maternity wards selected using 
random sampling methods, with the aims of studying 
children’s developmental and health trajectories through 
adulthood [9]. Inclusion criteria were: singleton or twin 
birth at ≥ 33  weeks of gestation, mother of ≥ 18  years 
of age and not planning to move outside of Metropoli-
tan France in the three years following study inclusion. 
Mothers had to be able to give consent either in French, 
English, Arabic or Turkish. Briefly, participating moth-
ers were invited to take part in the study and completed 
a research questionnaire after delivery during their 
maternity stay, then mothers and fathers were contacted 
again for a telephone interview when the child was aged 
2 months, 1 year and 2 years.

In the 2-year ELFE study telephone interview, parents 
reported on their child’s TV watching, use of a computer/
tablet and smartphone. If the child watched television or 
used a computer/tablet, parents were additionally asked 
the number of hours during weekdays and weekends, 
based on which we estimated average exposure. Fre-
quency of use of television and computers/tablets being 
very distinct, we estimated the level of exposure in hours 
per day and per week, respectively.

Risk of neurodevelopmental difficulties at 2  years was 
assessed using the Modified Checklist for Autism in Tod-
dlers (M-CHAT), a validated 23-item screening instru-
ment [10, 11]. We used the recommended cut-offs to 
define risk of ASD: low (0–2), intermediate (3–6), and 
high (7–23) risk.

Because children who use screens and those who do 
not are likely to different with regard to many different 
characteristics, covariates were controlled for using pro-
pensity scores, which were calculated based on the vari-
ables listed below [12]:

1.	 Family socio-demographic characteristics reported 
by the mother after delivery: maternal age (< 30 
vs. ≥ 30 years – the average age at first childbirth for 
women), paternal age (< 30 vs. ≥ 30  years), maternal 
and paternal birth place (France vs. Other), mother’s 
educational level, number of children living in the 
household (1, 2–3, ≥ 4), maternal and paternal resi-
dential area (Greater Paris Region; Paris and suburbs, 
North-West, East, West, South-West, Centre-East, 
and South-East) and household income per capita 
assessed when the child was 2  years (divided into 3 
categories based on the minimum wage, average 
wage and above average wage in 2013, https://​www.​
insee.​fr/​fr/​stati​stiqu​es/​13751​88) (< 1,423; 1,423–
1,996; > 1,996 euros/month).

2.	 Maternal mental health reported by the mother 
when the child was 2 months old (Edinburgh Postna-
tal Depression Scale (EPDS) – a score of ≥ 12 being 
considered as indicative of possible depression, yes 
vs. no [13]).

3.	 Pregnancy and child characteristics collected from 
the child’s medical records: child sex (male vs. 
female), age at the time of assessment (< = 24, 25, 
26, or > 26  months), season of birth (winter; spring; 
summer; autumn), prematurity (< 36 vs ≥ 37 weeks of 
gestation), if the child was a twin (yes vs. no), weight 
for gestational age (based on a z-score and catego-
rized as small (< 10th percentile), average (10-90the 
percentile), or large (> 90 percentile)), and Apgar 
score at 5 min (alarming/fair vs. good).

4.	 Postnatal characteristics reported by the mother 
at age 2  years: childcare arrangements (parents or 
family member, centre-based childcare, nanny or 
childcare professional) and the number of early 
stimulation and development activities (ex. painting/
drawing, storytelling, singing, reading, doing puzzles) 
the child completed with his/her parents in the pre-
ceding month (≤ 4, 5–6, 7–9, >  = 9 activities).

Statistical analyses
Using survey-weighted data, which takes into account 
the initial sampling plan and baseline participation as 
well as longitudinal attrition rates to produce nation-
ally representative estimates for children born in 2011 
(https://​www.​elfe-​france.​fr/​fichi​er/​rte/​178/​Coté%​20rec​
herche/​Weigh​ting-​Elfe-​surve​ys-​gener​al-​docum​ent.​pdf ), 
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we assessed associations between screen media use and 
children’s neurodevelopmental risk (high, intermedi-
ate vs. low as reference) at age 2 years. Missing covari-
ate data (maximum 3.1%) were imputed 10 times using 
fully conditional specification (MI-FCS). To balance dif-
ferences between screen exposure groups, propensity 
score weights were estimated with a generalized boost-
ing model (GBM) using Kolmogorov–Smirnov (KS) 
means. Then, multinomial logistic regression models 
weighted on the product of Inverse Probability Weights 
(IPW) and survey weights, yielded Odds Ratios (ORs) 
with the associated 95% Confidence interval (95% CI) 
and a P < 0.05 examining statistical significance [14]. 
Missing covariate data (maximum 3.1%) were imputed 
10 times with fully conditional specification (MI-FCS). 
All data were analysed using R 4.0.3 and SAS V9.4.

Results
A total of 12,950 children were included in the pre-
sent analysis (Table 1), with 12,012 children with avail-
able information on weekly TV, computer or tablet 
use, and respectively 11,609 and 12,498 children with 
available information on the frequency of TV and com-
puter/tablet use. Respectively 29.9 and 1.1% of chil-
dren were classified as having an intermediate and high 
risk of neurodevelopmental difficulties. 66.4% of chil-
dren used screen media daily, mostly TV (63.3%, 9.8% 
being exposed > 2  h/day); 30.5% used a computer/tab-
let weekly and 26.7% used a smartphone. As shown in 
Table 1, all studied covariates were associated with chil-
dren’s screen media use.

In IPW-controlled analyses (Table  2), compared to 
never or seldom-users, children who used screen media 
weekly or daily had an increased likelihood of being at 
intermediate risk of neurodevelopmental difficulties 
(ORs between 1.05–1.07), but a decreased likelihood 
of being at high risk (ORs between 0.60–0.75). Com-
pared to children who never watched TV daily, had 
an increased likelihood of intermediate level risk (OR 
associated with > 2  h per day 1.11, 95% CI 1.06–1.17), 
but a decreased likelihood of a high risk of neurode-
velopmental difficulties (ORs associated with 30  mn 
to > 2 h between 0.33–0.60). Compared to never or sel-
dom-users, children who used a computer/tablet ≤ 1 h/
day had a decreased likelihood of being at intermedi-
ate risk or high risk of neurodevelopmental difficulties 
(ORs: 0.94, 95% CI 0.91–0.96 and 0.24, 95% CI 0.22–
0.26, respectively); children who used a Tables 1 and 2 
hours per week also had a low likelihood of being at 
high risk of neurodevelopmental difficulties (OR 0.83, 
95% CI 0.70–0.98).

Discussion
In a nationally-representative study of 2-year old chil-
dren, a majority were exposed to screen media daily. In 
IPW-controlled analyses, screen media use, mainly TV, 
was associated with an increased likelihood of interme-
diate level risk of neurodevelopmental difficulties, but 
a reduced likelihood of a high risk. Our study adds to 
a growing literature showing elevated levels of screen-
based media use among young children and possible 
associations with development. However, several stud-
ies showed elevated levels of screen use among children 
at risk of autism spectrum disorder [6, 8] and our data 
temper the results of prior investigations. Our data 
suggest a complex relationship between screen-based 
activities and risk of neurodevelopmental difficulties, 
including autism risk.

We need to acknowledge several limitations. First, 
ELFE is based on parents’ voluntary participation and 
may have left out children vulnerable to neurodevel-
opmental difficulties [9]. Nevertheless, the sample is 
heterogeneous-enough to study environmental risk 
factors of neurodevelopment [12, 15] and our data 
were weighted to be nationally representative. Second, 
ELFE is a longitudinal cohort study, but the data we 
used are cross-sectional and we cannot rule out that 
children’s neurodevelopmental difficulties could influ-
ence their screen use. This may in part explain lower 
levels of exposure among children at high risk of neu-
rodevelopmental difficulties. To address this issue, our 
statistical analyses controlled for a range of covariates 
which precede and predict children’s screen use as 
well as ASD symptoms, which is a way of taking into 
account common sources of variation. Future stud-
ies with prospective designs are warranted to assess 
the role of early screen use on children’s risk of neu-
rodevelopmental difficulties, particularly those that 
are within the range of ASD. Third, we used a single 
M-CHAT measure, which is probably less specific than 
repeated assessments and it is unlikely that all children 
identified as having an intermediate or high risk will 
actually be diagnosed with ASD [10]. This results in 
the possibility of misclassification, particularly in the 
intermediate risk group, and calls for close monitor-
ing of children’s later neurodevelopmental outcomes 
[11]. Fourth, ELFE study participants were born in 
2011, and children’s levels of screen use have since 
increased, particularly during the COVID-19 pan-
demic [1]. This implies that prevalence levels of screen 
exposure at 2  years are probably currently be higher 
than we report. However, the associations we observe 
between children’s media screen use and risk of neu-
rodevelopmental difficulties are likely to be valid in 
current circumstance or may have increased.
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Table 1  Description of family socio-demographic, maternal mental health, pregnancy and child, postnatal and MCHAT score variables 
by screen exposure on survey-weighted data (%), ELFE cohort, France, 2011–2013

Variables Tv/computer/tablet/smartphone use
(N = 12 950)

Family socio-demographic characteristics Rarely/never 
(1714)

Monthly
(N = 521)

Weekly
N = 2517)

Daily
(N = 8198)

P-value

Maternal age: ≥ 30 years 55.7% 59.6% 59.8% 49.8%  < .0001

Paternal age: ≥ 30 years 67.6% 73.4% 72.9% 71.1%  < .0001

Mother born in France 88.3% 89.8% 86.3% 80.8%  < .0001

Father born in France 87.3% 87.4% 86.8% 80.5%  < .0001

Mother’s educational level  < .0001

  No diploma 6.1% 2.0% 6.8% 10.1%

   < Bachelor’s degree 38.9% 29.0% 30.3% 45.1%

  Bachelor’s degree 16.6% 18.4% 20.8% 19.9%

   ≥ Master’s degree 38.4% 50.5% 42.0% 24.9%

Number of children in the household  < .0001

  1 child 42.5% 46.5% 40.0% 44.4%

  2–3 children 51.0% 50.5% 53.5% 48.4%

   ≥ 4 children 51.0% 50.5% 53.5% 48.4%

Maternal residential area  < .0001

  Greater Paris Region 19.9% 23.7% 20.6% 19.5%

  Paris and suburbs 19.4% 16.2% 15.2% 18.5%

  North-West 5.1% 3.6% 5.9% 7.9%

  East 7.7% 6.9% 7.8% 9.0%

  West 16.5% 16.9% 16.5% 13.3%

  South-West 8.4% 6.4% 9.7% 8.3%

  Centre-East 12.2% 16.0% 11.5% 10.9%

  South-East 10.8% 10.4% 12.8% 12.7%

Paternal residential area  < .0001

  Greater Paris Region 19.8% 23.5% 20.7% 19.4%

  Paris Basin 19.6% 16.3% 15.1% 18.5%

  North-West 5.1% 3.6% 5.9% 7.9%

  East 7.7% 6.9% 7.8% 9.0%

  West 16.5% 16.9% 16.8% 13.2%

  South-West 8.4% 6.4% 9.6% 8.4%

  Centre-East 12.2% 16.0% 11.5% 10.9%

  South-East 10.8% 10.4% 12.7% 12.6%

Household monthly income  < .0001

   < 1,423 euros 9.1% 5.0% 8.1% 1.5%

  1,423–1,996 euros 7.4% 8.2% 6.7% 8.3%

   > 1,996 euros 83.4% 86.8% 85.1% 76.7%

Maternal depression 12.1% 10.8% 13.0% 15.3%  < .0001

  Pregnancy and child characteristics

Child’s sex (female) 48.2% 54.0% 47.8% 49.8%  < .0001

Child’s age at interview  < .0001

   ≤ 24 months 19.4% 19.3% 18.9% 18.3%

  25 months 29.2% 34.7% 34.0% 33.6%

  26 months 25.4% 27.7% 28.2% 27.5%

   > 26 months 25.9% 18.3% 19.7% 20.6%

Twin birth 6.0% 3.3% 2.3% 3.1%  < .0001
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Our study also has strengths which we would like to 
highlight. First, ours is one of few studies to examine the 
early risk of neurodevelopmental difficulties in a com-
munity-based nationally representative sample of young 
children. Second, to our knowledge, this is the first study 
in a general population setting to include a measure of 
computer/tablet and smartphone use in early childhood 
and study the relationship with neurodevelopment. 
One of the hypotheses explaining this association is the 
effect of electromagnetic field exposure on children’s 
brain development [6]. Third, we used propensity scores 
and inverse-probability weights to control for selection 
biases and for a large number of child and family char-
acteristics predating measures of screen media use that 
could confound the association of interest, ruling out a 
number of alternative explanations.

Overall, young children exposed to screen media may 
experience some neurodevelopmental delays, captured 
by the intermediate risk category on the M-CHAT. Our 

data suggest that TV use seems more strongly associ-
ated with children’s ASD risk than other types of screen 
media. This may reflect children’s greater passivity in 
front of a TV screen, which should be confirmed by 
other research, using quantitative as well as qualitative 
designs. This association may reflect reduced play time 
and physical activity, as well as more limited interactions 
with other children and adults [5]. Low levels of screen 
use among children at high risk of neurodevelopmental 
difficulties suggest limited interest or specific parental 
behaviours in some – rather highly educated – families 
which restrict children’s exposure [16]. There is sugges-
tion that early environmental exposures such as screen 
media exposure could increase the experience of symp-
toms evocative of ASD risk, however this should be fur-
ther investigated in studies which follow longitudinally 
large samples of children potentially at risk of ASD.

Table 1  (continued)

Variables Tv/computer/tablet/smartphone use
(N = 12 950)

Family socio-demographic characteristics Rarely/never 
(1714)

Monthly
(N = 521)

Weekly
N = 2517)

Daily
(N = 8198)

P-value

Season of birth  < .0001

  Spring 18.7% 25.1% 22.6% 22.0%

  Summer 31.1% 29.4% 27.8% 24.9%

  Autumn 25.0% 18.7% 24.9% 27.8%

  Winter 25.3% 26.8% 24.6% 25.3%

Premature birth (< 37 weeks of gestation) 5.1% 7.0% 5.0% 5.2%  < .0001

Birth weight for gestational age  < .0001

  Small (< 10 percentile) 3.5% 3.7% 1.5% 2.2%

  Average (10–90 percentile) 93.6% 94.0% 95.3% 95.0%

  Large (> 90 percentile) 2.8% 2.2% 3.1% 2.8%

Apgar score (good) 98.4% 99.9% 99.1% 98.6%  < .0001

  Postnatal characteristics

Childcare arrangements  < .0001

  Parents or family member 39.8% 28.1% 32.1% 46.5%

  Centre-based care 22.2% 24.8% 24.8% 18.1%

  Nanny or professional 38.0% 47.1% 43.1% 35.3%

Activities with the child  < .0001

   ≤ 4 activities 7.5% 83.7% 69.6% 7.1%

  5–6 activities 16.6% 15.1% 15.5% 16.6%

  7–8 activities 25.4% 25.4% 27.8% 28.0%

   ≥ 9 activities 50.4% 51.1% 49.7% 48.3%

Risk of ASD  < .0001

  Low 77.3% 77.9% 78.0% 75.2%

  Intermediate 21.4% 21.3% 21.3% 23.9%

  High 1.2% 0.8% 0.6% 0.9%
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Conclusion
Overall, screen media, mainly TV, use early on in life is 
related to children’s neurodevelopmental difficulties, but 
these associations appear to be complex.

Abbreviations
OR: Odds Ratio; ASD: Autism-Spectrum Disorder; IPW: Inverse-Probability 
Weight; MI-FCS: Missing data Imputation -Fully Conditional Specification.

Acknowledgements
The ELFE study is a joint project between the French Institute for Demo‑
graphic Studies (INED) and the National Institute of Health and Medical 
Research (INSERM), in partnership with the French blood transfusion service 
(Etablissement français du sang, EFS), Santé Publique France, the National 
Institute for Statistics and Economic Studies (INSEE), the Direction Générale de 
la Santé (DGS, part of the Ministry of Health and Social Affairs), the Direction 
Générale de la Prévention des Risques (DGPR, Ministry for the Environment), 
the Direction de la Recherche, des Etudes, de l’Evaluation et des Statistiques 
(DREES, Ministry of Health and Social Affairs), the Département des Etudes, de 
la Prospective et des Statistiques (DEPS, Ministry of Culture), and the Caisse 
Nationale des Allocations Familiales (CNAF), with the support of the Ministry 
of Higher Education and Research and the Institut National de la Jeunesse et 
de l’Education Populaire (INJEP).

Authors’ contributions
Dr. Charles had the initial idea for the study, is responsible for data acquisition, 
and suggested initial statistical analyses. Drs. Plancoulaine, Bernard and Milcent 
as well as M. Gassama contributed to crafting the study design and initiated 

statistical analyses. Ms. Barry and M. Gomajee pursued and finalized statistical 
analyses. Dr. Cohen helped interpret the study findings and contributed to draft 
the manuscript. Dr. Melchior supervised statistical analyses and drafted the first 
version of the manuscript. All authors read and approved the final manuscript.

Funding
The ELFE cohort is supported by state funding from the ANR (Agence 
Nationale de la Recherche) within the framework of the “Future Investments” 
programme (reference: ANR-11-EQPX-0038; ANR-19-COHO-001), as part of the 
RECONAI platform. This research is further supported by ANR funding under 
the reference ANR-20-CE36-0001 and an ERC-Consolidator grant (RESEDA, 
ERC-2020-COG-101001420).

Availability of data and materials
The datasets analysed during the current study are not publicly available due 
to regulatory restrictions in place in France but are available from the cor‑
responding author on reasonable request.

Declarations

Ethics approval and consent to participate
The ELFE study received the approval of France’s bodies regulating ethical 
research conduct (Comité Consultatif sur le Traitement des Informations pour 
la Recherche en Santé: CCTIRS; Commission de Protection des Personnes: 
CPP; Commission National Informatique et Libertés: CNIL). Written informed 
consent was obtained from all parents of ELFE participants. All methods were 
carried out in accordance with relevant guidelines and regulations.

Consent for publication
Not applicable.

Table 2  Associations between screen use and risk of autism risk (M-CHAT score): Inverse probability weighted (IPW), survey weighted, 
multinomial logistic regression model: Odds Ratios (OR), 95% Confidence Interval (CI). ELFE cohort, France, 2011–2013

Intermediate risk 
of autism
OR (95%CI)

P-value High risk of autism
OR (95%CI)

P-value

Overall screen media use
TV/computer/tablet/smartphone use
Rarely/never (n = 1714) Reference Reference

  Monthly (n = 521) 1.03 (0.93—1.14) .48 0.89 (0.72—1.10) .26

  Weekly (n = 2,517) 1.07 (1.02—1.12) .006 0.60 (0.50—0.73) .002

  Daily (n = 8,198) 1.05 (1.02—1.08) .003 0.75 (0.62—0.91) .008

Number of hours of screen media use
TV/Computer/tablet (hrs/week)
Never (n = 2124) Reference Reference

   ≤ 1 h (n = 1198) 0.96 (0.90- 1.02) .15 0.72 (0.61—0.86) .002

  1–2 h (n = 1292) 1.03 (0.99- 1.08) .13 0.09 (0.08—0.11)  < .001

   > 2 h (n = 7884) 1.01 (0.99—1.03) .31 0.61 (0.54—0.68)  < .001

TV (hrs/day)
  Never (n = 1845) Reference Reference

   ≤ 30 min (n = 3632) 1.03 (0.99—1.08) .10 0.79 (0.63—0.99) .04

  30 min-1 h (n = 3029) 1.00 (0.96—1.05) .80 0.33 (0.27—0.41)  < .001

  1–2 h (n = 2257) 1.02 (0.98—1.05) .31 0.60 (0.49—0.74) .002

   ≥ 2 h (n = 846) 1.11 (1.06—1.17) .006 0.52 (0.37—0.73) .002

Computer/tablet use (hrs/week)
Never (n = 8485) Reference Reference

   ≤ 1 h (n = 2150) 0.94 (0.91—0.96) .004 0.24 (0.22—0.26)  < .001

  1–2 h (n = 781) 1.02 (0.98—1.05) .30 0.82 (0.70—0.98) .03

   > 2 h (n = 596) 0.94 (0.85—1.04) .19 0.83 (0.64 – 1.07) .13



Page 7 of 7Melchior et al. BMC Public Health          (2022) 22:865 	

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

Competing interests
The authors have no competing interests to declare.

Author details
1 Sorbonne Université, Inserm, Institut Pierre Louis d’Epidémiologie Et de 
Santé Publique (IPLESP), Paris, France. 2 Department of Child and Adolescent 
Psychiatry, Pitié-Salpêtrière Hospital, Paris, France. 3 CNRS UMR 7222, Institute 
for Intelligent Systems and Robotics, Sorbonne University, Paris, France. 
4 Centre for Research in Epidemiology and StatisticS (CRESS), Université de 
Paris, Inserm, Inrae, 16 Av Paul Vaillant‑Couturier, 75004 Paris, France. 5 Agency 
for Science, Technology and Research (A*STAR), Singapore Institute for Clinical 
Sciences (SICS), Singapore, Singapore. 6 UMS Elfe Team, Ined, Inserm, EFS, 
Aubervilliers, France. 

Received: 25 January 2022   Accepted: 25 April 2022

References
	1.	 McArthur BA, Racine N, Browne D, McDonald S, Tough S, Madigan S. 

Recreational screen time before and during COVID-19 in school-aged 
children. Acta Paediatr. 2021;110(10):2805–7.

	2.	 Slobodin O, Heffler KF, Davidovitch M. Screen media and autism 
spectrum disorder: a systematic literature review. J Dev Behav Pediatr. 
2019;40(4):303–11.

	3.	 Madigan S, Browne D, Racine N, Mori C, Tough S. Association between 
screen time and children’s performance on a developmental screening 
test. JAMA Pediatr. 2019;173(3):244–50.

	4.	 Fullwood I. Increased screen time is associated with poorer developmen‑
tal outcomes in early childhood. Arch Dis Child. 2020;105(4):253–4.

	5.	 Madigan S, McArthur BA, Anhorn C, Eirich R, Christakis DA. Associations 
between screen use and child language skills: a systematic review and 
meta-analysis. JAMA Pediatr. 2020;174(7):665–75.

	6.	 Kushima M, Kojima R, Shinohara R, Horiuchi S, Otawa S, Ooka T, et al. 
Association between screen time exposure in children at 1 year of age 
and autism spectrum disorder at 3 years of age: the Japan Environment 
and Children’s Study. JAMA Pediatrics. 2022 [In Press].

	7.	 Schmengler H, Cohen D, Tordjman S, Melchior M. Autism spectrum and 
other neurodevelopmental disorders in children of immigrants: a brief 
review of current evidence and implications for clinical practice. Front 
Psych. 2021;12:566368.

	8.	 Heffler KF, Sienko DM, Subedi K, McCann KA, Bennett DS. Associa‑
tion of early-life social and digital media experiences with develop‑
ment of autism spectrum disorder-like symptoms. JAMA Pediatr. 
2020;174(7):690–6.

	9.	 Charles MA, Thierry X, Lanoe JL, Bois C, Dufourg MN, Popa R, et al. Cohort 
profile: the French National cohort of children ELFE: birth to 5 years. Int J 
Epidemiol. 2020;49(2):368–9.

	10.	 Chlebowski C, Robins D, Barton M, Fein D. Large-scale use of the modified 
checklist for autism in low-risk toddlers. Pediatrics. 2013;131(4):e1121–7.

	11.	 Baduel S, Guillon Q, Afzali MH, Foudon N, Kruck J, Roge B. The French 
version of the Modified-Checklist for Autism in Toddlers (M-CHAT): a 
validation study on a French sample of 24 month-old children. J Autism 
Dev Disord. 2017;47(2):297–304.

	12.	 Schmengler H, El-Khoury Lesueur F, Yermachenko A, Taine M, Cohen D, 
Peyre H, et al. Maternal immigrant status and signs of neurodevelopmen‑
tal problems in early childhood: the French representative ELFE birth 
cohort. Autism Res. 2019;12(12):1845–59.

	13.	 Levis B, Negeri Z, Sun Y, Benedetti A, Thombs BD. Accuracy of the Edin‑
burgh Postnatal Depression Scale (EPDS) for screening to detect major 
depression among pregnant and postpartum women: systematic review 
and meta-analysis of individual participant data. BMJ. 2020;371:m4022.

	14.	 Hernan M, Robbins J. IP weighting and marginal structural models. Causal 
Inference 2013. p. 11–21.

	15.	 Nakamura A, El-Khoury Lesueur F, Sutter-Dallay AL, Franck J, Thierry X, 
Melchior M, et al. The role of prenatal social support in social inequalities 
with regard to maternal postpartum depression according to migrant 
status. J Affect Disord. 2020;272:465–73.

	16.	 Dong HY, Wang B, Li HH, Yue XJ, Jia FY. Correlation between screen time 
and autistic symptoms as well as development quotients in children with 
autism spectrum disorder. Front Psych. 2021;12: 619994.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.


	TV, computer, tablet and smartphone use and autism spectrum disorder risk in early childhood: a nationally-representative study
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Methods
	Statistical analyses

	Results
	Discussion
	Conclusion
	Acknowledgements
	References


