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Abstract

Background: Excessive screen viewing in early childhood is associated with poor physical and psycho-social health
and poor cognitive development. This study aimed to understand the prevalence, trajectory and determinants of
television viewing time in early childhood to inform intervention development.

Methods: In this prospective longitudinal study, mothers of 1558 children (589 white British, 757 Pakistani
heritage, 212 other ethnicities) completed questionnaires when their children were approximately 6, 12, 18, 24
and 36 months old. Mothers answered questions about their own and their child’s TV-time. TV-time trajectories
were estimated by linear longitudinal multilevel modeling, potential determinants were considered in models.

Results: The modelled trajectory estimated that 75% of children aged 12 months exceeded guidelines of zero
screen-time. At 12 months of age an accelerated increase in TV-time was observed (<1 h/day at 14 months, >2
h/day by 30 months old). For every hour of mothers’ TV-time and every hour the TV was on in the home,
children’s TV-time was 8 min and 1 min higher respectively at 6 months old (P < 0.05), and 15 min and 3 min
higher respectively at 36 months old (P < 0.05). Children whose mothers did not agree that it was important their
child did not watch too much TV, had 17 min more TV-time than their counterparts (P < 0.05). Children of first
time mothers had 6 min more TV-time (P < 0.05). At 12 months of age, children of mothers experiencing stress
watched 8 min more TV (P < 0.05). By 36 months, children of Pakistani heritage mothers had 22 min more TV-
time than those of white British mothers (P < 0.05), and an additional 35 min of TV-time if their mother was not
born in the UK (P < 0.05).

Conclusions: High levels of TV-time were prevalent. Intervention developers should consider targeting interventions
before 12 months of age. Modifiable determinants included mothers’ own TV-time, the time the television is on in the
home and mothers’ attitude towards child TV-time. These behaviours may be key components to address in
interventions for parents. Mothers experiencing stress, first time mothers, and Pakistani heritage mothers
(particularly those born outside of the UK), may be priority groups for intervention.
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Background
The amount of screen time (i.e. using a device such as a
TV, computer, games console, mobile phone or tablet)
that children engage in is associated with a number of
adverse health and educational outcomes including;
higher risk of obesity [1–4], poor metabolic profile [5],
poor fitness later in life [6], poor cognitive development
(e.g. poor short term memory skills, poor reading, lan-
guage and mathematics development) [7] and adverse
psychosocial health [8]. Currently Canada and Australia
recommend no screen time exposure in children under
2 years old and less than an hour a day for 2–5 year olds
[9, 10]. In the US it is recommended that digital media
use (except video-chatting) is avoided in children youn-
ger than 18 to 24 months, screen time of children aged
2–5 year old should be limited to 1 h/day which is high
quality, co-viewed with, and re-taught by parents [11].
A recent systematic review [12] reported that the pro-

portion of children aged under two years old meeting
zero screen time recommendations ranged from 2.3% in
a study from Thailand to 83% in a study from the US.
The review concluded that by two years of age the ma-
jority of children were already engaging in high levels of
screen time and were exceeding recommendations [12].
Children from ethnic minority groups (including

South Asian children) and children with low socioeco-
nomic status (SES) have a greater risk of obesity than
their Caucasian or high SES counterparts [13]. Young
children from ethnic minority groups (specifically Black
and Hispanic children in the US) are consistently re-
ported to have greater screen exposure (i.e. the amount
of time the child was in the room with a screen on) than
Caucasian children [14]. Outside the US, differences in
screen time between young ethnic minority and ethnic
majority children have not been investigated. In the US
and the UK, older children and adolescents with a lower
SES are consistently reported to engage in higher levels
of screen time [15–17]. However, the association be-
tween indicators of SES and screen time in early child-
hood is inconsistent between studies [14]. Given that
TV-time is associated with a small but significant in-
crease in BMI in early childhood [4], reducing TV-time
for ethnic minority children, and children from low SES
families, could be targeted by interventions to address
the inequalities seen in obesity levels.
Screen viewing behaviour is relatively stable over time,

and tracks moderately through childhood and adoles-
cence [18]. However, in early childhood the behaviour
may be less stable and more malleable, thus early inter-
vention may be most beneficial [19]. For young children,
watching TV is the screen behaviour that contributes
the most to daily screen time [20, 21]. Ascertaining
determinants of TV-time in young children will help to
identify at risk groups for intervention and inform the

design of behaviour change interventions to reduce TV-
time during early childhood. A recent systematic review
found associations between screen time (mostly TV-
time) and the following modifiable variables in children
aged up to 3 years old: Child’s BMI (4/4 studies),
mother’s screen time (3/3 studies) and mother’s distress/
depression (5/8 studies) [14]. Cognitive stimulation in
the home environment was negatively associated with
screen time (2/3 studies). However, none of these studies
were conducted in the UK, or included children of
South Asian ethnicity. The current study aimed to de-
scribe the prevalence, trajectories, and determinants of
TV-time in an ethnically diverse (predominantly white
British and Pakistani ethnicity) sample of children from
6 months through to 36 months old, living in the City of
Bradford, West Yorkshire, UK.

Methods
Participants and setting
Born in Bradford (BiB) is a longitudinal multi-ethnic
birth cohort study [22]. The study recruited pregnant
women between 2007 and 2010 in Bradford, a city with
high levels of socio-economic deprivation and ethnic
diversity. Pregnant women were approached to take part
whilst attending a routine hospital appointment at 26–
28 weeks gestation. The full BiB cohort recruited 12,453
women during 13,776 pregnancies, at which time a base-
line questionnaire was completed by interview with a
trained study administrator. Women who were pregnant
between August 2008 and March 2009 and who agreed
to take part in the full cohort were also invited to take
part in a sub-study named BiB1000 (n = 1735) at the
same time. This study involved detailed follow-up
appointments conducted in the home or clinic when
children were aged approximately 6, 12, 18, 24, and
36 months [23]. A full description of the methods and
data collected in BiB1000 is presented in the published
protocol [23]. Informed consent was acquired prior to
data collection and ethical approval for all aspects of the
research was granted by Bradford Research Ethics
Committee (Ref 07/H1302/112).
Of all children recruited to BiB1000, 1558 (90%) had

at least one follow-up questionnaire completed; these
children were included in the current study. Over half of
the included children (n = 812) had questionnaires com-
pleted at all five follow-up time points, whereas 7%
(n = 112) completed only one follow-up questionnaire.
Four children died and 54 withdrew from the study, be-
fore the 36-month-old visit. Data for these children were
excluded from the analysis. Eighty-two per cent of the
sample completed the 6 and 12 and 18 month old visits;
the children’s mean age (standard deviation) at these
time points were 6.7 (0.74) months, 12.7 (0.99) and 18.7
(0.98) respectively. At the 24 months and 36 month old

Barber et al. International Journal of Behavioral Nutrition and Physical Activity  (2017) 14:88 Page 2 of 11



visits 79% completed questionnaires; the children’s mean
age at these visits were 25.3 (0.95) months and 37.0
(0.85) months respectively. Data were collected between
2008 and 2013.

TV-time, behaviours and attitudes
Information about child and mothers’ daily TV-time
(time spent watching TV or DVDs) was collected at each
follow-up visit (when children were 6, 12, 18, and 24,
and 36 months old) using questions from the EPIC
Norfolk questionnaire [24] which has been validated for
use in adults [24]. At the 24-month visit, mothers were
additionally asked to report how long (in hours and mi-
nutes) the television was on in the home, on an average
week and weekend day; it was stressed that this included
time when the TV was on but not being watched. They
were asked whether they think it is important their child
does not watch too much TV (response options were
agree/not agree), and how often they limited their child’s
TV/DVD viewing (questions were from the validated
Southampton Women’s Survey Questionnaire [25],
(response options collapsed to: never or rarely/some-
times or often).

Socio-demographic variables
Mother’s self-defined ethnicity at baseline was used to
define the ethnicity of her offspring according to the
ethnic group classification system used in the 2001 UK
Census [26]; children were categorised as white British,
Pakistani or Other (a group that comprised all other eth-
nic groups that were too small to analyse separately).
Mothers’ country of birth was collected from the base-
line questionnaire (UK, Pakistan, Other) and mothers’
age at delivery, child sex, and parity, were obtained from
the hospital maternity system. Mothers’ height and
weight were recorded during pregnancy at registration
in the maternity unit (around 10 weeks gestation) and
extracted from hospital maternity systems; body mass
index (BMI) was calculated. Child’s length and weight at
the 24-month-old visit was measured and BMI z-scores
were calculated.
Mothers’ SES was measured using a number of vari-

ables: self-reported financial situation, education level,
housing tenure and neighbourhood material deprivation
(using Index of Multiple Deprivation 2010; [27]). While
it is the case that the participants were far more likely to
be in a materially deprived neighbourhood (as shown in
Table 1, only 1.5% were in the least deprived quintile
score) the models used this deprivation score as a di-
chotomous variable. In the models the effect of being in
the most deprived quintile (68%) was contrasted with
not being in the most deprived quintile (32%), in order
to maximise the variation – the most materially deprived
neighbourhoods compared to the rest. Mothers’ non-

specific psychological stress was measured using a
validated 6-item questionnaire [28] administered at the
12- and 24-month-old visits. Mothers who scored four
or more (out of a possible score of 24) were considered
to be experiencing non-specific psychological stress [28].
This score has been found to discriminate between
Diagnostic and Statistical Manual of Mental Disorders
edition 4 (DSM-IV) cases and non-cases [28].

Statistical analysis
Individual TV-time trajectories from 6 to 36 months of
age were estimated using linear longitudinal multilevel
models; with measurement visits at level one nested
within children at level two. These models allow for the
simultaneous measurement of within and between per-
son differences, in conjunction with a number of time
constant or time varying potential determinants. Time
invariant (child level) and time variant (occasion level)
measures can be incorporated into the model to assess
their contribution to trajectories of child TV viewing.
Multilevel models are able to accommodate data missing
at random and unbalanced longitudinal designs, leading
to more efficient estimates compared to methods that
exclude cases to obtain balanced data [29]. The analysis
strategy was to begin with a simple model, including
only the age of the child to determine the average trajec-
tory of TV-time. This model (model 1) contains polyno-
mial terms for child age (age squared and age cubed) to
allow for non-linear trajectories of child TV viewing.
The second stage in the analysis then considers a range
of covariates in isolation and then together in a multi-
variable model in order to determine whether socio-
demographic, behavioural or attitudinal factors were
associated with differences in the trajectories of child
TV viewing. Time variant outcome and the determinants
child age and mother TV-time are introduced into the
model at the occasion level; all other determinants were
time invariant or measured once and so were introduced
into the model at the individual level. Results from these
models are reported as model 2 and model 3 respect-
ively. Covariates that are significant, and improve the
model fit, are retained in the final model (model 4), and a
number of interactions between significant covariates and
child age were included. These interaction terms are used
to determine whether the effect of socio-demographic,
behavioural or attitudinal factors on child TV viewing
change as the child becomes older. Analysis was carried
out using Stata13. The predicted trajectories of child TV-
time are given for particular groups of children, presented
graphically in order to aid the interpretation of the model
results. Trajectories of child TV-time are presented based
on mother’s ethnicity and country of birth, and also for
different scenarios based on mother’s attitude to TV view-
ing and the hours a TV is on in the house.
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Results
Sample characteristics
Forty-nine per cent of mothers in the sample were of
Pakistani ethnicity, of these 58% were born in Pakistan
and 41% in the UK. Thirty-eight per cent of mothers
were white British and nearly all were born in the UK.
Table 1 describes the characteristics of the sample.
Sixty-eight per cent of participants lived in the most

materially deprived neighbourhoods of the UK (1st quin-
tile in IMD 2010) and one third reported their financial
situation to be difficult; only 1.5% lived in the least ma-
terially deprived neighbourhoods. On average, mothers
were 27.5 ± 5.7 years old when their baby was born, and
for 39% of mothers this was their first child. Just over a
third of mothers were classified as experiencing psycho-
logical stress when their child was 12 months old. On

Table 1 Participant characteristics

All White British Pakistani Other

n = 1558 n = 589 n = 757 n = 212

Mother

Age at delivery: mean (Std. Dev.) (missing data, n = 15) 27.5 (5.74) 26.9 (6.11) 27.7 (5.15) 28.3 (5.78)

Country of Birth: n (%) (missing data, n = 0)

UK 970 (62.3) 581 (98.6) 311 (41.1) 78 (36.8)

Pakistan 441 (28.3) 0 438 (57.9) 3 (1.4)

Other 147 (9.4) 8 (1.4) 8 (1.1) 131 (61.8)

BMI at registration (~10 weeks gestation): mean (Std. Dev.) (missing data, n = 60) 25.9 (5.74) 26.9 (6.18) 25.2 (5.41) 25.5 (5.22)

Neighbourhood material deprivation (IMD 2010): n (%) (missing data, n = 0)

Quintile 1: Most deprived 1060 (68.0) 311 (52.8) 604 (79.8) 145 (68.4)

Quintile 2 286 (18.4) 133 (22.6) 111 (14.7) 42 (19.8)

Quintile 3 154 (9.9) 95 (16.1) 37 (4.9) 22 (10.4)

Quintile 4 34 (2.2) 30 (5.1) 2 (0.3) 2 (0.9)

Quintile 5: Least deprived 24 (1.5) 20 (3.4) 3 (0.4) 1 (0.5)

IMD Score: Mean (Std. Dev.) 42.9 (17.5) 37.2 (19.1) 46.7 (14.8) 45.2 (17.8)

Self-reported financial situation: n (%) (missing data, n = 8)

Comfortable 409 (26.4) 137 (23.3) 209 (27.8) 63 (29.9)

All-right 648 (41.8) 254 (43.3) 304 (40.4) 90 (42.6)

Difficult 493 (31.8) 195 (33.3) 240 (31.9) 58 (27.5)

Mother non-specific psychological stress score when child was
12 months old (higher = greater stress; range 0–24) (missing data n = 285)

3.28 (3.89) 3.38 (3.90) 3.20 (3.89) 3.26 (3.82)

Percentage score 4 or more 35.6% 36.2% 35.1% 35.3%

Mother TV attitude when child was 24 months old: mother does not agree that
it is important their child does not watch too much TV (missing data, n = 10)

23.3% 21.3% 25.2% 21.5%

Hours TV is on in house: Mean (Std. Dev.) (missing data, n = 364) 7.8 (4.0) 7.3 (3.9) 8.5 (4.0) 7.1 (4.1)

Whether mother restricts child TV viewing: n (%) (missing data, n = 377)

Never 506 (42.8%) 147 (33.6%) 306 (51.8%) 53 (34.6%)

Occasionally 370 (31.3%) 145 (33.2%) 172 (29.1%) 53 (34.6%)

Everyday 305 (25.8%) 145 (33.2%) 113 (19.1%) 47 (30.7%)

No previous children (missing data, n = 35) 39.0% 47.3% 31.3% 43.5%

Child

BMI 24 month: mean (Std. Dev.) (missing data, n = 10) 16.6 (1.22) 16.8 (1.05) 16.4 (1.28) 16.6 (1.34)

BMI 24 months Z-score: mean (Std. Dev.) 0.00 (1.00) 0.04 (0.55) −0.05 (1.07) 0.07 (1.64)

Sex: n(%) (missing data, n = 0)

Male 758 (48.6) 283 (48.0) 367 (48.5) 108 (50.9)

Female 800 (51.4) 306 (52.0) 390 (51.5) 104 (49.1)

BMI Body Mass Index, IMD Index of Multiple Deprivation
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average mothers were overweight (BMI = 25.9) and chil-
dren (at 24 months old) had an average BMI of 16.6
(BMI z-score: 0.0 ± 1.0). Attrition in the study was min-
imal; however drop out was higher in mothers with
lower than A-level education (72% of the sample at the
beginning of the study and 59% by 36 months) and in
mothers who reported having a difficult financial situ-
ation (41% of the sample at the beginning of the study
and to 33% by 36 months).

TV-time prevalence and trajectory
Model 1 (Table 2) represents the average trajectory of
child TV-time, which is found to increase with age in a
non-linear way. The estimated average trajectory is illus-
trated in Fig. 1.
On average, children’s estimated TV-time was less

than one hour a day up to the age of 14 months 0.92 h
(95% CI: 0.89, 0.95) (55 min) per day at 6 months old
and 0.94 h (95%CI: 0.91, 0.97) (56 min per day at
12 months old). This was followed by a period of
accelerated increase 1.28 h (95%CI: 1.25, 1.31) (77 min)
per day at 18 months old, 1.71 h (95%CI: 1.67, 1.75)
(103 min) per day at 24 months old), where TV-time
rose to above two hours per day by 30 months (Fig. 1).
Between 30 and 36 months, the rate of increase in TV-
time was slower, increasing by approximately 15 min
during this six-month period to 2.08 h (95%CI: 2.04,
2.12) (125 min) per day at 36 months old).
By 18 months old, it was estimated that only 16% of

children met guidelines of zero screen viewing and by
36 months of age it was estimated that 33% met the
guideline of <1 h screen viewing/day [11–13] (Fig. 2).

Determinants of child TV-time
Mothers’ TV-time, the time the TV was on in the home,
and mothers’ attitude towards child TV-time, all signifi-
cantly predicted child’s TV-time when considered in
univariate models (Table 2, model 2).
The effect sizes reduced when considered alongside

other variables in multivariable models (Table 2, models
3), but they remain statistically significant. There was no
association between how much mothers limited their
child’s TV-time and the time the child spent in TV-time,
this is therefore not reported in the models.
Model 4, which includes significant variables and in-

teractions with age, predicted that there were already
differences in child’s TV-time, associated with mothers’
TV-time, at the age of 6 months; and this association be-
came stronger as the child grew older. For every extra
hour that the mother watched TV, child TV-time was
higher by 0.14 h (95%CI: 0.10–0.17) hours (8 min) at age
6 months and 0.26 h (95%CI: 0.30–0.37), (15 min) by
age 36 months. For every hour the TV was on in the
house children’s TV-time was 0.02 h (95%CI: 0.01–0.03)

(1.2 min) higher at 6 months old, and 0.05 h (95%CI:
0.03–0.06) (3 min) higher at 36 months old.
Mothers’ attitudes to their child watching TV was as-

sociated with child TV-time. On average, children of
mothers who did not agree that it was important that
their child does not watch too much TV (23%), watched
0.28 h (95%CI: 0.17–0.39) hours (17 min) more TV-time
daily compared to children of mothers who thought it
was important that their child does not watch too much
TV. There was no interaction between mothers’
attitudes and child age, and the effect was constant over
the trajectory.
At 12 months old, children whose mothers’ had psy-

chological stress had 0.13 h (95%CI:0.03–0.23), (8 min)
more TV-time than children of mothers’ who did not
have psychological stress (Table 2, model 4). There was
no statistically significant association between mothers’
psychological stress and TV-time when children were
24 months old.
The modifiable factors that had a significant effect on

the trajectories of child screen time were mother’s
behaviour, attitude and stress. Figure 3 illustrates the
combined effect of these variables by comparing two
situations where mothers’ responses on all these vari-
ables are either not supportive (Scenario A, ‘worst
case’ scenario) or supportive (Scenario B ‘best case
scenario) of child’s TV-time. For comparative pur-
poses the overall average trajectory of child TV-time
is also shown in Fig. 3.
When ethnicity was considered in isolation in model

2, and with other covariates in model 3, it was found
that the children of Pakistani ethnicity mothers had
around 0.22 h (95%CI: 0.07–0.37) (13 min) more TV-
time a day than children of white British mothers. The
effect size remained similar in both models, such that
ethnicity had an independent, separate effect after con-
trolling for mothers’ behaviour and attitudes (and all
other covariates).
There was a similar relationship between country of

birth and child TV-time, although the effect size de-
creased more when considered in a multivariable model.
Model 3 suggested that at 6 months of age, children of
mothers born in Pakistan had around 0.15 (95%CI:
0.01–0.29) (9 min) more TV-time a day than children of
mothers born in the UK.
In Model 4 there was an interaction between both eth-

nicity and country of birth and the age of the child. This
is illustrated in Fig. 3. Once child TV-time began to
increase, at around 12 months, the rate of increase was
greater for children of Pakistani mothers born in
Pakistan, than for children of white British and Pakistani
mothers born in the UK. By the age of 36 months, chil-
dren of Pakistani heritage mothers who were born in the
UK had 0.4 h (22 min) extra TV-time compared to

Barber et al. International Journal of Behavioral Nutrition and Physical Activity  (2017) 14:88 Page 5 of 11



Table 2 Summary model results

Model 1 Model 2 Model 3 Model 4

Estimate (95% C.I.) Estimate (95% C.I.) Estimate (95% C.I.) Estimate (95% C.I.)

Constant 0.921 (0.848, 0.995) −0.578 (−0.862, −0.294) 0.099 (−0.085, 0.283)

Fixed Effects

Age −0.026 (−0.048, −0.004) −0.015 (−0.042, 0.012) −0.054 (−0.081, −-0.027)

Age2 0.006 (0.004, 0.008) 0.006 (0.004, 0.008) 0.006 (0.004, −0.008)

Age3 −0.00012 (−0.00016,
−0.00008)

−0.00011 (−0.00015,
−0.00008)

−0.00011 (−0.00015,
−0.00008)

Hours TV on in the home 0.067 (0.055, 0.079) 0.041 (0.027, 0.055) 0.020 (0.004, 0.036)

Mother TV-time 0.205 (0.187, 0.223) 0.192 (0.168, 0.216) 0.135 (0.104, 0.167)

Mother TV attitude a 0.426 (0.314, 0.538) 0.249 (0.131, 0.367) 0.277 (0.167, 0.387)

Ethnicity (ref: White British)

Pakistani 0.224 (0.129, 0.319) 0.219 (0.072, 0.366) 0.103 (−0.060, 0.266)

Other 0.155 (0.015, −0.295) 0.069 (−0.154, 0.292) −0.007 (−0.262, 0.248)

Country Birth (ref: UK)

Pakistan 0.247 (0.147, 0.346) 0.149 (0.008, 0.290) −0.025 (−0.194, 0.144)

Other 0.148 (−0.006, 0.302) 0.170 (−0.083, 0.423) 0.137 (−0.153, 0.427)

In most deprived IMD quintile 0.166 (0.071, 0.260) 0.053 (−0.065, 0.171)

No previous children 0.148 (0.056, 0.240) 0.072 (−0.042, 0.186) 0.098 (0.002, 0.194)

Child BMI at 24 months
(z score)

−0.062 (−0.107, −0.018) 0.008 (−0.043, 0.059)

Mother psychological stress
(12 months) scored 4 or more.

0.06 (0.011, 0.109) 0.148 (0.042, 0.254) 0.133 (0.035, 0.231)

Interactions

Age*Mother TV-time 0.004 (0.002, 0.006)

Age*TV on in the home 0.001 (0.001, 0.001)

Age*Pakistani ethnicity 0.012 (0.004, 0.020)

Age* Other ethnicity 0.005 (−0.009, 0.019)

Age*Pakistan born 0.014 (0.004, 0.024)

Age* Other non UK born 0.009 (−0.007, 0.026)

Random effects

Uj(1) Random slope 0.385 0.254 0.254 0.228

Uj(2) Random intercept 0.001 0.0004 0.0004 0.0005

eij Between occasion 1.11 1.047 1.047 1.041

Total variance 1.496 1.3014 1.3014 1.269

Variance between children 26% 20% 20% 18%

Variance within children 74% 80% 80% 82%

Model 1: average trajectories of child TV viewing by age with a random effect for age along with age squared and age cubed to allow the modelling of
non-linear trends
Model 2: reporting the coefficients from a series of univariate models considering each covariate independently
Model 3: as model 1 but with the inclusion of all covariates together in a multivariate model
Model 4: final model derived, as model 1 with all significant covariates and interaction terms in a multivariate model. This is the model used to estimate predicted
child TV viewing
Variance between children is the percentage of variance in the outcome attributable to differences between children; variance within children is the percentage
of variance attributable to change over time within children
All covariates are time invariant apart from mother TV time which was measured at each survey wave
BMI Body Mass Index, IMD Index of Multiple Deprivation
aMother TV attitude: not agree that it is important that child not watch too much TV
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children of white British mothers; and children of Paki-
stani heritage mothers who were born in Pakistan, had
1.0 h (57 min) extra TV-time compared to children of
white British mothers.
First-born children had more TV-time per day com-

pared to those who were not (model 4, 0.1 ± 0.05 h;
6 min). A number of other variables were considered;
these were not significant and so are not reported. These
were mothers’ education, household tenure, mother’s
BMI, child BMI, mother’s general health and child’s
general health. Mother’s age at delivery was significant
when considered alone in a univariate model; younger
age being associated with increased child TV-time.
However, once considered alongside other variables in
Model 3, mother’s age was no longer significant (data
not included in Table 2). Measures of self-reported
financial situation and neighbourhood deprivation
were significant when considered in isolation but not
when considered in multivariable models (data not
included in Table 2).

Discussion
This prospective longitudinal study aimed to describe
the prevalence, trajectory and determinants of TV-time
in an ethnically diverse (predominantly white British and
Pakistani) sample of children from the UK as they aged
from 6- to 36-months-old. The study found that high
levels of TV-time were common with an average esti-
mated daily TV-time of 55 min at 6 months increasing
to 124 min at 36 months. Modifiable determinants of
young children’s screen time included mothers’ own TV-
time, the time the television is on in the home and
mothers’ attitude towards child TV-time. Mothers
experiencing stress, first time mothers, and Pakistani
heritage mothers, particularly those born outside of the
UK, had children who had greater TV-time than their
counterparts.
The high levels of TV-time reported in this study fall

within the range reported in a systematic review of stud-
ies with children <2 years old from different countries
(range: 36 to 197 min per day) [12]. In the same system-
atic review, [12] the proportion of children (aged <2 years
old) meeting international recommendations (from
Canada, Australia and the US [9–11]) of zero screen
time was reported; results from the current study (27%
at 6 months old, 16% at 18 months old) were similar to
results from 9 out of 15 studies included in the review.
By the age of 36 months, average TV-time of children in
the current study was >2 h per day, which is higher than
international guidelines (<1 h a day) [9–11]. Currently in
the UK there are no specific guidelines for screen time,
with guidance only stating that children under the age of
five should minimise the amount of time spent being
sedentary. Regardless, the amount of TV children in the
study were watching is alarming given that the early
years are critical for the development of health lifestyle
behaviours [30]. The TV-time trajectory model showed
that TV-time increased with age and a period of acceler-
ated increase was observed between 12 and 30 months.

Fig. 1 Estimated child TV-time by age, mother ethnicity, and
mother’s country of birth

Fig. 2 Percentage of children meeting international screen time recommendations
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This finding suggests that to maximise the effectiveness
of early interventions, they should begin before the ob-
served acceleration in TV-time at 12 months old.
In the current study the combined effect of modifiable

parental influences (attitude, mother’s time spent watch-
ing TV, time TV on in the home) on child TV-time was
predicted according to a ‘worst case’ scenario (scenario
A) and a ‘best case’ scenario (scenario B). In the ‘worst
case’ scenario children had almost 2 h of TV-time up to
the age of 12 months old compared to less than half an
hour a day in the ‘best case’ scenario. The rate of accel-
eration in TV-time after 12 months old was much
greater in the ‘worst case’ compared to ‘best case’ and by
age 36 months children in the ‘worst case’ had 4 h of
TV-time a day (four times higher than international
recommendations) compared to just over 1 h a day in
the ‘best case’. Although children in the ‘best case’
scenario were still exceeding international recommenda-
tions the behaviour and attitudes that make up the ‘best
case’ scenario could be viewed as useful and realistic
targets to aim for in interventions to reduce TV-time.
As reported in the findings, the only parental influence
found not to be associated with the outcome of child
TV-time was whether the mother reported restricting
TV viewing of the child. There may be a number of
reasons why this was not associated with the outcome,
perhaps this measure is not accurately capturing mater-
nal behaviour in this area.
Previous literature has reported inconsistent associa-

tions between young children’s screen viewing time and
mother’s depressive symptoms [14]. In the present study
we found that mothers psychological stress when the
child was 12 months old significantly and independently
predicted child TV-time, with around 8 min more view-
ing a day for those children of mothers with higher

levels of psychological stress, but this was not the case
when children were older (24 months). These findings
may go some way towards explaining the variability in
the findings of previous studies and underline the im-
portant finding that up to 12 months old is a key period
for intervention. The findings suggest that mothers who
are suffering from psychological stress postnatally should
be a focus for intervention.
Previous studies have been inconsistent in their find-

ings regarding the association between indicators of SES
and screen viewing in early childhood [14]. This study
found that, after controlling for other factors, there was
no significant effect of neighbourhood deprivation or
mothers’ self-reported financial situation upon TV-
time when children are very young. However, older
children and adolescents with a lower SES have con-
sistently been reported to engage in higher levels of
screen time [15–17] thus it is unclear when this
socio-economic disparity begins; this requires further
investigation.
Children from ethnic minority groups (Black and

Hispanic) in the US have consistently been reported to
have greater screen exposure in early childhood com-
pared to their Caucasian counterparts [14]. The current
study was the first to examine ethnic difference in young
children’s TV-time outside of the US focusing on differ-
ences between white British and Pakistani heritage chil-
dren in the UK. In the current study 49% of mother
were of Pakistani heritage and 38% white British. This is
broadly representative of the childhood population in
Bradford where 47% of babies born are of South Asian
heritage [22] and similar to other large UK cities where
over one third of the population are of non-white ethni-
city; therefore findings are relevant to these multi-ethnic
populations. We found that children of mothers with
Pakistani ethnicity overall had on average 13 min more
daily screen time than their white British counterparts.
The effect was independent of mothers’ behaviours and
attitudes, and thus we cannot elucidate why these differ-
ences existed. Furthermore, we found an acculturation
effect; children of mothers who were born in Pakistan
had, on average, nine minutes greater TV-time at
6 months of age than children of mothers born in the
UK. There was also an interaction between ethnicity,
country of birth and the age of the child, such that the
rate of increase in TV-time after 12 months of age was
greater for children of Pakistani mothers born in
Pakistan, than for children of mothers born in the UK.
Our findings confirm those from the US and suggest
that ethnic minority groups are particularly important
targets for intervention. Qualitative explorations of TV-
time behaviours in the different groups are required to
begin to identify why differences exist between ethnic and
cultural groups, and how behaviours can be modified.

Fig. 3 Average TV-time trajectory and combined effect of mother’s
behaviour, attitude and stress on the trajectory
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Implications for the development of effective
interventions
To date few interventions to reduce screen time have
targeted young children and those that have, have all fo-
cused on children aged 2 and above [31–34]. A system-
atic review of interventions reporting the results of 13
studies targeting children aged 2–5 years old found that
those that were effective had greater parental involve-
ment (usually in the form of parent education and train-
ing), however none explicitly targeted parents TV
behaviours [35]. The current study found that mothers’
TV-time significantly and independently predicted their
child’s TV-time, which replicates findings from a system-
atic review [14]. Further, this study found that the
strength of this association increased as the children
aged; by the age of 36 months every hour of mothers TV
viewing was associated with an increase of around
25 min in child TV viewing. This suggests that mothers’
TV-time may be a key target for intervention. Further-
more, the strength of the association between mother
and child TV-time increased as the children aged, thus
supporting the idea that early intervention would reap
greater effectiveness. The current study also found the
time the TV was on in the house and mothers’ attitude
towards their child’s TV-time were significant determi-
nants of child TV-time. Figure 3 illustrates the size of
the effect, and indicates how the size of this effect in-
creases as the children get older; by the age of 36 months
the differences in child TV-time can vary by over two
hours a day. The strength of the association between
time the TV was on and child TV-time also strength-
ened with age but this was not the case for mothers’
attitude towards their child’s TV viewing. A recent sys-
tematic review of interventions to reduce sedentary time
in children and adolescents reported that encouraging a
TV turn off week may be a promising strategy [36].
Since this would influence mother and child behaviours,
testing the effectiveness of this for very young children
would be worthwhile.
In a meta-analysis of interventions to reduce sedentary

time in children and adolescents significant decreases in
the amount of sedentary behaviour (post-intervention
mean difference of −18 min/day) and BMI (post-inter-
vention mean difference of −0.25 kg/m2) were found
[35]. Thus, a reduction in sedentary time of 18 min/day
could serve as a useful minimum threshold for interven-
tions to aim for until sufficient evidence exist in younger
children. In the current study, the effect size for each
modifiable determinant alone was relatively small and
unlikely to be clinically important in isolation. However,
given their independence, changing these determinants
in combination could lead to important changes in chil-
dren’s TV-time. Therefore, evidence from the current
study suggests that interventions to prevent excessive

TV-time in children should include components that
support mothers to: reduce their own TV-time, reduce
the time the TV is on in the household and understand
the importance of preventing excessive TV viewing dur-
ing early childhood. One third of mothers in the current
study reported experiencing stress, and this was associated
with greater child TV-time. Parent programmes have been
shown to reduce parental stress and depression [37],
therefore interventions to reduce TV-time could include
strategies from such programmes. Mothers experiencing
stress, first time mothers, Pakistani ethnicity mothers, and
mothers born outside the UK all had children with higher
TV-time and thus should be particular targets for inter-
vention; interventions should be appropriate and tailored
for these groups.

Strengths and limitations
The strengths of this study include its relatively large
sample of children from a multiethnic, materially de-
prived population whose TV-time was measured at five
time points over the first three years of life. The pro-
spective longitudinal design enabled trajectories to be
plotted and the identification of a potential key time
point for intervention, 12 months of age, after which
TV-time seemingly accelerates. It is the first study to re-
port TV-time of young children from a South Asian eth-
nic minority group. Furthermore, the study examines
acculturation in this ethnic minority group. The study is
not without limitations, the questionnaire used to quan-
tify child screen time has not been validated. It is a
persisting problem that no valid or reliable tools are
available for this age group [38]. The lack of variation in
the neighbourhood material deprivation scores may have
limited the ability to determine an association with the
outcome. There was a systematic bias in missingness of
data, mothers with lower educational attainment and
those who reported having a difficult financial situation
had higher rates of drop out. This may have affected the
results; however, the number of participants in these
groups who remained in the study was still high. The
study only investigated the relationship between mother
and child TV-time; the father/child relationship was not
examined. Some literature suggests stronger relation-
ships between sex matched parent/child dyads (mothers
and daughters, fathers and sons), such that mothers have
more influence on daughters and fathers on sons [39].
Whether this relationship exists when children are so
young has not yet been investigated. The study did not
explore whether mothers and children were watching
TV together. Given the new American Academy of
Pediatrics [11] recommendations that parents should co-
view and re-teach screen content with their children,
this would be interesting to investigate in future studies.
We acknowledge that this study only measured TV-time
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and did not encompass other screen behaviours (e.g.
tablet/computer use). However, in early childhood the
main contributor to screen time is TV-time. [14] A fur-
ther limitation is that screen viewing data was self/proxy
reported and this brings with it recall limitations and
possible social desirability bias, which may occur in the
reporting of determinants (e.g. attitude) as well as TV-
time. Moreover, we assumed no differential reporting
error of TV-time between ethnic groups.

Conclusion
High levels of TV-time were common amongst the chil-
dren. A period of accelerated increase in TV-time was
observed between 12 and 30 months, suggesting inter-
ventions should be targeted before this time. Modifiable
determinants were identified and included mothers’ own
TV-time, the time the television is on in the home and
mothers’ attitude towards child TV-time. These behav-
iours may be key components to address in interven-
tions for parents. Children of mothers experiencing
stress, first time mothers, and mothers of Pakistani
origin, particularly those born outside of the UK, had
significantly greater TV-time than their counterparts
and thus should be particular target groups for interven-
tions to reduce TV-time during early childhood.
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