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Abstract

Introduction

Prior studies examining longitudinal patterns of television (TV) watching have tended to use

analytical approaches which do not allow for heterogeneity in the variation of TV watching

over time. In the current study, we used latent class analysis (LCA) to examine the relation-

ships between television watching (from childhood to early adulthood) and body fat percent-

age (%) and mental health.

Methods

Data were collected from 2411 participants (50% female) from the Raine Study, a prospec-

tive birth cohort study in Australia. Participants were followed up over 15 years and answered

questions about hours of TV watching per week at six time-points (5, 8, 10, 14, 17 and

20yrs). Trajectories of television watching were estimated using LCA and appropriate regres-

sion models used to test the association of television watching class with percentage body

fat (measured by DXA) and mental health (DASS-21) at age 20. Physical activity was used

as a covariate.

Results

Three distinct trajectories of TV watching were identified. Class 1 (47.4%) had consistently

high (>14 hrs/wk) levels of TV watching, Class 2 (37.9%) was characterised by an

increase in TV watching over adolescence and Class 3 (14.7%) had consistently lower

(<14 hrs/wk) TV watching over 15 years. Sex was used as an active covariate in the latent

class model and was significantly associated with class membership (p<0.001), with

females comprising 45%, 47% and 59% of Class 1, 2 and 3 respectively. In females, mem-

bership in Class 2 or 3 was associated with lower body fat % at age 20, compared to Class

1 (p<0.001). For males, membership in Class 2 was associated with lower body fat %
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compared with males in Class 1 (p = 0.026). Membership of TV watching class and mental

health were not related (p>0.05).

Conclusions

TV watching from childhood to young adulthood appears to be a relatively stable behavior

for around two thirds of participants, but not everyone tracks consistently. This study identi-

fied a subset of participants with low levels of TV watching in childhood and also that this

group, despite an increase in TV watching over adolescence, maintained a lower level of

body fat in young adulthood.

Introduction
Television (TV) watching is a prevalent behaviour across the life span and often is associated
with the use of other screen based media and broader sedentary behaviour exposure [1]. In
spite of the accumulated data from cross sectional studies showing the negative association of
TV watching and various health outcomes, specifically at life-course epochs of early childhood
[2, 3]; adolescence [4, 5]; young adulthood [6] and during later adult years [7], surprisingly lit-
tle is known about the longitudinal pattern of change of TV watching over critical developmen-
tal periods [8] and how this may relate to early adulthood health outcomes.

Evidence from observational and experimental studies support a direct link between TV
watching and increased body fat in children [9], adolescents [10] and in adults [11] and more
recently an association has been described with poor mental health outcomes [12, 13]. How-
ever, only three studies have investigated the long-term effects of childhood TV watching on
adult body mass index (BMI), reporting childhood TV watching (between 5 and 15 years) to
significantly predict higher BMI in adulthood [14–16]. Although longitudinal assessments
relating TV watching with the incidence of mental disorders are scarce, there is some evidence
from longitudinal studies in adults, that the risk of depression may be slightly increased with
increasing TV watching time [17–19], and that time spent in MVPA may attenuate the rela-
tionship [13]. To the authors’ knowledge no studies have investigated the longitudinal associa-
tions of TV watching in childhood with early adulthood mental health outcomes.

Although TV watching appears to be a fairly stable behaviour over a number of years of
sample follow-up [14, 20, 21], few studies have data spanning more than five years. Further,
studies which have discussed the tracking of TV watching over more than one time point have
been limited in their analytical approach. Most have tended to only report a single tracking
coefficient [14, 22] or have used generalized estimating equations [21, 23] to describe a single
sample trajectory. These analyses assume all individuals follow the same pattern of change over
time and do not allow for the modelling of population heterogeneity [24]. As such these analy-
ses may oversimplify the potentially complex longitudinal patterns of TV watching, thereby
missing identification of potential windows of opportunity for interventions to reduce TV
watching exposure.

Latent class analysis (LCA) is a method that can be used for the exploration and identifica-
tion of patterns of TV watching behaviours over time. Class membership is based on groupings
of similar patterns of responses over time, and covariates can be used to predict class member-
ship probabilities [24]. To the authors’ knowledge, only one other study has used a trajectory
based approach to describe TV watching time over a longitudinal follow up from childhood to
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early adulthood [25]. However, the authors did not relate the TV trajectories to any health
outcomes.

Given the health effects of excessive TV watching identified for both children and adults, a
detailed understanding of the behaviour is needed. The purpose of this study was to report on
the application of LCA to identify TV watching trajectories from childhood (5 years) to early
adulthood (20 years). Furthermore, to add internal validity to the trajectories identified we
explored the associations of these trajectories with physical and mental health outcomes in
early adulthood. We also investigated whether physical activity had a moderating effect on the
relationship between TV watching, body fat and mental health.

Methods

Participants
Participants for this study were part of The Western Australian Pregnancy Cohort (Raine)
Study [26]. Briefly, 2900 pregnant women attending the public antenatal clinic at King Edward
Memorial Hospital, or nearby private practices, were recruited into the Raine Study between
May 1989 and November 1991. A total of 2868 children have undergone serial assessment at
birth and at ages 1, 2, 3, 5, 8, 10, 14, 17 and 20 years. Informed, written consent to participate
in the study was obtained from the mother of each child at enrolment and at each subsequent
follow-up until the children achieved majority and provided their own consent. The study pro-
tocols have all been approved by the Human Research Ethics Committee of Curtin University
(HR 23/2013) and Human Research Ethics Office the University of Western Australia (RA/4/
1/5202).

At the 20-year follow up, 1565 participants took part. Complete data for TV watching, body
fat, mental health and physical activity were available for 58% (n = 910) of the participants at
age 20. Those included in the present study were not different for sex, BMI at age 5, family
income at age 5 or income at age 20, but did have a slightly lower BMI at age 20 (p = 0.03),
compared to the participants included in the 20-year follow up but for whom there were
incomplete data for inclusion in this study (S1 Table).

Television watching
At ages 5, 8 and 10, parents reported on the length of time their child spent watching TV per
day using a six category question with response options from ‘none’ to ‘more than three hours’
per day. At ages 14, 17, and 20, study participants themselves responded to five category ques-
tions about the length of time they usually spent watching TV per day with response options
from ‘none at all’ to ‘4 hours or more’ per day. Data were combined to create overall TV watch-
ing categories across all 6 time points of: i) no hrs/week, ii) less than 7 hrs/wk, iii) between 7
and 14 hrs/wk, iv) between 14 and 21 hrs/wk and v) more than 21 hrs/wk.

Body Composition measures
At age 20, percentage body fat (and lean body mass) was obtained from a whole body Dual
energy X Ray Absorptiometry (DXA) scan (Norland XR-36 densitometer, Norland Medical
Systems, Inc., Fort Atkinson, WI, USA) performed according to manufacturer-recommended
procedures using built-in software (version 4.3.0). All analyses were checked for consistency
and daily calibration was performed on the DXA machine prior to each scanning session. The
densitometer had a variation in precision of<2.0% for the measured site at standard speed.
Weight was measured to the nearest 100g using Personal Precision scales UC-321 (A and D
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Company) and height was measured to the nearest 0.1 cm with a wall mounted stadiometer
(Seca 202).

Mental health
Mental health was assessed using the 21-item self-reported Depression Anxiety Stress Scales
(DASS-21), which consists of three 7-item self-report scales that assess symptoms of depres-
sion, anxiety and stress [27]. The DASS-21 (and its longer form) have been validated in clinical
and non-clinical populations [28, 29]. Participants were asked to rate the extent to which they
had experienced each state over the past week on a four-point severity/frequency scale with
responses ranging from 0 (did not apply to me at all) to 3 (applied to me very much or most of
the time). The DASS-21 yields separate depression, anxiety and stress subscale scores (scores
range from 0–21), and a composite total score that is the sum of the three subscales (range
0–63). Although cut-off scores defining mild/moderate/severe and extremely severe have been
developed, they are recommended only for clinical practice and thus for the purposes of this
study, continuous scores were used.

Physical Activity
Physical activity was assessed using the short form of the International Physical Activity Ques-
tionnaire (IPAQ-short), which has been shown to have acceptable test-retest reliability (Spear-
man’s rho = 0.76) and criterion validity (Spearman’s rho = 0.30), comparable to other self-
report measures [30]. Participants were asked to report the number of days in the past week
and the total time per day (hours/minutes) of walking, moderate-intensity and vigorous-inten-
sity physical activity. Data were quality controlled and total weekly physical activity was then
estimated by weighting the reported minutes per week within each category (walking, moder-
ate or vigorous activity) by a MET energy expenditure estimate assigned to each level of activity
(3.3 –walking; 4.0—moderate; 8.0—vigorous) to obtain MET-minutes per week (MET.min.
wk-1). The IPAQ-S also provided data about sitting exposure.

Statistical Analysis
Latent class analysis was used to estimate trajectories of TV watching using an ordinal logit
model, which was most appropriate for the ordinal nature of the indicator variables, TV watch-
ing at 5, 8, 10, 14, 17 and 20 years. A series of models with 1 to 6 classes were estimated, with
sex used as an active covariate. To avoid local rather than global latent class solutions, each
model used 200 random starts and 100 iterations per set of start values. As there are no defini-
tive decision criteria for the optimal number of classes, the judgement as to the optimum solu-
tion was based upon a combination of statistical criteria, parsimony and interpretability [31].
The following were considered: i) the minimum values of the goodness of fit measures Bayes
Information criteria (BIC), Akaike’s information criteria (AIC) and the Consistent AIC
(CAIC) as indicators of the optimal number of classes, ii) consideration of the identification of
the model in terms of the proportion of random starts converging on the same solution, iii)
bootstrapped p-value for the log-likelihood difference between models where differences in
BIC and AIC were similar, iv) the degree to which the trajectory classes identified captured
distinct and potentially meaningful patterns in the data, and v) the quality of the model in
terms of posterior probability diagnostics, namely the entropy R2 value, average posterior prob-
ability for each trajectory class, odds of correct classification and classification error. Partici-
pants were assigned to the trajectory class for which they had the highest posterior probability
of membership.
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General linear models were used to investigate the association of membership of TV watch-
ing class with body fat percentage with separate models for males and females, with all analyses
weighted according to probability of membership for assigned TV watching class. Models were
estimated unadjusted and adjusted for physical activity scores (MET.min.wk-1), which were log
transformed due to the non-normal distribution of the data. Negative binomial regression was
applied to investigate associations between TV watching classes and DASS-21 scores due to the
highly skewed DASS-21 scores. A negative binomial regression reports an incident rate ratio
(IRR), interpreted as the predicted proportional difference in DASS-21 scores associated with
being in a particular class of TV watching. Models were estimated unadjusted and adjusted for
body fat percentage and physical activity. A p value of less than 0.05 was considered statistically
significant. Statistical analyses were performed using LatentGold Version 4.5 (Statistical Inno-
vations Inc, Belmont MA USA) and SPSS v22 (SPSS Inc. Chicago, IL).

Results
The trajectories of TV watching were estimated using all available data, i.e. 2411 participants
with one or more time point (over fifteen years) reporting hours spent watching TV per week.
Numbers of female and male participants for whom data were available at each time point are
shown in S2 Table.

Participants were classified into three classes based on their pattern of TV watching over a
15 year time span (Fig 1). Class 1 (n = 1142 of 2411, 47.4%) was characterised by consistently
high (>14 hrs/wk) levels of TV watching over the 15 years, Class 2 (n = 913 of 2411, 37.9%)
was characterised by a sharp increase in TV watching over the adolescent years and Class 3
(n = 356 of 2411, 14.7%) had consistently lower (<14 hrs/wk) levels of TV watching over the
course of 15 years. Sex was significantly associated with class membership (p< .001), with
females estimated to comprise 45%, 47% and 59% of Class 1, 2 and 3 respectively.

For further analysis, only those cases with body composition, DASS and physical activity
scores at age 20 were used (n = 910). The average probability of class membership for these
cases was 0.85 (SD = 0.17) for Class 1, 0.80 (SD = 0.16) for Class 2 and 0.78 (SD = 0.20) for
Class 3. Descriptive statistics of the male and female participants in the three classes at age 20
are reported in Table 1.

Associations between latent class and body fat at age 20
In females, membership in Class 2 or Class 3 was associated with a significantly lower percent-
age of body fat at age 20, compared to Class 1 before (p<0.001) and after (p<0.001) adjustment
for physical activity (Table 2). For males, membership in Class 2 was associated with a signifi-
cantly lower percentage body fat compared with males in Class 1 before (p = 0.045), and after
(p = 0.026) adjustment for physical activity. There was no statistically significant relationship
for body fat percentage for males in Class 3 compared to Classes 1 or 2.

Associations between latent class and mental health at age 20
There was no significant association between membership of TV watching class and mental
health for the total DASS score before or after adjustment for percentage body fat and physical
activity in either males or females (Table 3), nor for any of the subscales (model data not
shown, descriptive data in Table 1).
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Discussion
This study used latent class analysis to identify three distinct patterns of TV watching in a
cohort tracked from childhood (5 years) to early adulthood (20 years) and related these trajecto-
ries to health outcomes. The latent class method was useful for providing a heuristic summary
of a categorical variable and provided a data reduction process to help identify longitudinal TV
watching patterns across critical life stages. Class 1 had the highest levels of TV watching across
all time points measured, represented the largest proportion of the sample, and included an
equal proportion of males and females. In at least one third of the sample (Class 2), TV watching
behavior did not track over time and membership in this class was characterised by a sharp
increase in TV watching over the adolescent period. Class 3 was characterised by the lowest lev-
els of TV watching across all time points, included a higher proportion of females than males
and represented 15 percent of the sample.

The current analysis showed that although TV watching from childhood to young adult-
hood appears to be a relatively stable behavior for around two thirds of participants, not every-
one tracks consistently. Similar to what has been previously reported this study showed that
low and high levels of TV watching may track consistently during the early childhood period
(ages 2 to 6 years) [3] and into adulthood [15]. However, LCA enabled the identification of
another trajectory of TV watching (Class 2) followed by over one third of participants, charac-
terised by a steep increase in TV watching over adolescence, a time typically associated with
physical activity decline, increased sedentary behaviour, body weight changes and a higher risk

Fig 1. Mean television watching hours/wk by trajectory classes (Latent classes based on 15 years of TV watching data).Class 1 (blue circle); Class 2
(dashed line, grey square) and Class 3 (red triangle).

doi:10.1371/journal.pone.0152879.g001
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for depression [32]. In the current study, these higher levels of TV watching continued into
young adulthood.

Prior studies examining longitudinal patterns of TV watching have typically used analytical
approaches which do not allow for the modelling of population heterogeneity, and would thus
have misclassified participants in Class 2 into either consistently higher or consistently lower
TV watching groups. Identification of this different class suggests that the development trajec-
tory of TV watching is not always linear and that intervention to curb the increase in TV
watching over the adolescent years could be important to avoid a consistently high pattern of
TV watching in later life. In the only other study which has used LCA to describe TV watching
behaviour, Kwon and colleagues also showed that for a large proportion of young people, TV
watching is not a stable behaviour [25]. Consistent with Class 2 in the current study, Kwon
et al. identified a trajectory with increasing TV watching over time. However, the gradient of
increase in TV watching in Kwon’s study was more gradual than the rapid increase in TV

Table 1. Descriptive characteristics of participants within latent classes. Data are mean (SD) or *median (IQR) (n = 910).

Class 1 Class 2 Class 3

Female Male All Female Male All Female Male All

N 170 213 383 153 175 328 137 62 199

Weight (kg) 68.2
(18.2)

79.4(15.5) 74.4
(17.7)

67.4
(17.0)

75.2
(14.5)

71.6
(16.2)

65.3
(12.2)

79.6
(14.5)

69.8
(14.5)

Height (cm) 165 (7) 178 (7) 172 (10) 166 (6) 178 (9) 173 (9) 166 (6) 180 (7) 171 (9)

Lean body mass (g) 36330
(5766)

57685
(8469)

48207
(12937)

37163
(4869)

56185
(7893)

47312
(11597)

37514
(4780)

58138
(8113)

44188
(11960)

Physical Activity (MET-mins/wk)* 2229
(957–
4158)

4400
(1908–
8372)

3210
(1221–
6648)

2453
(1050–
4002)

3546
(1872–
6600)

2785
(1440–
2785)

2466
(1236–
4168)

3434
(1339–
7200)

2564
(1280–
4878)

Sitting time(hrs/wkday)* 5 (4–8) 5 (3–7) 5 (3–8) 6 (4–8) 5 (3–7) 5 (4–7) 5 (3–7) 5 (3–8) 5 (3–8)

Body fat (%) 41.5 (9.6) 22.7 (9.4) 31.1
(13.3)

39.2 (9.5) 20.6 (8.8) 29.3
(13.0)

38.1 (8.4) 21.0 (8.6) 32.8
(11.6)

DASS-21 Total Score * 9 (5–16) 6 (3–13) 8 (4–15) 10 (4–17) 6 (3–12) 8 (3–16) 10 (4–15) 6 (4–12) 9 (4–15)

DASS-21 Depression sub scale 3 (1–6) 2 (0–5) 2 (1–5) 2 (1–6) 2 (0–4) 2 (1–5) 2 (1–6) 2 (1–4) 2 (1–5)

DASS-21 Anxiety sub scale 2 (1–4) 1 (0–3) 2 (0–4) 2 (1–4) 2 (1–3) 2 (1–4) 2 (0–4) 1 (0–3) 2 (0–3)

DASS-21 Stress sub scale 4 (2–8) 3 (1–6) 3 (1–7) 4 (2–7) 3 (1–6) 4 (1–6) 5 (2–8) 3 (1–7) 4 (2–7)

doi:10.1371/journal.pone.0152879.t001

Table 2. Regression coefficients (ß) and 95%CI for percentage body fat by sex and TV class unadjusted (Model 1) and adjusted (Model 2) for phys-
ical activity. Regression coefficients represent estimated mean differences in percentage body fat between groups. Data are weighted by probability of
membership.

Percentage Body Fat

Females P value Males P value

Model 1 ß (95% CI) Overall p <0.001 ß (95% CI) Overall p = 0.102

Class 2 vs 1 -2.820 (-4.947 to -0.722) 0.006 -1.895 (-3.713 to -0.006) 0.045

Class 3 vs 1 -4.133 (-6.277 to -2.140) <0.001 -1.768 (-4.529 to 0.829) 0.192

Class 3 vs 2 -1.312 (-3.527 to 0.697) 0.235 0.127 (-2.727 to 2.699) 0.927

Model 2 ß (95% CI) Overall p <0.001 ß (95% CI) Overall p = 0.001

Class 2 vs 1 -2.784 (-4.944 to -0.653) 0.007 -2.082 (-3.910 to -0.222) 0.026

Class 3 vs 1 -4.065 (-6.149 to -2.052) <0.001 -2.059 (-4.735 to 0.420) 0.125

Class 3 vs 2 -1.281(-0.928 to 3.390) 0.178 0.022 (-2.601 to 2.691) 0.987

doi:10.1371/journal.pone.0152879.t002

Distinct Patterns of TVWatching from Childhood to Young Adulthood

PLOS ONE | DOI:10.1371/journal.pone.0152879 April 20, 2016 7 / 12



watching observed over the adolescent period in the current study. Kwon et al. also described a
fourth trajectory, characterised by a decrease in TV watching over time, which we did not find
any evidence for. Nonetheless, the ‘instability’ of TV watching behaviour demonstrated in both
this study and by Kwon et al. presents opportunities for targeted intervention. It will be impor-
tant for future studies to investigate reasons for this change in behaviour, which possibly
include changes in family life, parenting strategies, growing influence of peers and changes in
physical activity levels. Although the trajectories described by Kwon and colleagues provide
compelling evidence that TV watching is not a stable behaviour for everyone, and that there
were some associations with physical activity behaviours, there was no reporting of whether
TV watching trajectory membership was related to health outcomes.

The statistical approach of the current study allowed us to examine TV watching trajectories
across childhood and young adulthood and illustrated that, prolonged periods of high levels of
TV watching over the 15 year study period (Class 1) were associated with a higher body fat per-
centage in young female adults compared with those in the trajectory with consistently low lev-
els of TV watching (Class 3). Similar to the findings of Sugiyama et al (2008), the association
between body fat and TV watching in the current study was stronger and more consistent for
females than for males [1]. Repeated exposure and accumulation of high levels of TV watching
over time may contribute to obesity and this may start in early childhood [33]. Whilst there
may be a bi-directional relationship between body fat and TV watching [23], the findings of
this study lend support to prior findings from the Raine study cohort, where time spent watch-
ing TV was reported to be predictive of BMI at ages 8 and 10 years [22] and other longitudinal
studies which have shown that high levels of TV watching in childhood are associated with
being overweight in adolescence [21] and in adulthood [14, 16].

A key contribution of this study is the finding that membership to Class 2 (the ‘unstable’ tra-
jectory) was associated with significantly lower body fat percentage in young adults, in spite of
the increase in TV watching over the adolescent years. Proctor and colleagues examined tertiles
of TV watching over childhood and found that higher levels of TV watching in early childhood
(age 4) predicted higher later childhood BMI (age 11)[34]. Proctor reported that participants
in the middle tertile of TV watching had intermediate gains in BMI (less than the highest
tertile, but more than the lowest tertile). In the current study, the lower body fat percentage
associated with being in the unstable trajectory (Class 2) was not as great as for those in the
consistently low (Class 3) TV watching trajectory, but was more favourable than for those in
the consistently high TV watching trajectory (Class 1).

Table 3. Negative binomial model risk ratios and 95% confidence intervals (95% CI) for the effect of TV classes on DASS-21 total scores by sex
unadjusted (Model 1) and adjusted (Model 2) for percentage body fat and physical activity. Data are weighted by probability of membership.

DASS-21

Females P value Males P value

Model 1 RR (95% CI) Overall p = 0.787 RR (95% CI) Overall p = 0.523

Class 2 vs 1 1.053 (0.852 to 1.302) 0.629 0.883 (0.706 to 1.104) 0.276

Class 3 vs 1 1.076 (0.864 to 1.342) 0.510 0.999 (0.724 to 1.377) 0.995

Class 2 vs 3 1.022 (0.814 to 1.283) 0.851 1.131 (0.811 to 1.577) 0.467

Model 2 RR (95% CI) Overall p = 0.735 RR (95% CI) Overall p = 0.515

Class 2 vs 1 1.066 (0.859 to 1.321) 0.561 0.882 (0.705 to 1.103) 0.273

Class 3 vs 1 1.088 (0.869 to 1.362) 0.461 1.000 (0.724 to 1.381) 0.998

Class 2 vs 3 1.021 (0.813 to 1.282) 0.858 1.133 (0.813 to 1.581) 0.459

doi:10.1371/journal.pone.0152879.t003
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The proposed mechanisms responsible for the relationship between TV watching and
increased body fat include the influence of TV content on food choices, and the increased calo-
ric intake through between-meal snacking [35], contrasting environmental and social contexts,
[1] excessive sitting, the or the displacement of physical activity [36]. Being more physically
active did not appear to attenuate the relationships described in the current study, as the body
fat and TV watching relationships were not diminished after adjustment for physical activity
levels at age 20 in both females and males. Another study examining participants from the
Raine cohort, showed that young adults who consistently participated in organised sport over
their childhood and adolescent years have more favourable health outcomes at age 20 [37].
Future analyses with these trajectory classes should assess correlates of class membership and
associations with other health outcomes.

In the current study, TV watching levels over the 15 year period were not associated with
symptoms of depression, anxiety or stress in young adulthood for males or females. In an ear-
lier cross sectional analysis of the Raine study cohort (at age 14 years), greater time spent in
front of a screen was associated with poorer mental health [5]. Currently, only three longitudi-
nal studies have examined the relationship between sedentary behaviour and mental health,
but data from the childhood to early adulthood period are lacking. A two-year follow up study
in older adults showed that TV watching for more than six hours per day was associated with a
higher risk for depressive symptoms [18]. In middle aged and older adults, an association
between TV watching and a higher risk of depressive symptoms has been reported [17, 19].
However, when participants in Lucas’ (2011) study with clinically diagnosed depression were
analysed separately, the association of depression with TV watching was no longer apparent
[17]. Importantly, it has been shown that if a sufficient level of physical activity is reached,
sedentary habits might be not as definitive in predicting mental disorders [19]. Mekary and
colleagues (using isotemporal substitution in older adults) found that watching TV for 60 min-
utes/day instead of easy paced walking (for 60 minutes/day) was not associated with depression
risk, but that watching TV for 60 minutes/day instead of brisk paced walking (for 60 minutes/
day) was associated with a higher depression risk [38]. Rebar and colleagues (using a cluster
analysis approach in middle aged adults) found that a cluster representative of higher psycho-
logical distress was not profiled as physically inactive [39]. It may be that the intensity of physi-
cal activity is important to offset the risk of mental health problems. Although an association
between TV watching and depressive symptoms has been reported in older adults, the longitu-
dinal relationship from childhood to adulthood remains unclear.

Only TV watching was considered in this analysis, yet many participants may have had sub-
stantial exposure to other screen based media (e-mail, instant messaging, surfing the Internet,
playing electronic games) which may have influenced class membership and associations with
health outcomes. The change from parent-report to child-report may have influenced the tra-
jectories; however this is unlikely as findings were consistent using either parent- (data not
shown) or child-report data at 14 years. The study did not investigate why TV watching
increased for over one third of adolescents, and the findings may not be applicable to a more
heterogeneous population from different geo-socio-economic backgrounds. Despite these limi-
tations, this study had important strengths which included comprehensive analysis of data
from six time point’s spanning childhood to early adulthood in a large community sample.
Also, this study applied a sophisticated analytical approach enabling data driven identification
of three distinct trajectories. The trajectories of TV watching were related to important health
outcomes and provided clear evidence for the association of TV watching in childhood and
obesity outcomes in early adulthood.

The three distinct trajectories of TV watching identified in this study indicate that there are
clear opportunities to intervene during at least two critical periods of development (childhood
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and adolescence). Most importantly, this study identified a subset of participants with low lev-
els of TV watching in childhood and also that this subset, despite an increase in TV watching
over the adolescent years, maintained a lower level of body fat in young adulthood. Health
professionals should continue to promote television watching of less than 14 hours per week,
particularly in childhood and during adolescence and be cognisant of the importance of not
assuming that TV watching always follows a stable trajectory.

Supporting Information
S1 Table. Comparison between those included and not included in this study.
(DOCX)

S2 Table. Numbers of females (F) and males (M) within TV classes at ages 5, 8, 10, 14, 17
and 20 years.
(DOCX)

Acknowledgments
We gratefully acknowledge the Raine Study participants and their families, and the Raine
Study Team. Core funding for the Raine Study is provided by the University of Western Aus-
tralia; Curtin University; the Telethon Kids Institute; the Women and Infants Research Foun-
dation; the Raine Medical Research Foundation and Edith Cowan University. We thank the
NHMRC for their long term contribution to funding the study over the last 25 years. The DXA
data in the Yr 20 follow up was funded by CIHRMOP-82893.

Author Contributions
Conceived and designed the experiments: JM AS EH LS. Analyzed the data: JM AS. Contrib-
uted reagents/materials/analysis tools: JM AS EH LS. Wrote the paper: JM AS EH LS.

References
1. Sugiyama T, Healy GN, Dunstan DW, Salmon J, Owen N. Is television viewing time a marker of a

broader pattern of sedentary behavior? Annals of behavioral medicine: a publication of the Society of
Behavioral Medicine. 2008; 35(2):245–50.

2. Braithwaite I, Stewart AW, Hancox RJ, Beasley R, Murphy R, Mitchell EA, et al. The worldwide associa-
tion between television viewing and obesity in children and adolescents: cross sectional study. PLOS
ONE. 2013; 8(9):e74263. doi: 10.1371/journal.pone.0074263 PMID: 24086327

3. Certain LK, Kahn RS. Prevalence, Correlates, and Trajectory of Television Viewing Among Infants and
Toddlers. Pediatrics. 2002; 109(4):634–42. PMID: 11927708

4. Mitchell JA, Pate RR, Beets MW, Nader PR. Time spent in sedentary behavior and changes in child-
hood BMI: a longitudinal study from ages 9 to 15 years. International journal of obesity. 2013; 37(1):54–
60. doi: 10.1038/ijo.2012.41 PMID: 22430304

5. Robinson M, Kendall GE, Jacoby P, Hands B, Beilin LJ, Silburn SR, et al. Lifestyle and demographic
correlates of poor mental health in early adolescence. J Paediatr Child Health. 2011; 47(1–2):54–61.
doi: 10.1111/j.1440-1754.2010.01891.x PMID: 20973867

6. Boone J, Gordon-Larsen P, Adair L, Popkin BM. Screen time and physical activity during adolescence:
longitudinal effects on obesity in young adulthood. The international journal of behavioral nutrition and
physical activity. 2007; 4(26):1–10.

7. Veerman JL, Healy GN, Cobiac LJ, Vos T, Winkler EA, Owen N, et al. Television viewing time and
reduced life expectancy: a life table analysis. British journal of sports medicine. 2012; 46(13):927–30.
doi: 10.1136/bjsm.2011.085662 PMID: 23007179

8. Thorp AA, Owen N, Neuhaus M, Dunstan DW. Sedentary behaviors and subsequent health outcomes
in adults a systematic review of longitudinal studies, 1996–2011. American journal of preventive medi-
cine. 2011; 41(2):207–15. doi: 10.1016/j.amepre.2011.05.004 PMID: 21767729

Distinct Patterns of TVWatching from Childhood to Young Adulthood

PLOS ONE | DOI:10.1371/journal.pone.0152879 April 20, 2016 10 / 12

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0152879.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0152879.s002
http://dx.doi.org/10.1371/journal.pone.0074263
http://www.ncbi.nlm.nih.gov/pubmed/24086327
http://www.ncbi.nlm.nih.gov/pubmed/11927708
http://dx.doi.org/10.1038/ijo.2012.41
http://www.ncbi.nlm.nih.gov/pubmed/22430304
http://dx.doi.org/10.1111/j.1440-1754.2010.01891.x
http://www.ncbi.nlm.nih.gov/pubmed/20973867
http://dx.doi.org/10.1136/bjsm.2011.085662
http://www.ncbi.nlm.nih.gov/pubmed/23007179
http://dx.doi.org/10.1016/j.amepre.2011.05.004
http://www.ncbi.nlm.nih.gov/pubmed/21767729


9. Jago R, Baranowski T, Baranowski JC, Thompson D, Greaves KA. BMI from 3–6 y of age is predicted
by TV viewing and physical activity, not diet. International journal of obesity. 2005; 29(6):557–64.
PMID: 15889113

10. Berkey C, Rockett H, Gillman M, Colditz G. One-Year Changes in Activity and in Inactivity Among 10-
to 15-Year-Old Boys and Girls: Relationship to Change in Body Mass Index. Pediatrics. 2003; 111
(4):836–43. PMID: 12671121

11. Zick CD, Stevens RB, Bryant WK. Time use choices and healthy body weight: a multivariate analysis of
data from the American Time Use Survey. Int J Behav Nutr Phys Act. 2011; 8:84. doi: 10.1186/1479-
5868-8-84 PMID: 21810246

12. deWit L, van Straten A, Lamers F, Cuijpers P, Penninx B. Are sedentary television watching and com-
puter use behaviors associated with anxiety and depressive disorders? Psychiatry research. 2011; 186
(2–3):239–43. doi: 10.1016/j.psychres.2010.07.003 PMID: 20692047

13. Sui X, WJ B, Lavie C, West D, Pate RR, Payne J, et al. Associations between TelevisionWatching and
Car Riding Behaviours and Development of Depresive Symptoms: A Prospective Study. Mayo Clinic
Proceedings. 2015; 90(2):184–93. doi: 10.1016/j.mayocp.2014.12.006 PMID: 25659236

14. Hancox RJ, Milne BJ, Poulton R. Association between child and adolescent television viewing and
adult health: a longitudinal birth cohort study. The Lancet. 2004; 364(9430):257–62.

15. Smith L, Gardner B, Hamer M. Childhood correlates of adult TV viewing time: a 32-year follow-up of the
1970 British Cohort Study. Journal of epidemiology and community health. 2014.

16. Viner RM, Cole TJ. Television viewing in early childhood predicts adult body mass index. The Journal
of pediatrics. 2005; 147(4):429–35. PMID: 16227025

17. Lucas M, Mekary R, Pan A, Mirzaei F, O'Reilly E, Willett W, et al. Relation Between Clinical Depression
Risk and Physical Activity and Time Spent Watching Television in Older Women: A 10-Year Prospec-
tive Follow-up Study. American Jounral of Epidemiology. 2011; 174(9):1017–27.

18. Hamer M, Stamatakis E. Prospective study of sedentary behavior, risk of depression, and cognitive
impairment. Med Sci Sports Exerc. 2014; 46(4):718–23. doi: 10.1249/MSS.0000000000000156 PMID:
24121248

19. Sanchez-Villegas A, Ara I, Guillen-Grima F, Bes-Rastrollo M, Varo-Cenarruzabeitia JJ, Martinez-Gon-
zalez MA. Physical activity, sedentary index, and mental disorders in the SUN cohort study. Med Sci
Sports Exerc. 2008; 40(5):827–34. doi: 10.1249/MSS.0b013e31816348b9 PMID: 18408617

20. Biddle SJ, Pearson N, Ross GM, Braithwaite R. Tracking of sedentary behaviours of young people: a
systematic review. Prev Med. 2010; 51(5):345–51. doi: 10.1016/j.ypmed.2010.07.018 PMID:
20682330

21. Francis SL, Stancel MJ, Sernulka-George FD, Broffitt B, Levy SM, Janz KF. Tracking of TV and video
gaming during childhood: Iowa Bone Development Study. The international journal of behavioral nutri-
tion and physical activity. 2011; 8:100. doi: 10.1186/1479-5868-8-100 PMID: 21943061

22. Hands BP, Chivers PT, Parker HE, Beilin L, Kendall G, Larkin D. The associations between physical
activity, screen time and weight from 6 to 14 yrs: the Raine Study. Journal of science and medicine in
sport / Sports Medicine Australia. 2011; 14(5):397–403. doi: 10.1016/j.jsams.2011.03.011 PMID:
21531620

23. Gebremariam MK, Totland TH, Andersen LF, Bergh IH, Bjelland M, Grydeland M, et al. Stability and
change in screen-based sedentary behaviours and associated factors among Norwegian children in
the transition between childhood and adolescence. BMC Public Health. 2012; 12:104. doi: 10.1186/
1471-2458-12-104 PMID: 22309715

24. Feldman BJ, Masyn KE, Conger RD. New approaches to studying problem behaviors: a comparison of
methods for modeling longitudinal, categorical adolescent drinking data. Developmental psychology.
2009; 45(3):652–76. doi: 10.1037/a0014851 PMID: 19413423

25. Kwon S, Janz KF, Letuchy EM, Burns TL, Levy SM. Developmental Trajectories of Physical Activity,
Sports, and Television Viewing During Childhood to Young Adulthood: Iowa Bone Development Study.
JAMA pediatrics. 2015; 169:666–72. doi: 10.1001/jamapediatrics.2015.0327 PMID: 25984811

26. Newnham J, Evans S, Michael C, Stanley F, Landau L. Effects of frequent prenatal ultrasound on birth-
weight: follow up at 1 year of age. The Lancet. 1993; 342(9025):887–91.

27. Lovibond S, Lovibond P. Manual for depression anxiety stress scales: Sydney: Pyschologoy Founda-
tion of Australia; 1996.

28. Ng F, Trauer T, Dodd S, Callaly T, Campbell S, Berk M. The validity of the 21-item version of the
Depression Anxiety Stress Scales as a routine clinical outcomemeasure. Acta Neuropsyciatrica. 2007;
19:304–10.

Distinct Patterns of TVWatching from Childhood to Young Adulthood

PLOS ONE | DOI:10.1371/journal.pone.0152879 April 20, 2016 11 / 12

http://www.ncbi.nlm.nih.gov/pubmed/15889113
http://www.ncbi.nlm.nih.gov/pubmed/12671121
http://dx.doi.org/10.1186/1479-5868-8-84
http://dx.doi.org/10.1186/1479-5868-8-84
http://www.ncbi.nlm.nih.gov/pubmed/21810246
http://dx.doi.org/10.1016/j.psychres.2010.07.003
http://www.ncbi.nlm.nih.gov/pubmed/20692047
http://dx.doi.org/10.1016/j.mayocp.2014.12.006
http://www.ncbi.nlm.nih.gov/pubmed/25659236
http://www.ncbi.nlm.nih.gov/pubmed/16227025
http://dx.doi.org/10.1249/MSS.0000000000000156
http://www.ncbi.nlm.nih.gov/pubmed/24121248
http://dx.doi.org/10.1249/MSS.0b013e31816348b9
http://www.ncbi.nlm.nih.gov/pubmed/18408617
http://dx.doi.org/10.1016/j.ypmed.2010.07.018
http://www.ncbi.nlm.nih.gov/pubmed/20682330
http://dx.doi.org/10.1186/1479-5868-8-100
http://www.ncbi.nlm.nih.gov/pubmed/21943061
http://dx.doi.org/10.1016/j.jsams.2011.03.011
http://www.ncbi.nlm.nih.gov/pubmed/21531620
http://dx.doi.org/10.1186/1471-2458-12-104
http://dx.doi.org/10.1186/1471-2458-12-104
http://www.ncbi.nlm.nih.gov/pubmed/22309715
http://dx.doi.org/10.1037/a0014851
http://www.ncbi.nlm.nih.gov/pubmed/19413423
http://dx.doi.org/10.1001/jamapediatrics.2015.0327
http://www.ncbi.nlm.nih.gov/pubmed/25984811


29. Henry J, Crawford J. The short-form version of the Depression Anxiety Stress Scales (DASS-21): Con-
struct validity and normative data in a large non-clinical sample. British Journal of Clinical Psychology.
2005; 44:227–39. PMID: 16004657

30. Craig CL, Marshall AL, SjostromM, Bauman AE, Booth ML, Ainsworth BE, et al. International physical
activity questionnaire: 12-country reliability and validity. Med Sci Sports Exerc. 2003; 35(8):1381–95.
PMID: 12900694

31. Collins L, Lanza S. Latent class and latent transition analysis: with applications in the social behavioural
and health sciences. Hoboken, New Jersey, USA: JohnWiley & Sons Inc; 2010.

32. Alberga AS, Sigal RJ, Goldfield G, Prud'hommeD, Kenny GP. Overweight and obese teenagers: why
is adolescence a critical period? Pediatric obesity. 2012; 7(4):261–73. doi: 10.1111/j.2047-6310.2011.
00046.x PMID: 22461384

33. Wennberg P, Gustafsson PE, Howard B, Wennberg M, Hammarstrom A. Television viewing over the
life course and the metabolic syndrome in mid-adulthood: a longitudinal population-based study. Jour-
nal of epidemiology and community health. 2014; 68(10):928–33. doi: 10.1136/jech-2013-203504
PMID: 24663095

34. Proctor MH, Moore LL, Gao D, Cupples LA, Bradlee ML, Hood MY, et al. Television viewing and
change in body fat from preschool to early adolescence: The FraminghamChildren's Study. Interna-
tional journal of obesity and related metabolic disorders: journal of the International Association for the
Study of Obesity. 2003; 27(7):827–33.

35. Borghese MM, Tremblay MS, Leduc G, Boyer C, Belanger P, LeBlanc AG, et al. Independent and com-
bined associations of total sedentary time and television viewing time with food intake patterns of 9- to
11-year-old Canadian children. Applied physiology, nutrition, and metabolism = Physiologie appliquee,
nutrition et metabolisme. 2014; 39(8):937–43. doi: 10.1139/apnm-2013-0551 PMID: 24892903

36. Healy GN, Dunstan DW, Salmon J, Cerin E, Shaw JE, Zimmet PZ, et al. Breaks in Sedentary Time. Dia-
betes Care. 2008; 31:661–6. doi: 10.2337/dc07-2046 PMID: 18252901

37. Howie EK, McVeigh J, Smith AJ, Straker L. Organized sport trajectories from childhood to adolescence
and health associations. Med Sci Sports Exerc. 2016;In Press.

38. Mekary RA, Lucas M, Pan A, Okereke OI, Willett WC, Hu FB, et al. Isotemporal substitution analysis for
physical activity, television watching, and risk of depression. American journal of epidemiology. 2013;
178(3):474–83. doi: 10.1093/aje/kws590 PMID: 23785112

39. Rebar A, MJ D, Short C, Vandelanotte C. Differences in health-related quality of life between three clus-
ters of physical activity, sitting time, depression, anxiety, and stress. BMC Public Health. 2014; 14.

Distinct Patterns of TVWatching from Childhood to Young Adulthood

PLOS ONE | DOI:10.1371/journal.pone.0152879 April 20, 2016 12 / 12

http://www.ncbi.nlm.nih.gov/pubmed/16004657
http://www.ncbi.nlm.nih.gov/pubmed/12900694
http://dx.doi.org/10.1111/j.2047-6310.2011.00046.x
http://dx.doi.org/10.1111/j.2047-6310.2011.00046.x
http://www.ncbi.nlm.nih.gov/pubmed/22461384
http://dx.doi.org/10.1136/jech-2013-203504
http://www.ncbi.nlm.nih.gov/pubmed/24663095
http://dx.doi.org/10.1139/apnm-2013-0551
http://www.ncbi.nlm.nih.gov/pubmed/24892903
http://dx.doi.org/10.2337/dc07-2046
http://www.ncbi.nlm.nih.gov/pubmed/18252901
http://dx.doi.org/10.1093/aje/kws590
http://www.ncbi.nlm.nih.gov/pubmed/23785112

