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Introduction
Children in developed countries watch a lot of television.
Surveys suggest that time spent watching television
during childhood and adolescence might even exceed
time spent in school.1 There is increasing concern that
the amount of television watched by children could have
adverse effects on health. Television viewing might not
only displace more energetic activities (contributing to
poor fitness and obesity), but also encourage poor
dietary habits, violent behaviour, and substance abuse
due to the messages conveyed through programme
content and advertising.2

Studies in children and adolescents have linked
television viewing to obesity,3–6 poor physical fitness,7,8

lipid abnormalities,9 and smoking.10 However, several
studies have found the associations to be weak or non-
significant,11–13 and none has addressed the long-term
effects of childhood television viewing. In particular,
there is no information on whether childhood television
viewing affects adult health. To address this issue, we
examined the association between child and adolescent
television viewing and a range of adult health indicators
in a birth cohort of approximately 1000 New Zealanders.

Methods
Participants
Study members were born in Dunedin, Otago
province, New Zealand, between April, 1972, and

March, 1973.14 We invited all children who still resided
in Otago to participate in the first follow-up
assessment at age 3 years. 1037 children (91% of
eligible births; 535 [52%]  boys, 502 [48%] girls)
attended the initial follow-up, constituting the base
sample for our study. Further follow-up assessments
were undertaken at ages 5 (n=991), 7 (n=954), 9
(n=955), 11 (n=925), 13 (n=850), 15 (n=976), 18
(n=993), 21(n=992), and most recently at age 26 years,
when we assessed 980 (96%) of 1019 study members
who were still alive. Cohort families represented the
full range of socioeconomic status in the South Island,
New Zealand, and were mostly of New Zealand
European ethnicity. At age 26 years, 73 (7·4%) study
members identified themselves as Maori, and 15
(1·5%) as Pacific Islanders. We obtained written
informed consent for each assessment. Our study was
approved by the Otago Ethics Committee.

Procedures 
Information was obtained on television viewing at ages
5, 7, 9, 11, 13, 15, and 21 years. Between ages 5 and
11 years, parents were asked how much time study
members spent watching weekday television. At ages
13, 15, and 21 years, study members themselves were
asked how long they usually watched television on
weekdays and at weekends. Our summary variable was
a composite of child and adolescent viewing calculated
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as the mean viewing hours per weekday, between ages
5 and 15 years. We also analysed the associations
between television viewing in two developmental
epochs: childhood (mean viewing hours per weekday
at ages 5–11 years) and adolescence (mean viewing
hours per day at ages 13–15 years, including
weekends). 

Participants at age 26 years were studied to assess
adult health. We measured height (without shoes) and
weight (in light clothing) to calculate body-mass index
(kg/m2). Blood pressure (the mean of three
measurements all preceded by 5-min rest) was
recorded from the right arm with a random zero
sphygmomanometer (Hawksley, Lancing, UK) with a
constant deflation valve. Submaximum exercise testing
was undertaken with a cycle ergometer (Monarch 818,
Varberg, Sweden). A 2-min warm-up at 50 W was used
to gauge the heart-rate response. We adjusted the
intensity of exercise to elicit a steady-state heart rate of
130–170 beats per min during a further 5–6 min
exercise at constant power. We calculated maximum
aerobic power (VO2max) from final heart rates for the
785 (80%) study members who completed the test by
using the modified Åstrand-Rhyming method.15 Non-
fasting blood samples were collected about 4 h after
lunch for 882 (90%) 26-year-old participants, and
analysed on a Hitachi 717 analyser with a cholesterol
oxidase method (coefficient of variation 2·7–2·9%;

Roche, Mannheim, Germany). We defined current
cigarette smoking as smoking daily for at least
1 month in the previous year.

Covariate measures were obtained at several ages: we
recorded socioeconomic status of study members’
families according to the highest parental occupation
on a six-point scale, based on the educational level and
income associated with that occupation in the New
Zealand census (6=unskilled labourer, 1=profes-
sional).16 Childhood socioeconomic status was
calculated as the mean of assessments between birth
and age 15 years. At age 15 years, we used the modified
Minnesota Leisure Time Physical Activity
Questionnaire to assess physical activity.17 Smoking
habits of both parents were ascertained in the
assessments at 9, 11, and 13 years of age. At the
assessment at age 11 years, parental body-mass index
was estimated from self-reports of the height and
weight of parents for 839 (81%) mothers and 798
(77%) fathers. We obtained body-mass index measure-
ments from 893 study members at age 5 years.
Missing body-mass index values were imputed from
measurements taken at age 3 years for a further
120 participants.

Statistical analysis
We used linear regression to examine the association
between television viewing and health indicators
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Mean (SD) viewing hours Correlation coefficients

Male Female 5 years 7 years 9 years 11 years 13 years 15 years 21 years

Age (years)
5* 1·91 (1·23) 1·91 (1·35) ·· 0·35 0·33 0·21 0·19 0·16 0·08†
7* 1·87 (0·97) 1·69 (0·94) ·· ·· 0·42 0·38 0·27 0·23 0·14
9* 2·22 (1·03) 2·04 (1·03) ·· ·· ·· 0·41 0·30 0·24 0·21
11* 2·60 (1·16) 2·41 (1·12) ·· ·· ·· ·· 0·29 0·28 0·19
13‡ 3·86 (1·57) 3·54 (1·48) ·· ·· ·· ·· ·· 0·52 0·33
15‡ 3·58 (1·79) 3·19 (1·71) ·· ·· ·· ·· ·· ·· 0·42
21‡ 3·07 (1·73) 3·07 (1·79) ·· ·· ·· ·· ·· ·· ··
5–15* 2·42 (0·86) 2·24 (0·89) 0·60 0·64 0·67 0·65 0·68 0·67 0·32

*Weekday average. All correlations are significant p<0·0001, except †p=0·0221. ‡Daily average. 

Table 1: Mean viewing hours and correlation between ages

BMI (kg/m2) VO2max (L/min) Cholesterol (mmol/L) Current smoking Systolic BP (mm Hg)

n � (SE) p n � (SE) p n � (SE) p n Odds ratio (95% CI) p n � (SE) p

Mean child and adolescent (age 5–15) television viewing
Unadjusted 929 0·54 (0·17) 0·0013 773 –0·11 (0·03) 0·0003 842 0·11 (0·04) 0·0037 937 1·36 (1·17–1·58) <0·0001 919 0·64 (0·38) 0·0885
Adjusted* 709 0·48 (0·19) 0·0121 657 –0·12 (0·04) 0·0009 838 0·09 (0·04) 0·0383 907 1·28 (1·08–1·51) 0·0043 915 0·46 (0·40) 0·2430
Television viewing during developmental epochs
Childhood† (age 5–11 years) 924 0·49 (0·18) 0·0054 771 –0·10 (0·03) 0·0010 837 0·12 (0·04) 0·0029 932 1·41 (1·19–1·65) <0·0001 914 0·57 (0·40) 0·1530
Adolescence‡ (age 13–15 years) 817 0·33 (0·10) 0·0009 687 –0·06 (0·02) 0·0008 745 0·06 (0·02) 0·0183 820 1·12 (1·02–1·23) 0·0167 810 0·28 (0·23) 0·2339
Early adulthood‡ (age 21 years) 825 0·23 (0·09) 0·0071 691 –0·05 (0·02) 0·0016 754 0·04 (0·02) 0·0578 830 1·16 (1·07–1·26) 0·0004 819 0·002 (0·20) 0·9912

Analyses exclude pregnant women (n=33) and are adjusted for sex. Analyses involving VO2max are also adjusted for bodyweight. �=beta coefficient. BP=blood pressure. BMI=body-mass index. †Mean hours per weekday.
‡Mean hours per day including weekends. Adjusted regression models include childhood socioeconomic status for all outcomes and the following additional covariates: BMI at age 5 years and parental BMI for BMI, reported
physical activity at age 15 years for VO2max, and parental smoking for current smoking. 

Table 2: Regression of health outcomes at age 26 years on television viewing during childhood, adolescence, and early adulthood
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(body-mass index, cardiorespiratory fitness [VO2max],
serum cholesterol, and systolic blood pressure) at age
26 years, and logistic regression for the relation
between television viewing and current smoking.  All
analyses were adjusted for sex. Analyses involving
VO2max were also adjusted for bodyweight. We
excluded pregnant women (n=33) from all analyses.
We checked linear regression models by visual
inspection of the residuals to ensure that they were
normal in distribution and that they were randomly
scattered versus the fitted values. Statistical analyses
were done with Stata 8.0 (Stata Corporation, College
Station, TX, USA)

Additional analyses were adjusted for potential con-
founding factors: childhood socioeconomic status for
all outcomes, body-mass indices at age 5 years and of
both parents for body-mass index analysis at age
26 years,  physical activity at 15 years of age for
analysis of cardiorespiratory fitness, and smoking
history of either parent for analysis of smoking at 26
years of age. To examine whether the effects of child
and adolescent television viewing were mediated by
the continuity between child and adult viewing, further
regression analyses used child and adolescent viewing
as the independent variable and viewing at age 21
years as a covariate.

The prevalence of overweight (body-mass index
�25 kg/m2), lowest-quartile VO2max (adjusted for
bodyweight and sex), raised cholesterol
(>5·5 mmol/L), current smoking, and highest-quartile
systolic blood pressure (for each sex) at age 26 years
were calculated according to the mean hours of
weekday television viewing from age 5 to 15 years.
Population-attributable fractions were calculated
according to whether a study member watched an
average of more than 2 h television on weekdays
between ages 5 and 15 years.

Role of the funding source
The sponsors of the study had no role in study design,
data collection, data analysis, data interpretation, or
writing of the report.

Results
Table 1 summarises the mean viewing hours reported,
and their correlations between ages. Child and
adolescent viewing (age 5–15 years) correlated with
lower childhood socioeconomic status (n=1013,
r=0·31, p<0·0001), increased parental smoking
(n=998, r=0·11, p=0·0005), higher maternal and
paternal body-mass indices (n=839, r=0·09, p=0·0086;
n=798, r=0·11, p=0·0013, respectively), and higher
body-mass index at age 5 years (n=996, r=0·11,
p=0·0004). Physical activity at 15 years of age did not
correlate with overall child and adolescent viewing, but
was significantly correlated with fewer hours of
adolescent viewing (n=825, r=–0·09, p=0·0101).

Childhood and adolescent (age 5–15 years) television
viewing predicted a higher body-mass index, lower
VO2max, higher serum cholesterol, and increased
cigarette smoking at age 26 years. No significant
association between television viewing and blood
pressure was noted. Similar patterns of results were
seen for childhood (age 5–11 years), adolescence (age
13–15 years), and early adulthood (age 21 years;
table 2).

Distributions of the residuals from the linear
regression analyses of body-mass index, VO2max, 
and serum cholesterol were slightly skewed. 
Repeated analyses after log-transformation of these
variables corrected this problem, and provided 
similar results to those of untransformed variables: ln
(body-mass index) � coefficient (SE)=0·02 (0·006),
p=0·0004; ln (VO2max)=–0·03 (0·009), p=0·0003; ln
(cholesterol)=0·02 (0·008), p=0·0052. 

Television viewing between ages 5 and 15 years
remained a significant predictor of adult body-mass
index, VO2max, cholesterol, and smoking, after
adjustment for childhood socioeconomic status (table
2). Child and adolescent television viewing remained a
significant predictor of adult body-mass index after
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Figure: Child and adolescent television viewing and prevalence of risk factors at age 26 years
Prevalence of risk factors at age 26 years according to mean hours of television viewing per weekday between ages
5 and 15 years. The proportion of study members in each group was: �1 h 6·8%, 1–2 h 32·2%, 2–3 h 40·9%, >3 h
20·2%. p values refer to trends across each risk factor. 
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additional adjustment for body-mass index at age
5 years and the estimated body-mass indices of both
parents. Additional adjustment for reported physical
activity at age 15 years did not change the association
between child and adolescent television viewing and
VO2max at age 26 years. Additional adjustment for
parental smoking history made little difference to the
relation between child and adolescent television
viewing and adult smoking (table 2). 

In analyses adjusting for viewing at age 21 years,
child and adolescent television viewing remained a
significant predictor of higher body-mass index
(p=0·0394), reduced VO2max (p=0·0086), higher
serum cholesterol (p=0·0060), and cigarette smoking
(p=0·0243) at age 26 years.

622 (61%) study members watched television for an
average of more than 2 h per weekday between ages 5
and 15 years. Population-attributable fractions
calculated on unadjusted results indicate that 17%
(95% CI 7–25) of overweight, 15% (–2 to 29) of poor
cardiorespiratory fitness, 15% (0–27) of raised
cholesterol, and 17% (7–26) of current smoking in 
26-year-olds could be attributed to exceeding this limit.
The prevalence of each adverse outcome according to
the mean hours of television watched per weekday is
shown in the figure.

Discussion
Our results show that television viewing during
childhood and adolescence is associated with
overweight, poor cardiorespiratory fitness, raised
serum cholesterol, and cigarette smoking in early
adulthood. We found no significant association
between television viewing and blood pressure.

To measure television viewing we used parental
reports (for ages 5, 7, 9, and 11 years) and self-reports
(for ages 13 and 15 years). We have no way to assess
the accuracy of these reports. Furthermore, we did not
ask about weekend viewing between ages 5 and
11 years. However, we believe that the associations
between child and adolescent television viewing and
adult health are unlikely to be because of measure-
ment error for three reasons. First, weekday viewing
seems to be a reasonable indicator of total television
viewing time; at ages 13 and 15 years, there were
significant correlations between reported weekday and
weekend viewing (r=0·55 and 0·56, respectively,
p<0·0001). Second, we averaged the parental and self-
report viewing estimates at several ages. Third,
measurement error could only explain the associations
if there was a systematic bias, such that children who
were destined to be unhealthy adults (and their
parents) overestimated viewing times, whereas those
destined to be healthy underestimated their viewing.
Such a social desirability bias seems very unlikely,
given that the associations were independent of both
parental body-mass index and smoking.

As in any observational study, we cannot prove a
causal association. Television viewing might be a
marker for some unidentified determinant of adult
health, and individuals who have a natural tendency to
obesity and poor physical fitness might prefer to watch
television than do other activities. However, this study
has a number of strengths that support causal
inference. Our data on television viewing were
collected prospectively throughout childhood and
adolescence, and we were able to control for
socioeconomic status recorded at the same time.
Importantly, we could also control for study members
with an early tendency to be overweight at the
beginning of the television viewing period using age-5
body-mass index values, and a familial tendency to
overweight using parental values. Even though both of
these factors were significantly associated with
television viewing and were independent predictors of
the study member’s adult body-mass index,
adjustment for these variables did not reduce the
association between child and adolescent television
viewing and adult body-mass index (table 2).

Several childhood behaviours could explain the
association between television viewing and health. The
most obvious of these are physical activity and diet.
Although these are potential confounding influences,
they might also be in the causal pathway. For example,
watching television could affect fitness and obesity by
displacing time which would otherwise be spent on
more active pursuits. Physical activity at age 15 years
was inversely correlated with adolescent television
viewing, and significantly predicted adult cardio-
respiratory fitness. Although adjustment for physical
activity at age 15 years did not alter the association
between childhood television viewing and adult
fitness, we did not record information on general
physical activity earlier in childhood, and therefore we
cannot exclude the possibility that physical activity
mediates the association. Television advertising in
New Zealand also tends to promote an unhealthy
diet.18,19 Unfortunately, we do not have sufficient
information on the diets of study members to explore
the possibility that dietary practices might mediate the
association between viewing and health.

Watching television might also influence other
behaviours, such as cigarette smoking, which we
found to be significantly associated with television
viewing. Adjustment for parental smoking made no
difference to this association, suggesting that
television has an effect that is independent of family
health practices. Although television advertising of
tobacco was banned in New Zealand before study
members were born, programmes have continued to
show frequent images of smoking during children’s
viewing time.20 For example, tobacco sponsorship of
sport continued until 1995, and there is evidence that
New Zealand children have been affected by such

260 www.thelancet.com Vol 364   July 17, 2004 



For personal use. Only reproduce with permission from Elsevier Ltd 

Articles

advertising because watching televised sport has been
reported to be an independent risk factor for smoking
in 14–15 year-olds.21

We found moderate correlations between reported
television viewing at different ages (table 1). These
data indicate that viewing habits established in
childhood might persist into early adulthood. This in
itself is a cause for concern. However, it suggests that
child and adolescent viewing might be associated with
poor adult health because it is correlated with viewing
in adulthood. Because we did not obtain information
on television viewing at age 26 years, we could not test
this hypothesis directly. However, controlling for
television viewing at 21 years of age did not eliminate
the association between earlier viewing and 
age-26 outcomes. Indeed, age-26 health was better
predicted by television viewing in childhood and
adolescence than at age 21 years. Although viewing
time estimates at age 21 years might have been less
accurate than the composite measure at age 5 to
15 years, this finding suggests that television viewing
during childhood and adolescence is associated with
long-lasting detrimental effects.

How much television should young people watch,
and how important are the health effects of watching
too much? So few study members watched no
television that we are unable to define a safe limit
below which there were no health effects. Children
and adolescents who watched 1 h or less a day were the
healthiest (figure), although not many were in this
group (30 [5·7%] male study members, 39 [7·9%]
female study members). The American Academy of
Pediatrics recommends that parents limit their child’s
viewing to 2 h per day.2 About half of study members
during childhood and more than two-thirds of those
during adolescence exceeded this limit on weekdays. If
we assume a causal association between child and
adolescent television viewing and adult health,
calculations of population-attributable fractions
indicate that exceeding the 2 h limit might be
responsible for 17% of overweight, 15% of poor
fitness, 15% of raised serum cholesterol, and 17% of
smoking at age 26 years.

Although the adult health indicators that we have
found to be associated with child and adolescent
television viewing are unlikely to result in clinical
health problems by the age of 26 years, they are well
established risk factors for cardiovascular morbidity
and mortality later in life. Our results suggest that
excessive television viewing in young people is likely to
have far-reaching consequences for adult health. We
concur with the American Academy of Pediatrics2 that
parents should limit children’s viewing to 1–2 h per
day; in fact, data suggest that less than 1 h a day would
be even better. Although parents might find this
difficult to maintain, lifestyle modifications in
adulthood to reverse overweight, poor fitness, high

blood cholesterol, and smoking are also notoriously
difficult to achieve. Parents will need support and
encouragement at an individual, community, and
societal level. Adults are likely to obtain health benefits
themselves if they lead by example and turn off the
television. We believe that reducing television viewing
should become a population health priority.
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