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The television-to-exercise ratio is a predictor of overweight in adolescents: Results
from a prospective cohort study with a two year follow up
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rted weight, height, and the television-to-exercise ratio were registered in 2003.
The main outcome measure was being overweight in 2005.

Results. In the lowest quartile of the television-to-exercise ratio each 7 h of television were accompanied
by at least 2.5 h of exercise per week. In the second quartile the Relative Risk (RR) of being overweight after
two years, adjusted for age, sex and BMI at baseline, was 2.7 (95%CI: 0.9 to 7.6). In the third quartile the
whether the ratio of television-to-exercise predicted overweight in adolescents.
ort study with two years of follow-up of 1276 thirteen and sixteen year olds in

adjusted RR was 5.4 (95%CI: 2.0 to 14.4). In the highest quartile the adjusted RR was 8.9 (95%CI: 3.4 to 23.3).
The adjusted RR was 5.2 (95%CI: 1.8 to 15.3) for the 9.3% subjects who reported no exercise.

Seventy-two percent of the incidence of overweight in the sample could be attributed to a television-to-
exercise ratio in excess of 2.3.

Conclusions. One extra hour of exercise per week could reduce the two year cumulative incidence of
overweight in adolescents by 14%. Two and a half hours of exercise are needed to compensate for 7 h of
television per week to protect against overweight.

© 2009 Elsevier Inc. All rights reserved.
Introduction

It is widely accepted, in both expert and lay opinion, that television
(TV) viewing is at least partly to blame for the increased incidence of
overweight and obesity in adolescents in recent times. Marshall et al.
(2004) point out that both groups commonly assume that the causal
mechanism explaining this relationship is that TV viewing has
gradually displaced physical activity. There are two problems with
this approach. First, the evidence of a strong relationship between TV
viewing and body mass is limited (Marshall et al., 2004; Gorely et al.,
2004). Even though the relationship has been called “clinically
relevant” (Hancox et al., 2004), a meta-analysis showed that the
effect is generally small (Marshall et al., 2004). Second, there is little or
no evidence to support the displacement hypothesis. Whereas some
have suggested that those who engage less in physical activity are
more likely to watch a lot of TV (Eisenmann et al., 2002) most studies
have suggested no relationship between TV viewing and physical
activity (see Marshall et al., 2004; Gorely et al., 2004; Biddle et al.
2004; Vandewater et al., 2004). Neither volume of TV viewing nor
volume of exercise activity appear to be big predictors of adolescents'
weight. In spite of these findings one intervention study suggested
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that either reducing sedentary behavior or increasing exercise activity
leads to a reduction of the number of overweight subjects (Epstein et
al., 2000). Another study suggested that increasing physical activity
led to decreased BMI after one year, whereas increased inactivity leads
to increased BMI (Berkey et al., 2003). This suggests that neither TV
viewing nor exercise activity alone explain changes in the incidence of
overweight. One recent study of Australian adults showed that
whereas physical activity was not directly associated with being
overweight there was an interaction between physical activity and TV
viewing (Salmon et al., 2000). The current study therefore examined
whether the ratio of TV viewing to exercise predicts overweight.

Methods

Participants

We used data from the Leuven study on media and adolescent
health (SOMAH). Baseline datawere collected in February 2003with a
follow up in February 2004 and February 2005. Participants were 1st
and 4th year students in 15 secondary schools in the Flemish
Community of Belgium. Schools were randomly selected from the
government's list of secondary schools. When a school agreed to take
part all students in the first and fourth year were considered as
potential participants. At baseline 2306 students took part in the
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study. 54.2% were boys. In the younger cohort, the average age was
13.2 years (SD 0.4), in the older cohort the average age was 16.4 years
(SD 0.7).

At the first follow-up one year later 79% of the subjects were left in
the study. Another 18% of the baseline sample was lost after two years.
5.8% of the baseline sample had missing data on the variables used in
this study and had to be dropped from the analysis.

The Institutional Review Board of the Katholieke Universiteit
Leuven approved the study and informed consent was obtained from
the legal guardians of the children. We certify that all applicable
institutional and governmental regulations concerning the ethical use
of human volunteers were followed during this research.

Determinants

Television viewing volume (TV) was measured (in 2003) using a
timeline for each day of the week. The timelines began at 7.00 A.M.
and ended at 01.00 A.M. They consisted of 38 checkboxes, each
representing a half hour of possible television viewing time. For each
day of theweek, participants were asked tomark the period(s) of time
on which they watched TV on that particular day in a normal week.
Total television viewing time (in hours) per week was obtained by
counting the marked checkboxes for each participant and dividing the
result by two.

Exercise volume was measured by asking participants how often
they exercised in a normal week (see: Van den Bulck, 2000). Exercise
was defined using a Dutch verb referring to structured physical
activity. Answer categories were 1) never; 2) once or twice a month;
3) once aweek; 4) twice aweek; 5) three times aweek; 6) four times a
week; and 7) more than 4 times a week. Participants had to indicate
the duration of an average session of doing exercise in hours and/or
minutes. They were instructed not to include physical education
classes at school. Without this instruction some participants might
have added physical education whereas others might have thought
that exercise only referred to what they did in their spare time. Both
variables were combined to obtain an estimate of hours of exercise per
week.

TV-to-exerciseratio was obtained by dividing hours of TV per week
by hours of exercise per week.

Body mass index (BMI) was obtained by dividing self reported
weight in kilograms by the square of length in meters.

Overweight was defined using the method described by Cole et al.
(2000) and Skidmore and Yarnell (2004). This method defines
overweight as a BMI larger than 25 at the age of 18 or older, but
adjusts for age and gender. In girls aged 12 the cut-off point equivalent
to a BMI of 25 or more at age 18, for instance, is 21.68. In boys of the
same age this cut-off point is 21.22. An alternative measure that takes
changes during adolescence into account is the Ponderal Index (PI,
which divides the cube root of mass (in kilograms) by the height in
centimeters). When multiplied by 1000 normal values of this index
are between 20 and 25.

Statistical analyses

All statistical analyses were conducted using SPSS 16™ for
windows.

Results

Loss to follow up

There was no statistically significant difference between loss to
follow up in the younger and the older cohort, but there were more
boys (50.7%) in the group lost to follow up than in the group that
remained in the study (47.4%; RR=1.35; 95%CI: 1.1 to 1.6). The
proportion of subjects with overweight was higher in the loss to
follow up group (12.6%) than in the group that stayed in the study
(8.7%; RR=1.57; 95%CI: 1.19 to 2.1). The mean TV-to-exercise ratio in
the final sample (15.7; SD=30.1, 95%CI: 14.0 to 17.4) was slightly
lower than that of those lost to follow up (17.8; SD=46, 95%CI: 14.5 to
21.2), but the difference was not statistically significant (F:1.5; df:
1.1925; p=0.227).

TV viewing and exercise

On average (SD) participants watched 3:04 (1:36) hours of TV per
day. Average number of hours of exercise per week was 4:30 (4:08)
hours. When hours of TV per week were divided by hours of exercise
per week the average ratio was 15.7 (30.1).

The relationship between TV viewing and exercise

Television viewing volume at baseline did not predict hours of
exercise per week at baseline (regression coefficient for “hours of TV
per day”=0.056; 95%CI −0.07 to 0.18; F=0.783; p=0.376) or at
follow up (regression coefficient for “hours of TV per day”=−1.393;
95%CI −12.13 to 9.34; F=0.065; p=0.799) nor any decrease or
increase in hours of exercise (regression coefficient=−2.769; 95%CI:
−14.33 to 8.79; F=0.221; p=0.638). Even after adjusting for age
and gender the relationships were statistically not significant.

Body mass index at follow up

Average BMI was 19.2 (3.0) at baseline and 20.3 (2.9) at follow up.
Average change in BMI was 1.1 (2.2). There was no significant
difference between the BMI of boys and girls in either the younger or
the older cohort either at baseline or at follow up, but there were
differences between the younger and the older cohort. BMI was 17.9
(2.6) at baseline in the younger cohort and 20.3 (2.8) in the older
cohort (t −16.1, pb0.0001). At follow up BMI was 19.6 (2.9) in the
younger and 21.0 (2.7) in the older cohort (t −9.4, pb0.0001). This
means that the change in BMI between baseline and follow up was
larger in the younger (ΔBMI: 1.3, SD: 2.1) than in the older (ΔBMI 0.7,
SD: 2.2) cohort (t 7.1, pb0.0001).

The TV-to-exercise ratio was seriously skewed and was therefore
log-transformed by taking its natural logarithm before entering it into
a regression analysis. The log-transformed ratio was significantly and
positively associated with an increase in BMI at follow up (Beta=0.14,
95% CI=0.01 to 0.26; F=4.22, p=0.04). The relationship did not
disappear when the regression coefficients were adjusted for BMI at
baseline and for age and gender (Beta=0.10; 95% CI=0.01 to 0.19;
F=274.3, pb0.0001).

Overweight at follow up

8.7% of the participants were overweight at follow up. There were
no significant differences between girls (two year cumulative
incidence (2YCI): 8.6%) and boys (2YCI: 8.5%) or between the older
(2YCI: 8.8%) and the younger (2YCI: 8.2%) cohort.

Hours of TV per day and hours of exercise per week were
significant predictors of overweight after two years. The risk of being
overweight increased by 22% for each hour of TV viewed per day (RR
1.22; 95% CI: 1.05 to 1.43) and decreased by 19% for each hour of
exercise per week (RR 0.81; 95% CI: 0.73 to 0.89). The analysis
adjusted for gender, age and BMI at baseline.

The TV-to-exercise ratio was divided into equal quartiles. Because
therewas no groupwith virtually noTV viewing the lowest quartile, in
which the ratio was lowest, was used as the reference category. Those
who did not do any exercise outside of school were added as a fifth
group. The latter group constituted 9.3% of the sample.

In the second quartile the adjusted Relative Risk (RR) of being
overweight after two years was 2.7 (95%CI: 0.9 to 7.6). In the third



Table 1
Estimated relative risk of overweight after 2 years for different levels of the TV-to-exercise Ratio, Flanders, Belgium, 2005

TV-to-exercise ratioa N Cases 2 year
cumulative
incidence

Attributable
risk (in %)

Unadjusted
relative risk
(95% CI)

Adjusted
relative riskb

(95% CI)
Lower bound Upper bound

0.1 2.8 292 7 2.4 Reference 1.0 (reference) 1.0 (reference)
2.8 5.6 309 15 4.9 59% 2.0 (0.8–4.9) 2.7 (0.9–7.6)
5.7 14.0 291 33 11.3 79% 4.8 (2.1–11.1) 5.4 (2.0–14.4)
14.3 max 272 38 14.0 83% 6.5 (2.8–14.7) 8.9 (3.4–23.3)
No exercise 122 19 15.6 85% 7.2 (2.9–17.7) 5.2 (1.8–15.3)

1276 112 8.7c 72%d

Table shows adjusted and unadjusted Relative Risk for variables measured at baseline. RR was estimated by logistic regression analysis. TV-to-exercise ratiowas divided into quartiles
and the group with no exercise was added.

a TV-to-exercise ratio: hours of TV per week divided by hours of exercise per week.
b Adjusted for age, gender and BMI at baseline.
c Unstratified two year cumulative incidence.
d Population attributable risk.
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quartile the adjusted RR of being overweight was 5.4 (95%CI: 2.0 to
14.4) compared to the low exposure group. In the highest quartile the
adjusted RRwas 8.9 (95%CI: 3.4 to 23.3). For subjects who reported no
exercise outside of school the adjusted RR of being overweight 2 years
after the baseline measurement was 5.2 (95%CI: 1.8 to 15.3).

When not adjusted for age, gender and BMI at baseline the RR
remained of a similar magnitude, although they decreased a little
(with the exception of the group with no sports, in which the
unadjusted RR was larger). RR of a similar size were obtained by using
the Ponderal Index (PI) instead of the BMI.

Etiological fraction, population attributable risk and potential impact
fraction

Table 1 estimated the attributable risk and the population
attributable risk. Attributable risk or the etiological fraction (defined
by Rothman and Greenland, 1998, as “excess caseload due to
exposure”) is the proportion of the number of cases of overweight
attributable to a high TV-to-exercise ratio in those with a high ratio.
Compared to the low exposure group 59% of the cases of overweight
at follow up appeared to be attributable to a high TV-to-exercise ratio
in the next quartile. At higher levels, the attributable risk rose
sharply. It was 79% in the third quartile and 83% in the highest
quartile. In the group that reported no exercise out of school the
attributable risk was 85%.

The Population attributable risk estimates the proportion of the
total number of cases of overweight attributable to a high TV-to-
exercise ratio. In our study 72% of the cases of overweight could be
attributed to a low number of hours of exercise in relation to a high
number of hours of TV.

Table 2 shows the potential impact of one extra hour of exercise per
week. The TV-to-exercise ratio was recomputed assuming that each
subject had one extra hour of exercise. By multiplying the number of
subjects in each category by the observed 2 year cumulative incidence
for each category the theoretical number of cases for each category
was obtained. The table suggests that one hour of exercise per week
Table 2
Potential Impact of 1 extra hour of exercise per week per subject, Flanders, Belgium,
2005

TV-to-exercise ratioa Predicted
N

Predicted
casesLower bound Upper bound

0.1 2.8 373 9
2.8 5.6 325 16
5.7 14.0 364 41
14.3 max 198 28
No exercise – –

Total 1260 94

a TV-to-exercise ratio: hours of TV per week divided by hours of exercise per week.
extra would have changed the TV-to-exercise ratio to such an extent
that the unstratified two year cumulative incidence would have
decreased from 8.7 to 7.5%, a reduction by 14%.

Discussion

We found no evidence of a television displacement effect:
television viewing did not predict time spent exercising either cross-
sectionally or longitudinally nor did it predict changes in exercise
activities. The ratio of TV viewing volume to exercise activities,
however, did predict increases in body mass index after two years.
We found a clear dose–response relationship. The relative risk of
being overweight two years after the baseline measurement was
considerably higher in those respondents who did not balance each
7 h of TV viewed per week by at least two and a half hours of exercise
per week.

Before we accept these findings a number of limitations should be
discussed. First, this study relied on self-reported measures. BMI
estimated using self reports has been shown to be highly reliable but
underestimates the prevalence of overweight (Brener et al., 2003;
Elgar et al., 2005). One study suggested that 96% of a large,
representative sample was correctly classified as obese on the basis
of self-reported measures and concluded that young people report
measures of height and weight accurately (Tsigilis, 2006). Misclassi-
fication is probably larger in the overweight group. Such non-
differential misclassification is likely to lead to an underestimation
of the true effect size. Regarding TV viewing measures it has been
argued that people no longer feel inhibitions about admitting they are
heavy viewers (Webster and Wakshlag, 1985). Nevertheless, TV
viewing has been defined as “a residual category of leisure activity”
(McQuail et al., 1972): people may not be aware of how much they
view. Underestimation is probably most likely to occur when
participants are asked to estimate how many hours they watch. The
method used here mimics the diary method by asking subjects to
check each half hour of TV viewing. There is no mental arithmetic
involved. Because television programs have a standard length
measurable in half hours (Chaffee and Mutz, 1988) under- or
overestimation should be limited and random.

Second, while time-order is a necessary condition to establish
causality it is not a sufficient condition. The TV-to-exercise ratio could
be a marker for some other, as yet unidentified, process. If that is the
case then attempts to change the ratio (by increasing exercise
activities or reducing TV viewing) may not have any impact on BMI
or overweight. Nevertheless the dose–response relationship appears
to be strong and there is evidence that reducing TV viewing or
increasing time spent doing exercise may positively affect the weight
status of adolescents (Epstein et al., 2000).

Third, it has to be noted that the standard deviation of the exercise
volume variable was substantial. Combined with the absence of a
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relationship with TV viewing this led to a large variation in the TV to
exercise ratio (the SD of which was even more considerable). This
suggests that the actual cut-off points used in the logistic regression to
define subgroups may be volatile. Even small changes due to sampling
error could have led to different cut-off points. At the same time the
large standard deviation made it possible to compare groups in which
the ratio differed substantially and thus study the dose–response
relationship shown in Table 1.

Finally, this study looked at TV use and not at other forms of media
use that may also be described as “passive”, such as computer game
use. There are two reasons why TV was singled out. First, some
authors believe that watching TV induces a particular kind of passive
physical state. One laboratory experiment showed, for instance, that
rest metabolic rate is lower in childrenwho watch TV than in children
who just rest (Klesges et al., 1993). Video game use has been linked to
increased metabolic rate because of the excitement it induces (Segal
and Dietz, 1991). If TV viewing reduces metabolic rate this means that
viewing TV has a larger effect on body mass than many other non-
active behaviors. Second, TV viewingwas still themajor form of media
pastime for the children in the age groups in this study. A recent study
showed that Flemish youngsters watch about three hours of TV per
day, that they were on the internet less than one hour per day and that
boys played less than one hour of computer games per day and girls
less than two hours per week (Van den Bulck, 2004).

Our findings show no television displacement effect. It was
suggested about 20 years ago that people tend to use television to
fill unstructured time (Kubey, 1986). Kubey remarked that structured
and unstructured time filling activities do not necessarily compete.
People with a lot of unstructured time to fill may still have a lot of
structured activities. This would explain why watching a lot of TV is
not related to exercising less. Applied to the current study this means
that the question is not whether young people watch toomuch TV nor
whether they exercise too little. The question appears to be whether
or not a large volume of passive behavior is compensated by a large
enough volume of exercise. It may therefore be more appropriate to
speak of a television compensation effect. Hancox et al. (2004)
suggested that 17% of overweight could be attributed to watching TV
for more than two hours a day.We found that 72% of overweight could
be attributed to a high TV-to-exercise ratio.Watching a lot TV does not
have to lead to an increase in body mass if that same person also does
a lot of exercise. Reversely not engaging in a lot of exercise may not be
such a big problem as long as that person does not engage in too many
passive behaviors.

The compensation hypothesis offers interesting pathways for
prevention and intervention. Table 2 suggests that increasing exercise
activity by just one hour per week could have a substantial effect on
the incidence of overweight. Such an approach would be in line with
Wareham et al. (2005) who suggested that extra physical education
classes at school might be one of the most effective ways to prevent
weight gain in children. This, however, is a linear measure. For
practitioners it might be a better idea to use the ratio as a basis for
advice. The reference group compensated each 7 h of TV per week
(the equivalent of 1 h per day) with at least two and a half hours of
exercise. A child watching 3 h a day (21 hours per week) –which is the
average in this study – should therefore attempt to compensate with
at least 7.5 h of exercise. Conversely, an adolescent who only achieves
2.5 h of exercise per week ideally should not watch more than 1 h of
TV per day. The ratio can be improved by either reducing TV exposure,
increasing exercise activities or both.

In summary, we found a strong relationship between the TV-to-
exercise ratio and an increase in body mass. This offers an explanation
for the lack of a strong relationship suggested in previous studies.
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