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Abstract

Objective: To examine the relationship between television (TV) viewing and body
mass index (BMID) among adolescents in a region of mainland China.

Design: Population-based cross-sectional study, conducted between September
and November of 2004, on a sample of enrolled high-school students aged 12-18
years.

Setting: One hundred and sixty-eight classes randomly selected from both urban
and rural areas and belonging to 15 senior and 41 junior high schools in Nanjing,
China, with a regional population of 6-0 million.

Subjects: In total 6848 students participated; 47-7 % from urban and 52-3% from
rural areas; 49-0% male and 51-0% female. The response rate among eligible
participants was 89-3 %.

Results: The proportion of overweight was 6-6% according to the criteria of
overweight recommended for Chinese adolescents. Boys than girls (8:9% vs.
4-4%) had higher odds of being overweight (odds ratio (OR) 2-12, 95% con-
fidence interval (CD) 1.74, 2-60), while the proportion of overweight was sig-
nificantly lower among rural students than urban students (4-5% vs. 8:9%; OR
0-49, 95 % CI 0-40, 0-60). Those students who watched TV for more than 7 h/week
had a 1-5 times greater odds of being overweight relative to their counterparts
who watched TV for 7h/week or less (adjusted OR 1-51, 95% CI 1-24, 1-82).
Furthermore, there was a positive linear relationship between TV viewing time
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and BMI, even after adjusting for age, gender, residence area, time spent in study, Overweight
in sleeping and in physical activity, and monthly pocket money. High-school students
Conclusions: Viewing TV might increase the likelihood of being overweight for Adolescents
Chinese adolescents in China. China

The increasing prevalence of excess body weight among
children and adolescents is a global concern for public
health"™. Being overweight or obese leads to adverse
metabolic effects on blood pressure, cholesterol, triacyl-
glycerols and insulin resistance®™. Furthermore, excess
body weight during adolescence predicts adult obesity,
and childhood obesity influences morbidity and mortality
in adult life®™'?.

Time spent viewing television (TV) and videos is
positively associated with obesity among adolescents in
Western countries’'*2”. Several recent studies have
reported the relationship between TV viewing and excess
body weight to be independent of physical activity*'=% .
However, in previous studies, time sitting spent in
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classrooms and studying at home have not been taken
into consideration.

In China, students spend much more time in sitting for
study purposes, relative to their counterparts in Western
countries®®. Thus, it is of unique importance to examine
the associations of time spent viewing TV or videos with
excess body weight among young people in China, after
accounting for sitting time for study.

We conducted a large-scale, population-based survey of
adolescents between September and November of 2004 in
Nanjing, mainland China. We hypothesised that TV viewing
would be positively associated with excess body weight,
after controlling for time spent in sitting for study purposes,
in leisure-time physical activity and in sleeping.

© The Authors 2007
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Participants and methods

Sample selection

A large-scale, population-based, cross-sectional survey,
the Nanjing High School Students’ Health Survey, was
conducted in Nanjing municipality, which is located in
eastern China, with a total population of about 6-0 million
in 2004. It has 13 administrative units; 11 urban districts
and two rural counties since 2003. In mainland China, the
schooling system consists of four strata: nursery school,
primary school (grade 1-6), high school (unior: grade
7-9, senior: grade 10-12) and college/university. The
class-based samples were selected using a multistage
sampling method. First, we estimated the number of
participants based on the lowest rate of risk behaviour
reported in previous studies. The lowest rate was 4-5%
for depression among adolescents; thus, the total number
of participants required was estimated to be 6800. Sec-
ond, according to the total number of grade-specific
enrolled students and high schools by district/county in
2003, we calculated the sample size and sampling pro-
portion for each administrative district or county. Third,
based on the estimation of approximately 50 students in
one class and the sample size, the number of participating
classes was calculated for each administrative district or
county. Fourth, taking the principle that one class would
be randomly selected from each grade in each selected
school, the number of participating schools was calcu-
lated; and then we randomly selected schools within each
administrative district or county. Finally, each class was
randomly selected from each grade within each chosen
high school. This resulted in a total of 168 classes from
15 senior high schools and 41 junior high schools. All
students from these selected classes were included in
this study. The study was approved by the academic
and ethical committee of Nanjing Municipal Center for
Disease Control and Prevention, and conducted in accor-
dance with the internationally agreed ethical principles
for medical research involving human subjects (World
Medical Association Declaration of Helsinki).

Questionnaire and definitions
After informed consent was obtained, the students were
administered the face-to-face interview by trained health-
care professionals. The questionnaire sought general
information, such as age, gender, grade, class, total
weekly pocket money, body weight and height, status of
parents’ job and education, personal life events, and then
asked specific questions related to time spent viewing TV
(TV time), time sitting for course study (study time), time
spent sleeping (sleeping time) and time engaged in
physical activity (PA time).

Each student reported his/her time spent in viewing
TV, sitting for course study, sleeping and doing physical
activity according to the question: ‘How much time (in
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minutes) did you ever spend in watching TV, sitting for
course study, sleeping and doing physical activity at a
typical weekday in past two weeks, respectively?” And the
same question was also asked for the time at a typical
weekend day. Then, TV time, study time, sleeping time
and PA time were calculated respectively as the average
weekly time in minutes based on the time spent on
weekdays (five days) and weekend days (two days). To
examine its association with body weight, TV time was
treated as a continuous variable and was also categorised
as =7 h/week and >7h/week. Study time, sleeping time
and PA time were classified into tertiles, and were
adjusted for in analyses via regression models. Also, total
weekly pocket money reported by each student was
divided into tertiles.

Body weight (kg) and height (cm) were self-reported
by students. Body mass index (BMD) was calculated by
dividing weight (kg) by the square of height (m?).
Overweight was defined as BMI = 85th percentile value
for age- and sex-specific reference data according to the
recommendation for Chinese adolescents by the Group of
China Obesity Task Force®”. In China, all students are
required to have their body weight and height measured
in the commencement month (generally September) of
each academic year. This was the most important reason
why we conducted this study between September and
November: to reduce potential recall error for self-
reported body weight and height.

Data management and analysis

First, we calculated the prevalence of overweight in each
population group. Then, we examined the relationship
between BMI and time spent viewing TV, which were
treated as continuous variables, using linear regression
models. Next, we examined the associations between
overweight and TV time categories using logistic regres-
sion analysis. In both linear and logistic regression ana-
lyses, three models were introduced: Model 1 with TV
time as the single predictor; Model 2 with adjustment for
age, gender and residence area; and Model 3 with
adjustment for duration of other times (study time,
sleeping time, PA time) and monthly pocket money, in
addition to age, gender and residence area.

Data were double-entered and cleaned with EpiData
version 3-0 (Epidata Association, Odense, Denmark), and
managed and analysed using SPSS version 11-0-1, (SPSS
Inc., Chicago, IL, USA). Data were weighted according to
sample scheme coefficients.

Results
The total number of survey respondents was 6848; a

response rate of 89-3%. There were no significant
demographic differences between respondents and those
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Table 1 Prevalence of overweight and its association with age,
gender and urban-rural residence area among high-school stu-
dents (total number of subjects=6848) in Nanjing, China

Overweight*

Prevalence, % (n/N) OR (95% CI)

Overall 6-6 (451/6848)
Age (years)
=13 9.2 (140/1520) 1.00 (referent)
14 6-4 (105/1646) 0-67 (0-52, 0-87)
15 5.6 (94/1686) 0-58 (0-44, 0-76)
16 7.2 (49/685) 0-76 (0-54, 1-07)
17 5.0 (35/703) 0-52 (0-35, 0-76)
18+ 4.6 (28/608) 0-48 (0-31, 0-72)
Residence
Urban 9 (289/3265) 1.00 (referent)
Rural 5 (163/3583) 0-49 (0-40, 0-60)
Gender
Girls 4.4 (153/3494) 1.00 (referent)
Boys 8.9 (298/3354) 2.12 (1.74, 2-60)

893

Table 2 The association of BMI with TV time* among high-school
students in Nanjing, China

B SE P value
Model 1t 0.011 0-004 0-002
Model 2t 0-007 0-003 0-027
Model 3§ 0.007 0-003 0-032

BMI, body mass index; TV time, time spent watching television; sk, standard
error.

*BMI and TV time were both considered as continuous variables.

tModel 1: odds ratio calculated via univariate linear regression model.
tModel 2: odds ratios calculated via multivariate linear regression model
with adjustment for age, gender and residence area.

§Model 3: odds ratios calculated via multivariate linear regression model with
adjustment for age, gender, residence area, other time (study time, sleeping
time, physical activity time), and monthly pocket money.

Table 3 The association of BMI with TV time* by gender and
urban-rural area among high-school students in Nanjing, China

n, number of participants within subgroup; N, total number of participants
within subgroup; OR, odds ratio; Cl, confidence interval.

*Overweight was defined as body mass index =85th percentile value for
age- and sex-specific reference data according to the recommendation for
Chinese adolescents by the Group of China Obesity Task Force.

not taking part in this survey in terms of age, gender,
grade and residence area. Table 1 shows the demo-
graphic characteristics of subjects and the proportion of
them who were overweight. There were 47-7 % of parti-
cipants from urban areas and 52-3% from rural areas;
49-0% were boys and 51-0% were girls.

The overall prevalence of overweight in the sample
population was 6-6%. Boys more than girls (8:9% vs.
4-4%) had a higher odds of being overweight (odds ratio
(OR) 2-12, 95 % confidence interval (CI) 1-74, 2-60), while
rural students had significantly lower odds of being
overweight relative to their urban counterparts (4-5% vs.
8-9%; OR 0-49, 95% CI 0-40, 0-60).

To explore the relationship between BMI and time
spent viewing TV among the high-school students, we
conducted a linear regression analysis using BMI and TV
time as continuous variables (Table 2). Outcomes from
the model showed that TV time could explain only a very
small proportion (0-1%) of the variation in the partici-
pants’ BMI, and BMI was positively associated with time
spent watching TV (P=0-002). On average, an increase
in time viewing TV of 1h/week was associated with a
0-011 unit increase in BMI when potential confounders
were taken into consideration (Model 1). The strength of
the association of BMI with TV time was attenuated, but
still significant, after controlling for age, gender and
residence area (Model 2). The association between BMI
and TV time remained significant in Model 3 after
adjusting for age, gender, residence area, other time
(study time, sleeping time, PA time) and monthly pocket
money.

Table 3 presents the associations of BMI with TV time,
by gender and area of residence. Using BMI as the
outcome variable and TV time as the single exposure
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Gender Residence area
Male Female Urban Rural
Model 1t
B 0.016 0.007 0-002 0-015
SE 0-005 0-005 0-006 0-005
P value 0-001 0-176 0-726 0-001

BMI, body mass index; TV time, time spent watching television, sk, standard
error.

*BMI and TV time were both considered as continuous variables.

tModel 1: odds ratio calculated via univariate linear regression model.

variable, we found a positive relationship between BMI
and TV time within each stratum of gender and residence
area; however, this association was significant only
among male and rural adolescents.

TV time was also examined as a categorical variable
(=7h/week and >7h/week) to further explore its asso-
ciation with overweight. As shown in Table 4, those stu-
dents who watched TV for more than 7h/week had 1-5
times greater odds of being overweight, relative to their
counterparts who watched TV for 7h/week or less
(adjusted OR 1-51, 95% CI 1-24, 1.82) (Model 1). After
holding constant age, gender, residence area, and/or
other sedentary time and monthly pocket money, parti-
cipants watching TV for more than 7 h/week still had a
significantly higher odds of being overweight compared
with their counterparts who watched TV for 7 h/week or
less (Model 2 and 3).

Discussion

In a large sample of Chinese adolescents, we found that
the prevalence of overweight (based on the reference by
the Group of China Obesity Task Force) was 6-6 %, which
is higher than that (5-8%) calculated based on the cate-
gory criterion of overweight recommended by the US
National Center for Health Statistics?”*®. This figure is
lower than those reported in studies from developed
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Table 4 The association of overweight with TV time* among high-school students in Nanjing, China
Overweightt
Model 1% Model 2§ Model 3l
TV time Prevalence, % (n/N) OR (95% CI) Adjusted OR (95 % Cl) Adjusted OR (95 % Cl)
=7 h/week 5.4 (201/3704) 1.00 (referent) 1.00 (referent) 1.00 (referent)
>7 hiweek 8.0 (250/3144) 1.51 (1.24, 1.82) 1.44 (1.12, 1-85) 1.38 (1.08, 1.78)

TV time, time spent watching television; n, number of participants within subgroup; N, total number of participants within subgroup; OR, odds ratio; ClI,

confidence interval.
*TV time was categorised as =7 h/week and >7 h/week.

tOverweight was defined as body mass index =85th percentile value for age- and sex-specific reference data according to the recommendation for Chinese

adolescents by the Group of China Obesity Task Force.
$tModel 1: OR calculated via univariate logistic regression model.

§Model 2: OR calculated via multivariate logistic regression model with adjustment for age, gender and residence area.
IIModel 3: OR calculated via multivariate logistic regression model with adjustment for age, gender, residence area, other time (study time, sleeping time,

physical activity time), and monthly pocket money.

countries®> 293D

studies with the same overweight criterion in China
If the increasing trend of overweight proportion con-
tinues among adolescents™>, excess body weight in
adolescents will be a major public health problem for
China.

We focused our study specifically on the relationship
between TV viewing time and overweight among Chinese
high-school students. Our two major findings were that:
(1) TV viewing time was positively associated with BMI
among adolescents; and (2) compared with those who
watched TV for =7h/week, high-school students who
watched TV for >7h/week had significantly higher odds
of being overweight, which is consistent with several
reports of studies carried out in Western countries”' 2
We also considered two other major kinds of sedentary
time, time spent in sitting for course study and in sleep-

, but similar to those documented in
(32,33

ing, in the same sample population. In our multivariate
linear and the logistic regression models, study time and
sleeping time as well as physical activity time were
adjusted for; thus, our findings strengthen the case for a
positive relationship between TV viewing time and the
risk of overweight among adolescents.

In this study, the impact of TV viewing on overweight
was positive, but very small. There was only a 0-011 unit
increase in BMI when time spent viewing TV increased by
1h/week. This is consistent with a recent and compre-
hensive meta-analysis study®”. Thus, when interpreting
the interesting findings, we must be prudent because the
positive association was very weak.

It has been suggested that TV viewing may displace
physical activity and thus be acting as a surrogate
measure of reduced total energy expenditure®. For
high-school students, their daily leisure time consists
mainly of TV viewing time, study time, sleeping time,
eating time and physical activity time, while most
employed adults need not sit for such long regular study
hours in their leisure time every day. Thus, adults have
more discretionary leisure time, which permits them to
spend time watching TV potentially without reducing
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their time for physical activity. However, typical Chinese
students have to spend a large amount of compulsory
study time at home on school evenings and on weekend
days®®; so, if they watch TV for longer periods, they are
likely to have to reduce their time for physical activity and
potentially for sleeping®®. This would be our first
explanation. However, a second explanation may be that
TV viewing might also be associated with increased food
and total energy intakes and poorer eating habits®>
because individuals tend to eat while watching TV
(and may thus be eating more energy-dense snack
foods), together with their low physical activity
levels""**” Thus, when participants sit watching TV, they
have a lower level of energy expenditure together with
more energy intake.

Study time (involving at least the activities of reading
and writing) would be expected to result in more energy
expenditure compared with TV viewing®®. TV viewing
is a sedentary activity involving passive relaxation. Thus,
the same time spent viewing TV and in sitting for
study may have different impacts on energy expenditure.
This may be another reason why TV viewing time
may have a different impact on body weight from that of
study time.

The positive relationship between TV time and BMI
was significant among boys, but not among girls. Among
participants of this study, boys spent significantly more
time watching TV than girls (mean (standard deviation,
sD), boys vs. girls: 7:6 (4-6)h vs. 7-0 (4-4)h; P<0.00D).
This was an explanation. In mainland China, there are
very few gardens or parks, shops or stores, entertainment
and exercise facilities in rural areas. Thus, compared with
their urban counterparts, rural students may have fewer
options for using their leisure time and thus may spend
significantly more time watching TV (mean (sp), rural vs.
urban: 7:5 (4-0)h vs. 7-1 (4-9h; P=0-001). This might
explain, at least partially, the finding that TV time was
significantly positively associated with body weight
among rural students, but not among those living in the
urban areas.
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This is the first study to show positive, but weak, links
between TV viewing time and body weight among high-
school students in mainland China. It adds to the already
strong evidence in the international literature on the
relationship between TV viewing and overweight. We
obtained a large-scale sample that was representative of
the total population of high-school students in Nanjing,
China. Times spent viewing TV, studying, sleeping and in
physical activity were considered in the same sample
population; thus, the influence of potential sources of
confounding was able to be controlled. However, there
were still three main limitations of our study. First, no
causality can be inferred or implied, owing to the cross-
sectional nature of the study. Second, the self-report of
body weight and height may result in possible error, even
though we conducted the survey in the specially chosen
month of September in order to reduce recall bias of body
weight and height, as has previously been suggested for
such epidemiological studies®”. Third, all of our cate-
gories of sedentary and active time (TV viewing time,
study time, sleeping time and physical activity time) were
self-reported, and this may have resulted in some
potential bias.

In conclusion, using data from a large representative
population sample, our findings confirm those of previous
studies that have shown significant, but weak, positive
associations of TV viewing time with greater odds of
overweight among adolescents; this relationship remained
significant even after consideration of time spent in sitting
for study purposes, sleeping and doing physical activity.
These findings have significant implications for the roles of
health officers and other professionals in mainland China:
in developing policies and programmes to improve ado-
lescent health in the shorter term and, importantly, to
reduce the future burden of adult chronic diseases in the
world’s most populous country.
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