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ABSTRACT

Objective: To investigate relationships between
preschool-aged children’s body size and physic-
cal activity, exposure to television (TV), and pa-
rental body size. Design and Subjects: Cross-
sectional study of 80 children (age: 2 -5y, 29%
overweight or obese), 73 mothers (37% over-
weight or obese), and 22 fathers (72% over-
weight or obese), residing in Auckland, New
Zealand, between October 2006 and July 2007.
Measurements: Body size was determined using
waist circumference and body mass index (BMI).
Child exposure to TV was assessed by ques-
tionnaire (number of household TV sets, pres-
ence of TV in the child’s bedroom, mean TV/
movie watching hours on weekdays and week-
end days), and physical activity by 7 days of
accelerometry. Results: Compared with children
of normal weight/underweight mothers (classi-
fied by BMI status), the age-adjusted odds of a
child being overweight/obese if their mother was
overweight/obese/otherwise was 2.46 (95% CI
1.11, 5.48, P = 0.03). No other associates of child
body size were identified. Conclusion: Contribu-
tors to overweight and obesity in preschool aged
children are complex and likely to exist in mul-
tiple facets of young children’s lives. More de-
tailed measurement of TV watching and other
sedentary behaviours is needed. An ecological
approach to identifying risk factors for increased
body size in preschoolers is required.

Keywords: Child; Accelerometer; Measurement;
Obesity; Media; Social Environment

1. INTRODUCTION

Growing obesity prevalence in preschool-aged chil-
dren in developed and developing countries represents a

Copyright © 2012 SciRes.

substantial health burden [1,2]. Physical activity (PA) is
fundamental to obesity prevention and treatment in pre-
schoolers, and is essential for physical and psychological
health and development [3-7]. Conversely, inactivity,
often classified using sedentary behaviours such as tele-
vision (TV) watching time, has been linked with in-
creased body size in young children [8-12].

Understanding the relationships between body size,
inactivity, and PA is necessary to inform effective inter-
vention development. As part of a larger project to de-
velop a protocol for accelerometer data reduction with
preschoolers [13], we also assessed the number of house-
hold TV sets, presence of TV in the child’s bedroom, and
average child TV/movie watching hours on weekdays
and weekend days. Body size was determined using
waist circumference (WC) and body mass index (BMI).
Relationships between child body size, PA, and TV ex-
posure were estimated using generalised estimating
equation (GEE) methods.

2. METHODS
2.1. Participants

Families of children aged 2 - 5 years were invited to
participate via letters from early childhood education set-
tings and networks in Auckland, NZ, between October
2006 and July 2007. Participating families were visited at
their home to gather consent and administer study meas-
ures. Children were required to be able to walk to be
eligible. Ethical approval was gained from the host insti-
tution ethics committee. We certify that all applicable
institutional and governmental regulations concerning
the ethical use of human volunteers were followed dur-
ing this research.

2.2. Body Size

Children’s and participating parents’ height was as-
sessed to the nearest 0.1 cm using a Portable Height
Scale (Mentone Educational Centre, Victoria, Australia)
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and weight to the nearest 0.1 kg using Seca 770 scales
(Protec Solutions Ltd., Wellington, NZ). International
Obesity Task Force criteria [14] was used to classify
BMI status for children. For adults, thresholds of 25 and
30 kg/m* were used to classify overweight and obesity,
respectively. WC was measured to the nearest 0.1 cm
using a Lufkin W606PM tape (Cooper Tools, Apex, NC,
USA) and Taylor et al. [15] thresholds applied for chil-
dren. Thresholds of 80 and 94 cm were used for high
trunk mass in mothers and fathers, respectively [16].

2.3. Physical Activity

Participants were provided with an Actical acceler-
ometer (Mini-Mitter Co., Inc., Bend, OR) on an elastic
belt, set to collect data in 15-second epochs. Parents were
asked to place the belt with the accelerometer above the
child’s right iliac crest at the start of every day and to
remove it prior to the child going to bed in the evening,
for seven consecutive days. A questionnaire was used to
gather information on child demographics, sedentary
behaviours, and the child’s home environment. Families
were re-visited seven days later for accelerometer collec-
tion.

Raw accelerometer data were downloaded using Acti-
cal® Version 2.04 (Mini-Mitter Co., Inc., Bend, OR,
USA), and data pertaining to wear-time only were ex-
tracted. Raw data were reduced to daily average activity
rates per second for individuals derived from negative
binomial GEE methods with autoregressive first-order
correlation structures. The activity rates are considered
exchangeable repeated measures from an underlying
normal distribution for each individual. The mean of
these daily average rates was calculated to provide a PA
measure that approximated the underlying PA character-
istic for each individual.

2.4. Data Treatment

Due to small participant numbers, binary classifica-
tions of child BMI and WC were derived. Predictors of
BMI and WC were simultaneously investigated in a sin-
gle binomial GEE model using an exchangeable correla-
tion structure between BMI and WC, and the robust
Huber-White sandwich estimator specified. Factors with
P < 0.10 from unvariable analyses were added to a mul-
tivariable GEE model to predict child body size. Back-
ward elimination of non-significant factors was con-
ducted until the most parsimonious multivariable model
was found. Residual values of the final model were
tested for normal distribution using the Shapiro-Wilk test
for normality and visual analysis of residuals plotted
against the predicted means, associated lowess curves,
and histographs.

Associations between PA and TV watching were as-
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sessed using simple linear regression. Statistical signifi-
cance was set at a = 0.05 and analyses were undertaken
using Stata SE version 9.2 (StataCorp, TX, USA) and
SAS version 9.1 (SAS Institute Inc., Cary, NC, US).

3. RESULTS

Of the 688 families that received invitation letters, 93
registered with the study, and 80 children, 73 mothers,
and 22 fathers completed the body size measurement
protocol. Participant body size characteristics are pro-
vided in Table 1. Children were aged 2 - 5 years (median
4 years), and predominantly NZ European (84%, Maori
6%, Chinese 4%, other 6%). No significant differences
were found between boys and girls in age, ethnicity, BMI
status, or trunk mass status (all Fisher’s exact tests P >
0.05). Child BMI status and child WC status were asso-
ciated (® = 0.20).

Two children had a TV in their bedroom; the small
numbers in this category meant that bedroom TV pres-
ence could not be considered in analyses. All households
owned at least one TV. Of the 67 children with complete
questionnaire data, a majority watched less than 2 hours
of TV/movies during weekdays (n = 52, 78%) and week-
end days (n = 42, 62%). Fair agreement (x = 0.39) was
found between average daily TV/movie watching on
weekdays and weekend days; no significant asymmetry
was found for this relationship (P = 0.08).

Three children withdrew from the study, and PA data
for 12 children was lost due to accelerometer failure. In
total, PA data was gathered for 78 children, over a me-
dian of 7 days (range 1 - 9 days) for 11.1 (range 2.4 -
17.8) hours per day. Accelerometer counts were highly
overdispersed with a median dispersion parameter of
9.95 (4.17, 20.18). GEE modelling of the data revealed a
positive serial correlation between successive epochs
(median 0.58, range 0.29, 0.76).

Means of estimated daily average rates per second (on
the natural logarithmic scale) ranged from 0.81 to 2.39

Table 1. Participant body size characteristics.

Children Mothers Fathers
Body size (n=80) (n=73) (n=22)
classification
n % n % n %
BMI status

Normal/underweight 57 71) 46 (63) 6 27
Overweight 19 @4 20 (27 10 (45)
Obese 4 ) 7 (10) 6 27

Trunk mass status
Normal/low 64 (80) 43 (59) 13 (59)
High 16 (200 30 (4D 9 41
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(median 1.72), meaning the median estimated average
accelerometer counts per minute is exp(1.72) x 60 =
335.1. Variation in estimated average activity rates was
greater between children than within children (0.62 vs.
0.11). The Shapiro-Wilk’s test of the regression’s residu-
als revealed no evidence for non-normality, and no pat-
tern or heterogeneity in plots of residuals by predicted
values was found. Average rate was not associated with
any of the TV measures.

Table 2 shows the GEE results for body size measures
and potential associates. Due to low paternal participa-
tion, paternal body size measures could not be consid-
ered. Only maternal BMI status remained significantly
associated with child body size in the multivariable
model.

4. DISCUSSION

This is the first study to investigate associations be-
tween body size, TV exposure, and objectively-assessed
PA in preschool-aged children, accounting for both a
child’s WC and BMI, and using a novel approach to ac-
celerometer data reduction. After accounting for child
age, maternal overweight/obesity was associated with an
increased risk of being overweight or obese in preschool-
ers, and no other significant associations were found.

The null findings for TV exposure and body size were
unexpected. Earlier studies have demonstrated a positive
relationship between TV watching and BMI and/or body
fatness [8-12,17-19]. In their meta-analysis of PA, media
exposure, and body fatness in preschoolers, Marshall

Table 2. Number of subjects (n), univariable and multivariable odds ratios (OR) and associated 95% confidence intervals (95% CI)
of coefficient estimates from GEE analyses of relating various explanatory variables to children’s body size (BMI and waist circum-

ference).
Univariable Multivariable
n (%)
OR (95% CI) P-value OR (95% CI) P-value

Age 80 0.57 (0.31, 1.04) 0.07°

Average activity rate per day 78 0.38 (0.09, 1.73) 0.16

Sex 0.38
Male 38 47) Reference
Female 42 (583) 0.92 (0.42,2.03)

Average daily TVImovie hours weekdays (hours/day)® 0.17
0-0.9 13 (16) Reference
1-19 39 (49) 2.65 (0.76,9.29)

Otherwise 28 35) 3.09 (0.83, 11.58)

Average daily TVImovie hours weekend days (hours/day)” 0.57
0-09 14 (18) Reference
1-19 28 395 0.99 (0.38,2.55)

Otherwise 38 (48) 0.92 (0.35,2.41)

Rooms in household with TV 0.25
1 37 (46) Reference
>2 43 (54) 1.54 (0.68, 3.48)

Maternal BMI status® 0.03* 0.03
Normal or underweight 46 (58) Reference Reference
Otherwise 34 (43) 243 (1.11, 5.36) 2.46 (1.11, 5.48)

Maternal trunk mass status® 0.15
Normal or low 43 (54) Reference
Otherwise 37 (46) 1.72 (0.78, 3.79)

*Wald’s P < 0.10, therefore added to the multivariable model; "Note that some variables had missing observations as follows: TV/movie watching weekdays

and weekend days (n = 13), maternal BMI and trunk mass (n = 7).
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et al. [20] found only small relationships between body
fatness and TV hours (r = 0.08; 95% CI 0.06, 0.08; P <
0.01) or video/computer time (r = 0.13; 95% CI 0.05,
0.19; P < 0.01), indicating that although important, these
variables are only one component of explaining pre-
schooler weight status. The use of proxy report and lim-
ited variability in TV watching found in this study was
also unlikely to be sufficiently sensitive to detect be-
tween-individual differences in relationships. More de-
tailed, objective, and sensitive information on TV watch-
ing patterns and other indicators of sedentary behaviours
is required.

TV and movie watching on weekend days was not as-
sociated with PA in our sample of preschoolers. Previous
studies have shown contrasting results, with accelerome-
ter-determined PA and hours of TV watching having
either no association or a positive relationship with PA
[18,19], while a meta-analysis of PA in children aged 3 -
18 years reported small negative relationships with TV
time (r = —0.13; 95%CI 0.08, 0.11; P < 0.01) and video/
computer time (r = —0.14; 95% CI 0.08, 0.13; P < 0.01)
[20]. Utilisation of differing measurement approaches
impede better understanding this relationship, however,
it is also likely that individual differences in TV and PA
profiles further obscure any associations. It is likely that
individual differences in activity profiles exist, whereby
preschoolers exhibit various dimensions of PA and TV
watching, and that health outcomes differ for each [9].
Categorisation of activity dimensions (e.g., high PA/low
TV, high PA/high TV, low PA/low TV, low PA/high TV)
would likely provide a more comprehensive understand-
ing of preschoolers’ activity behaviours and their rela-
tionships with body size. The innovative approach taken
to accelerometer data reduction in this study eliminated
issues with data treatment including calculating intensity
thresholds and defining a “day”, and allowed for all data
to be included in analyses. Stringent tests were employed
to ensure the analytical approaches and data distribution
assumptions made were appropriate. Although largely
compliant, the small number of participants was the main
study limitation. A larger number of study participants
would have provided better opportunities to identify and
elucidate relationships between activity dimensions and
body size in young children.

5. CONCLUSION

Contributors to overweight and obesity in preschool
aged children are complex and likely to exist in multiple
facets of young children’s lives. More detailed meas-
urement of TV watching and other sedentary behaviours
is needed. An ecological approach to identifying risk
factors for increased body size in preschoolers is re-
quired. Encouraging families (especially fathers) of pre-
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school-aged children to participate in studies of this na-
ture may pose considerable challenges for PA research-
ers.
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