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What is already known about this subject?

Childhood obesity is potentially affected by many lifestyle factors, including moderate-to-vigorous
physical activity (MVPA) and sedentary behaviors.

Several studies have shown that high birth weight is associated with higher levels of body weight or

obesity in childhood

What does this study add?
This study examined the cross-sectional joint association of birth weight and objectively determined
physical activity/sedentary behavior with the odds of obesity in 9-11 year old children from 12

countries.

We found that high MVPA is more important than high birth weight in determining obesity in 9-11

years old children.



Abstract

Objective: To examine the joint association of birth weight and physical/sedentary activity time with
obesity in 12 countries.

Methods: A cross-sectional study of 5,088 children aged 9-11 years was conducted. Birth weight was
recalled by parents or guardians. Moderate-to-vigorous physical activity (MVPA) and sedentary
behavior were objectively measured using accelerometry.

Results: The association of birth weight with the odds of obesity, central obesity and high body fat
was significant among children with either low MVPA or high sedentary time but not among children
with either high MVPA or low sedentary time. In comparison with children with normal birth weight
and high MVPA, children with high birth weight and low MVPA showed 4.48-5.18 fold higher odds
of obesity, central obesity, and high body fat; children with normal birth weight and low MVPA
showed 3.00-3.30 fold higher odds of obesity, central obesity, and high body fat, and children with
high birth weight and high MVPA showed 1.16-1.68 fold higher odds of obesity, central obesity, and
high body fat.

Conclusions: High MVPA is more important than high birth weight as a correlate of obesity in

children.
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Introduction

Obesity is an important lifestyle-related public health problem worldwide (1). The prevalence of
childhood obesity has risen dramatically during the past few decades (2). Obesity has negative health
impacts in childhood and later in life, as people with obesity experience adverse outcomes including
hypertension, early markers of cardiovascular disease, insulin resistance and adverse psychological

effects (3).

Childhood obesity is potentially affected by many lifestyle factors, including moderate-to-vigorous
physical activity(MVPA) and sedentary behaviors (4). It has been shown that engaging in regular
physical activity can reduce the risks of coronary heart disease, stroke, diabetes, and several types of
cancer (5). Additionally, physical activity is a key determinant of daily energy expenditure, and thus is
fundamental to energy balance and weight control (5). The available evidence from prospective studies
suggests that increased physical activity, MVPA, and decreased sedentary behaviour are protective

against relative gains in adiposity during childhood and adolescence (6).

Birth weight reflects the product of the growth trajectory during foetal life. Several studies have shown
that high birth weight is associated with higher levels of body weight or obesity in childhood (7, 8, 9,
10). However, few studies have assessed the modifying effects of children’s physical activity on the
association between birth weight and subsequent obesity in childhood (11, 12, 13) or adulthood (14, 15,
16). The aim of the present study was to examine the cross-sectional joint association of birth weight
and objectively determined physical activity/sedentary behavior with the odds of obesity in 9-11 year

old children from 12 countries.

Methods

Study design



The International Study of Childhood Obesity, Lifestyle and the Environment (ISCOLE) is a multi-
national cross-sectional study conducted at urban and suburban sites in 12 countries (Australia, Brazil,
Canada, China, Colombia, Finland, India, Kenya, Portugal, South Africa, United Kingdom and the
United States) (17). More details on the study design and methods can be found elsewhere (17). The
Institutional Review Board at the Pennington Biomedical Research Center (coordinating center)
approved the overarching protocol, and the Institutional/Ethical Review Boards at each participating
institution also approved the local protocol. Written informed consent was obtained from parents or
legal guardians, and child assent was also obtained as required by local Institutional/Ethical Review

Boards before participation in the study.

Participants

A total of 7,372 children aged 9-11 years participated in ISCOLE, of whom 5,088 remained in the
present study after excluding those who did not have valid accelerometer (N=1,214), birth weight (N=
698), body mass index (BMI) (N=5), waist circumference (N=3), percentage of body fat (N=55),
gestational age (N=118), or other information/data (N=191). Children who were excluded from the
present analysis did not differ in age or BMI z-scores, but there were a higher proportion of boys
excluded than included in the analysis (32.1% vs 30.0%). Data were collected from September 2011

through December 2013.

Measurements

Demographics and family health history

A demographic and family health history questionnaire was completed by parents or guardians. The
questionnaire collected information on child age, sex, birth weight, infant feeding mode, gestational
age, maternal history of gestational diabetes, and parent education. High birth weight was defined as

birth weight >4000g. Maternal history of gestational diabetes was recalled by parents or guardians. The
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highest parental education completed by the child’s mother was asked, as was the highest level of
education completed by the father. These responses were collapsed into three categories: did not
complete high school, completed high school or some college, and completed bachelor or post-
graduate degree. A derived variable was then created that represented the highest education level
obtained by either parent, and if one of the parents’ response to this question was missing, the highest
level obtained would be that of the parent who did provide data. The child’s parents were asked
whether the child was fed breast milk or not, age when they completely stopped being fed breast milk,
age when first fed formula and age when completely stopped drinking formula. These responses were
classified into four categories: exclusive breast feeding, mixed feeding, weaned from breast feeding,

exclusive formula feeding.

Dietary intake

A food frequency questionnaire (FFQ) that was adapted from the Health Behavior in School-aged
Children Survey (HBSC) (18) was administered to all ISCOLE participants. The FFQ asked the
participants about their “usual” consumption of 23 food categories, with response categories never,
less than once per week, once per week, 2-4 days per week, 5-6 days per week, once a day every day,
and more than once a day. Two diet scores which represent an “unhealthy diet pattern” (with positive
loadings for fast food, hamburgers, soft drinks, sweets, fried food, etc.) and a “healthy diet pattern”
(with positive loadings for vegetables, fruit, whole grains, low-fat milk, etc.) were obtained using

principal components analyses (19, 20).

Accelerometry
An ActiGraph GT3X+ accelerometer (ActiGraph, LLC, Pensacola, FL, USA) was used to objectively
measure MVPA, sedentary behavior and nocturnal sleeping time. The accelerometer was worn at the

waist on an elasticized belt on the right mid-axillary line. Participants were encouraged to wear the
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accelerometer 24 hours per day (removing only for water-related activities) for at least 7 days (plus an
initial familiarization day and the morning of the final day), including 2 weekend days. The minimal
amount of accelerometer data that was considered acceptable was 4 days with at least 10 hours of
waking wear time per day, including at least one weekend day (17). Several studies have indicated that
4-7 days of accelerometry data provide reliable estimates of usual physical activity(21, 22). Nocturnal
sleep duration was estimated from the accelerometer data using a fully automated algorithm for 24-h
waist-worn accelerometers that was recently validated for ISCOLE (23). This new algorithm produces
more precise estimates of sleep duration than previous algorithms and captures total sleep time from
sleep onset to the end of sleep, including all epochs and wakefulness after onset (23). The weekly total
sleep time averages were calculated using only days where valid sleep was accumulated (total sleep
period time > 160 min) and only for participants with at least 3 nights of valid sleep, including one
weekend day (24). After exclusion of total sleep time and awake non-wear time (any sequence of >20
consecutive minutes of zero activity counts), MVPA was defined as all activity >574 counts per 15 s
and total sedentary activity as all movement <25 counts per 15 s, which was consistent with the widely
used cutoffs from Evenson et al. (25). High (versus low) MVPA was defined as accumulating an
average of at least 60 minutes of daily MVPA, similar to the WHO Global recommendations on
physical activity for health (5); sedentary behavior was defined as accumulating an average of at least

482 minutes of sedentary time daily, based on a cut-off developed previously in ISCOLE (4).

Anthropometric measurements

A battery of anthropometric measurements was taken according to standardized procedures across all
study sites. Height was measured without shoes using a Seca 213 portable stadiometer (Hamburg,
Germany), with the participant’s head in the Frankfurt Plane. Waist circumference was measured with
a non-elastic tape held midway between the lower rib margin and the iliac crest at the end of a gentle

expiration (26). Waist circumference was measured on the bare skin in all countries except in Australia
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where it was measured over light clothing. The regression equation (y = 0.994x -0.42) developed by
McCarthy et al. was applied to the Australian data to correct for the over-the-clothes measurement (27).
Each measurement was repeated, and the average was used for analyses (a third measurement was
obtained if the first two measurements were greater than 0.5 cm apart, and the average of the two

closest measurements was used in analyses).

The participant’s weight and body fat were measured using a portable Tanita SC-240 Body
Composition Analyzer (Arlington Heights, IL) after all outer clothing, heavy pocket items and shoes
and socks were removed. Two measurements were obtained, and the average was used in analyses (a
third measurement was obtained if the first two measurements were more than 0.5 kg or 2.0% apart,
for weight and percentage body fat, respectively and the closet two were averaged for analyses). The
Tanita SC-240 showed acceptable accuracy for estimating percent body fat when compared with dual-
energy X-ray absorptiometry, supporting its use in field studies (28). BMI was calculated by dividing
weight in kilograms by the square of height in meters. BMI z-scores were computed using age- and
sex-specific reference data from the World Health Organization (29). General obesity was defined as
BMI z-scores > +2 SD. Central obesity was defined as waist circumference > 90t percentile of
NHANES III reference (30, 31). High body fat was defined as body fat > 90t percentile of NHANES

IV reference (32).

Statistical analyses

Variables were compared using t-test for means and y? test for proportions between children classified
as having normal birth weight and high birth weight. The joint associations of birth weight, time spent
in MVPA and sedentary behavior with the risks of obesity, central obesity and high body fat were
evaluated using a multi-level (3-level) logistic regression model (SAS version 9.4, PROC GLMMIX)

by individual (level 1), nested in school (level 2) and study site (level 3).. Two categories of birth
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weight (normal and high), MVPA (low and high), and sedentary time (low and high) were used in the
analyses. Study sites (level 3) and schools (level 2) nested within study sites were viewed as having
random effects. The analyses were adjusted for highest parental education, infant feeding mode,
gestational age, child age, sex, unhealthy diet pattern scores, healthy diet pattern scores, and sleeping
time. Likelihood ratio test was used to examine the interactions between birth weight and MVPA or
sedentary behavior with the odds of obesity, central obesity, and high body fat. The criterion for
statistical significance was p<0.05. All statistical analyses were performed using SPSS for Windows,
version 21.0 (Statistics 21, SPSS, IBM, USA) or SAS for Windows, version 9.4 (SAS Institute, Cary,

NO).

Results

A total of 5088 children (2324 boys and 2764 girls) were included in the present study. The overall
prevalence of obesity, central obesity, and high body fat were 12.3%, 9.9%, and 8.3%, respectively.
The overall mean birth weight was 3277 g. The mean time spent in MVPA and sedentary behavior was
60.0 and 517 minutes/day, respectively. General characteristics of the study population are presented in

Table 1.

Among children with low MVPA at 9-11 years old, those born with high birth weight had higher odds
for obesity (OR 1.50; 95% CI: 1.03-2.06), central obesity (OR 1.76; 95% CI: 1.23-2.51), and high
body fat (OR 1.43; 95% CI: 1.02-2.01) than those born with normal birth weight (Table 2). However,
the associations of birth weight with the odds of obesity, central obesity and high body fat were not
significant among children with high MVPA at 9-11 years of age. The associations of high birth
weight with high odds of obesity, central obesity and high body fat were significant among children
with high time spent in sedentary behavior at 9-11 years old but not among those with low sedentary

time.
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The joint association of birth weight and time spent in MVPA/sedentary behavior with the odds of
obesity, central obesity and high body fat in children with normal birth weight and high MVPA/low
sedentary time as the reference group is shown in Figure 1. In comparison with children with normal
birth weight and high MVPA, children with high birth weight and low MVPA showed 4.48-5.18 fold
higher odds of obesity, central obesity, and high body fat, children with normal birth weight and low
MVPA showed 3.00-3.30 fold higher odds of obesity, central obesity, and high body fat, and children
with high birth weight and high MVPA showed 1.16-1.68 fold higher odds of obesity, central obesity,
and high body fat, respectively. Similarly, children with high birth weight and high time spent in
sedentary behavior showed the highest odds of obesity, central obesity, and high body fat, while
children with normal birth weight and high sedentary time had higher odds of obesity, central obesity,
and high body fat compared with children with normal birth weight and low time spent in sedentary
activity. There were no significant interactions between birth weight and MVPA or sedentary behavior

with the odds of obesity, central obesity, and high body fat (all P >0.10).

Table 3 presents results for children with normal birth weight and low MVPA/high sedentary time
compared against those with high birth weight and high MVPA/low sedentary time for the odds of
obesity, central obesity and high body fat. Children born with high birth weight and high MVPA at 9-
11 years old had significantly lower odds of obesity (OR 0.54; 95% CI: 0.34-0.84), central obesity (OR
0.39, 95% CI: 0.22-0.69) and high body fat (OR 0.55, 95% CI: 0.40-0.75) than those who were born
with normal birth weight and had low MVPA. The odds of general obesity, central obesity, and high
body fat were non-significantly lower among children who were born with high birth weight and
reported high sedentary behavior than those who were born with normal birth weight and reported

sedentary lifestyle at 9-11 years old.
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Discussion
In this multi-national cross-sectional study, we found that high MVPA is more important than high
birth weight in determining obesity in 9-11 years old children. These findings suggest that physical

activity is a stronger predictor than birth weight for childhood obesity.

Several studies have indicated that high birth weight is associated with subsequently higher levels of
body weight or obesity in childhood (7, 8, 9, 10). Physical inactivity and sedentary behavior are
important risk factors for incident type 2 diabetes, coronary heart disease, several types of cancer, and
death (5). However, few epidemiological studies have assessed the joint associations of birth weight
and physical activity/sedentary behavior with different health outcomes in children (11, 12, 13). A
recent study found that among girls with self-reported low MVPA, those born with high birth weight
had greater BMI at 12-15 years of age than those born with normal birth weight, and this difference
diminished among girls with greater MVPA (13). Among boys, MVPA did not modify the associations
between high birth weight and greater BMI (13).The present study indicates that the association of
high birth weight with childhood obesity was significant among children with either low MVPA or
high sedentary time but was not significant among children with either high MVPA or low sedentary
time. However, the present study did not find any sex differences in the joint association of birth
weight, MVPA and sedentary behaviours with the risk of childhood obesity. Moreover, we found that
children with high birth weight and low MVPA showed the highest (4.48-5.18 fold) odds of obesity,
and children with normal birth weight and low MVPA and children with high birth weight and high
MVPA showed a high (3.00-3.30 fold and 1.16-1.68 fold) odds of obesity compared with children with

normal birth weight and high MVPA.

In the current study, we first showed that the odds of childhood obesity were lower among children

born with high birth weight who had high objectively monitored MVPA at 9-11 years compared to
12



those who were born with normal birth weight and had low MVPA at age 9-11 years. This finding has
important public health implications because people who have high birth weight might have higher
obesity risk later in life but this risk could potentially be reduced if they engage in regular MVPA.
These cross-sectional findings are consistent with the hypothesis that MVPA is a crucial component of

a healthy lifestyle in prevention of chronic diseases such as obesity.

There are several strengths in our study including the recruitment of a large multi-national sample of
children from low to high income countries across several regions of the world, the highly standardized
measurement protocol, the use of direct measurements whenever possible, and the rigorous quality
control program. In addition, MVPA and sedentary time were objectively measured using a 24-hour,
waist worn accelerometer protocol. However, there are several limitations in the present study. First,
the cross-sectional study precludes us from making cause-and-effect inferences. Second, birth weight
records may have been recalled incorrectly by the parent or guardian. Third, since information on
maternal prepregnancy BMI is not available in the present study, we were not able to fully control for
the association of this variable on the association of birth weight and childhood physical activity with
the risk of childhood obesity. Fourth, we did not collect information on the pubertal development of
the participants in our study, which may influence growth and body composition. The degree to which

these factors may have biased the results is unknown.

Conclusion

In conclusion, high birth weight was significantly associated with increased odds of childhood obesity,
but the higher odds were not found at higher levels of MVPA, and lower levels of sedentary behavior.
High MVPA is more important than high birth weight as a correlate of obesity in 9-11 year old

children.
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Figure legends:

Figure 1 Odds ratio for obesity, central obesity, high body fat among children by joint associations of
birth weight, moderate-to-vigorous physical activity and sedentary behavior. Adjusted for highest
parental education, maternal history of gestational diabetes, and child age, sex, infant feeding mode,

gestational age, unhealthy diet pattern scores, healthy diet pattern scores, and sleeping times. *P<0.05.
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Figure 1 Odds ratio for obesity, central obesity, high body fat among children by joint associations of birth weight,

moderate-to-vigorous physical activity and sedentary behavior. Adjusted for highest parental education, maternal history of

gestational diabetes, and child age, sex, infant feeding mode, gestational age, unhealthy diet pattern scores, healthy diet

pattern scores, and sleeping times. ¥*P<0.05.
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Table 1. Characteristics of study participants

Overall Normal High birth P value
Characteristic (n=5088) birth weight weight
(n=4607) (n=481)

Age, mean (SD) year 10.4 (0.6) 10.4 (0.6) 10.4 (0.5) 0.12
Male, % 45.7 443 58.4 <0.001
Body weight, mean (SD) kg 37.5(9.4) 37.1(9.3) 40.6 (9.9) <0.001
Body height, mean (SD) cm 142 (7.5) 142 (7.5) 145 (7.5) <0.001
Body mass index, mean (SD) kg/m? 18.4 (3.4) 18.3 (3.4) 19.1 (3.7) <0.001
Waist circumference, mean (SD) cm 64.2 (8.9) 64.1 (8.8) 66.1 (9.1) <0.001
Body Fat, mean (SD) % 20.8 (7.6) 20.8 (7.6) 21.2 (8.1) 0.31
Birth weight, mean (SD) g 3277 (581) 3171 (495) 4294 (295) <0.001
Moderate-to-vigorous physical activity, mean (SD) 60.0 (24.8) 59.4 (24.7) 65.0 (25.2) <0.001
min/day
Sedentary, mean (SD) min/day 517 (68.2) 517 (68.5) 513 (65.6) 0.23
Obesity, % * 12.3 11.8 16.8 0.001
Central obesity, % ° 9.9 9.5 13.3 0.008
High body fat, % ° 8.3 8.0 11.0 0.02
Parental education, % 0.84

Did not complete high school 17.7 17.8 16.8

Completed high school/some college 42.7 42.7 42.6

Bachelor’s degree or postgraduate degree 39.6 39.5 40.5
Maternal history of gestational diabetes, % 43 4.1 6.9 0.004
Pregnancy term, mean (SD) weeks 38.6 (2.2) 38.5(2.2) 39.6 (1.6) <0.001
Infant breast feeding, % 0.22

Exclusive breast feeding 37.4 37.0 41.4

Mixed feeding 47.0 47.2 44.5

Weaned from breast feeding 1.1 1.2 0.6

Exclusive formula feeding 14.4 14.5 13.5
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Unhealthy diet pattern score, mean (SD) -0.11 (0.89) -0.11(0.89)  0.02 (0.97) 0.061
Healthy diet pattern score, mean (SD) -0.00 (0.99) -0.01 (0.99) 0.02 (0.97) 0.56

Duration of night sleep, mean (SD) minutes 528 (53.0) 528 (52.9) 529 (54.4) 0.62

Data are means (SD) or number (percentage).

2 Obesity was defined as BMI z-score >+2 SD for age and gender specific distribution based on from the World Health
Organization growth reference.

b Central obesity was defined as waist circumference >90™ percentile for age and gender specific distribution using
NHANES III reference.

°High body fat was defined as body fat >90™" percentile for age and gender specific distribution using NHANES 1V

reference
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Table 2. Odds ratios for obesity, central obesity, high body fat by different effects of birth weight, moderate-to-vigorous

physical activity and sedentary behavior

Obesity Central obesity High body fat
Birth
OR (95%CI)
weight No. OR (95%CI) ® No. No. OR (95%CI)
Mod-to-vig phy act
Low Normal 411 1.00 340 1.00 306 1.00
High 1.76 (1.23- 1.43 (1.02-
Low 53 1.50 (1.03-2.06) 49 41
2.51) 2.01)
High Normal 132 1.00 98 1.00 64 1.00
High 1.08 (0.59- 1.60 (0.99-
High 28 1.55(0.97-2.48) 15 12
1.96) 2.60)
Sedentary time
High Normal 431 1.00 344 1.00 293 1.00
High 1.65 (1.18- 1.43 (1.04-
High 66 1.53 (1.12-2.09) 54 42
2.31) 1.96)
Low normal 112 1.00 94 1.00 77 1.00
High 0.92 (0.46- 1.36 (0.77-
Low 15 1.14 (0.63-2.07) 10 11
1.87) 2.41)

BW, birth weight; high birth weight defined as birth weight >4 000g; high moderate-to-vigorous physical activity was

defined as accumulating at least 60 minutes of moderate-to-vigorous physical activity daily; high sedentary time defined as

accumulating at least 482 minutes of sedentary time daily.

Adjusted for highest parental education, maternal history of gestational diabetes, infant feeding mode, gestational age, and

child age, sex, unhealthy diet pattern scores, healthy diet pattern scores, and sleeping times.
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Table 3. Odds ratios for obesity, central obesity, high body fat among children with normal birth weight and low

MVPA/high sedentary time in comparison with those with high birth weight and high MVPA/low sedentary time

Obesity Central obesity High body fat
No. of
Category OR (95%CI)
participates No. OR (95%CI)* No. No. OR (95%CI)*
Birth weight & MVPA
Normal BW & low
2620 411 1.00 340 1.00 306 1.00
MVPA
High BW & high 0.54 (0.34- 0.39 (0.22-
245 28 15 12 0.55 (0.40-0.75)
MVPA 0.84) 0.69)
Birth weight & sedentary
time
Normal BW & high
3190 431 1.00 344 1.00 293 1.00
sedentary time
High BW & low 0.70 (0.40- 0.63 (0.32-
158 15 10 11 0.81(0.47-1.39)
sedentary time 1.25) 1.24)

BW, birth weight; MVPA, moderate-to-vigorous physical activity; high birth weight was defined as birth weight >4 000g;

high moderate-to-vigorous physical activity was defined as accumulating at least 60 minutes of moderate-to-vigorous

physical activity daily; high sedentary time was defined as accumulating an average of at least 482 minutes of sedentary

time daily

 Adjusted for highest parental education, maternal history of gestational diabetes, and child age, sex, infant feeding mode,

gestational age, unhealthy diet pattern scores, healthy diet pattern scores, and sleeping times.
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