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Abstract: The purpose of this study was to determine the association between regular (sugar
containing) and diet (artificially sweetened) soft drink consumption and obesity in children from
12 countries ranging in levels of economic and human development. The sample included
6162 children aged 9–11 years. Information on soft drink consumption was obtained using a food
frequency questionnaire. Percentage body fat (%BF) was estimated by bio-electrical impedance
analysis, body mass index (BMI) z-scores were computed using World Health Organization reference
data, and obesity was defined as a BMI > +2 standard deviations (SD). Multi-level models were used
to investigate trends in BMI z-scores, %BF and obesity across categories of soft drink consumption.
Age, sex, study site, parental education and physical activity were included as covariates. There was
a significant linear trend in BMI z-scores across categories of consumption of regular soft drinks
in boys (p = 0.049), but not in girls; there were no significant trends in %BF or obesity observed
in either boys or girls. There was no significant linear trend across categories of diet soft drink
consumption in boys, but there was a graded, positive association in girls for BMI z-score (p = 0.0002)
and %BF (p = 0.0001). Further research is required to explore these associations using longitudinal
research designs.
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1. Introduction

The worldwide prevalence of childhood overweight and obesity increased significantly between
1980 and 2013 in both developed and developing countries [1]. The obesity epidemic is hypothesized
to have resulted from a complex web of international, national, local and intra-individual factors that
have fostered long-term positive energy balance in an increasing proportion of the population [2].
At the individual level, energy balance is maintained largely by the interplay between energy intake
and energy expenditure. A recent trend analysis of time-use data has documented global decreases
in levels of physical activity [3]. However, long-term trends in dietary intake are difficult to assess,
especially at the global level. Data from several countries corroborate the existence of a nutritional
transition as countries have shifted towards a more “westernized” diet, albeit at different rates of
progression [4]. A systematic assessment of trends in diet quality in 187 countries between 1990 and
2010 has concluded that the consumption of healthy food items has increased modestly in this time
frame across the globe; however, the consumption of unhealthy food items increased to a greater
extent [5]. Data on global trends in dietary energy intake per se are unfortunately unavailable.

Given the high caloric density of sugar-sweetened beverages, there has been considerable
interest in understanding the association between sugar-sweetened beverage consumption and obesity.
This topic has prompted lively academic debates [6,7] and spurred the development of government
policies targeting reductions in sugar-sweetened beverage consumption in some jurisdictions [8].
Two recent reviews of published systematic reviews both concluded that the consumption of
sugar-sweetened beverages is related to obesity [9,10]. The review by Bes-Restollo and colleagues [10],
which included 24 systematic reviews (18 included both adults and children; one included adults only;
five included children only), concluded that sugar-sweetened beverage consumption was significantly
related to the risk of obesity. The review by Keller and Bucher Della Torre [9] focused exclusively on
14 systematic reviews in childhood, and concluded that the majority of the reviews found a direct
association between sugar-sweetened beverage consumption and obesity; however, more recently,
well-conducted meta-analyses showed discrepant results. In response to the available evidence,
the American Heart Association recently recommended that children and adolescents limit their intake
of sugar-sweetened beverages to one or fewer 8 oz beverages per week [11].

Artificially sweetened (diet) beverages have emerged as an alternative to sugar-sweetened
beverages. To date, the relationship between obesity and diet beverages has not received the same
level of attention as sugar-sweetened beverages. A recent systematic review identified five published
cohort studies on the association between artificially sweetened beverage consumption and obesity in
youth [12]. Overall, the association remains inconclusive, as one study found a positive association,
one study found a negative association, and the remaining three studies found no association [12].
More research is required to better understand the association between artificially sweetened beverage
consumption and obesity in children.

Given that the majority of the published studies on beverage consumption and obesity have
been conducted in high-income North American and European countries, the aim of this study was
to determine the cross-sectional association between consumption of regular (sugar containing) and
diet (artificially sweetened) soft drinks and obesity in 9–11 years old children from countries ranging
in levels of economic and human development. We hypothesized that there would be a positive
relationship between consumption of regular soft drinks and obesity, but not with consumption of diet
soft drinks.
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2. Materials and Methods

The sample included 6162 children 9–11 years of age from sites in 12 countries spanning a range of
economic and human development (Australia, Brazil, Canada, China, Colombia, Finland, India, Kenya,
Portugal, South Africa, United Kingdom, United States). The countries were stratified into three groups
based on World Bank classifications of economic development: Low and Lower-Middle Income (Kenya
and India); Upper-Middle Income (Brazil, China, Colombia, South Africa); and High Income (Australia,
Canada, Finland, Portugal, United Kingdom, United States) [13]. The rationale, design and methods
of the International Study of Childhood Obesity, Lifestyle and the Environment (ISCOLE) have
previously been published elsewhere [14]. Further, data on site-specific prevalence of obesity and
global associations between obesity and socio-economic status have also been published [15,16].

The Pennington Biomedical Research Center Institutional Review Board as well as Institutional/
Ethical Review Boards at each site approved the protocol. Written informed consent was obtained
from parents/legal guardians, and child assent was also obtained as required before participation.
Data were collected between September 2011 and December 2013.

2.1. Soft Drink Consumption

Information on soft drink consumption was obtained using a food frequency questionnaire (FFQ)
adapted from the Health Behaviour in School-aged Children Survey [14,17]. The FFQ asked about the
consumption of “Regular cola or soft drinks that contain sugar”, and “Diet cola or diet soft drinks”,
with response categories including 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. A recent study reported a reliability
correlation of 0.40 for diet soft drinks and 0.61 for regular soft drinks, among 321 participants who
repeated this FFQ after an average of 4.9 weeks [18]. Given the difficulties in accurately assessing total
energy intake in children, we did not attempt to quantify this or include it as a covariate.

2.2. Ascertainment of Adiposity and Obesity

Body mass and percentage body fat (% body fat) were measured with the Tanita SC-240
bio-electrical impedance scale (Arlington Heights, IL, USA), which has demonstrated acceptable
validity for field studies [19]. Height was measured with a Seca 213 portable stadiometer (Hamburg,
Germany) [14]. The average of two measurements was used for analysis (a third measurement was
obtained if the first two measurements were greater than 0.5 cm, 0.5 kg, or 2.0% body fat apart for
body height, body mass and % body fat, respectively, and the average of the two closest measurements
was used in analyses). The body mass index (BMI; kg/m2) was calculated, and BMI z-scores were
computed using age- and sex-specific reference data from the WHO [20]. Participants were classified
as obese (BMI z-score > +2 standard deviations [SD]) or non-obese (BMI z-score ≤ +2 SD) [20].

2.3. Covariates

Age, sex, study site, highest level of parental education and physical activity were included
as covariates in analytic statistical models. Age was computed from birth and observation dates
and sex was recorded on a demographic and family history questionnaire. Highest level of parental
education was coded into three categories based on the highest level of education attained by either
parent (did not complete high school/completed high school or some college/completed bachelors or
postgraduate degree).

Physical activity data were obtained following a 24-h protocol using waist-worn accelerometers
(Actigraph GT3X+; Pensacola, FL, USA). Participants were asked to wear the accelerometer for
at least 7 days (plus an initial familiarization day and the morning of the final day), including
weekend days [21]. After removal of nocturnal sleep time from the data file using a published
algorithm [22,23], awake non-wear time was defined as at least 20 consecutive minutes of zero activity
counts [24], and moderate-to-vigorous physical activity (MVPA) was defined as all activity ≥574 counts
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per 15 s [25,26]. Only participants with at least 4 valid days (10+ h of awake wear time), including at
least one weekend day, were included in the sample. Based on the average of the monitored days,
participants were classified as physically active (≥60 min/day) or inactive (<60 min/day), according
to the recommendations of the WHO [27].

2.4. Statistical Analysis

Given that the data in this study are nested within schools and study sites, we employed
multi-level models for all analyses [28,29]. Multi-level linear mixed models (SAS version 9.4,
PROC MIXED) were used to investigate trends in mean BMI z-scores across categories of regular
and diet soft drink consumption (never, less than once per week, once per week, 2–4 days per week,
5–6 days per week, and once a day or more). Note that the two highest categories of soft drink
consumption from the questionnaire were combined for all participants due to small sample sizes
(i.e., zero) in these categories in some countries. Generalized linear mixed models (SAS version 9.4,
PROC GLMMIX) were used to assess the association between soft drink consumption and obesity
(0 = no; 1 = yes) in terms of odds ratios, where the “none” category was used as the reference. Study
sites were considered to have fixed effects, and schools nested within study sites were viewed as
having random effects. The denominator degrees of freedom for statistical tests pertaining to fixed
effects were calculated using the Kenward and Roger approximation [30]. Similarly, multi-level linear
mixed models (SAS version 9.4, PROC MIXED) were used to investigate trends in mean % body fat
across categories of regular and diet soft drink consumption. Each model included sex, age, highest
parental education, meeting physical activity guidelines (0 = no; 1 = yes), and study site as covariates.
Preliminary models that included only age, sex and study site as covariates yielded essentially the
same results as the fully adjusted models so only the results of the fully adjusted models are presented
for BMI z-scores. Sex-by-soft drink, meeting physical activity guidelines-by-soft drink interactions and
World Bank classification-by-soft drink interactions were included to determine if associations differed
by sex, physical activity level or level of economic development. The level of significance was set at
p < 0.05 for all analyses.

3. Results

Descriptive characteristics of the sample are presented in Table 1. The mean age of the sample
was 10.4 (SD 0.6) years, and mean BMI z-scores were 0.53 (1.30) in boys and 0.39 (1.21) in girls. A total
of 13.0% of boys and 16.9% of girls indicated that they “never” consumed regular soft drinks, whereas
46.7% and 49.3% of boys and girls, respectively, reported never consuming diet soft drinks.

In the total sample of boys and girls, there was no significant linear trend in BMI z-scores across
levels of consumption of regular soft drinks (p = 0.27), but there was a significant positive trend across
levels of consumption of diet soft drinks (p = 0.003). In all statistical models that included consumption
of regular soft drinks as the outcome, the sex-by-soft drink interactions were not statistically significant
(p = 0.38 to 0.63). When stratified by sex, there was a significant linear trend observed in boys (p = 0.049)
but not in girls (p = 0.95) for consumption of regular soft drinks (Figure 1). For the diet soft drink
consumption models, the sex-by-diet soft drink interactions were borderline or statistically significant
(p = 0.13 to 0.001). There was no significant linear trend across levels of diet soft drink consumption in
boys (p = 0.55) but there was a positive linear association in girls (p = 0.0002; Figure 2).

The results from the generalized mixed models for predicting obesity follow a similar pattern as
the results for BMI z-scores. In boys, none of the categories of consumption of regular soft drinks had
an elevated odds of obesity relative to the “never” category (Figure 1). In girls, there was an elevated
odds of obesity (OR = 1.46 (95% CI: 1.00–2.13)) among those who reported drinking regular soft drinks
less than once a week compared to the “never” category. In boys there was an elevated odds of
obesity (1.57 (1.14–2.17)) among those who reported drinking diet soft drinks once a week compared
to the “never” category (Figure 2). Among girls, several categories of diet soft drink consumption
demonstrated a higher odds of obesity relative to the “never” category (once a week: 2.66 (1.89–3.73);
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2–4 days a week: 2.42 (1.60–3.66); 5–6 days a week: 1.87 (1.01–3.49); and once a day or more: 3.04
(1.96–4.71)) (Figure 2).

Table 1. Descriptive statistics of participants involved in the International Study of Childhood Obesity,
Lifestyle and the Environment (ISCOLE).

Boys Girls

N 2815 3347
Age (year) 10.4 (0.6) 10.4 (0.6)
BMI (kg/m2) 18.4 (3.4) 18.4 (3.5)
BMI z-score 0.53 (1.30) 0.39 (1.21)
Body Fat (%) 18.9 (7.2) 22.5 (7.7)
Physical Activity (min/day) 69.8 (25.8) 52.3 (20.9)
Meeting Physical Activity Guidelines (%) 61.1 30.4
Obesity (%) * 15.1 10.1

Consumption of Regular Soft Drinks (%)

Never 13.0 16.9
Less than once a week 24.4 29.7
Once a week 24.3 22.2
2–4 days a week 18.8 14.8
5–6 days a week 6.6 5.7
Once a day or more 12.8 10.8

Consumption of Diet Soft Drinks (%)

Never 46.7 49.3
Less than once a week 19.8 21.1
Once a week 14.0 12.9
2–4 days a week 8.6 7.6
5–6 days a week 3.8 3.3
Once a day or more 7.1 5.9

Highest Parental Education (%)

Did not complete high school 19.3 20.1
Completed high school or some college 43.1 41.8
Completed bachelors or postgraduate degree 37.7 38.2

BMI: Body mass index; * Obesity was defined as a BMI z-score > +2 standard deviations from the World Health
Organization reference data [20].
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Figure 1. BMI z-scores and odds ratios for obesity across levels of consumption of regular soft drinks in
(A) boys and (B) girls in the International Study of Childhood Obesity, Lifestyle and the Environment
(ISCOLE). BMI z-scores were computed from World Health Organization reference data and associated
error bars represent standard errors. Obesity was defined at >+2 standard deviations using World
Health Organization reference data and associated error bars represent 95% confidence intervals.
All models included age, study site, highest parental education and meeting physical activity guidelines
as covariates.
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Figure 2. BMI z-scores and odds ratios for obesity across levels of diet soft drink consumption in
(A) boys and (B) girls in the International Study of Childhood Obesity, Lifestyle and the Environment
(ISCOLE). BMI z-scores were computed from World Health Organization reference data and associated
error bars represent standard errors. Obesity was defined at >+2 standard deviations using World
Health Organization reference data and associated error bars represent 95% confidence intervals.
All models included age, study site, highest parental education and meeting physical activity guidelines
as covariates.
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Table 2 presents the results of the multi-level mixed models that tested the association between
soft drink consumption and % body fat. There was no association between consumption of regular soft
drinks and % body fat in boys (p = 0.13) or girls (p = 0.49); however, there was a positive association
between diet soft drink consumption and % body fat in girls (p = 0.0001) but not in boys (p = 0.74).
Note that the results are similar between the models that include highest parental education and
physical activity as covariates versus those that do not.

Table 2. Results of multi-level mixed models * testing differences in % body fat (mean ± S.E.) across
levels of soft drink consumption in the International Study of Childhood Obesity, Lifestyle and the
Environment (ISCOLE).

Boys Girls

Regular Soft Drink Consumption

Never 18.8 ± 0.4 22.0 ± 0.4
Less than once a week 19.0 ± 0.3 22.2 ± 0.3
Once a week 19.7 ± 0.3 22.2 ± 0.3
2–4 days a week 19.6 ± 0.3 22.5 ± 0.4
5–6 days a week 19.4 ± 0.5 21.4 ± 0.5
Once a day or more 19.5 ± 0.4 21.9 ± 0.4
p for Trend 0.13 0.49

Diet Soft Drink Consumption

Never 18.9 ± 0.2 21.4 ± 0.3
Less than once a week 19.5 ± 0.3 21.8 ± 0.3
Once a week 19.9 ± 0.4 23.2 ± 0.4
2–4 days a week 20.3 ± 0.5 23.5 ± 0.5
5–6 days a week 19.0 ± 0.7 23.1 ± 0.7
Once a day or more 19.3 ± 0.5 23.5 ± 0.5
p for Trend 0.74 0.0001

* Means are adjusted for age, sex, study site, highest level parental education and meeting moderate-to-vigorous
physical activity guidelines; S.E. = standard error.

The World Bank classification-by-consumption of regular soft drinks interaction was significant in
boys (p = 0.02) but not in girls (p = 0.64) for BMI z-scores. Table 3 presents the results for BMI z-scores
stratified by country-level income. In boys, there was a positive association between consumption
of regular soft drinks and BMI z-scores in the low and lower-middle countries (p = 0.0001), but there
was no associations in the other groups. On the other hand, the World Bank classification-by-diet soft
drink consumption interaction was significant in girls (p = 0.01) but not in boys (p = 0.08). There were
no associations between diet soft drink consumption in boys in any of the income groups; however,
there was a positive association between diet soft drink consumption and BMI z-scores in girls from
upper-middle (p = 0.01) and high income (p = 0.03) countries.

Supplementary Materials Table S1 presents the results of country-level analyses for BMI z-scores
across levels of soft drink consumption. There was a significant positive trend across levels of
consumption of regular soft drinks in boys in India (p < 0.0001) and a significant negative trend across
levels of consumption of regular soft drinks in boys in South Africa (p = 0.01). In girls there were
significant positive trend across levels of diet soft drink consumption in Canada (p = 0.02), Colombia
(p = 0.03) and the United Kingdom (p = 0.04).

None of the physical activity-by-soft drink consumption interactions were significant in any
model (p = 0.30 to 0.99) with the exception of consumption of regular soft drinks-by-physical activity
in the GLMMIX model predicting obesity (p = 0.04).
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Table 3. Results of multi-level mixed models testing for linear trends in BMI z-scores (mean ± S.E.)
across levels of soft drink consumption in boys and girls in the International Study of Childhood
Obesity, Lifestyle and the Environment (ISCOLE) stratified by country-level World Bank classification
of economic status.

N None <Once/Week Once/Week 2–4
Days/Week

5–6
Days/Week

≥Once a
Day p *

Consumption of Regular Soft Drinks

Boys

Income Category

Low & Lower-Middle 474 −0.32 ± 0.16 0.06 ± 0.14 0.07 ± 0.14 0.31 ± 0.20 0.90 ± 0.27 0.28 ± 0.22 0.0001
Upper-Middle 1051 0.73 ± 0.13 0.68 ± 0.10 0.89 ± 0.09 0.67 ± 0.09 0.68 ± 0.15 0.66 ± 0.10 0.55
High 1290 0.65 ± 0.10 0.59 ± 0.07 0.71 ± 0.07 0.73 ± 0.08 0.62 ± 0.13 0.76 ± 0.11 0.47

Girls

Income Category

Low & Lower-Middle 554 −0.19 ± 0.13 −0.20 ± 0.11 −0.13 ± 0.12 −0.10 ± 0.20 −0.25 ± 0.22 0.11 ± 0.19 0.29
Upper-Middle 1132 0.40 ± 0.10 0.41 ± 0.08 0.29 ± 0.08 0.31 ± 0.09 0.21 ± 0.14 0.25 ± 0.10 0.11
High 1661 0.40 ± 0.07 0.50 ± 0.05 0.52 ± 0.06 0.62 ± 0.08 0.42 ± 0.13 0.48 ± 0.11 0.71

Consumption of Diet Soft Drinks

Boys

Income Category

Low & Lower-Middle 474 −0.05 ± 0.13 0.41 ± 0.18 0.14 ± 0.17 0.23 ± 0.25 −0.16 ± 0.35 0.07 ± 0.21 0.52
Upper-Middle 1051 0.68 ± 0.06 0.72 ± 0.11 1.00 ± 0.12 0.74 ± 0.16 0.73 ± 0.22 0.58 ± 0.15 0.53
High 1290 0.58 ± 0.06 0.58 ± 0.07 0.82 ± 0.09 0.91 ± 0.10 0.72 ± 0.16 0.78 ± 0.13 0.09

Girls

Income Category

Low & Lower-Middle 554 −0.33 ± 0.10 −0.13 ± 0.15 0.17 ± 0.16 −0.17 ± 0.23 −0.05 ± 0.24 0.15 ± 0.18 0.09
Upper-Middle 1132 0.30 ± 0.06 0.23 ± 0.10 0.29 ± 0.11 0.27 ± 0.14 0.60 ± 0.20 0.63 ± 0.15 0.01
High 1661 0.31 ± 0.05 0.48 ± 0.06 0.76 ± 0.08 0.89 ± 0.10 0.56 ± 0.17 0.61 ± 0.13 0.03

* p for linear trend test across categories of soft drink consumption. Means are adjusted for age, sex, study site,
highest level parental education and meeting moderate-to-vigorous physical activity guidelines.

4. Discussion

The consumption of sugar-sweetened beverages is common among children. The results from the
present study indicate that 12.8% of boys and 10.8% of girls (Table 1) reported daily consumption of
regular soft drinks. These results are similar to those reported for the 2013/2014 Health Behaviour in
School Aged-Children Survey: 17% and 13% of 11-year old boys and girls, respectively, from 43 mainly
European countries reported daily consumption of soft drinks [31]. Data from the United States
indicate that sugar-sweetened beverage consumption increased in children between the 1988–1994
and 1999–2004 National Health and Nutrition Examination Surveys (NHANES) [32]; however, a more
recent analysis indicates that energy intake from sugar-sweetened beverages in children declined
approximately 30% between 1999 and 2010, from 223 kcal/day to 155 kcal/day [33].

In the present study, it was more common for children to report never drinking diet soft drinks
than never drinking regular soft drinks. These results are consistent with data from the United States,
where 6–11 years old children were more likely to report consuming at least 1 sugar-sweetened
beverage (80%) compared to at least 1 diet beverage (5%) in the 1999–2004 NHANES [32].

Contrary to our hypothesis, this study did not find a robust association between consumption of
regular soft drinks and obesity. There was a positive association observed in boys (p = 0.049); however,
this result was driven by a strong association in Indian boys but not at other sites (see Supplementary
Materials Table S1). The results from other population-based studies in children have shown mixed
results with respect to the relationship between sugar-sweetened beverages and obesity. Our results
are similar to those reported from an analysis of data from 204,534 children aged 11–15 years from
41 countries participating in the Health Behaviour in School-Aged Children Survey, in which soft drink
consumption was not associated with being overweight [34]. Further, there was no association between
sugar-sweetened beverage consumption and changes in BMI and waist circumference between the ages
of 9 and 21 years in the Danish cohort of the European Youth Heart Study; however, at age 15 years,
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those who consumed more than one serving of sugar-sweetened beverages had greater increases in
BMI and waist circumference by the age of 21 [35]. On the other hand, analyses from the 1999 to 2004
NHANES indicated a positive association between sugar-sweetened beverage consumption and BMI
percentile in 12–19 years old boys and girls [36].

A positive association was observed between diet soft drink consumption and obesity in girls.
This was an unexpected finding given that diet soft drinks do not contain any calories. However,
previous studies have also reported a positive association between diet beverage consumption and
weight gain in adolescents [37,38]. There are two potential explanations for this observation. First,
it has been suggested that exposure to artificial sweeteners may increase appetite sensations and
food intake in some cases [39]; however, most studies have failed to show an association between
artificial sweeteners and food intake [40]. Second, given that this study is cross-sectional, reverse
causation may be playing a role; it may be that obese girls are preferentially selecting diet soft drinks
in an attempt to control their weight. In general, the relationship between diet beverage consumption
and obesity in children is not well understood, and more research is required using longitudinal and
intervention designs.

This study included sites from countries varying widely in levels of economic and human
development. Significant interactions were observed between level of economic development and soft
drink consumption. Stratified analyses revealed that the positive association between consumption
of regular soft drinks and BMI z-scores in boys was limited to the group of low and low-middle
income countries (Kenya and India), and further stratification by study site revealed that the positive
association was only significant in boys from India. On the other hand, the strong positive association
observed between diet soft drink consumption and BMI z-score (and % body fat and obesity) in girls
was predominantly observed in upper-middle and high income countries. Although the site-level
sample sizes in individual sites of ISCOLE may not be sufficient to identify significant associations,
these results suggest that further research on the association between soft drink consumption and
obesity should be performed in different contexts such as those found in developing countries,
especially since the majority of the existing research has been conducted in high income countries.

This study has several strengths and limitations that warrant discussion. Two major strengths
include the large sample of children from a diverse group of countries, and the standardized
measurement of BMI and % body fat across all study sites. However, a limitation is the relatively
crude FFQ used to assess beverage consumption. The validity of the FFQ used in ISCOLE has been
studied [18]. Based on correlations between the FFQ and a pre-coded food diary, and on gross
misclassifications of the consumption frequency, the FFQ used in ISCOLE compares well with other
FFQ’s used to assess food consumption in children. Yet, the validity of consumption frequency of
many of the food groups was only poor or moderate, and this error may increase the likelihood of type
II error. The correlations between consumption frequency of soft drinks and other food groups were
weak in this sample. Nevertheless, in a principal components analysis used to study dietary patterns
among the ISCOLE participants, both regular and diet soft drinks loaded in the “unhealthy dietary
pattern” factor [41]. Hence, together with the inaccuracy of the frequency assessment [18], there might
be some residual confounding remaining from the collinearity between unhealthy food items. We
relied on the WHO growth reference data to compute BMI z-scores and define obesity in the sample.
These reference data are based on the original US National Center for Health Statistics data [20], and the
degree to which this introduces bias when used in other countries is not known. A further limitation
of this study is the cross-sectional research design, which precludes any cause-and-effect interpretation
of the observed associations, and increases the potential for reverse causation as an explanation for the
observations. Furthermore, we cannot exclude the possibility that unmeasured confounding variables
may explain some of the observed relationships. We were unable to adjust for potential confounders
such as biological maturity, total dietary intake, and other potential obesity-related factors.
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5. Conclusions

In conclusion, the results of this large multinational study of children found a weak positive
association between the consumption of regular soft drinks and obesity in boys, which was largely
limited to boys from India. A significant positive association was observed between diet soft drink
consumption and obesity in girls, but the cross-sectional design of the study precludes a definitive
interpretation of this relationship. Further studies using longitudinal research designs are needed to
better understand the prospective associations among beverage consumption and obesity in children.

Supplementary Materials: The following are available online at http://www.mdpi.com/2072-6643/8/12/770/s1,
Table S1: Results of multi-level mixed models testing for linear trends in BMI z-scores (mean ± S.E.) across levels
of soft drink consumption in boys and girls in the International Study of Childhood Obesity, Lifestyle and the
Environment (ISCOLE) stratified by study site.

Acknowledgments: We wish to thank the ISCOLE External Advisory Board and the ISCOLE participants and their
families who made this study possible. The ISCOLE Research Group includes: Coordinating Center, Pennington
Biomedical Research Center: Peter T. Katzmarzyk (Co-PI), Timothy S. Church (Co-PI), Denise G. Lambert
(Project Manager), Tiago Barreira, Stephanie Broyles, Ben Butitta, Catherine Champagne, Shannon Cocreham,
Kara D. Denstel, Katy Drazba, Deirdre Harrington, William Johnson, Dione Milauskas, Emily Mire, Allison Tohme,
Ruben Rodarte; Data Management Center, Wake Forest University: Bobby Amoroso, John Luopa, Rebecca Neiberg,
Scott Rushing; Australia, University of South Australia: Timothy Olds (Site Co-PI), Carol Maher (Site Co-PI),
Lucy Lewis, Katia Ferrar, Effie Georgiadis, Rebecca Stanley; Brazil, Centro de Estudos do Laboratório de Aptidão
Física de São Caetano do Sul (CELAFISCS): Victor Keihan Rodrigues Matsudo (Site PI), Sandra Matsudo,
Timoteo Araujo, Luis Carlos de Oliveira, Luis Fabiano, Diogo Bezerra, Gerson Ferrari; Canada, Children’s
Hospital of Eastern Ontario Research Institute: Mark S. Tremblay (Site Co-PI), Jean-Philippe Chaput (Site Co-PI),
Priscilla Bélanger, Mike Borghese, Charles Boyer, Allana LeBlanc, Claire Francis., Geneviève Leduc.; China,
Tianjin Women’s and Children’s Health Center: Pei Zhao (Site Co-PI), Gang Hu (Site Co-PI), Chengming Diao,
Wei Li, Weiqin Li, Enqing Liu, Gongshu Liu, Hongyan Liu, Jian Ma, Yijuan Qiao, Huiguang Tian, Yue Wang,
Tao Zhang, Fuxia Zhang; Colombia, Universidad de los Andes: Olga Sarmiento, (Site PI), Julio Acosta, Yalta Alvira,
Maria Paula Diaz, Rocio Gamez, Maria Paula Garcia, Luis Guillermo Gómez, Lisseth Gonzalez, Silvia Gonzalez,
Carlos Grijalba, Leidys Gutierrez, David Leal, Nicolas Lemus, Etelvina Mahecha, Maria Paula Mahecha,
Rosalba Mahecha, Andrea Ramirez, Paola Rios, Andres Suarez, Camilo Triana; Finland, University of Helsinki:
Mikael Fogelholm (Site-PI), Elli Hovi, Jemina Kivelä, Sari Räsänen, Sanna Roito, Taru Saloheimo, Leena Valta;
India, St. Johns Research Institute: Anura Kurpad (Site Co-PI), Rebecca Kuriyan (Site Co-PI), Deepa P. Lokesh,
Michelle Stephanie D’Almeida, Annie Mattilda, Lygia Correa, Vijay Dakshina Murthy; Kenya, Kenyatta University:
Vincent Onywera (Site Co-PI), Mark S. Tremblay (Site Co-PI), Lucy-Joy Wachira, Stella Muthuri; Portugal,
University of Porto: Jose Maia (Site PI), Alessandra da Silva Borges, Sofia Oliveira Sá Cachada, Raquel Nichele
de Chaves, Thayse Natacha Queiroz Ferreira Gomes, Sara Isabel Sampaio Pereira, Daniel Monteiro de Vilhena
e Santos, Fernanda Karina dos Santos, Pedro Gil Rodrigues da Silva, Michele Caroline de Souza; South Africa,
University of Cape Town: Vicki Lambert (Site PI), Matthew April, Monika Uys, Nirmala Naidoo, Nandi Synyanya,
Madelaine Carstens; United Kingdom, University of Bath: Martyn Standage (Site PI), Sean Cumming, Clemens
Drenowatz, Lydia Emm, Fiona Gillison, Julia Zakrzewski; United States, Pennington Biomedical Research Center:
Catrine Tudor-Locke (Site-PI), Ashley Braud, Sheletta Donatto, Corbin Lemon, Ana Jackson, Ashunti Pearson,
Gina Pennington, Daniel Ragus, Ryan Roubion, John Schuna, Jr., Derek Wiltz. The ISCOLE External Advisory
Board includes Alan Batterham, Teesside University, Jacqueline Kerr, University of California, San Diego; Michael
Pratt, Centers for Disease Control and Prevention, Angelo Pietrobelli Verona University Medical School.

Author Contributions: P.T.K., S.T.B., C.M.C., J.-P.C., G.H., E.V.L., J.M., V.M., T.O., V.O., O.L.S., M.S.T. and C.T.-L.
conceived and designed the study; J.-P.C., M.F., G.H., R.K., A.K., E.V.L., J.M., V.M., T.O., V.O., O.L.S., M.S., M.S.T.,
C.T.-L. and P.Z. collected the data; P.T.K. analyzed the data; P.T.K. drafted the manuscript and all other authors
edited the manuscript and provided constructive feedback.

Conflicts of Interest: ISCOLE was funded by The Coca-Cola Company. The funder had no role in study design,
data collection and analysis, decision to publish, or preparation of the manuscript. M.F. has received a research
grant from Fazer Finland. V.M. is a member of the Scientific Advisory Board of Actigraph. The authors reported
no other potential conflicts of interest.

References

1. Ng, M.; Fleming, T.; Robinson, M.; Thomson, B.; Graetz, N.; Margono, C.; Mullany, E.C.; Biryukov, S.;
Abbafati, C.; Abera, S.F.; et al. Global, regional, and national prevalence of overweight and obesity in
children and adults during 1980–2013: A systematic analysis for the global burden of disease study 2013.
Lancet 2014, 384, 766–781. [CrossRef]

http://www.mdpi.com/2072-6643/8/12/770/s1
http://dx.doi.org/10.1016/S0140-6736(14)60460-8


Nutrients 2016, 8, 770 11 of 13

2. Kumanyika, S.K.; Obarzanek, E.; Stettler, N.; Bell, R.; Field, A.E.; Fortmann, S.P.; Franklin, B.A.;
Gillman, M.W.; Lewis, C.E.; Poston, W.C., II; et al. Population-based prevention of obesity: The need for
comprehensive promotion of healthful eating, physical activity, and energy balance: A scientific statement
from american heart association council on epidemiology and prevention, interdisciplinary committee for
prevention (formerly the expert panel on population and prevention science). Circulation 2008, 118, 428–464.
[PubMed]

3. Ng, S.W.; Popkin, B.M. Time use and physical activity: A shift away from movement across the globe.
Obes. Rev. 2012, 18, 659–680. [CrossRef] [PubMed]

4. Popkin, B.M.; Adair, L.S.; Ng, S.W. Global nutrition transition and the pandemic of obesity in developing
countries. Nutr. Rev. 2012, 70, 3–21. [CrossRef] [PubMed]

5. Imamura, F.; Micha, R.; Khatibzadeh, S.; Fahimi, S.; Shi, P.; Powles, J.; Mozaffarian, D. Dietary quality among
men and women in 187 countries in 1990 and 2010: A systematic assessment. Lancet Glob. Health 2015, 3,
e132–e142. [CrossRef]

6. Hu, F.B. Resolved: There is sufficient scientific evidence that decreasing sugar-sweetened beverage
consumption will reduce the prevalence of obesity and obesity-related diseases. Obes. Rev. 2013, 14,
606–619. [CrossRef] [PubMed]

7. Kaiser, K.A.; Shikany, J.M.; Keating, K.D.; Allison, D.B. Will reducing sugar-sweetened beverage consumption
reduce obesity? Evidence supporting conjecture is strong, but evidence when testing effect is weak. Obes. Rev.
2013, 14, 620–633. [CrossRef] [PubMed]

8. Popkin, B.M.; Hawkes, C. Sweetening of the global diet, particularly beverages: Patterns, trends, and policy
responses. Lancet Diabetes Endocrinol. 2016, 4, 174–186. [CrossRef]

9. Keller, A.; Bucher Della Torre, S. Sugar-sweetened beverages and obesity among children and adolescents:
A review of systematic literature reviews. Child. Obes. 2015, 11, 338–346. [CrossRef] [PubMed]

10. Bes-Rastrollo, M.; Sayon-Orea, C.; Ruiz-Canela, M.; Martinez-Gonzalez, M.A. Impact of sugars and sugar
taxation on body weight control: A comprehensive literature review. Obesity 2016, 24, 1410–1426. [CrossRef]
[PubMed]

11. Vos, M.B.; Kaar, J.L.; Welsh, J.A.; Van Horn, L.V.; Feig, D.I.; Anderson, C.A.; Patel, M.J.; Cruz Munos, J.;
Krebs, N.F.; Xanthakos, S.A.; et al. Added sugars and cardiovascular disease risk in children: A scientific
statement from the american heart association. Circulation 2016, 134. [CrossRef] [PubMed]

12. Pereira, M.A. Sugar-sweetened and artificially-sweetened beverages in relation to obesity risk. Adv. Nutr.
2014, 5, 797–808. [CrossRef] [PubMed]

13. World Bank. World Development Indicators 2012; The World Bank: Washington, DC, USA, 2012.
14. Katzmarzyk, P.T.; Barreira, T.V.; Broyles, S.T.; Champagne, C.M.; Chaput, J.P.; Fogelholm, M.; Hu, G.;

Johnson, W.D.; Kuriyan, R.; Kurpad, A.; et al. The international study of childhood obesity, lifestyle and the
environment (iscole): Design and methods. BMC Public Health 2013, 13, 900. [CrossRef] [PubMed]

15. Broyles, S.T.; Denstel, K.D.; Church, T.S.; Chaput, J.-P.; Fogelholm, M.; Hu, G.; Kuriyan, R.; Kurpad, A.;
Lambert, E.V.; Maher, C.; et al. The epidemiological transition and the global childhood obesity epidemic.
Int. J. Obes. Suppl. 2015, 5, S3–S8. [CrossRef] [PubMed]

16. Katzmarzyk, P.T.; Barreira, T.V.; Broyles, S.T.; Champagne, C.M.; Chaput, J.P.; Fogelholm, M.; Hu, G.;
Johnson, W.D.; Kuriyan, R.; Kurpad, A.; et al. Relationship between lifestyle behaviors and obesity in
children ages 9–11: Results from a 12-country study. Obesity 2015, 23, 1696–1702. [CrossRef] [PubMed]

17. Currie, C.; Gabhainn, S.N.; Godeau, E.; Roberts, C.; Smith, R.; Currie, D.; Pickett, W.; Richter, M.; Morgan, A.;
Barnekow, V. Inequalities in Children’s Health: HBSC International Report from the 2005/2006 Survey; Health
Policy for Children and Adolescents, No. 5; WHO Regional Office for Europe: Copenhagen, Denmark, 2008.

18. Saloheimo, T.; Gonzalez, S.A.; Erkkola, M.; Milauskas, D.M.; Meisel, J.D.; Champagne, C.M.; Tudor-Locke, C.;
Sarmiento, O.; Katzmarzyk, P.T.; Fogelholm, M. The reliability and validity of a short food frequency
questionnaire among 9–11-year old: A multinational study on three middle-income and high-income
countries. Int. J. Obes. Suppl. 2015, 5, S22–S28. [CrossRef] [PubMed]

19. Barreira, T.V.; Staiano, A.E.; Katzmarzyk, P.T. Validity assessment of a portable bioimpedance scale to
estimate body fat percentage in white and African-American children and adolescents. Pediatr. Obes. 2013, 8,
e29–e32. [CrossRef] [PubMed]

20. De Onis, M.; Onyanga, A.W.; Borghi, E.; Siyam, A.; Nishida, C.; Siekmann, J. Development of a who growth
reference for school-aged children and adolescents. Bull. WHO 2007, 85, 660–667. [CrossRef] [PubMed]

http://www.ncbi.nlm.nih.gov/pubmed/18591433
http://dx.doi.org/10.1111/j.1467-789X.2011.00982.x
http://www.ncbi.nlm.nih.gov/pubmed/22694051
http://dx.doi.org/10.1111/j.1753-4887.2011.00456.x
http://www.ncbi.nlm.nih.gov/pubmed/22221213
http://dx.doi.org/10.1016/S2214-109X(14)70381-X
http://dx.doi.org/10.1111/obr.12040
http://www.ncbi.nlm.nih.gov/pubmed/23763695
http://dx.doi.org/10.1111/obr.12048
http://www.ncbi.nlm.nih.gov/pubmed/23742715
http://dx.doi.org/10.1016/S2213-8587(15)00419-2
http://dx.doi.org/10.1089/chi.2014.0117
http://www.ncbi.nlm.nih.gov/pubmed/26258560
http://dx.doi.org/10.1002/oby.21535
http://www.ncbi.nlm.nih.gov/pubmed/27273733
http://dx.doi.org/10.1161/CIR.0000000000000439
http://www.ncbi.nlm.nih.gov/pubmed/27550974
http://dx.doi.org/10.3945/an.114.007062
http://www.ncbi.nlm.nih.gov/pubmed/25398745
http://dx.doi.org/10.1186/1471-2458-13-900
http://www.ncbi.nlm.nih.gov/pubmed/24079373
http://dx.doi.org/10.1038/ijosup.2015.12
http://www.ncbi.nlm.nih.gov/pubmed/27152182
http://dx.doi.org/10.1002/oby.21152
http://www.ncbi.nlm.nih.gov/pubmed/26173093
http://dx.doi.org/10.1038/ijosup.2015.15
http://www.ncbi.nlm.nih.gov/pubmed/27152180
http://dx.doi.org/10.1111/j.2047-6310.2012.00122.x
http://www.ncbi.nlm.nih.gov/pubmed/23239610
http://dx.doi.org/10.2471/BLT.07.043497
http://www.ncbi.nlm.nih.gov/pubmed/18026621


Nutrients 2016, 8, 770 12 of 13

21. Tudor-Locke, C.; Barreira, T.V.; Schuna, J.M., Jr.; Mire, E.F.; Chaput, J.P.; Fogelholm, M.; Hu, G.; Kuriyan, R.;
Kurpad, A.; Lambert, E.V.; et al. Improving wear time compliance with a 24-h waist-worn accelerometer
protocol in the international study of childhood obesity, lifestyle and the environment (iscole). Int. J. Behav.
Nutr. Phys. Act. 2015, 12, 172. [CrossRef] [PubMed]

22. Tudor-Locke, C.; Barreira, T.V.; Schuna, J.M., Jr.; Mire, E.F.; Katzmarzyk, P.T. Fully automated waist-worn
accelerometer algorithm for detecting children’s sleep-period time separate from 24-h physical activity or
sedentary behaviors. Appl. Physiol. Nutr. Metab. 2014, 39, 53–57. [CrossRef] [PubMed]

23. Barreira, T.V.; Schuna, J.M., Jr.; Mire, E.F.; Katzmarzyk, P.T.; Chaput, J.P.; Leduc, G.; Tudor-Locke, C.
Identifying children’s nocturnal sleep using 24-hour waist accelerometry. Med. Sci. Sports Exerc. 2015,
47, 937–943. [CrossRef] [PubMed]

24. Mark, A.E.; Janssen, I. Dose-response relation between physical activity and blood pressure in youth. Med. Sci.
Sports Exerc. 2008, 40, 1007–1012. [CrossRef] [PubMed]

25. Evenson, K.R.; Catellier, D.J.; Gill, K.; Ondrak, K.S.; McMurray, R.G. Calibration of two objective measures of
physical activity for children. J. Sports Sci. 2008, 26, 1557–1565. [CrossRef] [PubMed]

26. Trost, S.G.; Loprinzi, P.D.; Moore, R.; Pfeiffer, K.A. Comparison of accelerometer cut points for predicting
activity intensity in youth. Med. Sci. Sports Exerc. 2011, 43, 1360–1368. [CrossRef] [PubMed]

27. World Health Organization. Global Recommendations on Physical Activity for Health; World Health Organization:
Geneva, Switzerland, 2010; p. 58.

28. Riva, M.; Gauvin, L.; Barnett, T. Toward the next generation of research into small area effects on health:
A synthesis of multilevel investigations published since July 1998. J. Epidemiol. Community Health 2007, 61,
853–861. [CrossRef] [PubMed]

29. Singer, J.D. Using sas proc mixed to fit multilevel models, hierarchical models, and iidividual growth models.
J. Educ. Behav. Stat. 1998, 23, 323–355. [CrossRef]

30. Kenward, M.G.; Roger, J.H. Small sample inference for fixed effects from restricted maximum likelihood.
Biometrics 1997, 53, 983–997. [CrossRef] [PubMed]

31. Inchley, J.; Currie, D.; Young, T.K.; Samdal, O.; Torsheim, T.; Augustson, L.; Mathison, F.; Aleman-Diaz, A.;
Molcho, M.; Weber, M.; et al. Growing up Unequal: Gender and Socioeconomic Differences in Young People’s Health
and Well-Being. Health Behaviour in School-Aged Children (HBSC) Study: International Report from the 2013/2014
Survey; WHO Regional Office for Europe: Copenhagen, Denmark, 2016.

32. Wang, Y.C.; Bleich, S.N.; Gortmaker, S.L. Increasing caloric contribution from sugar-sweetened beverages
and 100% fruit juices among us children and adolescents, 1988–2004. Pediatrics 2008, 121, e1604–e1614.
[CrossRef] [PubMed]

33. Kit, B.K.; Fakhouri, T.H.; Park, S.; Nielsen, S.J.; Ogden, C.L. Trends in sugar-sweetened beverage consumption
among youth and adults in the United States: 1999–2010. Am. J. Clin. Nutr. 2013, 98, 180–188. [CrossRef]
[PubMed]

34. Haug, E.; Rasmussen, M.; Samdal, O.; Iannotti, R.; Kelly, C.; Borraccino, A.; Vereecken, C.; Melkevik, O.;
Lazzeri, G.; Giacchi, M.; et al. Overweight in school-aged children and its relationship with demographic
and lifestyle factors: Results from the who-collaborative health behaviour in school-aged children (HBSC)
study. Int. J. Public Health 2009, 54, 167–179. [CrossRef] [PubMed]

35. Zheng, M.; Rangan, A.; Olsen, N.J.; Bo Andersen, L.; Wedderkopp, N.; Kristensen, P.; Grontved, A.;
Ried-Larsen, M.; Lempert, S.M.; Allman-Farinelli, M.; et al. Sugar-sweetened beverages consumption
in relation to changes in body fatness over 6 and 12 years among 9-year-old children: The European youth
heart study. Eur. J. Clin. Nutr. 2014, 68, 77–83. [CrossRef] [PubMed]

36. Bremer, A.A.; Auinger, P.; Byrd, R.S. Relationship between insulin resistance-associated metabolic parameters
and anthropometric measurements with sugar-sweetened beverage intake and physical activity levels in us
adolescents: Findings from the 1999–2004 national health and nutrition examination survey. Arch. Pediatr.
Adolesc. Med. 2009, 163, 328–335. [PubMed]

37. Vanselow, M.S.; Pereira, M.A.; Neumark-Sztainer, D.; Raatz, S.K. Adolescent beverage habits and changes in
weight over time: Findings from project eat. Am. J. Clin. Nutr. 2009, 90, 1489–1495. [CrossRef] [PubMed]

38. Berkey, C.S.; Rockett, H.R.; Field, A.E.; Gillman, M.W.; Colditz, G.A. Sugar-added beverages and adolescent
weight change. Obes. Res. 2004, 12, 778–788. [CrossRef] [PubMed]

39. Blundell, J.E.; Hill, A.J. Paradoxical effects of an intense sweetener (aspartame) on appetite. Lancet 1986, 1,
1092–1093. [CrossRef]

http://dx.doi.org/10.1186/s12966-015-0172-x
http://www.ncbi.nlm.nih.gov/pubmed/25881074
http://dx.doi.org/10.1139/apnm-2013-0173
http://www.ncbi.nlm.nih.gov/pubmed/24383507
http://dx.doi.org/10.1249/MSS.0000000000000486
http://www.ncbi.nlm.nih.gov/pubmed/25202840
http://dx.doi.org/10.1249/MSS.0b013e318169032d
http://www.ncbi.nlm.nih.gov/pubmed/18461007
http://dx.doi.org/10.1080/02640410802334196
http://www.ncbi.nlm.nih.gov/pubmed/18949660
http://dx.doi.org/10.1249/MSS.0b013e318206476e
http://www.ncbi.nlm.nih.gov/pubmed/21131873
http://dx.doi.org/10.1136/jech.2006.050740
http://www.ncbi.nlm.nih.gov/pubmed/17873220
http://dx.doi.org/10.2307/1165280
http://dx.doi.org/10.2307/2533558
http://www.ncbi.nlm.nih.gov/pubmed/9333350
http://dx.doi.org/10.1542/peds.2007-2834
http://www.ncbi.nlm.nih.gov/pubmed/18519465
http://dx.doi.org/10.3945/ajcn.112.057943
http://www.ncbi.nlm.nih.gov/pubmed/23676424
http://dx.doi.org/10.1007/s00038-009-5408-6
http://www.ncbi.nlm.nih.gov/pubmed/19618111
http://dx.doi.org/10.1038/ejcn.2013.243
http://www.ncbi.nlm.nih.gov/pubmed/24281311
http://www.ncbi.nlm.nih.gov/pubmed/19349561
http://dx.doi.org/10.3945/ajcn.2009.27573
http://www.ncbi.nlm.nih.gov/pubmed/19864412
http://dx.doi.org/10.1038/oby.2004.94
http://www.ncbi.nlm.nih.gov/pubmed/15166298
http://dx.doi.org/10.1016/S0140-6736(86)91352-8


Nutrients 2016, 8, 770 13 of 13

40. Rolls, B.J. Effects of intense sweeteners on hunger, food intake, and body weight: A review. Am. J. Clin. Nutr.
1991, 53, 872–878. [PubMed]

41. Mikkila, V.; Vepsalainen, H.; Saloheimo, T.; Gonzalez, S.A.; Meisel, J.D.; Hu, G.; Champagne, C.M.;
Chaput, J.P.; Church, T.S.; Katzmarzyk, P.T.; et al. An international comparison of dietary patterns in
9–11-year-old children. Int. J. Obes. Suppl. 2015, 5, S17–S21. [CrossRef] [PubMed]

© 2016 by the authors; licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC-BY) license (http://creativecommons.org/licenses/by/4.0/).

http://www.ncbi.nlm.nih.gov/pubmed/2008866
http://dx.doi.org/10.1038/ijosup.2015.14
http://www.ncbi.nlm.nih.gov/pubmed/27152179
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Soft Drink Consumption 
	Ascertainment of Adiposity and Obesity 
	Covariates 
	Statistical Analysis 

	Results 
	Discussion 
	Conclusions 

