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Abstract

Background: Limiting sugar-sweetened beverages (SSB) consumption has been
widely acknowledged as a primary strategy for obesity prevention in children and
adolescents. In particular, finding suitable alternatives for SSB is an important public
health issue.

Objectives: The purpose of this study was to examine the associations between
different types of beverage intake and 6 y changes in body fatness, and to evaluate the
effects of substituting water, coffee/tea, milk, and 100% fruit juice for SSB.

Design: A cohort of 9-year-old children (n=358) who participated in the Danish part
of the European Youth Heart Study was followed for development in fatness over 6-y.
Multivariate linear regression was used to examine the association between beverage
consumption at baseline and change in body fatness (body mass index (BMI) z-score),
waist circumference (WC), and sum of four skinfolds (X4SF)) over 6-y with
adjustment for potential confounders. Substitution models were used to evaluate the
effects of substituting various beverages for SSB, controlling for total beverage intake,
energy from non-beverage sources, physical activity, socioeconomic status, and
pubertal status.

Results: Intake of SSB at age 9 y, but not other beverages, was directly associated
with subsequent 6-y changes in BMI z-score (f=0.05, P=0.02) and X4SF ($=0.86,
P=0.02). Substitution of 100g water for 100g SSB was inversely associated with
changes in BMI z-score (B= -0.04, P=0.02), WC (= -0.29, P=0.04) and X4SF (B=
-0.91, P=0.02) over 6-y. Substitution of 100g milk for 100g SSB was also inversely
associated with changes in BMI z-score (= -0.05, P=0.02), WC (= -0.33, P=0.046)
and X4SF (B=-0.79, P=0.06). An inverse association was also found between change
in WC and substitution of 100g coffee/tea for 100g SSB (B=-0.74, P=0.03). No effect
was observed for substitution of SSB by 100% fruit juice.

Conclusions: Our results suggest SSB intake is associated with long term change in
body fatness in children, and replacing SSB with water and milk, but not 100% fruit
juice, has a beneficial effect on body fatness development.
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Introduction

Increased consumption of beverages, in particular sugar sweetened beverages (SSB)
is thought to play a role in the etiology of obesity (1, 2). It is assumed that energy
consumed in a liquid form is less saiating than energy consumed in a solid form and
may lead to an incomplete compensatory reduction in energy from other sources,
resulting in excess energy intake and subsequent weight gain (3). Moreover, shifts in
beverage consumption patterns, i.e. increases in SSB consumption and decreases in
milk consumption particularly in children and adolescents, and the interrelation of
beverage consumption with other unhealthy eating patterns may also contribute to
weight gain and obesity (4). The effects of excess energy intake from caloric
beverages and the high glycemic effects of SSB are also likely to increase the obesity
risk (4).

Childhood obesity has become one of the major public health concerns worldwide.
Limiting SSB consumption has been acknowledged as one of the primary preventive
strategies for combating the childhood obesity epidemic (5, 6). The replacement of
SSB for low energy alternatives such as water and diet beverages is likely to promote
weight loss and facilitate obesity prevention (7, 8). Previous studies, mostly short
term feeding trials and weight loss intervention studies, have documented that the
replacement of SSB by water (9, 10) and diet beverages (11, 12) can promote weight
loss, reduce fat accumulation and reduce the risk of overweight/obesity. Nutrient
dense beverages such as milk and 100% fruit juice, when consumed in recommended
amounts are other alternatives for SSB. Indeed, previous intervention trials have
revealed a beneficial effect of replacing habitual SSB consumption with regular milk
on lean body mass and growth in children (13). However, the effects of replacing SSB
with other beverages revealed by these short term experimental studies may not
extrapolate to the long term. Only a limited number of studies have examined the long
term impact of replacing SSB with other beverages on obesity development (14, 15).

Considering the elevated public health concern on the impact of SSB consumption in
childhood obesity and the emerging debate on the effectiveness of limiting SSB
consumption on childhood obesity prevention, we aimed to prospectively examine the
association between the intake of different beverage types and subsequent 6 y change
in body fatness as well as the effect of replacing SSB by water, coffee/tea, milk and
100% fruit juice on subsequent 6 y change in body fatness.

Subjects and methods

Study population

The European Youth Heart Study (EYHS) is an international multicenter study
designed to address environmental, personal, lifestyle and physiological factors that
may influence the development of cardiovascular risk factors in children. All study
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protocols complied with the Declaration of Helsinki and were approved by the
scientific ethics committee of the local counties of \Vejle and Funen, Denmark (VF
20030067). Written explanations of the study aims and possible hazards, discomfort,
and inconvenience of test procedures were provided to both parents and children.
Data collection was conducted throughout the school year to minimize seasonal
effects. Most of the study protocols utilized in the EYHS were standard procedures
that are well-validated in children of similar age, otherwise additional validation
studies were undertaken (16). Detailed study design and procedures have been
described previously (17).

Our current study utilized data of the 9-year-old (3™ grade) children who participated
in the Danish part of EYHS in 1997 with a 6-y follow-up in 2003. In 1997, 590
children participated in the baseline interview. The dropout rate from baseline to first
follow-up interview in 2003 was 34.9% (n=384). The attrition analysis for participant
and non-participants were similar in regards to anthropometrics, dietary intake,
socioeconomic status, physical activity and pubertal status (18). Twenty-five children
who had incomplete dietary information at baseline or incomplete anthropometric
data at either time point were excluded from the analysis. Under-reporting of energy
intake was assessed by the Goldberg cut-off method by calculating the ratio of
reported energy intake (EI) to basal metabolic rate (BMR) (19) which was calculated
using the Schofield equation (20). The lower 95" percentile cut-off value of 0.9 was
applied to individuals. One female under-reporter was identified and excluded from
the analysis resulting in a final sample size of 358 children (201 girls and 157 boys).

Beverage intakes

Dietary intake was assessed by one 24-hr recall face to face interview supplemented
with a parent-assisted food record. Different sized drinking glasses, plates, spoons
together with food pictures of the most commonly consumed foods and beverages in
different portion sizes were used to facilitate the estimation of quantities during the
interview. Food records were entered into the software program Dankost 3000
(Danish Catering Centre, Copenhagen, Denmark) for nutrient analysis using the
Danish Food Composition Tables 2006 (21). Information on seven types of beverages
including plain water (tap or bottled), milk (regular, low fat, skim, plain or flavoured),
SSB (regular soft drinks, lemonade or fruit flavoured drinks), 100% pure fruit juice
(apple juice, orange juice or other juice), coffee/tea (plain or sweetened), diet soft
drinks, and alcoholic drinks were obtained. Diet soft drinks and alcoholic drinks were
excluded from the analysis due to the small number of participants who consumed
these beverages (<5%). Daily per capita consumption of each beverage type and total
beverages in absolute amount in grams (g) were calculated.

Assessment of anthropometry

According to the standardized procedures for anthropometrics measurements, height
was measured in bare feet to the nearest 5mm by a stadiometer and body weight was
measured in light clothing to the nearest 0.1kg by a beam balance scale. Body mass
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index (BMI) was calculated as body weight in kilograms divided by square meters of
height. Age- and gender- specific BMI z-score was generated using the LMS method
(22).Waist circumference (WC) was measured twice with a metal anthropometric tape
midway between the lower rib margin and the iliac crest, at the end of gentle
expiration. The mean value of the two measurements was used for analysis. Skinfold
thickness was measured with Harpenden fat calipers with two measurements taken at
each site. The sum of four skinfolds (X4SF) was obtained by adding the average
skinfolds of the biceps, triceps, subscapular, and suprailiac (16). BMI z-score, WC
and X4SF are used as indicators for total body fatness, visceral fat and subcutaneous
fat, respectively.

Assessment of covariates

Physical activity level was measured by both a validated accelerometer (Actigraph
model 7164, Manufacturing Technology Inc, Fort Walton Beach, FL, USA)(23) and a
computer-based questionnaire. Since a large number of participants failed to complete
the accelerometer measurements, the questionnaire measurement was chosen to
represent the physical activity of the study population to maximize sample size.
Subjects were classified as either physically inactive (reported no or sometimes
exercise) or physically active (reported regular exercise). The accelerometer
measurements were used in a sensitivity analysis that found good agreement with the
questionnaire method (24). A computer-based questionnaire was completed by parents
to obtain demographic and socioeconomic data. Maternal education, shown to be the
best indicator of socioeconomic status for children, was used to represent the
socioeconomic status of the current study population (25). The socioeconomic status
was categorized as low (elementary, high school and vocational education) or high
(short, medium or long term tertiary education). Pubertal status was assessed by
trained personnel according to Tanner’s stages using a 5-point scale of pictures (26).

Statistical method

Descriptive analysis was performed for all variables at baseline and follow-up.
Sample mean * standard deviation was calculated for continuous variables and
percentage of participants was calculated for categorical variables. Paired t-test was
used to examine the differences between anthropometric data at baseline and
follow-up. Multivariate linear regression analysis was used to test the association
between baseline beverage intake and subsequent change in body fatness. Pearson
correlation was conducted to assess multicollinearity among individual beverage
intake prior to regression analysis. Since correlation coefficients were small (r <0.2),
individual beverage intakes (per 100 grams) were included in the same model to
account for mutual confounding. Thus, the independent effect of each beverage type
on changes in body fatness could be examined. Changes in BMI z-score, WC and
Y4SF calculated by subtracting baseline data from follow-up data, were evaluated
separately in three multivariate models. Potential confounders were identified as
variables that associated with outcome variables at a P-value <0.25 and those that are
predictors of obesity and may be related to beverage consumption(27). All models
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were controlled for the following potential confounders: age, gender, baseline BMI
z-score/ WC/X4SF, physical activity, socioeconomic status, and pubertal status. The
potential effect modification by gender in these models was tested by using
interaction terms. No significant interaction with gender was found for most variables
in the model, except for socioeconomic status (P<0.05). Therefore, boys and girls
were analysed together with inclusion of an interaction term between gender and
socioeconomic status as a confounder in all models,

Because beverage intake correlates strongly with total energy intake, two analytical
approaches were used to adjust for the confounding effects of total energy intake, the
“standard multivariate model” and the “energy partition model” (28). Analyses of the
standard multivariate model included individual beverage intakes and total energy
intake, and the regression coefficients of the individual beverage intakes can be
interpreted as the generic non-energy effect of each beverage type on the changes in
body fatness. In the energy partition model, total energy is partitioned into energy
contributed by energy containing beverages and energy contributed by other sources
(non-beverage food sources). Water was excluded from the energy partition model as
it contains no energy. Analyses of the energy partition model included individual
energy containing beverages and energy from non-beverages sources (29). The
regression coefficient of individual energy containing beverages in the energy
partition model can be interpreted as both specific energy and non-energy effects of
adding respective beverages into the diet, while keeping other sources of energy (i.e.
food energy) constant (30).

Water, coffee/tea, milk, fruit juice, and SSB are subcomponents of total beverage
intake consumed by this population, and substitution or replacement models can be
used to examine effects of beverage types on body fatness (28). To evaluate the
relative effects of replacing SSB with water, coffee/tea, milk, or 100% fruit juice on
changes in body fatness, the models included total beverage intake along with the type
of beverage consumed (water, coffee/tea, milk, and 100% fruit juice), but excluding
SSB intake (the reference category) from the model. By keeping the intakes of total
beverage and milk, fruit juice and coffee/tea constant, an increase in water by
definition results in a corresponding decrease in SSB. Thus, the regression coefficient
of water assumes a substitution interpretation, that is, the amount of water that is
“substituted” for the same amount of SSB. Similarly, an increase in milk or fruit juice
or coffee/tea also implies a decrease in SSB, and these effects were also evaluated.
This approach is similar to the substitution models used by Stookey et al (31). For a
discussion on how to model substitution effects among subcomponents of food or
nutrient intakes in a multivariate model refer to Willett 2013 (28). The substitution
models were adjusted for age, gender, baseline BMI/WC/Z4SF, pubertal status,
socioeconomic status, physical activity, energy from food intake (non-beverage
sources) and interaction between gender and socioeconomic status. Additional
adjustment for energy intake from beverages was performed to assess if energy from
beverages may explain the effects of beverage intake on changes on body fatness. All
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statistical analyses were performed in SPSS 20.0 (SPSS Inc) with statistical
significance set as P <0.05 (two-sided).
Results

Descriptive information on anthropometrics, dietary intake, pubertal status,
socioeconomic status and physical activity is presented in Table 1. The percentages of
children consuming each beverage type were: water (92%), milk (97%), SSBs (57%),
fruit juice (37%), and coffee/tea (19%). As expected, anthropometric data increased
significantly from baseline to follow-up (P<0.0001).

The prospective associations between each beverage intake and change in body
fatness measures were presented in Table 2. Regression analyses using the standard
multivariate model and the partition model showed SSB intake was significantly
associated with change in body fatness. However, no significant association between
other types of beverage intake and change in body fatness was found. In model 1 with
adjustment for all covariates, SSB intake was directly associated with subsequent 6 y
changes in both BMI z-score (f=0.05, P=0.02) and X4SF (=0.86, P=0.02). Further
adjustment for energy intake in Model 2 attenuated the significant association for
BMI z-score (B=0.05, P=0.06) and X4SF ($=0.94, P=0.06) in the standard
multivariate model. In the energy partition model, adjusting for energy from sources
other than beverages did not affect the regression coefficient or the significance of the
association (Model 3).

The estimated change in body fatness associated with replacing SSB with water,
coffee/tea, milk, and fruit juice are presented in Table 3. With adjustment for all
covariates, replacing 100g SSB with 100g water was significantly and inversely
associated with subsequent 6-y changes in BMI z-score (B= -0.04, P=0.02), WC (=
-0.29, P=0.04) and X4SF (B= -0.91, P=0.02)(Model 1). Substituting coffee/tea for
SSB predicted lower increase in WC (= -0.74, P=0.03), but not for BMI z-score and
Y4SF (Model 1). Further adjustment for energy from beverages attenuated the
significant effects of replacing SSB with water or coffee/tea (P>0.05, Model 2 in
Table 3). Replacing 100g SSB with 100g milk was also inversely associated with
changes in BMI z-score (B= -0.05, P=0.02), WC (= -0.33, P=0.046) and X4SF (B=
-0.79, P=0.06). Adjusting for total energy intake only slightly reduced the association
for BMI z-score (p= -0.05, P=0.03), WC (p= -0.31, P=0.06) and X4SF (p= -0.73,
P=0.07) (Model 2). Substitution of 100% fruit juice for SSB was not associated with
changes in any measure of body fatness. Independent of all covariates, total beverage
intake was directly associated with changes in all body fatness measures (Model 2).
The effects of replacing SSB with water, milk, 100% fruit juice and coffee/tea on
change in body fatness with adjustment for all confounders are illustrated in Figure 1.

Discussion
Current literature on beverage intake and adiposity has focused mainly on SSB, and to
a lesser extent on milk, fruit juice, and non-caloric beverages. In this cohort of Danish
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children, we examined the prospective associations between a variety of beverages
and change in body fatness over 6 years. We found SSB intake at age 9 y, but not
other beverage types (water, milk, fruit juice, coffee/tea), was directly associated with
subsequent 6 y change in body fatness. In particular, BMI z-score and X4SF were
found to increase by 0.05 units and 0.86mm, respectively over 6 y, for every 100g
increase in SSB intake per day. By substituting 100g SSB for 100 g water or milk,
beneficial long term effects on body fatness were observed. Substituting SSB with
water predicted a decrease in BMI z-score, WC and Z4SF by 0.04 units, 0.29cm and
0.91 mm, respectively over 6y. Substitution of SSB by milk also resulted in
subsequent 6 y decreases in BMI z-score (0.05 units), WC (0.33 cm) and X4SF (0.79
mm). Moreover, substituting SSB with coffee/tea predicted significant 6 y decrease in
WC (0.74cm).

Our finding that SSB intake was more closely related to change in body fatness
compared to other beverage types are consistent with several previous cohort studies
that simultaneously examined the associations between a variety of beverages
consumed and long term obesity outcomes. Striegel-Moore et al (32) found that
among a large cohort of US girls aged 9-10 y with a follow-up of 10 y only regular
soft drink intake during childhood was a significant predictor of BMI in late
adolescence. However, no evidence of an association was observed for other
beverages such as milk, coffee/tea, and fruit juice. Likewise, in a group of
non-Hispanic white girls that examined SSB intake at age 5 y, but not milk or fruit
juice, predicted increases in % body fat, WC and prevalence of overweight from age 5
to 15 y (33). Similar findings were also demonstrated by Tam et al, in a small group of
Australian children, where intake of soft drinks at 8 y, but not fruit juice or milk, was
associated with subsequent 5 y excess weight gain (34).

The lack of an association between milk intake and change in body fatness is
congruent with current literature. The majority of prospective studies found that milk
intake, whether reduced fat or low-fat, suggest no association, although several
prospective studies have found a protective association between regular milk intake
and weight status (35). For instance, Vanselow et al (36), found no association
between SSBs and fruit juice and weight gain, but white milk intake at 15 y was
inversely associated with subsequent 5 y changes in BMI in a large cohort of US
adolescents. The potential biological mechanisms underlying the beneficial effect of
milk intake on body weight are as yet unclear. The most prevailing hypothesis is the
potential impact of dietary calcium on adipocyte lipid metabolism and fatty acid
absorption. Furthermore, accumulating evidence also suggests that whey protein
derivatives may affect body weight through their influences on food intake and
appetite regulation (35).

With respect to effects of water intake and obesity, most previous studies are short
term experimental studies, in which the effect of drinking water on energy intake
and/or body weight (as a reference group) was compared with either no beverages or a
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range of caloric beverages (37). Our study is one of the first studies that directly
evaluated the effect of water intake and long term obesity development in children.
Consistent with our results, Johnson et al also found no evidence of an association
between water intakes at ages 5 and 7 y and changes in fat mass at age 9 y in a cohort
of British children (38). However, another two studies conducted in adults have found
inverse associations between water and body weight. In a secondary analysis of 12
month weight loss intervention trials among overweight dieting women, individuals
who drank >1L water/day had greater loss of body weight and WC (31). Results from
a pooled analysis of three prospective cohort studies of white and educated US adults
also found water intake was inversely associated long term weight gain (14). The lack
of an association for water may be due to possible underestimation of water intake in
the current study, because water consumed during the day and unaccompanied with
foods tends to be ignored in dietary assessment methods (39).

The underlying mechanism by which SSB intake affects obesity development is not
well understood. Results from the standard multivariate model indicate that total
energy intake may be a potential mediator of the association between SSB and
increased body fatness, because the significant association between SSB intake and
body fatness reduced substantially after adjusting for total energy intake. In the energy
partition model, adjusting for energy from other sources (non-beverage sources) did
not affect the significant association, suggesting that the association between SSB
intake and changes in body fatness is independent of energy intake from other sources.
Rather, the association may be contributed by both specific energy and non-energy
effect of SSB. In other words, the association between SSB intake and adiposity may
be caused by additional energy provided by SSBs or non-energy effects of SSB such
as the high glycemic load on body weight regulation.

Consistent with results from many short term experimental studies (37) and the recent
prospective cohorts studies in a group of adults (14), we found that the substitution of
water and milk for SSB demonstrated a beneficial effect on long term change in body
fatness. The beneficial effect of replacing SSB by water is likely due to the lower
energy content contributed by total beverage intake, as adjustment for total energy
from beverage intake attenuated significant effects. By using similar substitution
models, the beneficial effect of replacing SSB with water on body weight and fat were
also reported by Stookey et al (31) in a group of overweight dieting women over 12
months. Replacing SSB with the same amount of milk (100g) demonstrated a
protective effect on body fatness. Controlling for energy from beverages resulted in
similar regression coefficients, indicating that factors other than energy (e.g. specific
milk constituents) may mediate the effects of replacing milk for SSB on body fatness.
The impact of milk constituents such as calcium and milk proteins on body
composition and appetite regulation has been widely acknowledged (35).

Scientific evidence regarding 100% fruit juice and body weight gain remains
inconclusive. Our findings are consistent with most previous prospective studies that
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found no evidence of an association between 100% fruit juice and increased adiposity
among children (37, 38). Positive associations have only been found among studies
with overweight and obese children (39, 40). In our study, replacing fruit juice with
SSB was not associated with any measure of body fatness. Given that fruit juice
contains comparable amount of natural sugars to SSBs, they may not be a good
alternative for SSBs in regard to weight management.

Plain coffee/tea contributes fluid to the diet without contributing energy. Previous
evidence, mostly in adults, suggests that plain coffee and tea may have a beneficial
effect on weight management (43). However, we found no significant effect of
coffee/tea on body fatness, and the beneficial effect of replacing coffee/tea for SSB
was only observed for one body fatness measure. It is likely that the low coffee/tea
intake of the current population at the age of 9 y may have hindered our ability to find
an effect. In addition, we included substitution with plain and sweetened coffee/tea in
the analysis, which may differ to other studies where only plain coffee/tea was
substituted.

Overall our findings are accordant with current beverage recommendations to reduce
intake of SSB. Furthermore, the long term benefits of replacing water or milk for SSB
on body fatness development demonstrated in our study indicate that reducing SSB by
replacement with water and milk may be effective strategies in the prevention and
management of childhood obesity. Additionally, it may be more effective for public
health campaigns to advocate “replacing water and milk for SSB” instead of
“reducing SSB intake” alone.

There are several strengths to our study. To our knowledge, no study to date has
examined the long term effects of replacing SSB with other beverages on childhood
obesity. Our results have a good generalizability, because the mean energy intake of
the 9 year-olds children (9.1MJ) in the current sample is comparable to the mean
energy intake (9.1MJ) of a national representative sample of children aged 4 to 14,
according to the 1995 Danish National Surveys (40). The assessment of a variety of
beverages allows us to examine individual effects of beverage intakes on body fatness.
We were able to account for age, gender, socioeconomic status, physical activity, and
pubertal status, which have been considered as important confounders in evaluating
childhood obesity. To adjust for the confounding effects of energy intake, we applied
two energy adjustment methods. These allowed us to differentiate the effects of total
energy intake as well as the specific energy and non-energy effects of SSB on the
estimated association. Finally, anthropometric data were objectively measured, which
eliminates the possibility of reporting bias.

Our study also has a number of limitations. First, our study has a small sample size,
which may have limited power to detect effects. Second, the dietary intake was
measured by a single 24-hr recall with a parent-assisted food record, which only
provides a snapshot of usual intake, and is unable to account for day to day variations
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of dietary intake. However, this dietary assessment method was shown to be a suitable
measure of dietary intakes at a group level among children of 3 grade (41).
Nevertheless, the 24hr recall is prone to reporting bias, even though we excluded
extreme under-reporters as identified by the Goldberg method. Under-reporting is of
particular concern, as it may distort diet and disease relationships. Evidence show
underreporting is more common in overweight and obese participants (42, 43), and
foods that are perceived as unhealthy and consumed as snacks are more likely to be
under-reported (44). On the other hand, reporting bias in the present study most likely
attenuated not inflated our current significant findings, suggesting that the observed
associations are indeed present. Third, the crude measure of self-reported physical
activity may have resulted in residual confounding. However, the fact that similar
results were obtained from the sensitivity analysis using accelerometer measurements,
makes this possibility less likely. Fourth, the main analyses were based on beverage
intake at baseline, individuals who have changed their beverage intake pattern may
have been misclassified, which would tend to attenuate the observed associations.
Lastly, although we managed to control for many important confounders, there may
be other possible residual and unmeasured confounding.

Conclusion

In conclusion, our results indicate that SSB consumption was directly associated with
long term change in body fatness in children. No evidence of an association was
found for other beverages. Additionally, the replacement of SSBs with water and milk
demonstrated beneficial effects on body fatness. Our findings support the current
recommendations to limit SSB consumption, and replacing SSBs for water and milk
may be beneficial for long term weight management in children. Further long term
randomized controlled trials are needed to further elucidate the effects of replacing
water or milk for SSB on obesity development.
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Table 1. Descriptive analysis of characteristics of participants at baseline and

follow-up®
1997(n=385) 2003(n=385)
Continuous variables Mean=+SD Mean=+SD
Age(years)? 9.6+0.4 15.7+0.3
Height(cm)? 138.9+6.4 170.3+8.9
Weight(kg)? 33.3+6.0 61.7£11.0
Body mass index(kg/m?)? 17.24+2.3 21.2+3.0
BMI z-score (SD)* 04+1.1 05+1.0
Waist circumference(cm) 2 58.21+5.5 74.2+7.7
Sum of four skinfolds(mm) 2 36.21+16.9 445+21.0
Energy intake(MJ/d) 9.1+23
Protein intake (g/d) 69.6+20.0
Fat intake (g/d) 80.1+27.5
Carbohydrate intake (g/d) 288.5+80.7
Fibre intake (g/d) 18.6+7.6
Water (g/d) 453.1+351.5
Milk(g/d) 481.2+290.9
SSB(g/d) 154.04204.9
Fruit juice (g/d) 62.4+139.0
Coffee/tea(g/d) 228+72.1
Categorical variables %
Gender
Boys 43.9
Girls 56.1
Pubertal status
Stage 1 83.7
Stage 2 15.7
Stage 3 0.6
Socioeconomic Status
Low 46.6
High 53.4
Physical activity
Inactive 45.4
Active 54.6
'values were expressed as Mean * standard deviation or percentage. SSB: sugar sweetened
beverages
2 P<0.0001
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Table 2. Regression analysis of baseline beverage intake and subsequent 6-y
changes in body fatness from 9 to 15 years'
Change in BMIz .45 Change in WC g5 Change in Z4SF g ;5
p+SE P B+SE P B+SE P
Water (100g/d)
Crude model® -0.005%0.01 0.64 -0.02+0.09 0.85 -0.28+0.24 0.24
Model 1° -0.000£0.01 0.96 -0.08+0.09 0.34 -0.08+£0.22 0.73
Model 2 -0.001£0.01 0.91 -0.06+0.09 0.49 -0.05+£0.22 0.82
Milk (100g/d)
Crude model ® -0.02+0.01 0.23 -0.10+0.11 0.34 -0.38+£0.29 0.20
Model 1° -0.003£0.01 0.79 -0.13+0.11 0.22 0.04+0.26 0.87
Model 2 -0.001£0.01 0.95 -0.05+0.12 0.65 0.124+0.29 0.67
Model 3 ° -0.003£0.01 0.81 -0.09+0.11 0.41 0.094+0.26 0.74

SSB (100g/d)
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Crude model ® 0.03%£0.02 0.12 0.30£0.15 0.05 0.52+0.41
Model 1° 0.05%0.02 0.02 0.22+0.15 0.14 0.86+0.37
Model 2 0.05%0.02 0.06 0.30£0.15 0.18 0.94+0.39
Model 3 ° 0.05%0.02 0.01 0.25+0.15 0.09 0.88+0.37
Fruit juice (100g/d)
Crude model ® 0.02£0.03 0.42 -0.06+0.22 0.78 0.49+0.59
Model 1° 0.02£0.03 0.39 -0.01£0.22 0.59 0.47+0.54
Model 2 0.03£0.03 0.34 -0.01£0.23 0.96 0.58+0.57
Model 3 ° 0.03£0.03 0.35 -0.01£0.22 0.95 0.60£0.56
Coffee/tea(100g/d)
Crude model ® -0.04£0.06 0.43 -0.31+0.41 0.45 -0.67+1.11
Model 1° -0.02+0.05 0.67 -0.394+0.41 0.34 -0.09+1.01
Model 2 -0.02+0.05 0.64 -0.44+0.41 0.28 -0.04+1.02
Model 3 ° -0.02£0.05 0.65 -0.41+0.41 0.31 -0.06+:1.01

0.20
0.02
0.06
0.02

0.41
0.38
0.31
0.28

0.55
0.93
0.97
0.95

LAll beverages were included simultaneously in the same model, BMIz (body mass index z-score), WC
(waist circumference), 4SF (sum of four skinfolds), SSB (sugar-sweetened beverages), SE (standard
error)

& Crude models included beverage intakes and changes in BMI/WC/Z4SF

®Model 1: adjusted for baseline age, BMIz/WC/=4SF, gender, physical activity, socioeconomic status,
pubertal status, and genderxsocioeconomic status.

“Model 2 : standard multivariate model, adjusted further for total energy upon model 1

4 Model 3: energy partition model, adjusted further for energy from non-beverage sources upon model 1
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Table 3 Regression analysis results for effects of substituting water, coffee/tea,
milk or fruit juice for SSBs on changes in body fatness from ages 9 to 15 y*

Change in BMIz 445 Change in WC g5 Change in X4SF 4.5

ptSE P p+SE P BtSE P
Water (100g/d)
Crude model* -0.03+0.02 0.23 -0.31+0.16 0.05 -0.80+0.43 0.07
Model 1° -0.04+0.02 0.02 -0.29+0.16 0.04 -0.91+0.40 0.02
Model 2° -0.04+0.03 0.13 -0.47+0.17 0.08 -1.11+0.59 0.07
Coffee/tea (100g/d)
Crude model® -0.06+0.06 0.12 -0.61+£0.42 0.15 -1.19+1.14 0.30
Model 1° -0.07+0.05 0.18 -0.74+0.42 0.03 -0.82+1.04 0.43
Model 2° -0.07+0.06 0.23 -0.99+0.46 0.11 -0.98+1.15 0.27
Milk (100g/d)
Crude model* -0.05+0.02 0.03 -0.40+0.17 0.02 -0.89+0.45 0.05
Model 1° -0.054+0.02 0.02 -0.33£0.17 0.046 -0.794+0.41 0.06
Model 2° -0.054+0.02 0.03 -0.31£0.17 0.06 -0.73+0.41 0.07
Fruit juice (100g/d)
Crude model* -0.01+0.03 0.81 -0.36+0.24 0.14 -0.30£0.66 0.97
Model 1° -0.02+0.03 0.53 -0.23£0.25 0.33 -0.29+0.63 0.65
Model 2° -0.02+0.03 0.54 -0.27£0.26 0.37 -0.31£0.63 0.62
Total beverages (100g/d)
Crude model* 0.03+0.02 0.12 0.30%+0.15 0.05 0.52+0.41 0.20
Model 1° 0.044+0.02 0.01 0.22+0.15 0.06 0.86+0.38 0.02
Model 2° 0.05+0.03 0.15 0.434+0.26 0.09 1.03%£0.64 0.11

'BMIz (body mass index z-score), WC (waist circumference), £4SF (sum of four skinfolds), SSBs

(sugar-sweetened beverages), B (regression coefficient), SE (standard error)

 Crude models included water intake (100g/d), milk intake (100g/d), fruit juice intake (100g/d),
coffee/tea (100g/d)), total beverages (100g/d), and excluded SSBs from the model (reference category).
By keeping the intake of total beverages, coffee/tea, milk and juice constant, a unit increase in water

implies a corresponding decrease in SSBs.

®Model 1: adjusted for age, gender, baseline BMIz/WC/Z4SF, puberty, socioeconomic status, physical

activity, energy from food (non-beverages sources, MJ/d) and genderxsocioeconomic status.

¢ Model 2: additionally adjusted for energy from beverage sources (MJ/d)
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Figure 1. The effects of replacing SSBs with water, milk, 100% fruit juice and
coffee/tea on change in body fatness (BMIlz, WC, and X4SF), adjusting for age,
gender, baseline BMIz/WC/XZ4SF, puberty, socioeconomic status, physical activity,
energy from food (non-beverages sources, MJ/d) and genderxsocioeconomic status (*
indicates P<0.05).
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