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Abstract
Background—Increased intake of sugar-sweetened beverages and fruit juice has been associated
with overweight in children.

Objective—This study prospectively assessed beverage consumption patterns and their
relationship with weight status in a cohort of children born at different risk for obesity.

Methods and Procedures—Participants were children born at low risk (n = 27) or high risk (n
= 22) for obesity based on maternal prepregnancy BMI (kg/m2). Daily beverage consumption was
generated from 3-day food records from children aged 3–6 years and coded into seven beverage
categories (milk, fruit juice, fruit drinks, caloric and noncaloric soda, soft drinks including and
excluding fruit juice). Child anthropometric measures were assessed yearly.

Results—High-risk children consumed a greater percentage of daily calories from beverages at
age 3, more fruit juice at ages 3 and 4, more soft drinks (including fruit juice) at ages 3–5, and
more soda at age 6 compared to low-risk children. Longitudinal analyses showed that a greater 3-
year increase in soda intake was associated with an increased change in waist circumference,
whereas a greater increase in milk intake was associated with a reduced change in waist
circumference. There was no significant association between change in intake from any of the
beverage categories and change in BMI z-score across analyses.

Discussion—Children’s familial predisposition to obesity may differentially affect their
beverage consumption patterns. Future research should examine the extent to which dietary factors
may play a role in pediatric body fat deposition over time.
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INTRODUCTION
The prevalence of overweight among children has reached an all time high. Recent data
from the National Health and Nutrition Examination Survey (2003–2004) indicate that
~14% of children between 2 and 5 years of age and 19% of children between 6 and 11 years
of age are overweight (1). Consumption of sugar-sweetened beverages and fruit juice has
increased considerably among children and adolescents over the past few decades (2).
Causality cannot be determined from these associations although increased consumption of
sugar-sweetened beverages may be contributing to excessive weight gain among children. A
recent systematic review of cross-sectional, prospective cohort, and experimental studies
showed that in most studies increased intake of sugar-sweetened beverages among children
and adults was positively associated with increased weight status and obesity (3). For
example, Ludwig et al. (4) enrolled 548 ethnically diverse schoolchildren in a prospective,
observational study. They found that for each additional serving of a sugar-sweetened drink
consumed per day, both BMI and the incidence of obesity increased after adjusting for
anthropometric, demographic, dietary, and lifestyle variables. Specifically, for each
additional can or glass of a sugar-sweetened drink consumed per day, 11-year-old children
were 1.6 times more likely to become overweight. Associations between sugar-sweetened
beverage consumption and the prevalence of overweight among children, however, have
been inconsistent as noted in recent reviews (5,6).

Besides sugar-sweetened beverages such as soda and fruit drinks, an increased consumption
of 100% fruit juice has also been associated with increased energy intake and weight gain in
some studies. For example, Dennison et al. showed that a daily consumption of 12 oz of
fruit juice by preschool age children was associated with growth extremes such as
overweight and short stature (7,8). In a prospective cohort study, Faith et al. (9) found that
among children, aged 1–4 years, who were initially either at risk for overweight or
overweight, increased fruit juice consumption was associated with excess adiposity gain.
Other studies, however, found no association between fruit juice consumption and
anthropometric indices (10), height and weight (11,12), and weight change (13) in children.

Data on milk and dairy consumption in relation to children’s weight status are scarce and
conflicting. Although some studies show no association between calcium/dairy intake and
excessive weight gain and percent body fat in children (14,15), other studies showed either
an inverse (16–18) or a positive relationship (19) between these variables.

Beverage consumption patterns may be influenced by genetic factors. In a study with adult
twin pairs, De Castro (20) showed that both the amounts and the types of fluids ingested
were influenced by heredity and environmental factors. Wardle et al. (21) showed that
children, aged 4–5 years, from obese families had higher scores for “desire for drinks” as
assessed with the parent-rated Children’s Eating Behavior Scale (22) than did children from
lean families eluding to the possibility that familial obesity risk status may be implicated in
the development of beverage preferences.

The aims of this longitudinal study were twofold. Aim one was to compare whether children
who were born at either high risk or low risk for obesity differ in their beverage
consumption patterns (percent energy consumed from beverages, as well as types and
amounts of beverages consumed) at ages 3–6 years. Aim two was to test whether changes in
beverage consumption patterns from ages 3 to 5 years were associated with changes in
children’s BMI z-score and waist circumference from ages 5 to 6 years. The specific
hypotheses were that (i) high-risk children would consume greater amounts, both as a
percentage of their daily energy intake as well as an absolute intake, of sugar-sweetened
beverages than did low-risk children and (ii) greater increases in the consumption of sugar-
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sweetened beverages would be positively associated with greater increases in children’s
anthropometric measures.

METHODS AND PROCEDURES
Subjects

Families in this study were participants in an ongoing longitudinal investigation designed to
examine the growth and development in a cohort of white children born at high or at low
risk for obesity. Children’s risk status for obesity was based on maternal prepregnancy BMI
(kg/m2) with mothers of the high-risk children averaging a BMI of 31.2 kg/m2 and those of
low-risk children averaging a BMI of 19.4 kg/m2 (P < 0.001). Children were enrolled in the
study at the age of 3 months and have undergone yearly assessments of growth and
development. Details of parental characteristics and study design were reported previously
(23–27). These analyses were based on the participants for whom food records were
available during ages 3, 4, 5, and 6 years: 45 (23 low risk, 22 high risk), 48 (27 low risk, 21
high risk), 42 (23 low risk, 19 high risk), and 42 (22 low risk, 20 high risk), respectively.
Written informed consent was obtained from the parents. The study protocol was approved
by the Institutional Review Boards of the University of Pennsylvania and The Children’s
Hospital of Philadelphia.

Anthropometry
Each year, children’s height was measured using a wall-mounted stadiometer (Holtain,
Crymych, UK), weight using a digital scale (model 6002; Scaletronix, Carol Stream, IL),
and waist circumference in the Nutrition and Growth Laboratory at the Children’s Hospital
of Philadelphia. All research anthropometrists in the laboratory underwent an extensive,
standardized training and retraining by a lead anthropometrist. They followed standardized
procedures (28) to measure the waist circumference of children. Specifically, the
anthropometrist placed an inelastic tape around the subjects at the level of the natural waist
which is the narrowest part of the torso. Waist circumference was measured at the end of a
normal expiration. Children’s height, weight, and waist circumference were measured in
triplicate. The mean for each parameter was used for statistical analyses. BMI was computed
and converted to z-scores for analyses (29).

Dietary methodology
Each year, at ±2 weeks of each child’s birthday, the primary caretaker of each child
completed 3-day weighed food records (2 weekdays, 1 weekend day). The primary caretaker
in relation to food was identified for each family. For most subjects, the primary caretaker
was the mother. Families received extensive training on how to complete weighed food
records and were provided with electronic food scales. They were instructed to preweigh all
foods and beverages (except water) that were served to the child and postweigh the
leftovers. Food records were analyzed by registered dietitians of the General Clinical
Research Center of the Children’s Hospital of Philadelphia using the Food Processor
Nutrition Analysis software (version 7.0; ESHA Research, Salem, OR). Food records which
consisted of at least 2 days of reported intake were included in the analyses (30).

Beverages were stratified into the following seven categories: (i) milk containing all milk
and milk-based beverages including chocolate milk, milk with powder/syrup, buttermilk,
and milkshakes, (ii) fruit juice including 100% fruit juice, (iii) fruit drinks including fruit
punches, sports drinks, lemonade, instant and iced tea, (iv) soda including carbonated caloric
beverages, (v) diet soda including carbonated noncaloric beverages, (vi) soft drinks
including soda, diet soda, and fruit drinks, and (vii) soft drinks and fruit juice including
soda, diet soda, fruit drinks, and fruit juice. The rationale for combining the sugar-sweetened
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beverages (and fruit juice) is based on the finding that soft drinks and fruit juice have been
implicated in some studies in increased energy intake and weight gain among children
(3,4,7). We therefore extended our examination to clusters of putatively obesity-promoting
beverages instead of only assessing the individual beverages alone.

Water intake was not recorded. All intakes were averaged across the number of days of food
records for each child to derive a mean daily intake for each beverage category.

Statistical analysis
Descriptive statistics are presented as means ± s.e.m. To test research aim one, a 2 (risk
group) × 4 (age) repeated measures ANOVA using a mixed linear model tested for
differences in daily beverage consumption patterns across the beverage categories and
percent energy consumed from beverages as a function of risk group and child age. Risk
group was a between-subjects variable with two levels (i.e., high risk vs. low risk), and child
age was a within-subjects variable with four levels (i.e., 3, 4, 5, and 6 years). The model
used restricted maximum likelihood estimates and a compound symmetry error structure due
to the repeated measures structure of the data. The compound symmetry structure is a
covariance structure used in mixed models to allow for correlated errors (31). Contrast
statements were used to test for potential linear effects of time across all 4 years of age.

Post hoc power calculations for aim one were performed based on the between-group mean
differences found in the mixed model analyses. The power analysis was performed using a
power calculation specified for longitudinal mixed models (31). In order to compare the
beverage consumption variables on a common unit, Cohen’s d effect sizes (32) were
computed for each of the between-group mean differences found in the analysis of aim one
(Table 1). We also calculated the sample size required to replicate all significant findings
found in our study.

To test aim two, we conducted a longitudinal analysis relating changes in beverage intake to
changes in children’s anthropometric measures. These analyses pooled children from the
two risk groups based on preliminary analyses testing whether associations differed between
the risk groups. Specifically, for each beverage category, we conducted a series of multiple
regression analyses in which BMI z-score or waist circumference was the outcome measure
and risk group, total energy intake, calories consumed from the respective beverages, and
the beverage intake by risk group interaction were predictors. Across these regression
analyses, none of the interaction terms were statistically significant. We therefore pooled the
two risk groups for the longitudinal analyses.

The longitudinal analyses followed a modeling procedure similar to the one used by Berkey
et al. (33). Specifically, we used a mixed linear model (SAS PROC MIXED) to test whether
changes in beverage intakes from ages 3 to 5 years were associated with changes in child
BMI z-score and waist circumference (cm) from ages 5 to 6 years using a separate model for
each beverage category. We included change in BMI z-score or waist circumference from
ages 3 to 5 years and total energy intake from food at age 3 as covariates in the model.
When adding total energy intake to the model as a covariate, we excluded all beverages in
order to avoid intercorrelation between the predictor variables (34). We identified two
children who at various time points qualified as statistical outliers per Tukey criteria (35)
(scores exceeded 1.5 times the interquartile range for BMI z-score and waist circumference,
respectively). We excluded these children from the longitudinal analysis. We comment in
the Results section on how the outcomes changed when all children (including the outliers)
were kept in the data set. None of the results from the longitudinal analysis changed with
risk group in the model. Finally, in an exploratory analysis, changes in milk intake (kcal)
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from years 3 to 5 were correlated with changes in soft drink and fruit juice intake (kcal)
from years 3 to 5.

Data were analyzed using SPSS software (version 12.0; SPSS, Chicago, IL) and SAS
software (version 9.1; SAS Institute, Cary, NC). P values <0.05 were considered statistically
significant.

RESULTS
Descriptive analyses

Participant characteristics—Children included 25 boys (13 low risk, 12 high risk) and
20 girls (10 low risk, 10 high risk) at age 3 years, 23 boys (14 low risk, 9 high risk) and 25
girls (13 low risk, 12 high risk) at age 4 years, 21 boys (11 low risk, 10 high risk) and 21
girls (12 low risk, 9 high risk) at age 5 years, and 19 boys (8 low risk, 11 high risk) and 23
girls (14 low risk, 9 high risk) at age 6 years, respectively. The means for BMI z-score at
ages 3, 4, 5, and 6 years were −0.4 ± 0.2, 0.1 ± 0.1, 0.1 ± 0.2, and −0.3 ± 0.2 for low-risk
children and −0.4 ± 0.3, 0.4 ± 0.3, 0.5 ± 0.4, and 0.2 ± 0.3 for high-risk children,
respectively (30). The means for waist circumference at ages 3, 4, 5, and 6 years were 49.6 ±
0.6, 52.4 ± 0.5, 53.6 ± 0.4, and 54.9 ± 0.7 cm for low-risk children and 50.0 ± 0.7, 54.6 ±
1.2, 57.5 ± 1.9, and 60.2 ± 2.2 cm for high-risk children, respectively (30). Only waist
circumference at age 6 was significantly different between risk groups (P= 0.03).

Longitudinal analyses of children’s beverage consumption patterns
Table 1 depicts the mean (±s.e.m.) percentage of energy consumed from beverages and
mean amount of beverages (oz) consumed daily from beverage categories by risk group and
age. We present least square means from the mixed linear model. The table also presents the
effect size corresponding to each between-group mean difference at each year, expressed as
Cohen’s d, along with the power to detect a statistical difference as determined from the post
hoc power analysis.

Percent energy consumed from beverages—There was a significant risk group by
time interaction (P = 0.02) and a significant linear risk group by time interaction (P =
0.006), indicating a progressive decrease in energy consumed from beverages from ages 3 to
6 years among high-risk children only. A pairwise follow-up comparison showed that the
mean percentage of energy consumed from beverages was significantly greater among high-
risk children (26 ± 3%) than low-risk children (20 ± 2%) at age 3 (P = 0.02).

Amount (oz) of fruit juice—There was a significant main effect of risk group (P = 0.01)
and a significant main effect of time (P = 0.02). There also was a significant risk group by
time interaction (P = 0.002) and a significant linear risk group by time interaction (P =
0.0002), indicating a progressive decrease in fruit juice intake from 3 to 6 years among high-
risk children only. A pairwise follow-up comparison showed that fruit juice consumption by
high-risk children was significantly greater than that by low-risk children at ages 3 (13 ± 2
oz vs. 5 ± 1 oz; P < 0.0001) and 4 years (9 ± 2 oz vs. 6 ± 1 oz; P = 0.05).

Amount (oz) of fruit drinks—There was a significant main effect of time (P = 0.008)
and a significant linear effect of time (P = 0.009) indicating that children’s consumption of
fruit drinks increased over time. The risk group by time interaction was nonsignificant (P =
0.70).

Amount (oz) of milk—There was a significant main effect of time (P = 0.01); the main
effect of risk group was nonsignificant (P = 0.70). There was a borderline significant risk
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group by time interaction (P = 0.05) and a significant linear risk group by time interaction (P
= 0.009), indicating a progressive increase in milk intake from 3 to 6 years among high-risk
children only. There was a trend for children in the high-risk group to have consumed less
milk at age 3 than low-risk children (5 ± 1 oz vs. 9 ± 1 oz; P = 0.08).

Amount (oz) of soda—There was a significant main effect of time (P = 0.03); the main
effect of risk group was nonsignificant (P = 0.22). There also was a significant linear risk
group by time interaction (P = 0.03), indicating a more pronounced increase in soda intake
from years 3 to 6 years among high-risk than low-risk children. A pairwise follow-up
comparison indicated that the amount of soda consumed by high-risk children was
significantly greater than that of low-risk children at age 6 (3 ± 1 oz vs. 1 ± 1 oz; P = 0.04).

Amount (oz) of diet soda—There was a trend for a significant main effect of time (P =
0.08) and a significant linear effect of time (P = 0.02), indicating that consumption of diet
soda increased over time in both risk groups. The risk group by time interaction was
nonsignificant (P = 0.78).

Amount (oz) of soft drinks—There was a significant main effect of time (P = 0.0001)
and a significant linear effect of time (P = 0.0001) indicating that consumption of soft drinks
increased over time in both risk groups. The risk group by time interaction was
nonsignificant (P = 0.85).

Amount (oz) of soft drinks including fruit juice—There was a significant main effect
of risk group (P = 0.01); the main effect of time was nonsignificant (P = 0.52). There also
was a significant risk group by time interaction (P = 0.02) and a significant linear risk group
by time interaction (P = 0.003), indicating that consumption of soft drinks including fruit
juice increased over time in low-risk children while that of high-risk children remained
consistently higher, except for age 6. A pairwise follow-up comparison showed that the
amount of soft drinks including fruit juice consumed by high-risk children was significantly
greater than low-risk children at ages 3 (15 ± 2 oz vs. 7 ± 1 oz; P = 0.0002), 4 (14 ± 2 oz vs.
9 ± 1 oz; P = 0.05), and 5 (15 ± 2 oz vs. 10 ± 1 oz; P= 0.04), respectively.

Power analysis
Figure 1 plots all effect sizes from Table 1 and their corresponding power from the post hoc
analyses. The effect sizes of the significant findings ranged from d = 0.37 to 0.79. The
minimum sample size necessary to replicate all of these significant findings at the 0.05 level
of significance with at least 80% power would be 116 subjects per group. These 116
subjects per risk group are based on the smallest effect size (0.37) that provided statistically
significant mean differences between groups in this sample. The minimum sample size
required to detect smaller effects that did not attain significance in this sample would require
larger samples. For example, the median effect sizes of all the nonsignificant effects in our
sample was d = 0.12. To detect such an effect with 80% power and α = 0.05 would require a
minimum sample size of 1,092 children per risk group.

Longitudinal analyses of 3-year changes in beverage intake in relation to changes in BMI
z-score and waist circumference from ages 5 to 6 years

There was no significant association between change in consumption from individual
beverage categories and change in BMI z-score across analyses (P > 0.10). Greater increases
in calories (β = −0.01; P = 0.02) and percent energy (β = −0.11; P = 0.02) consumed from
all beverages and greater increases in calories consumed from milk (β = −0.01; P = 0.04)
were inversely related to changes in children’s waist circumference (Table 2). On the other
hand, a greater increase in calories consumed from soda (β = 0.04; P = 0.001) was
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associated with a greater increase in waist circumference. When outliers were included in
the analysis, the following predictors became borderline significant: change in total calories
consumed from beverages (parameter estimate (β): −0.01; P = 0.06) and change in calories
consumed from milk (parameter estimate (β): −0.01; P = 0.055). All other significant
outcomes remained unchanged.

Relationship between 3-year changes in milk and soft drink/fruit juice consumption by risk
group

Changes in milk consumption from years 3 to 5 were inversely related with changes in soft
drink and fruit juice consumption from years 3 to 5 for low-risk children only (r = −0.58; P
= 0.02). There was no significant relationship between these two variables for high-risk
children (r = 0.02; P = 0.96) (Figure 2).

DISCUSSION
The main findings of this study were that during early childhood there were distinct
differences between high- and low-risk children in their beverage consumption patterns over
time. Specifically, at a young age children born at high risk for obesity showed beverage
consumption patterns that favored increased intakes of sugar-sweetened beverages such as
fruit juice and soft drinks whereas intake of milk was comparatively low. The consumption
of milk progressively increased among high-risk children over time; however, this increase
did not displace calories consumed from sugar-sweetened beverages and fruit juice.

Increased consumption of fruit juice, soda, and soft drinks have been associated with
increased energy intake (36,37), excessive weight gain in children (3,4,9), and child
overweight (8,9,38). In this study, we observed a significant linear risk group by time
interaction for the amount of fruit juice, soda, and soft drinks including fruit juice that
children consumed. Specifically, while fruit juice consumption was relatively stable over
time for low-risk children, high-risk children’s intake was significantly higher at ages 3–4,
but then declined over time. Similarly, the increase in soda intake over time was more
pronounced for high-risk children than for low-risk children. Finally, high-risk children
consumed significantly greater amounts of soft drinks (including fruit juice) at ages 3–5
years compared to low-risk children. These results are intriguing in that they point to
different beverage consumption patterns between children with a different predisposition to
obesity. It is possible that children who were born at high risk for obesity may exhibit a
greater preference for these types of beverages by ways of their genetic predisposition (39).
It is also possible that families with a history of obesity may create a food home
environment, which provides more easy access to sugar-sweetened beverages to their
children than do families with no prior history of obesity. Studies using genetically sensitive
designs are necessary to address these issues.

While high-risk children consumed more fruit juice and soft drinks at an early age, they also
consumed relatively smaller amounts of milk compared to low-risk children (trend for a
significant difference at age 3). Over time, however, high-risk children progressively
increased their intake of milk to the level of low-risk children. Interestingly, while a greater
increase in milk consumption over a 3-year period was inversely correlated with a 3-year
change in calories consumed from soft drinks and fruit juice in low-risk children, there was
no association among high-risk children. Thus, for low-risk children only, increased milk
consumption may have displaced the consumption of soft drinks and fruit juice. For high-
risk children, the results suggest that rather than having displaced calories that were
consumed from soft drinks and fruit juice, milk intake instead may have added onto the
calories consumed from these beverages. Previous studies among children and adolescents
suggested that decreases in milk consumption may be due to an increased consumption of
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soft drinks and juice drinks over time (36,40–42). While these results may speak to a
possible displacement of calories consumed from certain beverages, only an experiment
which systematically adjusts intake from beverage categories could generate more
conclusive answers. Finally, a decrease in milk consumption over a 3-year period predicted
an increase in children’s waist circumference from ages 5 to 6 years in the full sample.
These results are in line with findings from previous studies that showed that increased milk/
dairy intake may have a protective effect on child overweight (18,43–45).

A curious finding from the longitudinal analysis was that change both in the relative
(percent) and absolute calorie intake of beverages over time was inversely related to change
in child waist circumference. In light of the previous finding of an inverse relationship
between milk consumption and change in waist circumference, we attribute this inverse
relationship to the inclusion of milk and milk-based beverages in this overall category.
When examining the percentage of calories consumed from beverages as milk during ages
3–6 years, the data showed that children, on average, consumed ~47% beverage calories
from milk (data not shown). Thus, having milk included in the all beverages category may
explain the inverse relationship between changes in calories consumed from all beverages
and changes in waist circumference. It is interesting to note that in the longitudinal analysis
there were significant findings only for changes in waist circumference and not for changes
in BMI z-score. It is not clear as to why changes in beverage consumption patterns may
differentially affect abdominally accumulated fat (i.e., central adiposity) but not the sum of
fat-free mass and fat mass. It has been shown that the central distribution of body fat has a
major genetic component (46,47).

It is noteworthy that fruit juice intake of high-risk children exceeded recommendations put
forward by the American Academy of Pediatrics and the US Department of Agriculture
2005 Dietary Guidelines which recommend limiting fruit juice consumption to 4–6 oz per
day for children ages 1–6 years. When examining the mean intakes of fruit juice in this
study, it becomes clear that the children born at high risk for obesity exceeded this
recommended intake during ages 3–5 years. The current recommendation for milk intake for
children 2–8 years per the US Department of Agriculture Dietary Guidelines and the
American Dietetic Association amounts to two servings (approximately two cups) per day.
Children in both risk groups thus consumed less than the recommended amount of milk
during all 4 years. Children in our study (groups combined and intakes averaged across 4
years) also consumed overall smaller amounts of milk (9.2 oz vs. 12.32 oz) and more fruit
juice (6.8 oz vs. 4.7 oz) per day compared to intakes of children in a nationally
representative sample (37).

The strengths of this study include (i) the unique sample of children born at high risk and
low risk of obesity who were studied prospectively and (ii) the use of weighed food records
as opposed to visual estimates. There are several ways in which this study should be
extended. First, the results from this study are limited to the relatively narrowly defined
study sample, namely healthy, full-term, white children, and may therefore not be
generalizable to children as a whole. It thus would be desirable to examine beverages
consumption patterns in a larger cohort of children who are ethnically diverse and show
greater variability in their weight status. The relatively small sample size in this study may
have also prevented us from finding more significant between-group differences in beverage
consumption patterns as well as a greater number of significant associations with
longitudinal anthropometric measures. Second, it would be desirable to obtain intake data
over a longer period of time to determine children’s habitual diet and to complement the
self-reported intake data by laboratory measures. Third, it is possible that parents’ education
level and children’s physical activity habits may have affected children’s beverage
consumption patterns. These data were not readily available for the years under study but
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should be examined in future investigations. Finally, the present designs, unlike a classic
twin design or other genetically sensitive designs, could not formally test the respective
influence of genetic and environmental influences on beverage intake patterns.

In conclusion, this study showed that children who were born at high risk for obesity
showed increased intakes of fruit juice and soft drinks and lower intakes of milk and milk-
based beverages during early childhood compared to low-risk children. For the group as
whole, greater increases in soda consumption from ages 3 to 5 years was associated with
greater increases in child waist circumference during the subsequent year whereas a
decrease in milk consumption was associated with greater increases in child waist
circumference during the subsequent year. Among low-risk children only, increases in milk
consumption from ages 3 to 5 years were negatively associated with calories consumed from
soft drinks and fruit juice. Future research should examine whether an increase in intake in
one beverage category displaces intake from another beverage category or whether these
increases are additive.
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Figure 1.
Effect sizes and power corresponding to between-group differences found in Table 1.
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Figure 2.
Relationship between change in milk consumption (kcal) from years 3 to 5 and change in
soft drink and fruit juice consumption (kcal) from years 3 to 5 by risk group.
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Table 1

Amount (least square mean ± s.e.m.) of beverages consumed by risk group and age and between-group effect
sizes and power by age

Age 3 Age 4 Age 5 Age 6

Percent energy consumed from beverages (%)

 Low risk 20.0 ± 1.9 22.9 ± 1.8 18.9 ± 1.9 19.8 ± 2.0

 High risk 26.7 ± 2.0* 22.7 ± 2.1 20.3 ± 2.1 17.2 ± 2.1

 Effect size 0.45* 0.01 0.09 0.17

 Power 0.66 0.05 0.08 0.15

Fruit juice (oz/d)

 Low risk 4.6 ± 1.3 5.4 ± 1.2 4.5 ± 1.3 5.8 ± 1.3

 High risk 12.3 ± 1.3* 8.9 ± 1.3* 7.2 ± 1.4 4.5 ± 1.4

 Effect size 0.79* 0.37 0.28 0.13

 Power 0.99 0.50 0.31 0.10

Fruit drink (oz/d)

 Low risk 0.95 ± 0.8 1.7 ± 0.8 3.4 ± 0.8 2.9 ± 0.8

 High risk 1.4 ± 0.9 2.8 ± 0.9 3.8 ± 0.9 2.4 ± 0.9

 Effect size 0.06 0.18 0.06 0.09

 Power 0.06 0.15 0.06 0.07

Milk (oz/d)

 Low risk 9.2 ± 1.3 10.3 ± 1.3 9.0 ± 1.3 10.4 ± 1.4

 High risk 5.8 ± 1.4** 8.6 ± 1.4 10.4 ± 1.5 11.8 ± 1.4

 Effect size 0.33 0.18 0.14 0.13

 Power 0.41 0.15 0.11 0.11

Soda (oz/d)

 Low risk 0.9 ± 0.5 1.7 ± 0.5 1.6 ± 0.5 1.2 ± 0.6

 High risk 0.9 ± 0.6 1.3 ± 0.6 3.0 ± 0.6 2.9 ± 0.6*

 Effect size 0.01 0.10 0.32 0.40*

 Power 0.05 0.08 0.38 0.54

Diet soda (oz/d)

 Low risk 0.00 ± 0.2 0.00 ± 0.1 0.1 ± 0.2 0.2 ± 0.2

 High risk 0.05 ± 0.2 0.02 ± 0.2 0.2 ± 0.2 0.5 ± 0.2

 Effect size 0.04 0.02 0.02 0.25

 Power 0.06 0.05 0.05 0.27

Soft drinks and fruit juice (oz/d)

 Low risk 6.4 ± 1.5 8.8 ± 1.4 9.5 ± 1.5 10.1 ± 1.5

 High risk 14.5 ± 1.5* 13.1 ± 1.6* 14.3 ± 1.7* 10.1 ± 1.6

 Effect size 0.72* 0.38* 0.40* 0.002

 Power 0.96 0.51 0.55 0.05

Soft drinks (oz/d)

 Low risk 1.8 ± 1.0 3.5 ± 1.0 5.1 ± 1.0 4.4 ± 1.0

 High risk 2.3 ± 1.0 4.2 ± 1.1 7.0 ± 1.1 5.7 ± 1.1
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Age 3 Age 4 Age 5 Age 6

 Effect size 0.06 0.10 0.23 0.18

 Power 0.06 0.08 0.23 0.15

Means indicated with asterisks are significantly different between risk groups within a given year (P < 0.05);

**
P = 0.08. Effect sizes indicated with asterisks are based on significant mean differences between risk groups within a given year (P < 0.05).
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Table 2

Results from the mixed linear model that was used to predict change in waist circumference from ages 5 to 6
years (risk groups combined) when adjusting for change in waist circumference from ages 3 to 5 years and
total energy intake at age 3

Model Parameter Parameter estimate (β) s.e. P value

1 Intercept −4.06 2.16 0.07

Change in calories consumed from all beverages at ages 3–5 −0.01 0.003 0.02

Change in waist circumference from ages 3–5 0.34 0.10 0.002

Total energy intake at age 3 0.005 0.002 0.04

2 Intercept −5.10 2.33 0.04

Change in percent energy consumed from beverages at ages 3–5 −0.11 0.04 0.02

Change in waist circumference from ages 3–5 0.30 0.10 0.004

Total energy intake at age 3 0.01 0.002 0.02

3 Intercept −1.43 1.87 0.45

Change in calories consumed from milk at ages 3–5 −0.01 0.004 0.04

Change in waist circumference from ages 3–5 0.34 0.10 0.003

Total energy intake at age 3 0.002 0.002 0.32

4 Intercept −1.57 1.63 0.34

Change in calories consumed from soda at ages 3–5 0.04 0.009 0.001

Change in waist circumference from ages 3–5 0.20 0.09 0.03

Total energy intake at age 3 0.002 0.002 0.22
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