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Abstract

Background—Although consumption of sugar-sweetened beverages (SSBs) is associated with
higher caloric intakes, the amount SSBs contribute to higher intakes has not been addressed.

Purpose—To estimate the amount SSB contribute to higher caloric intakes and determine how
the diets of SSB consumers and nonconsumers differ.

Methods—The WWEI America (What We Eat in America), NHANES 2003-2010 surveys were
combined into a sample of 13,421 children; analyses were conducted in December 2012. To
determine the contribution of SSB to higher caloric intakes, total non-SSB, food, and non-SSB
beverage intakes of SSB consumers and nonconsumers were compared using linear regression
models controlling for demographic and socioeconomic factors. Analyses also compared intakes
between nonconsumers and SSB consumers with different amounts of SSB consumption.

Results—For children aged 2-5 years and 6-11 years, non-SSB intakes did not differ between
nonconsumers and SSB consumers at any level of SSB consumption, indicating that SSBs were
primarily responsible for the higher caloric intakes among SSB consumers. A similar finding was
observed among children aged 12-18 years; however, both food and SSB contribute to higher
caloric intakes of adolescents consuming =500 kcal of SSBs. Among those aged 12-18 years,
higher intakes of foods (e.g., pizza, burgers, fried potatoes, and savory snacks) and lower intakes
of non-SSB beverages (e.g., fluid milk and fruit juice) were associated with increased SSB intake.

Conclusions—Sugar-sweetened beverages are primarily responsible for the higher caloric
intakes of SSB consumers, and SSB consumption is associated with intake of a select number of
food and beverage groups, some of which are often unhealthy (e.g., pizza and grain-based
desserts).

Introduction

Increased consumption of sugar-sweetened beverages (SSBs) among children and
adolescents is associated with higher caloric intake.1~* Given the increase in SSB
consumption over the past 20 years,>5 the relationship between SSB intake and total energy
intake is concerning. To date, the primary focus of SSB-related research has been on SSB
intake itself or total energy intake; research is lacking on how overall diet is affected by SSB
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intake. This study examines whether increased SSB intake is associated with food (“food” is
used to indicate solid food, throughout the paper) and non-SSB beverage intake.

One small study with children aged 6-13 years showed that consumption of any amount of
sweetened beverages did not affect food intake, indicating that the sweetened beverages
were responsible for increases in total daily energy intake.? Additionally, intake of milk was
lower on days when >12 oz. of sweetened drinks were consumed. Consumption of SSBs has
also been associated with lower intake of fruit” and with fast-food intake.8 Associations
between SSB consumption, particular food groups, dietary quality, and micro/
macronutrients have previously been investigated*~10; however, a comprehensive
assessment of foods and beverages associated with SSB consumption has yet to be
undertaken. The primary aims of this study were to determine the extent to which SSB
contribute to higher caloric intake of SSB consumers and to identify food and beverage
groups from the overall diet that are associated with increased SSB consumption.

Study Population

The 2003-2004, 2005-2006, 2007—-2008, and 2009-2010 What We Eat in America,
National Health and Nutrition Examination Surveys (NHANES)112 were combined for this
analysis; analyses were conducted in December 2012. All surveys were self-weighting,
multistage, stratified area probability samples of the non-institutionalized U.S. population.
The study population included non-Hispanic whites, non-Hispanic blacks, and Mexican
Americans. Non-Mexican-American Hispanics and other races were excluded due to
inadequate sample sizes to accurately estimate intake.

The final sample included 10,955 children (aged 2-18 years) with complete data for all
covariates included in the models. The sample was stratified into the following age
categories: 2-5 years, 6-11 years, and 12-18 years. Dietary intakes for all four surveys were
obtained from the Day-1 interviewer-administered 24-hour dietary recall using a multiple-
pass method.1314

Definition of Sugar-Sweetened Beverages

Sugar-sweetened beverages were defined as: caloric, sweetened soda; fruit drinks (not
including fruit juices); sports drinks; and energy drinks. Milk beverages containing added
sugars were not classified as SSBs. Consumers of SSBs were defined as individuals that
consumed >0 kcal of SSBs based on their Day-1 dietary intake assessment.

Definition of Non—Sugar-Sweetened Beverage Calories

The following formulas were used to determine the contribution of SSBs to the higher
caloric intakes of SSB consumers compared to nonconsumers:

»  SSB consumer: total caloric intake = food + non-SSB beverages + SSB;
«  Nonconsumer: total caloric intake = food + non-SSB beverages;

» Total non-SSB = food + non-SSB beverages.

Food and Beverage Groups

The food-grouping system used for this paper systematically disaggregated the U.S.
Department of Agriculture food groupings based on nutrient composition and critical dietary
behaviors. In addition, selected popular foods (e.g., pizza and burgers) that are among the
top sources of calories in this study populationl® were classified as their own group. A total

Am J Prev Med. Author manuscript; available in PMC 2014 April 01.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Mathias et al.

Page 3

of 42 mutually exclusive food groups and eight non-SSB beverage groups were created
(Appendix A, available online at www.ajpmonline.org).

Data Analysis

Results

Analyses were conducted using Stata, version 12.0, and accounted for the complex survey
design of the NHANES data set, resulting in estimates representative of the U.S. population.
Three linear regression models were used to determine associations between SSB intake and
the following dietary outcome variables: total intake (kcal); non-SSBs (kcal); non-SSB
beverages (kcal); food (kcal); and food energy density (kcal/gram). In the first model, SSB
consumption was coded as a dichotomous variable to test differences between SSB
consumers and nonconsumers. The second model included only SSB consumers and
examined the linear relationship between increases in SSB intake and dietary intake
variables.

A nonlinear relationship between non-SSB intake and SSB consumption (including
nonconsumers) was observed; therefore, SSB consumers were divided into three categories
(low, medium, and high), and intakes for these categories were compared to the
nonconsumers in the third model. The three categories were chosen by visually examining
the relationship of non-SSB intakes versus SSB consumption in increments of 100 kcal of
SSB. Cut-points for the categories were chosen to best depict the shape of the relationship
between non-SSB and SSB intake. Because the relationship between non-SSB intake and
SSB intake was different for each of the three age groups, different cut-points were chosen
for the SSB consumer categories.

All models were adjusted for age; gender; weight (kg); race/ethnicity (non-Hispanic white,
non-Hispanic black, Mexican-American); household income (<185%, 186%—-300%, and
>300% of poverty level); and weekend (dietary assessment taken from a weekend or
weekday). Interactions between race/ethnicity and SSB intake were tested for each age
group in all three regression models.

Having a large number of individuals who do not consume a particular food/beverage group
violates normality assumptions for estimating per capita intake using OLS models;
therefore, two-stage marginal effects models were conducted. The first stage uses a probit
model to determine the probability that an individual in a given SSB consumption group
consumed a particular food/beverage group. The second stage uses a linear regression model
to determine the intake of a particular food/beverage group only among consumers of that
food/beverage group. The marginal effects model takes into account the results from both
models to compute differences in intake between the SSB consumption categories and the
referent nonconsumer group. The criterion used for all tests of significance was p<0.05.

The socioeconomic, demographic, and per capita intakes (kcal) of food, SSBs, and non-SSB
beverages for the three age categories are presented in Table 1. For the three age groups,
SSB consumers had higher (p<0.0001) total caloric intakes than nonconsumers; +166 + 32,
+240 + 34, and +359 + 47 kcal for children aged 2-5 years, 6-11 years, and 12—18 years,
respectively (data not shown). In order to determine the contribution of SSB to higher
caloric intake, non-SSB intakes were examined.

Children Aged 2-5 Years

Intake of non-SSB calories did not differ (+21 + 31 kcal) between SSB consumers and
nonconsumers (data not shown). Categorizing SSB consumer status as simply consumer or
nonconsumer may not fully capture the heterogeneity among SSB consumers; therefore, a
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secondary approach was taken to determine the relationship between intake of calories from
non-SSB sources and amount of SSB consumption using only SSB consumers. Because
changes in food and non-SSB beverage consumption affect non-SSB intake, both sources of
calories were examined. Higher SSB consumption was associated with increased food
intake, but with lower non-SSB beverage intake, resulting in no association between SSB
intake and non-SSB calories (Table 2).

An interaction was observed between race/ethnicity and SSB consumption with respect to
non-SSB beverage intake. Both non-Hispanic blacks and Mexican Americans significantly
decreased their intake of non-SSB beverages by 23 + 6 and 49 + 10 per 100-kcal increase in
SSB, whereas, non-Hispanic whites did not significantly decrease their intakes (Appendix B,
available online at www.ajpmonline.org). Intake of non-SSB calories did not differ across
the levels of SSB consumption (Table 3). These findings indicate that for children aged 2-5
years, SSB consumption at any level is the main reason for higher caloric intake compared
to that of nonconsumers.

Children Aged 6-11 Years

Intake of non-SSB calories did not differ (17 + 39 kcal) between SSB consumers and
nonconsumers (data not shown). Among SSB consumers, intake of non-SSB beverage
calories was not associated with increased SSB intake; however, food intake increased by 36
+ 14 kcal per 100-kcal SSB increase (Table 2). An interaction was observed between race/
ethnicity and SSB consumption with respect to food intake. Intake of food (kcal) among
non-Hispanic whites was not associated with SSB consumption. By contrast, both non-
Hispanic blacks and Mexican Americans had increased intake of food (kcal) with increased
SSB intake: 52 + 21 and 94 + 13 kcal of food per 100-kcal increase of SSBs, respectively
(Appendix B, available online at www.ajpmonline.org).

Among SSB consumers, only those with the highest levels of consumption (=200 kcal) had
higher food intake; all SSB consumer groups had lower non-SSB beverage intakes than
nonconsumers (Table 3). Intake of non-SSB calories did not differ across levels of SSB
consumption. This result indicates that for children aged 6-11 years, any amount of SSB
consumption is the primary reason for the higher caloric intakes of SSB consumers as
compared to nonconsumers.

Children Aged 12-18 Years

An interaction was observed between race/ethnicity and differences between SSB
consumers and nonconsumers with respect to non-SSB intake; —25 + 66, 83 + 68, and 177
61 kcal for non-Hispanic whites, non-Hispanic blacks, and Mexican Americans, respectively
(data not shown). Among SSB consumers aged 12—18 years, intake of food increased by 86
+ 10 kcal for every 100-kcal increase in SSB intake, and non-SSB beverage intakes
decreased by 9 + 2 for every 100-kcal increase in SSB intake (Table 2). As a result, when
only SSB consumers were analyzed in the model, only those aged 12-18 years showed a
positive association of intake of non-SSB calories with SSB intake.

In the categoric analysis, an interaction was observed between race/ethnicity and differences
between nonconsumers and each category of SSB consumption for the following outcome
variables: total intake, non-SSB intake, non-SSB beverage and food intake (Appendix C,
available online at www.ajpmonline.org). The main factor driving this interaction was intake
of food (kcal) among nonconsumers, where non-Hispanic blacks and Mexican Americans
consumed 1600 + 62 and 1469 + 66 kcal, respectively, and non-Hispanic whites consumed
1751 + 47 kcal. Across all races/ethnicities, intake of non-SSB beverages was lower and
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food energy density (kcal/gram) was higher for medium (100 = SSB kcal >500) and high
(=500 kcal) SSB consumers compared to honconsumers.

For all races/ethnicities, high SSB consumers (=500 kcal; 13% of children aged 12-18
years) consumed more non-SSB calories than nonconsumers, indicating that both food and
SSBs contributed to higher caloric intakes among individuals consuming =500 kcal of SSBs
(Appendix C, available online at www.ajpmonline.org). Among non-Hispanic blacks and
Mexican Americans, both food and SSBs contributed to the higher caloric intakes of
medium SSB consumers (100-499 kcal SSB) as well. Fifty-six percent of non-Hispanic
blacks and 58% of Mexican Americans in this age group consumed 100-499 kcal of SSBs.

Food and Beverage Groups Associated with Intake of Sugar-Sweetened Beverages

Across all age groups, the energy density (kcal/gram) of food consumed increased with
higher SSB consumption (Tables 2 and 3); however, of the 50 food/beverage groups tested
in the current analysis, only a few significant differences of >10 kcal were observed between
nonconsumers and low, medium and high SSB consumers (Appendixes D-F, available
online at www.ajpmonline.org). Appendixes D—F report only the foods and beverages for
which a significant difference of >10 kcal was observed between nonconsumers (reference
group) and one of the SSB consumption categories.

The results below report the largest differences in food and beverage intakes between
nonconsumers and SSB consumers. Medium SSB consumers consumed more pizza (kcal)
than nonconsumers among children aged 12-18 years (53£21 kcal). For this age group, the
highest SSB consumers (=500 kcal) consumed 118 + 36 kcal more pizza, 104 + 22 kcal
more burgers, 60 £ 12 kcal more fried potatoes, and 43 + 19 kcal more savory shacks than
nonconsumers.

Across all age groups, decreases in fruit intake (kcal) were observed among medium and
high SSB consumers. Across all age groups, decreases in fruit juice intake (kcal) were
observed for all three SSB consumption groups. Only among children aged 2-5 years was
there was a decrease in fluid milk consumption across all levels of SSB consumption;
among those aged 6-11 years, only the highest SSB consumers (=200 kcal) consumed less
fluid milk than non-consumers, and among those aged 12-18 years, only SSB consumers
(100+ kcal) did so.

Grain-based dessert (e.g., cakes, cookies and pies) intake was 44 + 14 and 36 + 17 kcal
higher among the highest (=200 kcal) SSB consumers for children aged 2-5 years and 6-11
years, respectively. Only among those aged 2-5 years were calories of sweet snacks (e.g.,
candy) associated with SSB intake. In this age group, intake was higher for all SSB
consumption groups compared to nonconsumers.

Discussion

Higher consumption of SSBs was associated with higher food intake among SSB
consumers, offset partially by reductions in non-SSB beverage intake. Among children aged
2-5 years and 6-11 years, intake of non-SSB calories did not differ across levels of SSB
consumption, indicating that SSB intake was primarily responsible for the higher caloric
intakes of SSB consumers as compared to honconsumers. Of particular interest are those
aged 12-18 years who consume 500 or more kcal from SSBs, and non-Hispanic blacks and
Mexican Americans in the same age group who consume 100-499 kcal SSBs. For these
groups, both food and SSBs contributed to higher caloric intake.
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Among all age groups analyzed, the energy density of food consumed increased as SSB
intake increased. Energy-density shifts of the magnitude found here have been linked to
higher energy intake among adults.16-19 Given these findings, future research on the effects
of dietary energy density and total caloric intake should account for these associations
between total caloric intake, SSB intake, and food energy density. Examinations of overall
diets showed that only a small number of foods and beverages were associated with SSB
intake. The largest associations were decreases in fluid milk among those aged 2-5 years
and increases in intake of pizza, burgers, and fried potatos among the highest (=500 kcal)
SSB consumers aged 12—18 years.

Few studies have taken this unique approach of examining non-SSB intake to determine the
extent to which SSBs contribute to higher caloric intake. One study with 30 children aged 6—
13 years showed that total calories increased with higher consumption of sweetened
beverages, but intake (kcal) of food was similar across all levels of sweetened beverage
consumption.2 Mrdjenovic et al. concluded that because food intake remained constant when
sweetened beverage intake was increased, higher energy intakes were entirely the result of
higher sweetened beverage consumption.

The current study results led to a similar conclusion, but showed that across all age groups,
intake of food (kcal) was higher among the highest SSB consumers,” and intake of non-SSB
beverage calories was lower, compared to nonconsumers. However, only among those aged
12-18 years did the highest consumers of SSB consume significantly more non-SSB
calories than nonconsumers. As a result, the higher caloric intake of this group can be
attributed to both SSB and higher food intake. To the author’s knowledge, this is the first
study to show the extent to which SSB, food, and non-SSB beverage intakes contribute to
higher caloric intakes of SSB consumers as compared to nonconsumers.

Although previous work in adults has examined associations between food and beverage
patterns,20 the major focus in children with respect to associations with SSB intake has been
on nutrient intakes and overall dietary quality.*7~10 To date, associations between SSB
intake and consumption of food groups from an overall dietary perspective have not been
examined. The results from the current analysis showed that the energy density of food was
positively associated with SSB intake; however, only a few significant and meaningful (=10
kcal) differences in intake of food/beverage groups were observed between nonconsumers
and low, medium and high SSB consumers.

A concerning aspect of these findings is that many of the foods (e.g., pizza, grain-based
desserts, fried potatoes, and sweets) that are associated with higher SSB consumption are
listed by the 2010 Dietary Guidelines as foods that Americans should limit in their diets.2!
These foods are some of the top sources of solid fats and added sugars among children and
adolescents.?2 Reducing their intake has been recommended as a means to increase
consumption of foods high in micronutrients while limiting excessive caloric intake.?!

There are important limitations of this study due to the nature of the design. An inability
among SSB consumers to compensate for higher beverage intakes with lower food intakes
cannot be established with cross-sectional data. In addition, the SSB consumers identified in
this study were only consumers for that particular day; therefore, the results should not be
generalized to behaviors of all SSB consumers, but rather to consumers of SSB on a given
day. Future research is needed to better understand if SSB consumers are inherently
different than nonconsumers, or if certain foods and/or circumstances that affect dietary
behaviors (e.g., working late, birthday parties, fast-food beverage sizes) are paired with SSB
consumption.
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These results show that consumption of SSBs is primarily responsible for the higher caloric
intakes of SSB consumers as compared to individuals that did not consume SSBs. This is the
first study to report the extent to which SSB, food, and non-SSB beverage intakes contribute
to higher caloric intakes of SSB consumers as compared to individuals that did not consume
SSBs. Of particular interest are adolescents who consumed 500 or more kcal of SSBs (13%
of adolescents) and adolescent non-Hispanic blacks and Mexican Americans who consumed
100-499 kcal SSB (55% of the individuals in these race/ethnicity groups). These newly
identified subpopulations represent large groups in which calories from both foods and SSBs
contributed to’ higher caloric intakes of SSB consumers.

After analyzing the overall dietary patterns of SSB consumers and nonconsumers, only a
few food and beverage groups emerged where differences were observed between levels of
SSB intake. The key associations were observed among high SSB consumers with lower
consumption of fluid milk, fruit juice and fruit; and higher consumption of foods that are
among the top sources of solid fats and added sugars. The implications of these findings are
that SSBs are primarily responsible for the higher caloric intakes of SSB consumers, and
that SSB consumption is associated with the intake of a select number of food and beverage
groups, some of which are often unhealthy.
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Table 2

Associations between sugar-sweetened beverage (SSB) consumption and caloric intake among SSB
consumers

Energy, Nutrients Aged 2-5 Years Aged 6-11Years Aged 12-18 Years
Change per 100-kcal increase in SSB consumption
Total Intake (kcal) +143+23% +127+15” +177+117
Total Non-SSB (kcal)@ +43+23 +27£15 772117
Non-SSB Beverage (kcal)? -20+7% -9+6 -9x2%
Food (keal) +63+19” +36+14" +86+10"
Food Energy Density (kcal/gram)¢  0.06 +0.02™ 0.04 £0.017 0.02 +0.007 *

Note: Boldface indicates significance. Estimates were obtained from linear regression models for each age group separately where the estimated
coefficients represent the change in the outcome (e.g., total intake) per 100-kcal increase in SSB consumption. All models adjusted for age, gender,
race/ethnicity, weight (kg), household income, and weekend (whether the dietary assessment was from a weekday or weekend)

aTotaI Non-SSB (kcal) = Total Energy (kcal) — SSB (kcal)

bNon-SSB Beverage (kcal) = Total Beverages (kcal) — SSB (kcal)

cFood Energy Density (kcal/gram) = Food (kcal) / Food (gram)

*
Coefficients for estimates of slope are significantly different from zero (p<0.05).
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Energy intakes by category of sugar-sweetened beverage (SSB) consumption

Table 3

Aged 2-5 years 0SSB kcal 0>SSBkcal >100 100 =SSB kcal >200 =200 kcal
% of Age Group 46 24 18 12
Total Intake (kcal) 1504 + 23 1552 + 21 1661 + 43 * 1854 + 52 *
Non-SSB (kcal)? 1504 + 23 1488 + 21 1516 + 43 1519 + 46
Non-SSB Beverage (kcal)? 355+ 12 297 +11% 269+ 147 206+15™
Food (kcal) 1149 + 18 1191 + 22 1248 + 35* 1314 + 40 *
Food Energy Density (kcal/gram)¢  1.94 £0.03 210 £0.04™ 2.16 £0.05F 2.29+0.05"
Aged 6-11 years

% of Age Group 32 18 23 27
Total Intake (kCﬁ') 1837 + 32 1874 + 30 1963 + 30 * 2269 + 43 *
Non-SSB (kcal)? 1836 + 32 1802 + 30 1818 + 30 1918 + 42
Non-SSB Beverage (kcal)? 283+ 11 253+10% 230+12% 208+10%
Food (kcal) 1553 + 30 1549 + 29 1587 £ 27 1710 + 39 *
Food Energy Density (kcal/gram)¢ 208 £0.03 2.16 +0.04 2.30 £0.03 2.35+0.03"
Aged 12-18 years 0SSB kcal 0>SSBkcal >100 100 =SSB kcal > 500 2500 kcal
% of Age Group 30 7 50 13
Total Intake (kcal) 1982 + 41 1850 + 73 2231 + 36 * 3035 + 89 *
Non-SSB (kcal)s 1979 + 41 1779 + 72 * 1967 + 36 2301 + 81 *
Non-SSB Beverage (kcal)? 287+13 232177 211107 175+19%
Food (kCﬁ') 1692 + 37 1546 + 67 * 1756 + 32 2125 + 71 *
Food Energy Density (kcal/gram)¢ 213 +0.03 2.24+0.08 2.35+0.02% 2.45+0.04™

Note: Boldface indicates significance. Estimates were generated from linear regression models for each age category separately using SSB
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consumption as an indicator variable. Comparisons were made between each level of SSB consumption and the referent nonconsumer group at a
significance level of p<0.05. All models were adjusted for age, gender, race/ethnicity, weight (kg), household income, and weekend (whether the

dietary assessment was from a weekday or weekend).

aNon-SSB (kcal) = Total Energy (kcal) — SSB (kcal)

b

Non-SSB Beverage (kcal) = Total Beverage (kcal) — SSB (kcal)

cFood Energy Density (kcal/gram) = Food (kcal) / Food (grams)

*
Indicates a significant difference (p<0.05) between an SSB consumption group and the reference nonconsumer group

SSB, sugar-sweetened beverage
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