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ABSTRACT
Background: Recent research suggests that sugar-sweetened bev-
erage (SSB) consumption has been declining among US children
aged 2–18 y. However, most studies focused on changes in mean
intake, ignore high SSB consumers and do not examine intake
among vulnerable groups and, including adolescents, low-income
households, and several racial/ethnic minorities.
Objective:The aimwas to estimate usual SSB intake fromNHANES
surveys from 2003–2004 to 2013–2014 to examine shifts at both the
median and 90th percentile among US children, evaluating the extent
to which intake disparities in total SSBs and subtypes have persisted.
Design: Children 2–18 y from NHANES 2003, 2005, 2007, 2009,
2011 and 2013. SSBs were all non-diet beverages sweetened with
sugars including revising all beverages to as consumed status and
excluding soy and dairy based beverages. The NCI usual intake
method was used to estimate usual intake from two 24-hour recalls.
A 2-part correlated model accounted for nonconsumers. Quantile
regression was then used to examine differences in SSB usual intakes
at the 50th and 90th percentiles by race-ethnicity, and examine
interactions indicating whether racial-ethnic disparities in intake
were modified by income.
Results: Despite considerable declines, children’s SSB intake
remains high, particularly among heavy consumers. Among adoles-
cents, median SSB intake in 2013–2014 was on the order of 150–
200 kcal/d, and heavy intake at the 90th percentile was on the order
of 250–300 kcal/d. There were important disparities in intake that
persisted over time. Although high household income was associated
with lower SSB intake in non-Hispanic white (NHW) children,
intakes of non-Hispanic black (NHB) and Mexican-American (MA)
children from these households were similar to or higher than
those from poor households. There were also large racial/ethnic
differences in the types of SSBs consumed. The consumption of
regular sodas by NHB children was somewhat lower than among
MA and NHW children, whereas fruit drink intake was markedly
higher.
Conclusions: Overall, these findings suggest that, despite recent
declines, strategies are needed to further reduce SSB consumption,
and particularly heavy intake, especially among NHB children where
fruit drinks also are key source of SSBs. Am J Clin Nutr
2019;109:79–89.
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Introduction
Sugar-sweetened beverages (SSBs) are a major contributor

to energy intake in both adults and children in the United
States (1–8). Numerous reviews suggest that SSB consumption—
particularly when the amount of intake is high—contributes
to weight gain and obesity as well as related cardiometabolic
problems, the prevalence of which has increased in recent years,
especially in disadvantaged population groups (9–18). Indeed,
a number of studies have shown meaningful racial/ethnic and
socioeconomic disparities in SSB intake (19, 20). Given evidence
of adverse health effects, there is growing attention to strategies
that aim to decrease SSB consumption in children (21–24).

Current studies have shown that, after an earlier increase,
US children’s mean energy intake from SSBs began to decline
steeply in the early 2000s (1, 3, 4, 25–28). Similar trends have
been shown for total added sugars, of which SSBs comprise
approximately half (29). Despite this decline, however, at a
mean of 14% of energy in 2011–2012, US children’s added-
sugars intake exceeded current guidelines, which recommend a
limit of <10% of energy/d (30). Moreover, the understanding
of these recent shifts in SSB consumption and their impact on
the distribution of intake among vulnerable population groups
is incomplete. First, because most studies have focused on
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mean intake, less is known about changes in heavy SSB intake
(28, 29). The magnitude of decline among heavy consumers—
those with the highest intakes most likely to contribute to
weight gain and diabetes risk—has not been described to
our knowledge. Second, disparities in intake shifts are poorly
understood. Previous studies have documented disparities in
children’s SSB intake at varied cross-sections in time, with
higher consumption among low socioeconomic status (SES)
groups (1, 28). Nonetheless, studies have yet to examine to what
extent declines in intake—particularly in heavy consumption—
have occurred in racial/ethnic minorities and low-SES groups
with a persistently high burden of childhood obesity (1, 28,
31). Studies on US obesity trends suggest that socioeconomic
disparities in obesity have recently increased (32–34). Moreover,
socioeconomic disparities in US obesity have been shown to vary
by race/ethnicity and sex, with particularly marked racial/ethnic
differences often apparent with higher SES (32). Studies on SSBs
have yet to evaluate disparities in intake trends, particularly for
heavy intake, in order to evaluate the extent to which declining
trends in SSB consumption are reaching vulnerable groups.

The current study examines disparities in recent shifts in
both heavy (90th percentile) and median usual SSB intakes
among US children using NHANES dietary surveillance data
collected between 2003–2004 and 2013–2014. Analyses improve
on earlier research by utilizing techniques developed by the
National Cancer Institute (NCI) to estimate the distribution of
usual intake, incorporating up to 2 d rather than a single dietary
recall (35–37). We examine the extent to which there may be
SES disparities in intakes and trends across racial/ethnic groups.
In addition, to inform future efforts to promote further changes
in SSB consumption in vulnerable groups, trends in intake were
examined for the major SSB subtypes, regular nondiet sodas and
fruit drinks.

Methods
This analysis used dietary intake data from children aged 2 to

18 y from 6 cycles (2003–2004, 2005–2006, 2007–2008, 2009–
2010, 2011–2012, and 2013–2014) of What We Eat in America,
the dietary component of the NHANES surveys. Data from these
waves utilized the USDA food-composition tables applying the
same dietary intake assessment methods (38–48). The 2003–
2004 survey was selected as the earliest wave for analysis
because dietary assessment methods and food-composition
tables differed in earlier waves of NHANES, and previous
analyses of US children’s SSB consumption incorporating earlier
waves suggested that declines in intake began in 2003–2004
(1, 3). Dietary intakes were assessed by using≤2 nonconsecutive
days of 24-h dietary recalls administered with the use of the
USDA’s Automated Multiple-Pass Method (49). After the first
recall, collected in-person by trained interviewers in the Mobile
Examination Centers, the second recall was collected for most
participants 3–10 d later by telephone. Recalls were completed
by adult caregivers for preschoolers aged 2–5 y (“preschoolers”),
by children assisted by caregivers for the 6- to 11-y school-
age group (“school-aged children”), and on their own for the
oldest age group, adolescents aged 12–18 y (“adolescents”).
The terms “children” or “youth” are used interchangeably to
refer to all participants aged 2–18 y rather than to specific age

groups. Each wave of NHANES data was linked to the USDA’s
Food and Nutrient Database for Dietary Studies corresponding to
that wave, reflecting foods available at the time of each survey.
Protocols were approved by the National Center for Health
Statistic’s Institutional Review Board, and written informed
consent was obtained from all participants.

Participants were excluded from analyses if data were missing
for parental education (n = 648) or household income as a
percentage of the federal poverty level (FPL; n = 1193). Diet
recall reports were excluded if self-reported intake amount (more,
same, or less than usual) was not reported (n = 52), energy
intake was 0 kcal (n = 5), or energy intake was >4 SDs beyond
individual estimated energy requirements (n = 179) and thus
physiologically implausible as an estimate of habitual intake.
Estimated energy requirement was calculated by sex and age
according to equations provided by the Institute of Medicine’s
2005 Dietary Reference Intakes (50), with SD values calculated
to identify implausible dietary reports using the formula provided
by Huang et al. (51) (see Supplemental Figure 1). The
formula accounts for variability in daily intakes and predicted
requirements, as well as in estimated energy expenditure using
doubly labeled water. Accelerometry data to assess physical
activity levels (PALs) were available only for NHANES 2003–
2006 (52). Therefore, SD bounds were estimated assuming
sedentary PALs to identify implausibly low intake and very active
PALs to identify likely overreporters. The final sample included
17,579 children over all 6 survey cycles, with a total of 32,914 diet
recalls (87% of the sample had 2 recalls). The sociodemographic
distribution of the sample is shown in detail in Supplemental
Table 1. Because other groups were small and heterogeneous in
composition, analyses of SSB intake among racial/ethnic groups
focused only onMexicanAmericans (MAs), non-Hispanic blacks
(NHBs), and non-Hispanic whites (NHWs).

SSB definitions

SSBs were defined as all nonalcoholic, nondiet beverages
sweetened with sugars of any type, either as purchased or
added after purchase (53). Combination codes were used to
identify beverages (kilocalories per day) sweetened by the
consumer after purchase, such as powdered drink mixes or teas
to which sugars were added during preparation, as well as juices
combined with water and caloric sweeteners. This definition
excluded soy, yogurt, or milk-based beverages, for which a
large proportion of calories do not come from added sugars, as
well as 100% fruit juices and vegetable juices, consistent with
previous studies (1, 28). This exclusion included juice with added
caloric sweeteners but no water or other ingredients, because
this was reported very infrequently (e.g., n = 4 times in all
youth aged 2–18 y in 2013–2014). Diet or low-calorie beverages
were defined as beverages with ≤5 kcal/100 mL. Food codes
and descriptors were used to classify SSBs into 3 subtypes as
regular sodas (i.e., sweetened carbonated beverages), fruit drinks
(i.e., noncarbonated beverages containing fruit juices or flavors,
excluding fruit-flavored regular soda), and other SSBs (including
sports drinks, energy drinks, and sweetened teas or coffees), as
detailed in Supplemental Table 2. Although we describe trends,
we did not analyze intake disparities for “other SSBs” in detail
due to methodologic concerns related to sparse sample size (see
Discussion).
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Statistical analyses

The NCI has developed a statistical method that uses
information frommultiple 24-h recalls to estimate the distribution
of usual intake of nutrients or episodically consumed foods
(36, 37, 54). We used the NCI method to estimate empirically
the distribution (means and percentiles) of SSB usual intake in
children using What We Eat in America–NHANES. The NCI
method allows 1) estimating the within- and between-person
variance components and correcting for the high intraindividual
variation intrinsic to 24-h recalls and 2) adjusting for important
covariates, which helps improve the estimates by explaining
the variability (e.g., intake differences due to recall sequence,
or weekend consumption). A 2-part correlated model was
utilized due to skewed distributions with large proportions of
nonconsumers (55, 56). Specifically, the 2-part nonlinear mixed
model on SSBs (kilocalories per day) for repeated 24-h recalls
was fit by using the NCI MIXTRAN macro (36, 57). Part 1
of the model estimates the probability of SSB consumption
including a person-specific random effect, and part 2 estimates
the amount of SSBs in kilocalories per day consumed with the
use of a nonlinear Box-Cox transformation on the original scale
also including a person-specific effect. The Box-Cox exponential
power parameter and the covariate effects are estimated at the
same time during the model fitting so that the best transformation
is chosen after adjusting for these covariates. Parts 1 and 2 are
linked by allowing the 2 person-specific random effects to be
correlated, accounting for the association between probability of
consumption and amount (i.e., individuals who consume SSBs
most frequently tend to consume more SSB kilocalories per day).

Covariates included in the model were NHANES cycle year,
age group (2–5, 6–11, or 12–18 y), sex, race/ethnicity (NHW,
NHB, MA, other Hispanic, other/mixed race), parental education
(defined as less than, equal to, or more than a high school
education), and per capita household income as a percentage
of the FPL, weekend (including Friday), as well as season of
data collection (“November–April” or “May–October”), self-
reported intake amount (more, same, or less than usual), and
recall sequence (first or second). Income was defined as low
for households at <185% of the FPL (the criterion used
to define eligibility for the Special Supplemental Nutrition
Program for Women, Infants, and Children and for reduced-
price school meals), medium for those between 185% and 400%
of the FPL, and high for those at ≥400% of the FPL. An
a priori interest was racial/ethnic intake disparities in intake
over time. Therefore, the model included 2-way interactions
between race/ethnicity and all other covariates (survey year,
age group, household income, parental education, and child
sex), allowing the relation between usual SSB intake and the
main covariates to vary by race/ethnicity. In addition, 2-way
interactions between all covariates and both survey year and age
group were also included to allow estimated intakes for each
age group in each wave to vary by SES and sex. Regression
coefficients from this model are provided in Supplemental
Table 3 (NCI model). Because NHANES uses a complex,
multistage probability design, variance estimation was carried
out via the Balanced Repeated Replication technique and Fay
coefficient of 0.3 (58).

The primary aim of this study was to estimate how
race/ethnicity was associated with heavy and median SSB

intake, rather than only with mean intake, from 2003–
2004 to 2013–2014. Quantile regression (59, 60) was used
to test whether shifts over time in usual SSB intake at
the 50th and 90th quantiles differed by race/ethnicity, and to
examine the magnitude of overall disparities in intake. Specifi-
cally, usual SSB intake (kilocalories per day) was predicted for
each individual with the NCI INDIVINT macro using previously
estimated parameters from the 2-part nonlinear mixed model on
SSBs for repeated 24-h recalls. Thus, estimates of the association
are based on the predicted usual intake distribution and not based
on a single-day observation. Quantile regression was then used to
examine the significance of differences in SSB usual intakes at the
50th and 90th percentiles by race/ethnicity, and to examine inter-
actions indicating whether racial/ethnic disparities in intake were
modified by SES. In addition to coefficients from the quantile
regression models, predicted marginals were obtained from the
quantile regression to show the size of the effects, using models
that included significant pairwise interaction terms. These data
are presented as Figures 1–3 shown in the main text for adole-
scents, and in Supplemental Figures S2-S3 for younger age
groups. Predicted intakes at the 50th and 90th percentiles in
the simulated predicted intake distribution were also obtained
for comparison indicating similar results; thus, the data are not
shown. Analyses accounted for the complex survey design and
sampling weights (dietary recall weights for day 1) using SAS
version 9.3 software (SAS Institute), and the qreg2 command
in Stata version 14.2 (StataCorp) to perform quantile regression
with robust and clustered SEs.

Results
Coefficients for associations between estimated usual

SSB intake and survey years, age group, sex, race/ethnicity,
and income from quantile regression models are shown in
Supplemental Table 4. On the basis of these models, adjusted
SSB usual intake quantiles (median and 90th percentile) by sex,
income, and race/ethnicity over time are shown for adolescents
(12–18 y) in Figure 1, for school-aged children (6–11 y)
in Supplemental Figure 1, and for preschoolers (2–5 y) in
Supplemental Figure 2.

Heavy (90th percentile) compared with median SSB intake

Patterns and trends in usual SSB intake were generally similar
at the median and 90th percentile (e.g., see Figure 1 among
adolescents). However, intakes were considerably higher among
the heavy consumers at the 90th percentile than at the median. In
quantile regression models shown in Supplemental Table 4, the
intercept ± SE representing baseline SSB intake in kilocalories
per day in 2003–2004 was 76.3 ± 8.4 (P < 0.001) at the
median, with intakes approximately twice as high (160.1 ± 13.2;
P < 0.001) at the 90th percentile.

Disparities in total SSB intake

Overall, multivariable-adjusted associations between SSB
intake and NHB or MA race/ethnicity, relative to NHW chil-
dren, were small and largely nonsignificant (see Supplemental
Table 4). The adjusted difference in intake between NHB and
NHW youth was 16.9 ± 8.1 kcal/d (P < 0.05) at the 50th
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FIGURE 1 Total SSB intake by race/ethnicity and household income as a percentage of poverty in participants aged 12–18 y (usual intake quantile
regression results). Total SSB intakes of males aged 12–18 y (50th percentile) (A), females aged 12–18 y (50th percentile) (B), males aged 12–18 y (90th
percentile) (C), and females aged 12–18 y (90th percentile) (D). Values are predicted intakes from multivariable-adjusted quantile regression (for details, see
Supplemental Table 4), which found significant (*P < 0.05, †P < 0.01, ‡P < 0.001) associations with the following. Panels A and B—50th percentile, total
SSBs: 1) main effects: NHB*, 12–18 y‡, male sex‡, survey wave 2013–14‡; 2) survey wave interactions: male × 2007–2008*, 2009–2010*, and 2013–2014†;
12–18 y × 2005–2006†, 2007–2008†, 2009–2010†, 2011–2012‡, and 2013–14‡; 3) other interactions: male × 12–18 y†, NHB × male†, MA × 12–18 y†,
NHB × 12–18 y†. Panels C and D—90th percentile, total SSBs: 1) main effects: 12–18 y‡; male sex‡, income >400% FPL*; survey waves 2007–2008†,
2009–2010*, 2011–2012*, and 2013–2014‡; 2) income interactions: MA × >400% FPL*, NHB × >400% FPL†, NHB × <185% FPL*; 3) survey wave
interactions: male × 2011–2012* and 2013–2014†; 12–18 y × 2007–2008*, 2009–2010†, 2011–12‡, and 2013–14‡; 4) other interactions: 12–18 y × male‡,
NHB × male*, MA × 12–18 y†. FPL, federal poverty level; MA, Mexican American; NHB, non-Hispanic black; SSB, sugar-sweetened beverage.
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FIGURE 2 Fruit drink intake by race/ethnicity and household income as a percentage of poverty in participants aged 12–18 y (usual intake quantile
regression results). Fruit drink intakes of males aged 12–18 y (50th percentile) (A), females aged 12–18 y (B) (50th percentile), males aged 12–18 y (90th
percentile) (C), and females aged 12–18 y (90th percentile) (D). Values are predicted intakes from multivariable-adjusted quantile regression (for details, see
Supplemental Table 4), which found significant (*P < 0.05, †P < 0.01, ‡P < 0.001) associations with the following. Panels A and B—50th percentile, fruit
drinks: 1) main effects: NHB*; male sex*; survey waves 2005–2006†, 2007–2008†, 2009–2010*, 2011–2012†, 2013–2014‡; 2) income interactions: NHB
× income >400% FPL*; 3) survey wave interactions: NHB × 2005–2006†, 2007–2008‡, 2009–2010‡, 2011–2012‡, and 2013–2014‡; MA × 2007–2008†,
2011–2012†, and 2013–2014‡; 4) other interactions: male × 12–18 y†, NHB × male†, NHB × 12–18 y†. Panels C and D—90th percentile, fruit drinks: 1)
main effects: NHB‡, MA†; male sex‡; survey waves 2005–2006*, 2007–2008‡, 2011–2012‡, and 2013–2014‡; 2) income interactions: income ≤185% FPL
× 2007–2008*, MA × >400% FPL*, NHB × >400% FPL†, NHB × <185% FPL*; 3) survey wave interactions: male × 2013–2014†; NHB × 2005–2006*,
2009–2010*, 2012–2012*, 2013–2014†; MA × 2009–2010‡ and 2013–2014‡; 4) other interactions: NHB × 12–18 y‡, MA × 12–18 y‡. FPL, federal poverty
level; MA, Mexican American; NHB, non-Hispanic black.
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FIGURE 3 Regular soda intake by race/ethnicity and household income as a percentage of poverty in participants aged 12–18 y (usual intake quantile
regression results). Regular soda intakes of males aged 12–18 y (50th percentile) (A), females aged 12–18 y (50th percentile) (B), males aged 12–18 y (90th
percentile) (C), and females aged 12–18 y (90th percentile) (D). Values are predicted intakes from multivariable-adjusted quantile regression (for details, see
Supplemental Table 4), which found significant (*P < 0.05, †P < 0.01, ‡P < 0.001) associations with the following. Panels A and B—50th percentile, regular
soda: 1) main effects: NHB‡; 12–18 y‡; male sex‡; income >400% FPL*; survey waves 2005–2006‡, 2007–2008*, 2009–2010‡, 2011–2012‡, and 2013–
2014‡; 2) survey wave interactions: male × 2005–2006*, 2007–2008*, 2009–2010†, 2011–2012†, and 2013–2014‡; 12–18 y × 2005–2006‡, 2007–2008‡,
2009–2010‡, 2011–2012‡, and 2013–2014‡; 3) other interactions: male × 12–18 y‡, NHB × male‡, NHB × 12–18 y‡. Panels C and D—90th percentile,
regular soda: 1) main effects: NHB‡; 12–18 y‡; male sex‡, income >400% FPL†; survey waves 2005–2006†, 2007–2008†, 2009–2010‡, 2011–2012‡, and
2013–2014‡; 2) income interactions: MA × income >400% FPL*, NHB × income >400% FPL†; 3) survey wave interactions: NHB × 2009–2010*, 2011–
2012†, 2013–2014‡; 12–18 y× 2005–2006†, 2007–2008‡, 2009–2010‡, 2011–2012‡, and 2013–2014‡; 4) other interactions: 12–18 y×male‡, NHB×male‡,
MA × 12–18 y†, NHB × 12–18 y‡. FPL, federal poverty level; MA, Mexican American; NHB, non-Hispanic black.
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percentile and 9.8 ± 15.1 kcal/d (P = NS) at the 90th percentile.
For MA compared with NHW youth, these differences were
−1.1 ± 9.4 (NS) and −7.2 ± 13.9 (NS) kcal at the 50th and
90th percentiles, respectively. Declines in intake over time were
similar across racial/ethnic groups (NHB and MA × survey year
interactions were consistently small and NS; see Supplemental
Table 4). Unlike the small main effects of race/ethnicity, in the
NHW referent group higher household income was associated
with a larger and significant reduction in heavy SSB intake
(β ± SE for the association with higher compared with moderate
income at the 90th percentile: −26.4 ± 13.4; P < 0.05).
Moreover, there were interactions indicating that the income
disparity in SSB intake varied by race/ethnicity. In contrast to
NHW youth, among NHB and MA children, higher income
was associated with increases in heavy SSB intake (at the 90th
percentile—higher income × NHB interaction: 35.6 ± 11.9;
P < 0.01; higher income × MA: 27.7 ± 11.3; P < 0.05).
Income associations did not reach significance for median intake
(−6.0 ± 7.7; NS for higher compared with moderate income),
nor did race/ethnicity × income interactions (see Supplemental
Table 4).

Older age [β ± SE for 12–18 y compared with preschoolers:
165.3 ± 5.4 (P < 0.001) and 225.8 ± 11.4 (P < 0.001) at the
50th and 90th percentiles] and male sex [β ± SE compared with
females: 25.4± 5.1 (P< 0.001) and 46.2± 9.8 (P< 0.001) at the
50th and 90th percentiles] were also associated with higher SSB
intake. Declines over time also varied by age and sex, with larger
reductions in the older groups and among male children who had
initially higher intakes (P < 0.05 for most sex and age group ×
survey year interactions; see Supplemental Table 4).

Disparities in usual intake for total SSBs over time:
adolescents (12–18 y)

At the 50th percentile (Figure 1A, B for males and females,
respectively), total SSB usual intake in adolescents declined
significantly over time (P < 0.001 for each survey year). The net
decline inmedian intake between 2003–2004 and 2013–2014was
on the order of 100 kcal/d. Despite this reduction, median intake
in 2013–2014 remained high, on the order of 200 kcal/d among
low-income NHW and MA adolescent males and across all
income groups for NHBmales (Figure 1A). Patterns and trends in
usual intake at the 90th percentile were generally similar to those
at the median. However, as expected, the magnitude of intake
was considerably higher (Figure 1C, D), exceeding 400 kcal/d
in 2003–2004 and remaining well above 300 kcal/d in 2013–
2014 among adolescent males (Figure 1C). As shown (Figure 1A
compared with Figure 1C for adolescent males; Figure 1B
compared with Figure 1D for females), large differences in SSB
intakes of heavy compared withmedian consumers—on the order
of ˜100 kcal/d among adolescents—persisted over time.

The racial/ethnic disparity in the relation between SES and
total SSB intake was especially marked at the 90th percentile.
Although the amounts of heavy SSB intake were highest among
NHW children from lower-income households during the entire
period, among NHB adolescents heavy intake was often highest
among those from the high-income households. Heavy SSB
intake was generally similar among MA adolescents from low-
and high-income households, with the lowest intakes associated
with moderate income.

Disparities in total SSB usual intake: younger children
(2–11 y)

As expected, SSB usual intakes in younger children were
significantly lower than those in adolescents, by ˜88 kcal/d
for school-aged children aged 6–11 y and 165 kcal/d for
preschoolers aged 2–5 y (P< 0.05) at the median (Supplemental
Table 4). Patterns and trends of disparity in intake for school-
aged (Supplemental Figure 2) and preschool (Supplemental
Figure 3) children resembled those seen among adolescents in
terms of race, sex, and income.

Disparities in SSB usual intake by beverage type

Fruit drink usual intake.

Overall, fruit drink consumption was the dominant source
of SSBs among NHB children but not among NHW children
[NHBs—β ± SE for fruit drinks: 50.4 ± 5.5 (P < 0.001)
and 64.2 ± 7.8 (P < 0.001) at the 50th and 90th percentiles;
Supplemental Table 4], contrasting sharply with the weak
associations for total SSBs. MA ethnicity was also associated
with significantly higher fruit drink intakes compared with those
of NHW children, although intake differences were smaller
[13.4 ± 2.6 (P < 0.001) and 16.5 ± 5.5 (P < 0.001) at the 50th
and 90th percentiles, respectively].

As shown for adolescents in Figure 2, patterns and trends
in fruit drink usual intake were similar at the 50th and 90th
percentiles. As for total SSBs, usual intakes were higher in males
than in females. Despite greater declines over time in fruit drink
intake among NHBs than whites (P < 0.05 for NHB × survey
year interactions for most periods; see Supplemental Table 4),
intakes of this type of beverage remained considerably higher
in NHBs than other racial/ethnic groups, as shown in Figure 2.
In 2013–2014, median and heavy intakes of fruit drinks in NHB
adolescent males remained on the order of 50 and 100 kcal/d,
respectively, more than twice as high (20 and 40 kcal/d) as intakes
reported by NHW males in this age group (Figures 2A, C).
With regard to total SSBs, there were racial/ethnic differences
in the relation between household income and intake, but these
disparities were much less marked for fruit drinks (NHB andMA
× income interactions: NS).

Regular soda usual intake.

In contrast to fruit drinks, overall, usual intakes of regular
soda were highest in NHW and MA children, with considerably
lower intakes among NHB children [overall differences in
kcal/d compared with NHWs at the 50th and 90th percentiles:
−11.4 ± 4.7 (NS) and −3.8 ± 8.6 (NS) for MAs; −21.7 ± 4.4
(P < 0.001) and −31.6 ± 8.8 (P < 0.001) for NHBs;
Supplemental Table 4]. Like total SSB intake, the intake of
regular soda was lower in higher income households, particularly
for heavy intake [β ± SE at the 50th and 90th percentiles:
−8.5 ± 4.1 (P< 0.05) and −21.3 ± 7.8 (P< 0.01)]. As for total
SSBs, this income disparity in heavy intake—albeit not in median
intake—varied by racial/ethnic group. For heavy consumers,
the markedly higher intake of regular soda seen among white
children from lower compared with higher income households
was not apparent among NHB and MA children [high income ×
NHB: 17.2 ± 5.8 (P < 0.01); high income and MA: 17.9 ± 9.1
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(P< 0.05) at the 90th percentile; interactions were weak and NS
at the median].

Intake patterns for regular soda are shown for adolescents
in Figure 3. Despite substantial declines, the median intake
of regular soda remained high in 2013–2014, on the order of
100 kcal/d at the median for NHW and MA adolescent males
and 200 kcal/d for heavy consumers. Although regular soda
intakes remained markedly lower in NHB than in NHW and MA
adolescents, beginning in 2009–2010 there were smaller declines
over time in intakes at the 90th percentile amongNHBs compared
with whites (P < 0.05 for NHBs × survey year from 2009–2010
onward), suggesting that the temporal decline in heavy intake has
slowed in NHB youth.

Discussion
SSBs have been linked to increased childhood obesity and

excessive weight gain in an array of randomized controlled
trials and longitudinal cohort research (9, 61) and are thought
to be particularly important in the vulnerable racial/ethnic and
socioeconomic groups in whom high levels of obesity persist
(20). This analysis aimed to improve the understanding of
disparities in usual intake trends in these vulnerable groups. In
order to evaluate heavy usual intake, we examined disparities and
trends in intake at the 90th percentile in addition to the median.
Because most studies on trends in SSB intake have examined
declines in mean intake, changes in intake among children
with the highest amounts of SSB consumption—most likely to
contribute to obesity risk—are understudied (28). The extent
to which heavy intakes of SSBs may be more likely to persist
among vulnerable population groups is therefore unknown. This
study is unique in its use of usual intake methods to examine
trends in usual intake that account for both the probability
of consumption and the amount consumed, appropriate for
episodically consumed beverages such as SSBs. This approach
allows us to fully utilize both days of data when available to create
a more statistically robust estimate of usual SSB consumption at
both the median and 90th percentile.

With the use of data from NHANES surveys starting in 2003–
2004, we found that children’s daily usual intake of SSBs, at
both the median and the 90th percentile, declined in each wave
through 2013–2014. However, despite a considerable decline—
on the order of 100 kcal/d in adolescents—usual intakes remained
high, particularly among heavy consumers. In 2013–2014, the
median intake of total SSBs was on the order of 150 kcal/d among
adolescents, 100 kcal/d among 6- to 11-y-olds, and 75 kcal/d in
children aged 2–5 y. The 90th percentile remained >300 kcal/d
among adolescentmales,>250 kcal/d among adolescent females,
and on the order of 100 and 200 kcal/d among children aged 2–5
and 6–11 y, respectively.

There were important disparities in SSB intake, with con-
siderably higher usual intakes in several vulnerable groups,
including adolescents and children from lower-income house-
holds. Interestingly, racial/ethnic disparities in total SSB intake
varied by income group. A strong income gradient in SSB usual
intake was apparent among NHW children and to a lesser extent
among MAs, but SSB usual intake among NHB children was
similarly high across households of diverse income levels. As
a result, although overall SSB usual intakes were somewhat
higher among NHB than NHW and MA children at both the

median and 90th percentile, among low-income households, SSB
usual intake was highest among NHW children. These results
suggest that it may be important to ensure that strategies to
reduce heavy consumption of SSBs among children adequately
reach socioeconomically diverse NHB children as well as lower-
income households (62).

The usual intake of SSBs across different racial/ethnic groups
was also disproportionate by beverage type. The high amount of
total SSB intake in NHB childrenwas attributable to themarkedly
greater consumption of fruit drinks in this racial/ethnic group
compared with both NHW and MA children. Compared with
NHWs, in 2003–2004, fruit drink usual intakes among NHB
adolescent males from households of varied income were 65–
70 kcal higher at the median and 92–107 kcal higher at the 90th
percentile. These disparities declined but remained considerable
in 2013–2014 (differences of 36–42 kcal/d at the median and 69–
85 kcal/d at the 90th percentile). Thus, although intakes of fruit
drinks and regular soda among NHB adolescent males at the 90th
percentile of usual intake were comparable (˜100–150 kcal/d in
2013–2014), the 90th percentile of usual intake among NHWs
and MAs was ∼4 times that for regular soda compared with fruit
drinks (∼200 compared with ∼50 kcal/d). An earlier study on
SSB usual intakes that analyzed NHANES data through 2007–
2008 (28) reported higher fruit drink consumption associated
with the NHB racial/ethnic group. However, this pronounced
racial/ethnic disparity in SSB type has not been highlighted
in more recent studies on SSB trends. Results suggest that,
particularly among NHB children, it is critical that strategies to
promote further reductions in SSB intake focus on fruit drinks as
well as sodas.

We did not evaluate population subgroup disparities in other
SSBs due to the low prevalence of intake and the likelihood of
high within-person variability for this subtype, which makes it
uncertain towhat extent subgroup estimates are valid and reliable.
Recent studies show that for foods with never- or nonconsumers
on the order of 30–40%, the usual intake distribution may
be estimated poorly, particularly at extremes such as the 90th
percentile (63). However, as noted in previous reports analyzing
all youth aged 2–19 y (1), NHANES data suggest that children’s
intake of other SSBs besides fruit drinks and regular sodas has
been increasing. In 2003–2004 and 2013–2014, respectively,
among boys, the prevalences of other SSB intake were as
follows—2–5 y: 17.8% and 30.0%; 6–11 y: 31.4% and 35.9%;
and 12–18 y: 39.4% and 48.4%. In girls, the prevalences were as
follows—2–5 y: 19.0% and 23.0%; 6–11 y: 28.6% and 35.5%;
and 12–18 y: 33.8% and 49.7%, respectively.

Other research has shown a decline in the proportion of added
sugar in children’s diets coming from beverages (26, 29, 64, 65)
and research has accumulated to show that both added sugars in
food and beverages adversely affect health (12, 66, 67). Because
of the high concentrations of added sugar in beverages and lack
of energy compensation when consuming an SSB, the adverse
health impact of added sugar from beverages might be greater
than from food (12, 66, 68, 69). These results, which show the
persistence of elevated intake of SSBs in population subgroups
in whom high levels of obesity persist, highlight that significant
shifts in the US culture of drinking must continue to address the
continued excessive intakes of added sugars from SSBs.

This research represents an improvement in estimates of SSB
intake by using the NCI method based on a 2-step NCI model
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of ever consuming and then conditional on any consumption,
estimation of the amount consumed. However, the trends and
patterns shown are not significantly different from those of the
studies that used 1 d of intake (28). Another important strength
was the focus on patterns and trends in heavy intake, which is
more likely to pose a threat to health, rather than examining only
mean or median intake. The use of the NCI method aimed to
improve the reliability of estimates of intake near the upper tail of
the distribution, as well as for estimating intake of an episodically
consumed beverage (70). In addition, by examining variability in
how SES relates to intake patterns within racial/ethnic groups,
rather than examining these variables separately, we provide
greater insights for appropriately targeting policies and programs
aiming to reduce the disparities that persist in children’s SSB
intake. However, challenges common to self-reported dietary
intake, such as misreporting of foods and beverages perceived as
less healthy, and the moderate sample size remain limitations of
this analysis.

Overall, these results point to promising trends; nonetheless,
levels at the 90th percentile remain high. There is still a need
for vigilance given the continued promotion and marketing of
SSBs to vulnerable groups including children and racial/ethnic
minorities (62, 71, 72), as well as further assessment of the
effectiveness of policies and programs to reduce intake (21, 23,
24, 73, 74). Public policies such as the SSB tax in Philadelphia,
Berkeley, Chicago, San Francisco, and Oakland require careful
evaluation for their impact (75). The positive results found in
Mexico with its SSB tax (76, 77) and activities underway in
an array of other countries to reduce SSB intake (78) provide
ample opportunity for the United States to gain insights on
public policies used elsewhere to reduce the consumption of
this one component for diet for which no clear nutritional
benefits and clear adverse effects on health exist, particularly for
children who are the most vulnerable to adapting life-long dietary
behaviors.
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