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Abstract
Background Amulti-level county-wide campaign to reduce sugary drink consumption was associated with significant decreases
in retail sales of soda and fruit drinks. The aim of the current study was to examine changes in adolescent beverage consumption
during the campaign by race/ethnicity and neighborhood food environment.
Methods Beverage consumption among adolescents was evaluated at four time points in a repeated cross-sectional survey of a
racially and ethnically diverse sample of sixth graders (N = 13,129) from public middle schools in the county. Each school’s
surrounding attendance zone (i.e., neighborhoods where students live) was characterized as providing high or low exposure to
unhealthy food retail (e.g., convenience stores, fast-food restaurants). Logistic and multiple linear regressionmodels were used to
evaluate changes in beverage consumption over time by student race/ethnicity and high versus low unhealthy food exposure.
Results Over the 5 years, there were significant declines in the overall share of students who reported daily sugary drink
consumption (49.4 to 36.9%) and their reported daily calories from these products (220 to 158 calories). However, disparities
were observed, with higher levels of consumption among Black and Hispanic youth and among youth living in neighborhoods
with more unhealthy food retail. Notably, Black students living in healthier neighborhood food environments reported significant
decreases in daily consumption and calories after 5 years, while Black students living in neighborhoods with more convenience
stores and fast-food outlets did not.
Conclusion These findings suggest that both race/ethnicity and neighborhood food environments are important considerations
when designing interventions to reduce sugary drink consumption among adolescents.
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Introduction

In the USA, children and adolescents dramatically increased
their consumption of sugary drinks between 1970 and the
early 2000s [1]. This shift is concerning because consumption
of sugary drinks increases the risk of diet-related diseases such

as obesity, type 2 diabetes, dyslipidemia, and dental caries
[2–5]. In response, there have been a range of national efforts
to reduce the availability of sugary drinks and discourage their
consumption [6–8]. These include policies to remove sugary
drinks from schools, child care settings, and workplaces
[9–11], and beverage excise taxes [12, 13].

Recent data on sugary drink consumption trends paint a
cautiously optimistic picture. For example, recent retail sales
data show that the number of beverage calories per person, per
day decreased by 5.6% (i.e., from 203.0 to 191.8) between
2014 and 2019 [14]. In addition, earlier evidence from nation-
ally representative, self-reported dietary intake data suggest
that there has been a decrease in sugary drink consumption
among youth: the proportion of children who consumed a
sugary drink on a given day dropped from 79.7% in 2003 to
60.7% in 2014 [15]. Although these findings indicate move-
ment in the right direction, sugary drink consumption remains
very high. Furthermore, racial and ethnic disparities persist,
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with Black and Hispanic youth and adults reporting higher
rates of sugary drink consumption than their white peers
[15]. These findings highlight the importance of considering
race and ethnicity when evaluating changes in sugary drink
consumption in general, and in the context of policy and en-
vironmental interventions.

In 2013, a county in a mid-Atlantic state launched a multi-
year, comprehensive, community-based campaign to specifi-
cally reduce sugary drink consumption as part of an overall
strategy to address high rates of childhood obesity [16]. A
robust evaluation plan using retail sales data and self-report
surveys was established prior to the beginning of the cam-
paign. The overall effectiveness of this initiative in reducing
sugary drink sales has been demonstrated using a difference-
in-differences analysis of retail sales data comparing super-
markets in the target county with a set of matched comparison
stores in another state from 2012 (pre-campaign) through the
first 3 years of the campaign (2013, 2014, 2015) [17]. In the
target county, regular soda sales dropped by 20% and fruit
drink sales dropped by 15%, and these decreases were signif-
icantly greater than the changes in sales in the comparison
stores. A recent follow-up study using the same difference-
in-differences analysis approach with weekly beverage retail
sales data from 2016 to 2018 found that soda and fruit drink
sales have continued to decrease significantly more in the
target county stores than in the baseline-matched comparison
stores [18].

The observed decrease in sales of soda and fruit drinks in
the target county can reasonably be attributed to the campaign;
however, from a health equity perspective, it is important to
not only examine overall changes in beverage sales, but also
assess whether changes in consumption vary across racial and
ethnic groups. Kumanyika emphasizes this point in the con-
text of obesity prevention, noting that “the disproportionately
high exposure to a variety of obesity-promoting factors in
socially disadvantaged communities may limit the effective-
ness of interventions that benefit the population at large” [19].
One of these factors is the retail food environment. Indeed,
there is a substantial literature that has examined how living in
proximity to convenience stores and fast-food restaurants may
be linked to lower diet quality and increased risk of obesity
[20–22]. For example, a 2017 Baltimore study of a predomi-
nantly Black, female sample of 6th and 7th graders showed
increased consumption of snacks and desserts among girls
living in areas with a higher density of corner stores versus
those living in areas with a lower density of corner stores [20].
In a recent systematic review of the research on living near
convenience stores, one conclusion was that the literature sup-
ports a strong association between access to convenience
stores and diet-related behaviors (e.g., snack and sugary drink
consumption) among children and adolescents [21]. A second
systematic review of the literature on proximity to fast-food
restaurants noted mixed findings on several weight-related

outcomes; however, most studies found a positive relationship
between access to fast-food restaurants and consumption of
fast food [22]. Furthermore, findings from a recent survey
suggest that racial and ethnic minority populations are more
likely to report that convenience stores and fast-food restau-
rants are the most accessible food retail options in the neigh-
borhoods where they live [23].

Taken together, the literature suggests that there are higher
rates of sugary drink consumption among Black and Hispanic
youth, and there are higher rates of sugary drink consumption
among young people who live near convenience stores and
fast-food restaurants. This raises the question: how are “race”
and “place” associated with observed disparities in sugary
drink consumption? LaViest and colleagues conducted a se-
ries of studies in a racially integrated community in Southwest
Baltimore over a decade ago and found that many of the racial
health disparities observed in national data (e.g., rates of hy-
pertension and diabetes) dissipatedwhen examining a location
where Black and white people lived in the same community
[24]. They concluded that it is critical to consider the social
environment when interpreting observed racial health
disparities.

There are three characteristics of the community where the
campaign took place that facilitate an examination of how
race/ethnicity and neighborhood food environment—
independently and in combination—may influence sugary
drink consumption among youth. First, the county where the
campaign took place is ethnically and racially diverse: 7.3%
Hispanic, 50.3% white non-Hispanic, 20.4% Black, 19.3%
Asian, and 4.4% two or more/other races [25]. Second, stu-
dents live and attend school within the same neighborhood.
Third, there is variability in the food retail environment across
different neighborhoods in the county. Therefore, the aims of
the present study are to assess changes in adolescents’ sugary
drink consumption over time, and evaluate how their levels of
consumption are associated with their race/ethnicity and
neighborhood food environment.

Methods

Intervention as Environmental Context

Although the current analyses are not designed to test the
effectiveness of an intervention, it is important to note that
these data were collected in the context of a multi-year,
county-wide campaign to reduce sugary drink consumption,
especially among school-aged children. In December 2012, a
health-focused non-profit foundation joined community part-
ners to launch the campaign. Based on the social-ecological
model [26], comprehensive strategies were designed to pro-
mote behavior change at interpersonal, organizational, com-
munity, and policy levels. The aim was to reach the entire
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county population, which was approximately 300,000 people
in 2012 [25]. A series of successful policy change campaigns:
(a) removed student accessible vending machines from all
middle schools; (b) set strong nutrition standards for student
accessible vending machines in high schools; (c) significantly
improved the comprehensiveness and quality of the school
district wellness policy; (d) required all childcare facilities to
eliminate sugary drinks and serve only healthier beverages;
and (e) promoted healthier beverage options in all
government-owned vending machines, and in recreation and
parks youth programming. The campaign also employed dig-
ital marketing ads; cable television commercials; direct mail to
households; and sponsored social media posts. An online tool,
the Better Beverage Finder, was created to help residents
search for healthier beverage options. “Street teams” conduct-
ed outreach to market the Better Beverage Finder at pools,
parades, sporting activities, and other community events.
Healthcare providers were encouraged to counsel their pa-
tients on sugary drink consumption and better prevent, diag-
nose, and treat childhood obesity. Additional details about the
components of the campaign are presented in the primary
outcome paper on the change in retail sales of beverages dur-
ing the campaign [17].

Sample and Survey Administration

The study was approved by the Institutional Review Board
at the University of Connecticut. The county where the
study took place is a single school district. Surveys were
administered to all sixth-grade classes across the middle
schools during the school day using an online survey plat-
form. Students were asked about their consumption of sug-
ary drinks as part of a larger set of questions about diet,
physical activity, media use, and sleep. The baseline sur-
vey was administered in November of the 2012–2013
school year and follow-up surveys were administered for
the next four academic years between April and June. The
survey took approximately 20 min to complete and class-
room teachers were responsible for administration. The
completed survey data were accessed and deidentified by
the district Research and Program Evaluation office. In
schoo l yea r 2012–2013 , s tudent s se l f - r epor ted
race/ethnicity, and in 2013–2014 and 2014–2015, students
self-reported gender and race/ethnicity. In the 2015–2016
and 2016–2017 surveys, the district linked the survey re-
sponses to student records before deidentifying the data
and provided demographic variables (e.g., gender and
race/ethnicity) in order to reduce participant burden. The
school district also provided race/ethnicity data for the full
6th grade class in each school for each year of the survey to
allow comparisons between the sample and the population
of interest.

Student Survey Questions

The questions about sugary drink consumption were identical
across all years of the survey and were based on items in the
California Healthy Eating Active Living Youth Nutrition and
Physical Activity Survey and the Boston Youth Survey [27,
28]. Students were asked to report consumption of five types
of sugary drinks: regular soda, fruit drinks, sports drinks, en-
ergy drinks, and flavored water and teas. Questions included
example brands for each drink type and specified not to in-
clude “diet” drinks. Students reported consumption frequency
asNever; I drink it but not every day; 1 time per day; 2–4 times
per day; or 5 or more times per day. Students then selected the
container size they usually consume for each drink type (e.g.,
glass, can, bottle, pouch, juice box). Daily calories from each
target product were calculated by multiplying (a) student con-
sumption frequency; (b) average size in ounces for the select-
ed container type; and (c) average calories per ounce. The
nutrition information for each type of drink was obtained from
a comprehensive list of 644 sugary drinks commonly
marketed to youth at the time of the baseline survey [29].
Appendix Table A1 in the supplementary material lists the
calories per ounce by drink and container type. Total daily
sugary drink calories were the sum of calories for each drink
type per day.

Assessment of Neighborhood Food Environments

Previous research has defined “food deserts” as residential
areas with limited access to affordable, healthy food (often
operationalized as distance from a supermarket), and “food
swamps” as areas where the availability of fast food and junk
food supersedes healthy food options (often operationalized as
the ratio of fast food and convenience stores to supermarkets)
[30]. However, neither of these metrics are appropriate for the
location of this study because this county has excellent access
to healthy food options and 100% of the population lives
within half a mile of a supermarket [31]. Because our focus
is on young adolescents, we quantified the neighborhood food
environment based on the prevalence of establishments where
youth can independently obtain sugary drinks (i.e., fast-food
restaurants, convenience stores, and gas stations with food and
beverages) in the neighborhoods where they live and attend
school.

We purchased address-level food store data from the
National Establishment Time-Series (NETS) Database for
2014 (the midpoint year of the study period). NETS data re-
flect archival establishment information from Dun and
Bradstreet [32]. The micro-level dataset contains each busi-
ness’ name; address and contact information; years active; and
primary industry classification. We obtained data with the
North American Classification system codes of 445110 (su-
permarkets and other grocery stores), 445110 (fast-food
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restaurants), 445120 (convenience stores), and 447110 (gas
stations with food and beverages).

To measure students’ food environments, we utilized the
middle school “attendance zones,” which are the neighbor-
hoods surrounding each middle school building where all of
the students who attend that school live. We obtained the
school attendance zone shape files from the school district
and merged them with the food establishment data using
ArcGIS Desktop 10.2.2. We defined high exposure to un-
healthy food retail zones as school attendance zones where
the number of unhealthy food retailers (i.e., fast food, conve-
nience stores, and gas stations) was higher than the in-sample
average number of establishments. For our analyses, we con-
structed a binary variable equal to 1 if the school attendance
zone met this criterion and equal to 0 if the number of un-
healthy food establishments was below average.

When the study began in 2012, there were 19 middle
schools; however, in school year 2015–2016, a new middle
school was opened and students were drawn from the three
surrounding middle schools. To ensure that we were compar-
ing the same neighborhoods over time, we combined the new
school’s attendance zone with the zones of the three surround-
ing schools to create one combined attendance zone. This did
not change the coding of the food environment for any of the
schools; each of the three original middle schools were coded
as “high exposure” on their own before the new school was
built. This designation remained the same for the combined
zone of four schools.

Outcome Measures

The primary sugary drink consumption outcomemeasures were:
share of students reporting daily sugary drink consumption (i.e.,
≥ 1 time per day; total and by drink type) and estimated daily
calories consumed from sugary drinks (total and by drink type).
Students who reported not consuming a beverage were coded as
consuming 0 calories from that beverage.

Data Analysis

Data analyses were completed in Stata/SE 15.0 [33]. First, we
assessed the survey response rate. Second, we compared the
racial/ethnic distribution of our sample with the racial/ethnic
distribution of the full 6th grade population in each school
using paired t-tests. Because the method of assessing the
race/ethnicity variable changed over time (i.e., self-report dur-
ing the earlier waves of the survey and drawn from adminis-
trative data for the last two waves of the survey), we conduct-
ed one set of t-tests with self-report data and a second set with
administrative data to examine any shifts in the representative-
ness of our sample.

Next, we assessed how our independent variable “exposure
to unhealthy food retail” was associated with population

density (which might explain the higher number of food out-
lets) and grocery store availability (which would suggest that
the number of grocery stores should be included in the assess-
ment of the food environment). We used a t-test to compare
the middle school enrollment sizes for high versus low expo-
sure zone schools for 2013–2014, which was the year corre-
sponding to the retail outlet data. A t-test was also used to
assess whether the number of grocery stores differed between
the high versus low unhealthy retail exposure zones. The
mean number of fast-food restaurants and convenience
stores/gas stations by exposure zone was also calculated.
The proportion of students (overall and by race/ethnicity) liv-
ing in high exposure zones was calculated and we used chi-
square analyses to test whether there were significant differ-
ences in the likelihood of specific racial/ethnic groups living
in these neighborhoods.

As noted above, we selected two outcome variables: the
percent of students reporting daily sugary drink consumption
and estimated daily calories consumed from sugary drinks.
Logistic regression models were used when the percent of
students reporting daily sugary drink consumption was the
outcome and linear regression models were used when the
number of calories consumed was the outcome. All models
included random effects parameters for school-level nesting
and robust standard errors. To assess changes over time, the
outcomes for each year were compared with 2012–2013
(baseline) levels using unpaired two-sided t-tests with a
Bonferroni correction to account for a potential inflation of
type 1 error rate from multiple comparisons. Only results sig-
nificant at α = 0.01 are discussed in the text of the “Results”
section.

For the first outcome, logistic regression models were used
to estimate the percent of students reporting daily sugary drink
consumption, comparing baseline levels (2012–2013) to each
subsequent year of the survey. This was done for “any sugary
drink,” and each of the five types of drinks separately.
The analyses that included the full sample were adjusted for
student race/ethicity. We also completed separate models for
each of the five racial/ethnic groups.

In the next set of analyses, the students were divided into
two groups: those exposed to high versus low levels of un-
healthy food retail. We used a t-test to assess whether daily
sugary drink consumption was different between high and low
exposure zones. Then, logistic regressionmodels were used to
estimate the percent of students reporting daily sugary drink
consumption, comparing baseline levels (2012–2013) to each
subsequent year of the survey. The analyses that included the
full sample were adjusted for student race/ethnicity. We also
completed separate models for each of the five racial/ethnic
groups.

For the second outcome, linear regression models were
used to estimate daily calories consumed from sugary drinks,
comparing baseline levels (2012–2013) to each subsequent
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year of the survey. Following the same strategy, this was done
for “any sugary drink,” and each of the five types of drinks
separately. Again, after the analyses of the ful l
sample (adjusted for student race/ethnicity), separate models
were run for each of the five racial/ethnic groups. In the final
set of multiple linear regression analyses, the sample was di-
vided into those who live in high versus low exposure zones.
We examined estimated daily calories consumed from all sug-
ary drinks and compared baseline levels (2012–2013) to each
subsequent year of the survey. This was assessed first for the
full sample (adjusted for student race/ethnicity), followed by
parallel models for each of the five racial/ethnic groups.

Results

Survey Response Rate and Sample Summary Statistics

The survey response rate was 91% in school year 2012–2013,
65% in 2013–2014, 30% 2014–2015, 90% in 2015–2016, and
81% in 2016–2017. In 2014–2015, logistical challenges im-
peded the survey administration, resulting in a substantially
lower response rate; therefore, the data from that year were
excluded from all analyses. The sample for the remaining 4
years included 13,129 students between 10 and 13 years old
(mean age = 11.7 years, SD = 0.456 years). Table A2 reports
the sixth-grade enrollment numbers, sample sizes, and survey
response rates, as well as race/ethnicity and gender percent-
ages for each survey year.

Paired t-tests comparing the share of students from each
racial/ethnic group in our sample with the full 6th grade pop-
ulation in each school indicate that the racial/ethnic distribu-
tion within our sample was not significantly different than the
population under study with the exception that we had a
higher proportion of multiple race/other students in our sam-
ple than were in the 6th grade population (Table A3). The
same pattern was identified during the self-report years and
the administrative data years, suggesting that the representa-
tiveness of our sample was not changed as a consequence of
this change in methods.

Characteristics of Unhealthy Food Retail Zones

There was not a significant difference in the total middle
school enrollment numbers in the high exposure versus low
exposure zones [t = 1.07,p = 0.3952], suggesting that the
higher number of unhealthy retail establishments is not attrib-
utable to greater population density. In addition, the number of
grocery stores located in the high versus low exposure zones
was not significantly different [t = 1.78,p = 0.0914],
supporting the appropriateness of focusing specifically on un-
healthy food retail in this community. The average number of
fast-food restaurants was 14.2 (SE 4.0) in high exposure zones

and 7.3 (SE 1.0) in low exposure zones. The average number
of convenience stores and gas stations with food and bever-
ages was 3.8 (SE 0.86) in high exposure zones and 2.4 (SE
0.34) in low exposure zones.

Race/Ethnicity and Likelihood of Living in High Versus
Low Unhealthy Retail Zones

An average of 24.6% of the students lived and attended school
in a high unhealthy retail exposure zone (Table A2).
Specifically, the proportions of students from each racial/
ethnic group living in high exposure zones were 21.6%
(Asian); 32.3% (Black); 33.2% (Hispanic); 26.6% (multiple/
other race); and 19.8% (white). Although at least two-thirds of
students from all racial/ethnic groups lived in low exposure
zones, Black, Hispanic, and multiple/other race students were
significantly more likely than white and Asian students to live
in high exposure zones (χ2 = 173.55,p < .0001).

Change Over Time in Daily Sugary Drink Consumption
for All Students and by Racial/Ethnic Groups

As presented in Table 1, the percent of students who reported
drinking a sugary drink daily declined significantly by 12.5
percentage points over the study period from 49.4% in 2012–
2013 to 36.9% in 2016–2017. More specifically, there were
significant declines in the percent of students reporting daily
consumption of energy drinks (− 2.5 percentage points); fruit
drinks (− 7.6 percentage points); regular soda (− 6.9 percent-
age points); sports drinks (− 7.7 percentage points); and fla-
vored waters and teas (− 5.4 percentage points). Comparing
across the different types of sugary drinks, fruit drinks were
consistently the most frequently consumed by all students,
with nearly 23% of students reporting daily consumption in
2016–2017.

Examining daily consumption by race/ethnicity and bever-
age type, the results suggest that despite significant decreases
in daily sugary drink consumption by 2016–2017 for the sam-
ple as a whole, the percent of daily consumers of any sugary
drinks remained consistently and considerably higher among
Black (58.5%) and Hispanic (49.1%) students than among
Asian (22.5%), multiple/other race (37.7%), or white students
(33.0%).

Change Over Time in Daily Sugary Drink Consumption
by Exposure to Unhealthy Food Retail and
Race/Ethnicity

Overall, the percent of students reporting daily sugary drink con-
sumption throughout the study was significantly higher in high
exposure zones versus low exposure zones (mean difference of
7.1 percentage points, t = 6.7, p < 0.0001). Table 2 presents the
percent of students reporting daily sugary drink consumption by
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Table 1 Percent of students reporting daily sugary drink consumption (overall and by type) by race/ethnicity and survey year. Estimated percent of
students reported with 95% confidence intervals. Bold indicates a statistically significant difference compared to baseline (2012–2013)

All students 2012-13 n=3,332 2013-14 n=2,422 2015-16 n=3,738 2016-17 n=3,430

Any Sugary Drink 49.4 [47.8 – 51.1] 48.0 [46.1 – 50.0] 42.9 [41.3 – 44.5] 36.9 [35.1- 38.7]

Energy Drinks 5.1 [4.4 – 5.9] 4.2 [3.4 – 5.0] 3.3 [2.7 – 3.9] 2.6 [2.0 – 3.2]

Flavored Water/Teas 18.5 [17.2 – 19.8] 17.8 [16.3-19.4] 15.2 [14.0 – 16.3] 13.1 [11.9 – 14.4]

Fruit Drinks 30.5 [28.9 – 32.0] 28.4 [26.6 – 30.1] 26.2 [24.7 –
027.6] 22.9 [21.3 – 24.5]

Regular Soda 16.7 [15.4 – 17.9] 14.9 [13.5 – 16.3] 12.1 [11.0 – 13.1] 9.8 [8.8 – 11.0]

Sports Drinks 21.5 [20.1 – 22.9] 21.4 [19.8 – 22.9] 15.8 [14.6 – 17.0] 13.8 [12.5 – 15.0]

Asian 2012-13 n=556 2013-14 n=449 2015-16 n=728 2016-17 n=754

Any Sugary Drink 33.6 [29.7 - 37.6] 31.5 [27.2 - 35.8] 29.9 [26.6 - 33.3] 22.5 [19.2 - 25.9]

Energy Drinks 1.4 [0.45 - 2.4] 2.0 [0.7 - 3.3] 1.0 [0.3 - 1.7] 1.8 [0.8 - 2.9]

Flavored Water/Teas 10.4 [7.9 - 12.9] 8.0 [5.5 - 10.5] 8.7 [6.6 - 10.7] 6.2 [4.2 - 8.1]

Fruit Drinks 21.2 [17.8 - 24.6] 19.2 [15.6 - 22.8] 17.4 [14.7 - 20.2] 14.7 [11.9 - 17.5]

Regular Soda 7.9 [5.7- 10.2] 6.9 [4.6 - 9.2] 5.6 [4.0 - 7.3] 3.5 [2.0 - 5.0]

Sports Drinks 11.4 [8.7 - 14.0] 11.6 [8.6 - 14.6] 8.0 [6.0 - 9.9] 6.8 [4.8 - 8.9]

Black 2012-13 n=678 2013-14 n=443 2015-16 n=750 2016-17 n=755

Any Sugary Drink 66.7 [63.1 - 70.2] 64.5 [60.0 - 68.9] 60.0 [56.6 - 63.5] 58.5 [54.3 - 62.6]

Energy Drinks 10.5 [8.2 - 12.9] 8.4 [5.8 - 11.1] 8.0 [6.1 - 9.9] 5.1 [3.3 - 6.9]

Flavored Water/Teas 32.1 [28.5 - 35.6] 29.5 [25.2 - 33.7] 23.7 [20.7 - 26.7] 23.7 [20.1 - 27.2]

Fruit Drinks 46.7 [42.9 - 50.4] 46.7 [42.1 - 51.4] 42.2 [38.7 - 45.7] 40.6 [36.5 - 44.7]

Regular Soda 28.9 [25.5 - 32.3] 23.3 [19.3 - 27.2] 21.9 [18.9 - 24.8] 20.0 [16.7 - 23.4]

Sports Drinks 28.6 [25.1 - 32.0] 29.5 [25.2 - 33.7] 25.9 [22.8 - 29.0] 23.5 [20.0 - 27.0]

Hispanic 2012-13 n=188 2013-14 n=136 2015-16 n=309 2016-17 n=367

Any Sugary Drink 67.0 [60.3 - 73.7] 60.3 [52.1 - 68.5] 53.4 [47.8 - 59.0] 49.1 [43.1 - 55.0]

Energy Drinks 12.0 [7.3 - 16.7] 8.8 [4.1 - 13.6] 5.5 [3.0 - 8.0] 4.8 [2.3 - 7.4]

Flavored Water/Teas 25.0 [18.7 - 31.3] 21.9 [15.0 - 28.8] 20.7 16.2 - 25.2] 20.1 [15.3 - 24.9]

Fruit Drinks 45.1 [37.9 - 52.3] 37.5 [29.4 - 45.6] 35.3 [29.9 - 40.6] 34.6 [28.9 - 40.3]

Regular Soda 27.7 [21.3 - 34.1] 26.3 [18.9 - 33.6] 18.8 [14.4 - 23.1] 20.4 [15.6 - 25.3]

Sports Drinks 32.1 [25.3 - 38.8] 30.1 [22.4 - 37.9] 21.7 [17.1 - 26.3] 22.3 [17.3 - 27.3]

Multiple/other race 2012-13 n=460 2013-14 n=348 2015-16 n=198 2016-17 n=194

Any Sugary Drink 52.4 [47.8 - 57.0] 48.6 [43.3 - 53.8] 46.5 [39.5 - 53.4] 37.7 [30.0 - 45.5]

Energy Drinks 6.4 [4.2 - 8.7] 4.3 [2.2 - 6.5] 3.0 [0.6 - 5.4] 2.0 [0.0 - 4.2]

Flavored Water/Teas 20.3 [16.6 - 24.0] 19.3 [15.1 - 23.4] 14.1 [9.3 - 19.0] 9.3 [4.6 - 13.9]

Fruit Drinks 33.3 [28.9 - 37.6] 29.6 [24.8 - 34.4] 29.3 [23.0 - 35.6] 17.9 [11.8 - 24.0]

Regular Soda 18.9 [15.3 - 22.5] 16.4 [12.5 - 20.3] 10.6 [6.3 - 14.9] 14.6 [8.9 - 20.2]

Sports Drinks 22.4 [18.6 - 26.2] 22.9 [18.5 - 27.3] 13.1 [8.4 - 17.8] 11.3 [6.2 - 16.3]

White 2012-13 n=1,440 2013-14 n=1,048 2015-16 n=1,411 2016-17 n=1,360

Any Sugary Drink 44.3 [41.7 - 46.9] 47.0 44.0 - 50.1] 38.1 [35.6 - 40.7] 33.0 [30.2 - 35.8]

Energy Drinks 2.8 [1.9 - 3.7] 2.7 [1.7 - 3.7] 1.3 [0.7 - 1.9] 1.6 [0.8 - 2.4]

Flavored Water/Teas 14.1 [12.3 - 15.9] 16.4 [14.1 - 18.6] 13.3 [11.6 - 15.1] 11.5 [9.6 - 13.4]

Fruit Drinks 23.8 [21.6 - 26.1] 23.2 [20.6 - 25.7] 20.6 [18.4 - 22.7] 17.2 [15.0 - 19.5]

Regular Soda 12.5 [10.8 - 14.2] 13.2 [11.1 - 15.2] 9.1 [7.6 - 10.6] 6.6 [5.1 - 8.1]

Sports Drinks 20.7 [18.6 - 22.8] 20.6 [18.1 - 23.1] 13.6 [11.8 - 15.4] 12.0 [10.0 - 13.9]

Note: Results in this table were generated by logistic regression models, where the outcome variables were percent of students reporting daily consumption and 

the independent variables were survey year. These models included random effects parameters for school-level nesting and robust standard errors. The outcomes 

for each year were compared with 2012-13 (baseline) levels using unpaired two-sided t-tests with a Bonferroni correction to p=0.017 to account for inflation 

of type 1 error rate from multiple comparisons.  
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race/ethnicity and exposure zone. When assessing all of the stu-
dents together, the percent of daily consumers decreased signif-
icantly by 2016–2017 in both high- and low exposure zones,
although the percent of daily consumers remained nearly 10
percentage points higher in the high versus low exposure zones
(45.3% vs 35.6%). There are notable differences in the percent of
daily consumers by both race/ethnicity and exposure to high
versus low unhealthy food retail. Asian students consistently
reported the lowest rates of daily consumption. For white and
Hispanic students, the percent consuming sugary drinks daily in
both high and low exposure zones decreased significantly by
2016–2017. In contrast, the percent of Black students consuming
sugary drinks daily only dropped significantly among students
living in the low exposure zones; the percent of daily consumers
in the high exposure zones remained quite high throughout the
five years. Multiple/other race students also reported decreases
over time, but the change only reached significance for those in
the high exposure zones. Figure 1 illustrates the data from
Table 2 for white and Black students in the two categories of
neighborhood food environments.

Change Over Time in Estimated Calories Consumed
from Sugary Drinks for All Students and by
Racial/Ethnic Groups

For all students, there was a 28.2% decline from 2012–2013 to
2016–2017 in estimated daily calories consumed from all sug-
ary drink types (from 220 to 158 calories) (Table 3). Calories
consumed from soda declined quickly and substantially,
exhibiting a 32.5% drop between 2012–2013 and 2016–
2017. Notably, fruit drinks were consistently the largest
source of sugary beverage calories, even though they did de-
cline by 30.2% by 2016–2017. The calories from sports drinks
and energy drinks also declined by 32.3% and 46.7% respec-
tively. The calories consumed from flavored water and teas
did not decrease significantly over the study period.

As with the proportion of students consuming sugary
drinks daily, there were notable differences in the findings
by race/ethnicity. Black and Hispanic students reported con-
suming around 300 calories a day from sugary drinks at base-
line, and by 2016–2017 this value had decreased to under 240

Table 2 Percent of students consuming sugary drinks daily (any type)
by race/ethnicity, survey year, and unhealthy food retail exposure zones
(high versus low). Estimated percent of students reported with 95%

confidence intervals. Bold indicates a statistically significant difference
compared to baseline (2012-2013)

2012-13 2013-14 2015-16 2016-17

Race/ethnic 

group

Exposure 

level

% of 

students
95% CI

% of 

students
95% CI

% of 

students
95% CI

% of 

student
s

95% CI

All racial/

ethnic 

groups

Low 48.1 [42.2, 54.0] 46.9 [42.1, 51.6] 41.9 [36.6, 47.2] 35.6 [31.1, 40.1]

High 56.3 [53.7, 58.9] 55.2 [50.1, 60.3] 47.7 [45.6, 49.8] 45.3 [40.7, 49.9]

Asian
Low 33.1 [27.0, 39.3] 32.2 [26.4, 38.0] 33.0 [27.1, 38.8] 24.1 [19.7, 28.5]

High 45.5 [39.6, 51.4] 36.6 [20.6, 52.6] 26.9 [13.9, 39.9] 22.4 [18.3, 26.4]

Black
Low 65.9 [60.3, 71.4] 60.7 [53.5, 68.0] 56.8 [50.4, 63.2] 51.6 [46.0, 57.3]

High 62.5 [56.7, 68.4] 66.8 [60.4, 73.2] 59.6 [56.6, 62.6] 65.5 [59.4, 71.6]

Hispanic
Low 66.6 [58.6, 74.7] 57.3 [46.6, 67.9] 50.6 [42.6, 58.5] 44.1 [35.0, 53.2]

High 60.7 [56.7, 64.7] 58.3 [43.9, 72.7] 53.8 [49.3, 58.4] 52.2 [47.9, 56.5]

Multiple/

other race

Low 49.0 [40.4, 57.6] 48.0 [42.4, 53.7] 41.7 [36.2, 47.3] 37.0 [29.4, 44.6]

High 57.3 [49.6, 65.1] 47.1 [30.8, 63.4] 57.8 [52.1, 63.6] 40.8 [35.7, 45.9]

White
Low 43.9 [40.0, 47.8] 46.3 [41.8, 50.8] 37.7 [33.2, 42.2] 31.9 [28.8, 35.1]

High 53.3 [51.2, 55.3] 57.8 [56.6, 59.1] 43.0 [40.6, 45.5] 39.8 [34.7, 44.9]

Note: Results in this table were generated by a logistic regression model, where the outcome variable was share of students reporting daily consumption and the

independent variables were survey year, race/ethnicity of the student participating in the survey, and whether or not the student’s school was designated as a high

or low unhealthy retail exposure zone. These models included random effects parameters for school-level nesting and robust standard errors. The outcomes for

 each year were compared with 2012-13 (baseline) levels using unpaired two-sided t-tests with a Bonferroni correction to p=0.017 to account for inflation of 

type 1 error rate from multiple comparisons.
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calories.White andmultiple/other race students started at a lower
level and reached under 140 calories a day by 2016–2017. Asian
students started at the lowest level of caloric consumption
(around 150 calories a day) and reported a significant decline
to under 120 calories a day at the end of the study period.

Change Over Time in Estimated Calories Consumed
from Sugary Drinks by Exposure to Unhealthy Food
Retail and Race/Ethnicity

Table 4 presents the calories consumed from sugary drinks by
race/ethnicity and level of unhealthy food exposure over time.
In the full sample, there was a significant decrease in calories
consumed between baseline and 2016–2017 for students liv-
ing in low exposure zones. However, the decrease in calories
consumed during the same period of time did not reach sig-
nificance for the students living in the high exposure zones.
This pattern held true for Black and Hispanic students: signif-
icant decreases were only achieved for students living in low
exposure zones. For Asian, multiple/other race, and white stu-
dents, significant decreases were reported by students living in
both types of neighborhoods.

Discussion

This repeated cross-sectional student survey was conducted
during a community campaign to reduce sugary drink con-
sumption. The findings document that between 2012–2013
and 2016–2017 there was a significant decline in self-
reported sugary drink consumption among sixth graders at-
tending public schools in the target community. Because na-
tional rates of sugary drink consumption have been dropping,

and there was not a control group of students unexposed to the
campaign, it is not possible to conclude that these changes are
due to the campaign. However, this study provided a unique
opportunity to carefully assess changes by race/ethnicity and
neighborhood food environment.

To put the caloric values reported in this study in context,
the Dietary Guidelines for Americans 2020–2025 recommen-
dation is that no more than 7% of calories should come from
added sugars, which is 140 calories for a 2000 calorie diet
[34]. Although there were declines observed across racial/
ethnic groups, many students are still consuming well above
this recommended level. In particular, the absolute rates of
consumption were consistently higher for Black and
Hispanic adolescents than white students, which has been
found in previous research [15]. On the other hand, it is nota-
ble that sugary drink consumption among Asian students was
consistently lower than all of the other groups over time and
across both outcome measurements. A strength of the current
study is the inclusion of a sizeable Asian population in the
sample, and we recommend that future research explore why
consumption of sugary drinks is lower among these students.

One reason why Black and Hispanic youth report higher
rates of sugary drink consumption may be due to exposure
to targeted marketing of these products by beverage compa-
nies [35]. There is evidence that Black and Hispanic youth are
exposed to more unhealthy food advertising than their white
peers on television and through social media [35, 36]. Because
of this, public health advocates have argued that efforts to
decrease unhealthy food marketing to youth would actually
disproportionately benefit children in these populations [37].

A related marketing issue concerns fruit drinks (e.g.,
Hawaiian Punch, Capri Sun, Sunny-D, and Hi-C), which our
study found were the most commonly consumed beverages at
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Table 3 Estimated daily calories consumed from sugary drinks (total and by type) from 2012 to 2017. Estimated daily calories reported with 95%
confidence intervals. Bold indicates a statistically significant difference compared to baseline (2012–2013)

All racial/ethnic 
groups 2012-13 n=3,332 2013-14 n=2,422 2015-16 n=3,738 2016-17 n=3,430

All Sugary Drinks 220.0 [213.1 - 226.9] 209.6 [201.4 - 217.8] 178.3 [171.5 - 185.1] 158.2 [150.4 - 165.9]

Energy Drinks 16.5 [14.2 - 18.8] 16.9 [14.2 - 19.6] 11.3 [9.0 - 13.6] 8.8 [6.2 - 11.4]

Flavored Water/Teas 27.7 [25.3 - 30.1] 34.5 [31.6 - 37.4] 27.0 [24.5 - 29.4] 26.0 [23.3 - 28.8]

Fruit drinks 80.2 [75.9 - 84.4] 76.2 [71.2 - 81.2] 66.0 [61.8 - 70.2] 56.0 [51.2 - 60.8]

Regular Soda 76.0 [72.2 - 79.8] 62.9 [58.4 - 67.4] 48.2 [44.4 - 52.0] 46.2 [41.9 - 50.5]

Sports drinks 61.0 [57.0 - 64.9] 65.9 [61.2 - 70.6] 42.4 [38.5 - 46.4] 41.3 [36.9 - 45.8]

Asian 2012-13 n=556 2013-14 n=449 2015-16 n=728 2016-17 n=754

All Sugary Drinks 151.3 [134.6 - 167.9] 143.8 [125.5 - 162.2] 130.7 [116.0 - 145.4] 118.5 [103.8 - 133.2]

Energy Drinks 6.1 [0.5 - 11.8] 11.5 [5.3 - 17.7] 5.4 [0.4 - 10.4] 6.0 [1.0 - 11.0]

Flavored Water/Teas 20.1 [14.1 - 26.0] 18.1 [11.5 - 24.7] 16.7 [11.4 - 22.0] 16.4 [11.1 - 21.6]

Fruit drinks 54.1 [43.8 - 64.3] 46.5 [35.1 - 57.8] 43.4 [34.3 - 52.5] 35.8 [26.7 - 44.9]

Regular Soda 43.2 [33.9 - 52.5] 39.9 [29.7 - 50.1] 29.8 [21.6 - 38.0] 30.0 [21.8 - 38.2]

Sports drinks 31.5 [21.9 - 41.0] 40.4 [29.8 - 50.9] 24.8 [16.3 - 33.3] 20.2 [11.7 - 28.6]

Black 2012-13 n=678 2013-14 n=443 2015-16 n=750 2016-17 n=755

All Sugary Drinks 297.2 [281.8 - 312.5] 287.7 [268.5 - 306.8] 262.5 [248.3 - 276.7] 238.9 [224.6 - 253.1]

Energy Drinks 32.2 [27.2 - 37.1] 29.2 [23.0 - 35.4] 27.1 [22.5 - 31.8] 16.3 [11.6 - 21.0]

Flavored Water/Teas 45.5 [40.3 - 50.8] 56.5 [50.0 - 63.0] 42.8 [37.9 - 47.7] 42.1 [37.2 - 47.1]

Fruit drinks 131.5 [122.4 - 140.6] 129.8 [118.5 - 141.1] 119.4 [110.9 - 127.9] 104.4 [95.8 - 112.9]

Regular Soda 111.9 [103.8 - 120.1] 94.2 [84.0 - 104.4] 78.8 [71.1 - 86.5] 72.9 [65.1 - 80.6]

Sports drinks 88.8 [80.3 - 97.2] 89.7 [79.2 - 100.2] 68.6 [60.6 - 76.5] 58.3 [50.3 - 66.3]
Hispanic 2012-13 n=188 2013-14 n=136 2015-16 n=309 2016-17 n=367

All Sugary Drinks 313.0 [284.3 - 341.6] 280.0 [246.7 - 313.2] 223.7 [201.7 - 245.8] 238.3 [218.1 - 258.6]

Energy Drinks 33.3 [23.8 - 42.7] 25.2 [14.1 - 36.2] 15.4 [8.0 - 22.8] 18.9 [12.2 - 25.7]

Flavored Water/Teas 35.6 [25.6 - 45.5] 36.6 [24.9 - 48.3] 32.7 [24.8 - 40.5] 36.6 [29.4 - 43.8]

Fruit drinks 111.2 [94.1 - 128.3] 105.3 [85.3 - 125.3] 84.2 [70.8 - 97.7] 84.5 [72.2 - 96.8]

Regular Soda 113.6 [98.1 - 129.2] 83.7 [65.4 - 101.9] 62.7 [50.5 - 74.8] 68.4 [57.2 - 79.5]

Sports drinks 80.7 [64.7 - 96.6] 76.3 [57.6 - 95.0] 48.6 [36.0 - 61.2] 57.0 [45.5 - 68.5]

Multiple/Other race 2012-13 n=460 2013-14 n=348 2015-16 n=198 2016-17 n=194

All Sugary Drinks 237.8 [219.3 - 256.3] 205.0 [183.6 - 226.4] 159.4 [132.1 - 186.8] 135.9 [107.7 - 164.1]

Energy Drinks 18.6 [12.5 - 24.7] 21.3 [14.2 - 28.3] 9.1 [-0.1 - 18.4] 3.6 [-5.9 - 13.1]

Flavored Water/Teas 29.1 [22.7 - 35.6] 33.9 [26.4 - 41.3] 22.4 [12.5 - 32.2] 26.0 [16.0 - 36.1]

Fruit drinks 94.5 [83.4 - 105.6] 88.1 [75.2 - 101.0] 60.8 [43.9 - 77.7] 49.7 [32.3 - 67.1]

Regular Soda 86.7 [76.7 - 96.7] 68.6 [57.0 - 80.2] 44.6 [29.3 - 59.8] 43.6 [27.9 - 59.3]

Sports drinks 66.6 [56.2 - 76.9] 78.9 [66.9 - 90.8] 30.9 [15.2 - 46.7] 36.7 [20.6 - 52.9]

White 2012-13 n=1,440 2013-14 n=1,048 2015-16 n=1,411 2016-17 n=1,360

All Sugary Drinks 190.4 [180.1 - 200.7] 189.1 [177.0 - 201.1] 156.2 [145.8 - 166.7] 139.7 [129.0 - 150.4]

Energy Drinks 10.0 [6.5 - 13.4] 9.4 [5.3 - 13.4] 5.5 [2.0 - 9.1] 6.9 [3.2 - 10.5]

Flavored Water/Teas 20.5 [16.9 - 24.2] 30.6 [26.3 - 34.9] 23.0 [19.2 - 26.8] 21.8 [18.0 - 25.6]

Fruit drinks 55.0 [48.7 - 61.4] 52.4 [45.0 - 59.8] 47.0 [40.5 - 53.5] 39.9 [33.3 - 46.6]

Regular Soda 62.9 [57.2 - 68.7] 50.0 [43.3 - 56.7] 39.1 [33.3 - 45.0] 38.4 [32.4 - 44.3]

Sports drinks 55.2 [49.3 - 61.1] 55.7 [48.8 - 62.6] 38.6 [32.5 - 44.6] 39.7 [33.6 - 45.9]
Note: Results in this table were generated by linear regression models, where the outcome variables were estimated calories consumed and the independent 

variables were survey year. These models included random effects parameters for school-level nesting and robust standard errors. The outcomes for each  

year were compared with 2012-13 (baseline) levels using unpaired two-sided t-tests with a Bonferroni correction to p=0.017 to account for inflation of type 

1 error rate from multiple comparisons.       
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all time points. Fruit drinks are heavily marketed as appropri-
ate beverages for children and typically feature pictures of
fruit and nutrient content claims such as “all natural,” “no
artificial flavors,” and “100% Vitamin-C” on the package
[38]. Historically, the calories per ounce for these beverages
were comparable to soda; however, companies have
reformulated their products in recent years to decrease the
amount of added sugar and replace it with non-nutritive (i.e.,
diet or zero-calorie) sweeteners like sucralose and stevia [38].
Between 2011 and 2019, the percentage of children’s fruit
drinks on the market that contained non-nutritive sweeteners
increased from 35 to 74% [29, 38]. In addition, a 2019 anal-
ysis of children’s drinks found that 65% contained added sug-
ar; 38% contained both sugar and non-nutritive sweeteners;
and only 35% contained any juice [38]. There is evidence that
parents are confused about the actual contents of these bever-
ages and clearer labeling practices are recommended [39, 40].
Future work is needed to reduce the targeted marketing and
consumption of these products by youth, as they contain either
added sugar, non-nutritive sweeteners, or both.

A unique feature of the community where this study took
place is that the overall racial/ethnic demographic profiles of
the students living in the high and low exposure zones were
fairly similar. This allowed us to examine different combina-
tions of the food environment and race/ethnicity. The most
striking of these was for Black students living in high expo-
sure zones—they were the only subgroup that did reported

neither a significant decrease in the percent of daily consumers
nor a decrease in the estimated calories consumed daily from
sugary drinks between baseline and 2016–2017. In
contrast, Black students living in low exposure zones reported
both a decrease in the percent of daily consumers and a de-
crease in daily calories consumed. This suggests that any
forces that were contributing to the decrease in sugary drink
consumption overall, and for Black youth in particular, were
attenuated by greater exposure to fast-food restaurants, con-
venience stores, and gas stations that sell food and beverages.
These findings support the position that place—in addition to
race—is important in our understanding of sugary drink con-
sumption patterns, just as it is for other health disparities [24].
In addition to making specific efforts to engage Black and
Hispanic families and youth with counter-marketing that pro-
motes healthier beverages, communities need to consider pol-
icies that would decrease the availability and marketing of
sugary drinks where children live and go to school.

Limitations

This study is observational and did not have a matched control
group, so we cannot infer a causal impact of the campaign on
sugary drink consumption. There are also well-documented
limits to self-reported dietary data, including social desirabil-
ity bias [41]. The fact that the mode of reporting race and
ethnicity changed from student self-report in years 1–3 to

Table 4 Estimated daily calories consumed from sugary drinks (total)
by race/ethnicity, survey year, and high versus low unhealthy food retail
exposure zones. Estimated calories reported with 95% confidence

intervals. Bold indicates a statistically significant difference compared
to baseline (2012 to 2013)

2012-13 2013-14 2015-16 2016-17

Race/ethnic 

group

Exposure 

level

Average 

kcals
95% CI

Average 

kcals
95% CI

Average 

kcals
95% CI

Average 

kcals
95% CI

All 

race/ethnic 

groups

Low 180.3 [158.8, 201.8] 170.4 [149.7, 191.1] 153.7 [127.7, 179.8] 126.4 [106.0, 146.7]

High 211.5 [167.0, 256.0] 211.1 [160.0, 262.5] 173.5 [125.8, 221.3] 174.0 [121.7, 226.2]

Asian
Low 109.2 [97.0, 121.3] 110.1 [95.7, 124.6] 102.3 [87.3, 117.3] 86.1 [74.4, 97.7]

High 162.0 [123.2, 200.9] 133.6 [120.6, 146.5] 96.0 [63.6, 128.3] 84.0 [62.7, 105.4]

Black
Low 271.8 [246.1, 297.5] 255.9 [212.8, 298.9] 256.6 [228.4, 284.7] 196.3 [161.9, 230.7]

High 244.4 [184.6, 304.1] 247.3 [173.9, 320.8] 216.4 [169.2, 263.6] 259.7 [243.7, 275.7]

Hispanic
Low 301.0 [225.3, 376.6] 252.9 [209.0, 296.8] 204.1 [172.5, 235.6] 197.8 [163.2, 232.3]

High 218.2 [180.1, 256.3] 220.6 [194.3, 246.9] 205.7 [166.7, 244.7] 213.4 [207.9, 218.9]

Multiple/

other race

Low 196.0 [166.1, 225.9] 177.1 [151.5, 202.6] 138.4 [104.4, 172.3] 108.4 [87.7, 129.1]

High 204.7 [198.6, 210.8] 186.8 [154.5, 219.2] 157.8 [150.3, 165.4] 134.9 [118.5, 151.3]

White
Low 152.8 [140.2, 165.4] 152.6 [135.5, 169.6] 125.3 [110.5, 140.1] 102.1 [92.9, 111.3]

High 184.5 [166.6, 202.4] 192.4 [155.2, 229.5] 146.6 [137.7, 155.5] 133.4 [108.4, 158.4]

Note: Results in this table were generated by a multiple linear regression model, where the outcome variable was average calories consumed daily from sugary

drinks and the independent variables were survey year, race/ethnicity of the student participating in the survey, and whether or not the student’s school was 

designated as a high or low unhealthy retail exposure zone. These models included random effects parameters for school-level nesting and robust standard 

errors. The outcomes for each year were compared with 2012-13 (baseline) levels using unpaired two-sided t-tests with a Bonferroni correction to p=0.017 to

account for inflation of type 1 error rate from multiple comparisons.
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administrative data in years 4–5 is also a limitation. Because
student-level socioeconomic data (e.g., free/reduced meal sta-
tus or family income) was not available, we could not control
for the students’ financial circumstances. We were also limit-
ed to only 1 year of food environment data, so our analysis
assumes that the number of unhealthy food retail outlets
across the county remained relatively constant over the study
period.

Conclusions

Overall, there were significant decreases in sugary drink con-
sumption reported among a diverse sample of students between
the 2012–2013 and 2016–2017 school years. However, racial/
ethnic disparities persisted, and exposure to unhealthy retail
environments where students live and go to school appeared
to reduce the overall positive changes observed. These findings
suggest that in order to achieve health equity while reducing
sugary drink consumption, interventions and policies are need-
ed to target factors that may be disproportionately affecting
Black and Hispanic students, such as reducing the availability
and promotion of sugary drinks to youth in fast food and other
retail food establishments and prohibiting the marketing of sug-
ary drinks to youth.
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