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Abstract

Objective: To 1) examine the association between sugar-sweetened beverage (SSB) perceptions

—knowledge, attitudes, and norms (KAN) and media literacy—and beverage consumption and 

2) identify differences in beverage consumption and SSB perceptions by race/ethnicity and 

socioeconomic status.

Design: Cross-sectional.

Setting: Diverse California school district.

Participants: 992 5th (elementary) ,7th (middle), and 9th-12th (high school) grade students.

Main Outcome Measures: Questionnaire-assessed continuous beverage consumption and 

perceptions.

Analysis: Linear regression adjusting for school, grade, gender, race/ethnicity and free and 

reduced price meal (FRPM) eligibility.

Results: KAN and media literacy items were associated with SSB consumption in expected 

directions (Ps<0.05). Among elementary students, FRPM-eligible and Black students had higher 

SSB consumption (P<0.01). In middle/high school, non-Hispanic White students consumed 

fewer SSBs than all other racial/ethnic groups (Ps<0.01). There were differences in SSB-related 

perceptions by race/ethnicity and socioeconomic status; e.g., Black students perceived sugary 

drinks as less unhealthy; Black, Hispanic, and FRPM-eligible students expressed less distrust 

of food/beverage advertisements; and Black, Hispanic, Asian, multi-race, and FRPM-eligible 

students perceived more frequent SSB consumption among their peers (Ps<0.05).

Conclusions and implications: SSB perceptions were associated with SSB consumption. 

There were racial/ethnic and socioeconomic disparities in SSB consumption and perceptions. SSB 
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perceptions and related social and commercial determinants like marketing may be useful targets 

for reducing SSB consumption.
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INTRODUCTION

Adolescent obesity remains a major public health concern, with 21% of U.S. adolescents 

classified as having obesity.1 Although there are a myriad of contributors, sugar-sweetened 

beverages (SSBs) are one of the only dietary items causally linked to the development of 

obesity.2,3 Of further concern are health inequities in obesity and SSB consumption. Black, 

Hispanic, and low-income individuals have a higher prevalence of obesity,4 and disparities 

in adolescent obesity have only worsened over time.5 Nationally, racial and ethnic minority 

groups6 and low-income individuals7 are also more likely to consume SSBs. Disparities in 

SSB consumption may reflect the disproportionate exposure by Black and Hispanic youth to 

SSB advertising on TV and in their neighborhoods.8,9,10

Currently, there is a growing interest among institutions and municipalities in investing 

in interventions, such as media campaigns and school education programs, to reduce SSB 

consumption and disparities in consumption.11 The recent wave of soda taxes globally 

and across the U.S. is generating revenues that could fund SSB reduction programs.12,13 

However, to inform the development and targeting of SSB reduction programs, it is 

critical to understand the precursors to SSB consumption and differences in precursors by 

demographic and socioeconomic characteristics.

There are a number of potentially important precursors to SSB consumption, such as 

knowledge of health outcomes (similar to behavioral beliefs of Theory of Planned Behavior 

[TPB]14 and outcome expectations of Social Cognitive Theory15) as well as normative 

beliefs and attitudes toward SSBs (TPB). According to TPB, knowledge and behavioral 

beliefs determine attitudes, and normative beliefs determine subjective norms, which 

(together with perceived control) determine behavioral intention and behavior.14 Thus far, 

there is preliminary evidence that knowledge, attitudes, and norms (KAN) predict intention 

to consume SSBs and that intention is significantly correlated with consumption.16,17 

However, more evidence is needed to substantiate this preliminary evidence and to 

understand the role KAN may play in racial/ethnic and socioeconomic disparities in SSB 

consumption. Additionally, few studies have examined how food and beverage media 

literacy are associated with SSB consumption.

Thus, the objective of this study was to examine the association of SSB KAN and food 

and beverage media literacy with SSB and water consumption among elementary, middle, 

and high school students in a diverse public school district in California. An additional 

objective was to examine the differences in SSB and water consumption, KAN, and 

food and beverage media literacy by race/ethnicity and socioeconomic status. This study 

examined both SSB and water consumption because water is the beverage recommended by 

the Dietary Guidelines for Americans18 as a substitute for SSBs.
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METHODS

Participants and Setting

Questionnaires were administered on beverage consumption and perceptions in public 

elementary (5th grade) and middle and high school (7th, and 9th-12th grade) classrooms 

during fall 2016 in a diverse school district in the San Francisco Bay Area’s Alameda 

County. Nearly one-quarter of the district’s student population was Hispanic and 16% Black 

in 2016.19 Over a third of students were eligible for free or reduced price meals (FRPM).19

The survey was initially used to track SSB trends over time. Due to school district logistical 

constraints, a census was not feasible. Thus, purposive sampling was used to select the 

5 out of 10 total elementary schools with the highest proportion of Black and Hispanic 

children and to select all of the middle and high schools with staff available to coordinate 

the survey, which was 2 of the 3 total middle schools and all of the district’s 2 high schools. 

Because the district assigns students to schools to prioritize diversity, there was only modest 

between-school variability in race/ethnicity. Grades 5, 7, and 9-12th were surveyed to align 

with grades sampled for statewide assessments (e.g., physical fitness testing).

In all but 1 high school, all students present in the classroom (gardening for 5th grade, 

science for 7th grade, and English and science for high school) on the survey day were 

invited to participate. In the largest high school, a representative sample of science classes 

was selected for the survey. Of the 308 5th grade students present, 300 participated (97%). 

Of the 250 7th graders present, 248 (99%) participated, and of the 473 9-12th graders present 

in the sampled classes, 452 (96%) participated. Of all students enrolled in sampled schools 

(including high schoolers not in the sampled classes), the research sample represented 93%, 

70%, and 15% of 5th, 7th, and 9-12th grade enrollment, respectively.

Parental consent for the survey was obtained through letters sent home, and researchers 

obtained student verbal assent before the questionnaire administration. All data collection 

procedures were approved by the school district’s research department and the University’s 

IRB.

Measures

Primary outcomes were self-reported beverage consumption and response to SSB-related 

KAN and food/beverage media literacy questionnaire items. The self-reported beverage 

questions for middle and high school students were adapted from the 2017 Center for 

Disease Control’s Youth Behavioral Risk Survey (YRBS) questionnaire, a standardized tool 

used in grades 9-12 across the US.20,21,22,23 Middle and high school students were asked, 

“During the past 7 days, how many times did you drink a can, bottle, or glass of…” 

for specific sugar-sweetened and non-sweetened beverage options. Items from the YRBS 

questionnaire included soda, sports drinks, water, milk, and 100% fruit juice with minor 

phrasing differences.20 For example, the word “pop” for soda was removed as it is regionally 

specific. Additional items were added to comprehensively assess beverage consumption: 

“Diet soda, such as Diet Coke, Diet Pepsi, or Sprite Zero…”, “Energy drinks, such as 

Red Bull or Monster (Do not count diet energy drinks)…”, “Fruit-flavored drinks, such as 

Kool-Aid, Sunny Delight, lemonade, or Snapple (Do not count 100% juice)…”, and “Any 
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other sugary drink like sweet tea, sweetened coffee, or Vitamin Water.” Standard YRBS 

response options were used: “I did not drink … during the past 7 days”, “1 to 3 times during 

the past 7 days”, “4 to 6 times during the past 7 days”, “1 time per day”, “2 times per day”, 

“3 times per day”, and “4 or more times per day.” Beverage intake responses for middle 

and high school were converted to continuous daily frequency in the past 7 days, and the 

midpoint of any range was assigned (e.g., “1-3 times” was assigned 2/7=0.29).

Fifth graders were asked about consumption of the same beverages as middle and high 

schoolers, but due to the inability of many 10 year-olds to report weekly consumption, 5th 

grade questions asked about “yesterday,” consistent with the California Healthy Kids Survey 

(a different questionnaire designed for grades 5 and above).24 Response options for “how 

many times did you drink a can, bottle, or glass of… yesterday” included “I did not drink 

it,” “1,” “2,” “3,” “4,” and “5 or more.” Responses were treated as continuous consumption 

yesterday. To calculate total SSB consumption, intake of soda; sports, energy, and fruit 

drinks; and sweetened water, coffee, and tea intake were summed.

Sugar-sweetened beverage-related KAN and food and beverage media literacy items were 

consistent for all grades. Knowledge items included: “drinking sugary drinks can cause 

cavities in teeth…”, “foods with sugar in them make you feel full for a longer time than 

drinks with sugar in them…”, and “drinking sugary drinks can lead to diabetes when you 

are older…” on a 5-point scale (1=strongly disagree, 2=sort of disagree, 3=neither, 4=sort 

of agree, 5=strongly agree). The attitude item, “in your opinion, drinking sugary drinks…” 

on a 4-point scale (1=has no effect on health, 2=is a little unhealthy, 3=is very unhealthy, 

4=is extremely unhealthy), was based on literature exploring sugary drinks and the TPB.25 

The descriptive norm item, “most of your friends think sugary drinks…” on a 4-point 

scale (1=has no effect on health to 4=is extremely unhealthy) was also based on the same 

literature.25 The other descriptive norm item “how often do you think most students at 

your school drink sugary drinks,” was drawn from a study on peer norms that assessed 

how many “sweet drinks” per day students thought were most “typical for other students to 

consume…”26 Response options included “never”, “1-3 times a week”, “4-6 times a week”, 

“1 time per day”, “2 times per day”, and “3 or more times per day.” Lastly, 3 novel media 

literacy questions were developed from themes explored in food and beverage marketing 

literature, consistent with other media literacy measures;27,8 items included “a lot of sugary 

drink advertisements were designed for kids [and teens] your age…;” “advertisements for 

sugary drinks cause people to drink more sugary drinks…;” and “you can trust food and 

beverage advertisements…” on a 5-point scale (1=strongly disagree to 5=strongly agree). 

All KAN and media items were treated as continuous variables based on scale response, and 

the norm item on frequency of peer consumption was treated as continuous times per day. 

The questionnaire was pretested in 4-6th grade summer program for question comprehension 

and is included in the ancillary materials.

The school district provided student-level data on race and ethnicity (Hispanic any race 

and non-Hispanic: American Indian or Alaska Native, Asian, Filipino, Hawaiian, Black or 

African American, White, or two or more races), gender, and FRPM eligibility. Due to small 

sample size, Filipino and Hawaiian students were grouped with Asian students, creating 

Roesler et al. Page 4

J Nutr Educ Behav. Author manuscript; available in PMC 2022 July 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



an Asian and Pacific Islander (API) classification. All district school enrollment data were 

accessed through DataQuest (dq.cde.ca.gov/dataquest/).19

Participants missing FRPM (n=3) and consumption data (n=1) were excluded. Due to 

insufficient sample size, American Indian participants (n=4) were not included in analyses. 

The analytic sample included 992 participants with complete beverage consumption and 

demographic data. Data on KAN and media items were available for 947 to 981 participants, 

depending on the item.

Analyses

All outcome variables were continuous. Thus, visual inspection of normal quantile plots 

was used to examine the distribution of outcome variables. Because SSB consumption was 

right-skewed, linear regression models in which SSB consumption was the outcome used 

a gamma distribution. All models in which SSB or water consumption were the outcomes 

used a log link, which allowed for coefficients to be interpreted as percent difference in 

consumption. To account for clustering by classroom and for the frequency of zeros for SSB 

consumption (n=148 and 82 for elementary and middle/high school, respectively), robust 

standard errors28 were used for all regression analyses.

Multiple linear regression models with robust standard errors examined: 1) differences in 

SSB and water consumption by race/ethnicity and FRPM eligibility (Model 1); 2) the extent 

to which KAN and media items were associated with SSB and water consumption (Model 

2); and 3) the extent to which race/ethnicity and FRPM eligibility were associated with 

differences in KAN (Model 3).

Model 1 regressed beverage consumption on race/ethnicity, FRPM eligibility, gender, grade 

(for middle/high), and school. Model 2 regressed beverage consumption on each KAN and 

media item as well as the independent variables in Model 1. Because beverage consumption 

response options differed between 5th and higher grades, for Model 1 and 2, separate models 

were run for elementary vs. middle and high school.

Lastly, Model 3 regressed each KAN and media item on race/ethnicity, FRPM eligibility, 

school, grade, and gender for all grades combined. All analyses were complete case 

analyses, used a two-sided alpha of 0.05 for statistical significance, and were run in Stata/IC 

v15.0 (StataCorp LLC, College Station,TX).

RESULTS

Table 1 presents participant characteristics. The demographics of students participating in 

the survey were similar to the district overall. Nearly one-quarter of survey participants were 

Hispanic, one-fifth Black, 7% API, and just over one-third Non-Hispanic White (hereafter, 

“White”). Over one-third of students were eligible for FRPM, which included 40% of API, 

66% of Black, 52% of Hispanic, 29% of two or more race, and 11% of White students.

Table 2 shows the differences in beverage consumption by race/ethnicity and FRPM 

eligibility. Among elementary students, Black students consumed 209% (95CI: 72, 456; 

P<.001) more SSBs and Hispanic students consumed 18% (95CI: 4, 30; P=0.02) less water 
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than White students. There were no significant differences between White students and 

other racial/ethnic groups in beverage consumption in elementary students. FRPM-eligible 

elementary students consumed 86% (95CI: 18, 195; P=0.008) more SSBs than students not 

eligible for FRPM.

In middle and high school, compared to White students, all other racial and ethnic 

groups reported higher SSB consumption (67%, 214%, 68%, and 65% higher for API, 

Black, Hispanic, and two or more races, respectively; Ps<0.01). Additionally, Black and 

Hispanic middle and high school students reported lower water consumption than White 

students (17% and 10% lower [Ps<0.05], respectively). In contrast to elementary students, 

among middle and high school students, there were no significant differences in beverage 

consumption by FRPM eligibility.

Table 3 shows the association of KAN and media items with SSB consumption. In both 

elementary students and middle and high school students, knowledge that sugary drinks 

can lead to diabetes and cavities was associated with lower SSB consumption (Ps<0.01). 

Among middle and high school students, the attitude that sugary drinks are unhealthy was 

associated with lower SSB consumption (P<0.001). For media items, the belief that sugary 

drink advertisements were designed for youth and agreeing that advertisements cause people 

to drink more sugary drinks were each associated with lower SSB consumption (Ps<0.01) 

among elementary students. Belief that “you can trust food and beverage advertisements” 

was associated with higher SSB consumption in elementary students and middle/high school 

students (Ps<0.001). Among norms constructs, for each additional SSB per day that students 

thought their peers drank, their own consumption was higher by 24% (95CI: 1, 52; P=0.04) 

among elementary students and 21% (95CI: 9, 34; P<0.001) among middle and high school 

students.

Several KAN and media items were also associated with water consumption. The attitude 

that sugary drinks are unhealthy and knowledge about sugary drinks and diabetes risk 

were associated with higher water consumption in all grade levels (Ps<0.01). Among 

elementary students only, perceiving that friends think sugary drinks are unhealthy (norm) 

and knowledge about satiety and cavity risks of sugary drinks were associated with higher 

water consumption (Ps<0.05). Among middle and high school students only, perceiving that 

peers consume sugary drinks more frequently (norm) and the belief that advertisements for 

sugary drinks cause people to consume more were significantly associated with higher water 

consumption (Ps<0.01).

Table 4 shows the association of race/ethnicity and FRPM eligibility with KAN and media 

items, and Supplemental Table 1 shows the predicted means of each item by student 

characteristic. Compared to White students, Black students were significantly less likely 

to agree to the same extent that sugary drinks are unhealthy (attitude; P=0.04), their friends 

think sugary drinks are unhealthy (norm; P<0.001), foods with sugar are more satiating 

than drinks with sugar (knowledge; P=0.005), and sugary drinks can lead to diabetes and 

cavities (knowledge; Ps<0.01). Black students were also less likely to agree that many 

sugary drink advertisements were designed for youth (media; P<0.001) and that sugary drink 

advertisements cause people to drink more sugary drinks (media; P=0.01). Black, Hispanic, 
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and FRPM eligible students expressed less distrust of food and beverage advertisements 

(media; Ps<0.05). Additionally, compared to White students, all other racial and ethnic 

groups perceived that their peers consumed SSBs more frequently (norm; Ps<0.01). FRPM­

eligible students also perceived that their peers consumed more SSBs than did non-eligible 

students (norm; P=0.007).

DISCUSSION

The study objectives were to 1) examine associations of SSB-related KAN and media 

literacy with beverage consumption and 2) identify differences in SSB perceptions and 

beverage consumption by race/ethnicity and socioeconomic status. The results showed that 

SSB KAN and media literacy items were associated with SSB consumption in expected 

directions. For example, distrust of food and beverage advertising and agreement that sugary 

drinks increase risk for diabetes were associated with lower SSB consumption. Furthermore, 

concerning disparities in consumption and responses to KAN and media items existed by 

race/ethnicity and socioeconomic status. Compared to non-Hispanic White students, all 

other racial/ethnic groups in middle and high school and Black 5th graders consumed more 

SSBs, as did FRPM-eligible 5th graders compared to their non-FRPM-eligible counterparts. 

Hispanic elementary and Black and Hispanic middle and high school students also reported 

lower water consumption. Findings regarding KAN and media literacy were a novel 

contribution of the study: Black, Hispanic, and students eligible for FRPM were less 

distrustful of food and beverage advertisements, and compared to White and non-FRPM­

eligible students, all other racial/ethnic groups and FRPM-eligible students perceived that 

their peers consumed sugary drink more frequently, respectively. Across all other KAN and 

media items, there were significant differences between Black and White student responses 

that could potentially contribute to racial disparities in SSB consumption.

The observed differences in SSB consumption and related KAN and media items are 

consistent with documented disparities by race, ethnicity, and income in exposure to 

food and beverage marketing and other social and commercial determinants of health. 

First, research has shown that exposure to food advertising increases food intake in 

children29 and that exposure to SSB promotions is associated with SSB consumption in 

adults.30 In particular, the use of health-focused marketing for SSBs could influence KAN; 

experiments have found that messaging like “100% Vitamin C” on fruit-flavored SSBs 

increased consumers’ false beliefs that SSBs are healthful.31 Second, Black, Latino, and 

low-income neighborhoods are exposed to more outdoor food and beverage advertisements 

and specifically ones for unhealthy food and drinks.32,9 In particular, low income Black 

neighborhoods had the highest density of advertisements for sugary beverages.32 Food 

and beverage TV ads make up roughly a quarter of the total ads directed at youth, with 

Black and lower-income youth having a higher risk of exposure to food and beverage 

ads.33 A Rudd Center report detailed disparities in advertising exposure by race; in 2017, 

Black children and teens viewed 86% and 119% more food and beverage ads, respectively, 

than White children and teens.8 The advertisements targeting Spanish language and Black 

audiences were almost exclusively for fast-food, candy, sugary drinks, and snacks, and 

non-nutritious products.
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Findings of higher SSB consumption among Black and low-income elementary students and 

Black and Hispanic middle and high school students echo nationally-representative data.34,6 

Additionally, the result that SSB-related KAN were associated with SSB consumption is 

consistent with previous studies finding that several constructs of the TPB (attitudes and 

subjective norms) were significantly associated with SSB intake.25,16 Previous research 

has also found that adult SSB health knowledge and youth peer norms were associated 

with SSB consumption.16,26 In a pilot trial investigating a peer norms intervention for 

improving elementary students’ water drinking behaviors, children who were exposed 

to the intervention reported an increase in water consumption and a decrease in SSB 

consumption.35 Only recently, have studies of youth begun to incorporate constructs 

on food and beverage media literacy. In a feasibility study, after being exposed to an 

educational program grounded in the TPB, students significantly reduced SSB consumption 

and improved media and public health literacy.36 Similarly, a qualitative study used focus 

groups to ask Black and Hispanic youth about their perceptions of targeted marketing; 

participants identified the strong appeal of non-traditional forms of marketing, such as in 

video games, YouTube, and social media.37 The novel contributions to this literature of 

the study reported herein are quantitative estimates of differences in SSB-related KAN and 

media perceptions by race/ethnicity and socioeconomic status and quantitative estimates for 

the association of KAN and media items with SSB consumption.

Because of this study’s cross-sectional design, the ability to make causal inferences is 

limited. Also, measures were self-reported and thus may be affected by random error, 

social desirability bias, and differences in social desirability by race/ethnicity and SES. 

Also, attitude was measured with just 1 item. The sample size was not based on a power 

calculation for the analyses reported. In particular, the analyses among elementary students 

may have been underpowered given that many non-significant coefficients for differences 

in consumption by race, SES, and KAN were similar in magnitude to those among middle 

and high school students. Although this study analyzed data from nearly 1,000 students from 

a diverse school district, data drawn from a single school district may not generalize more 

broadly.

IMPLICATIONS FOR RESEARCH AND PRACTICE

This research found that SSB- and media-related perceptions were associated with SSB 

consumption, and that these perceptions differed by race/ethnicity and socioeconomic status 

in a manner consistent with prevailing disparities in SSB consumption. Thus, perceptions of 

SSBs and their upstream determinants (e.g., targeted marketing) may serve as important 

intervention targets in education and policy interventions. Furthermore, the observed 

disparities in SSB consumption and perceptions by socioeconomic status and race/ethnicity 

support prioritizing Black and lower-income youth when developing and implementing 

culturally responsive healthy beverage education interventions.

Future research should include longitudinal studies in larger geographic regions to confirm 

that SSB-related KAN and media awareness predict future SSB consumption. More broadly, 

however, is the need for research to identify and evaluate interventions that can reduce 

SSB consumption and disparities in SSB consumption. Authoritative groups have urged 
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for implementation of policies that are projected to reduce overall SSB consumption and 

disparities in SSB consumption in youth, including excise taxes and limits on marketing to 

youth.38,39

Sugar-sweetened beverage taxes have been implemented in 9 U.S. jurisdictions and have 

reduced SSB consumption and purchasing, especially in lower-income groups.40,41 Taxes 

on SSBs have generated revenue that cities have used to fund healthy beverage media 

campaigns and school nutrition education. 12,13 Research on SSB-related KAN and 

advertising perceptions can inform the content of new healthy beverage campaigns. For 

instance, because more favorable perceptions of food and beverage ads were associated 

with higher SSB consumption, interventions could include content on media and marketing 

literacy. Future research could investigate if media literacy interventions or other specific 

KAN messaging reduce SSB consumption. Several communities have already created 

communication campaigns highlighting targeted SSB marketing. In San Francisco, The 

Bigger Picture uses youth-generated spoken-word messages to change the conversation 

around type 2 diabetes.42 In collaboration with local health departments, The Bigger Picture 

has increased awareness about the negative health impacts of sugary drinks with the Open 

Truth Campaign.42 Similarly, in Washington DC, the #Don’tMuteMyHealth campaign uses 

viral spoken-word videos and community-focused events to engage predominantly Black 

wards on the impact of sugar and chronic disease.43 New York City’s mass media series, 

“Pouring on the Pounds,” focused on increasing knowledge of the sugar content in sugary 

drinks and associated weight gain, obesity, and diabetes.44 Research evaluating the impact 

of media literacy and communications campaigns on SSB consumption could also assess 

and test for mediation through KAN and media literacy. However, the need for media 

literacy campaigns would be lessened if policies reduced youth-directed marketing and the 

disproportionate marketing of unhealthy products to communities of color and low-income 

neighborhoods. Lastly, findings that SSB knowledge (about satiety, diabetes, and cavities) 

was associated with lower SSB consumption support the inclusion of SSB knowledge topics 

in nutrition education interventions—either in curricula or policy approaches to education 

like warning labels.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Acknowledgements

We would like to thank the students who participated in the survey, the school district, and the school district’s 
gardening program. JF was supported by the National Institute Of Diabetes And Digestive And Kidney Diseases of 
the National Institutes of Health under Award Number K01DK113068 and by the USDA National Institute of Food 
and Agriculture, Hatch project 1016627. Funding for this research was provided by the Healthy Berkeley Program. 
The content is solely the responsibility of the authors and does not necessarily represent the official views of the 
funders.

REFERENCES

1. Hales CM, Carroll MD, Fryar CD, Ogden CL. Prevalence of Obesity Among Adults and Youth: 
United States, 2015-2016. NCHS Data Brief. 2017;(288):1–8.

Roesler et al. Page 9

J Nutr Educ Behav. Author manuscript; available in PMC 2022 July 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



2. Malik VS, Popkin BM, Bray GA, Després J-P, Hu FB. Sugar Sweetened Beverages, Obesity, 
Type 2 Diabetes and Cardiovascular Disease risk. Circulation. 2010;121(11):1356–1364. [PubMed: 
20308626] 

3. Hu FB. Resolved: there is sufficient scientific evidence that decreasing sugar-sweetened beverage 
consumption will reduce the prevalence of obesity and obesity-related diseases: Sugar-sweetened 
beverages and risk of obesity. Obes Rev. 2013;14(8):606–619. [PubMed: 23763695] 

4. Bhupathiraju SN, Hu FB. Epidemiology of Obesity and Diabetes and Their Cardiovascular 
Complications. Circ Res. 2016;118(11):1723–1735. [PubMed: 27230638] 

5. Falbe J, Cotterman C, Linchey J, Madsen KA. Ethnic Disparities in Trends in High BMI Among 
California Adolescents, 2003–2012. Am J Prev Med. 2016;51(2):e45–e55. [PubMed: 27067033] 

6. Bleich SN, Vercammen KA, Koma JW, Li Z. Trends in Beverage Consumption Among Children 
and Adults, 2003-2014. Obesity. 2018;26(2):432–441. [PubMed: 29134763] 

7. Han E, Powell LM. Consumption patterns of sugar-sweetened beverages in the United States. J 
Acad Nutr Diet. 2013;113(1):43–53. [PubMed: 23260723] 

8. Harris JL, Frazier W, Kumanyika S, Ramirez AG. Increasing Disparities in Unhealthy Food 
Advertising Targeted to Hispanic and Black Youth. Rudd Center for Food Policy & Obesity, 
University of Connecticut; 2019.

9. Cassady DL, Liaw K, Miller LMS. Disparities in Obesity-Related Outdoor Advertising by 
Neighborhood Income and Race. J Urban Health Bull N Y Acad Med. 2015;92(5):835–842.

10. Dowling EA, Roberts C, Adjoian T, Farley SM, Dannefer R. Disparities in Sugary Drink 
Advertising on New York City Streets. Am J Prev Med. 2020;58(3):e87–e95. [PubMed: 
31917059] 

11. Falbe J, Madsen K. Growing Momentum for Sugar-Sweetened Beverage Campaigns and 
Policies: Costs and Considerations. Am J Public Health. 2017;107(6):835–838. doi:10.2105/
AJPH.2017.303805 [PubMed: 28498741] 

12. Falbe J, Grummon AH, Rojas N, Ryan-Ibarra S, Silver LD, Madsen KA. Implementation of 
the First US Sugar-Sweetened Beverage Tax in Berkeley, CA, 2015–2019. Am J Public Health. 
2020;110(9):1429–1437. [PubMed: 32673112] 

13. Falbe JThe ethics of excise taxes on sugar-sweetened beverages. Physiol Behav. 2020;225:113105. 
doi:10.1016/j.physbeh.2020.113105 [PubMed: 32712210] 

14. Madden TJ, Ellen PS, Ajzen I. A Comparison of the Theory of Planned Behavior and the Theory 
of Reasoned Action. Pers Soc Psychol Bull. 1992;18(1):3–9.

15. Bandura AHealth promotion by social cognitive means. Health Educ Behav. 2004;31(2):143–164. 
doi:10.1177/1090198104263660 [PubMed: 15090118] 

16. Park S, Onufrak S, Sherry B, Blanck HM. The Relationship between Health-Related Knowledge 
and Sugar-Sweetened Beverage Intake among US Adults. J Acad Nutr Diet. 2014;114(7):1059–
1066. [PubMed: 24360502] 

17. Kassem NO, Lee JW, Modeste NN, Johnston PK. Understanding soft drink consumption among 
female adolescents using the Theory of Planned Behavior. Health Educ Res. 2003;18(3):278–291. 
[PubMed: 12828230] 

18. U.S. Department of Agriculture and U.S. Department of Health and Human Services. Dietary 
Guidelines for Americans, 2020-2025. 9th ed.; 2020. DietaryGuidelines.gov

19. California Department of Education. DataQuest. Accessed October 25, 2020. https://
data1.cde.ca.gov/dataquest/

20. Centers for Disease Control and Prevention. Overview of the Youth Risk Behavior Surveillance 
System. Published 1212, 2018. Accessed February 27, 2020. https://www.cdc.gov/healthyyouth/
data/yrbs/

21. Brener ND, Collins JL, Kann L, Warren CW, Williams BI. Reliability of the Youth Risk Behavior 
Survey Questionnaire. Am J Epidemiol. 1995;141(6):575–580. [PubMed: 7900725] 

22. Brener N, Kann L, Mcmanus T, Kinchen S, Sundberg E, Ross J. Reliability of the 1999 Youth Risk 
Behavior Survey Questionnaire. J Adolesc Health. 2002;31(4):336–342. [PubMed: 12359379] 

23. Brener ND, Billy JOG, Grady WR. Assessment of factors affecting the validity of self-reported 
health-risk behavior among adolescents: evidence from the scientific literature. J Adolesc Health. 
2003;33(6):436–457. [PubMed: 14642706] 

Roesler et al. Page 10

J Nutr Educ Behav. Author manuscript; available in PMC 2022 July 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

http://DietaryGuidelines.gov
https://data1.cde.ca.gov/dataquest/
https://data1.cde.ca.gov/dataquest/
https://www.cdc.gov/healthyyouth/data/yrbs/
https://www.cdc.gov/healthyyouth/data/yrbs/


24. California Department of Education. The California School Climate, Health, and Learning Survey 
System Survey. Accessed February 27, 2020. https://calschls.org/survey-administration/downloads

25. Zoellner J, Estabrooks P, Davy B, Chen Y, You W. Exploring the Theory of Planned Behavior 
to Explain Sugar-Sweetened Beverage Consumption. J Nutr Educ Behav. 2012;44(2):172–177. 
[PubMed: 22154130] 

26. Perkins JM, Perkins HW, Craig DW. Misperceptions of peer norms as a risk factor for 
sugar-sweetened beverage consumption among secondary school students. J Am Diet Assoc. 
2010;110(12):1916–1921. [PubMed: 21111101] 

27. Hobbs R, Frost R. Measuring the acquisition of media-literacy skills. Read Res Q. 
2003;38(3):330–355.

28. Williams RL. A note on robust variance estimation for cluster-correlated data. Biometrics. 
2000;56(2):645–646. [PubMed: 10877330] 

29. Boyland EJ, Nolan S, Kelly B, et al.Advertising as a cue to consume: a systematic review 
and meta-analysis of the effects of acute exposure to unhealthy food and nonalcoholic beverage 
advertising on intake in children and adults,. Am J Clin Nutr. 2016;103(2):519–533. doi:10.3945/
ajcn.115.120022 [PubMed: 26791177] 

30. Forde H, White M, Levy L, et al.The Relationship between Self-Reported Exposure to Sugar­
Sweetened Beverage Promotions and Intake: Cross-Sectional Analysis of the 2017 International 
Food Policy Study. Nutrients. 2019;11(12):3047.

31. Hall MG, Lazard AJ, Grummon AH, Mendel JR, Taillie LS. The impact of front-of-package 
claims, fruit images, and health warnings on consumers’ perceptions of sugar-sweetened fruit 
drinks: Three randomized experiments. Prev Med. 2020;132:105998. [PubMed: 31982477] 

32. Yancey AK, Cole BL, Brown R, et al.A Cross-Sectional Prevalence Study of Ethnically Targeted 
and General Audience Outdoor Obesity-Related Advertising. Milbank Q. 2009;87(1):155–184. 
[PubMed: 19298419] 

33. Powell LM, Wada R, Kumanyika SK. Racial/ethnic and income disparities in child and adolescent 
exposure to food and beverage television ads across the U.S. media markets. Health Place. 
2014;29:124–131. doi:10.1016/j.healthplace.2014.06.006 [PubMed: 25086271] 

34. Rosinger A, Herrick K, Gahche J, Park S. Sugar-sweetened Beverage Consumption Among U.S. 
Youth, 2011-2014. NCHS Data Brief. 2017;(271):1–8.

35. Smit CR, de Leeuw RNH, Bevelander KE, Burk WJ, Buijzen M. A social network-based 
intervention stimulating peer influence on children’s self-reported water consumption: A 
randomized control trial. Appetite. 2016;103:294–301. [PubMed: 27085637] 

36. Lane H, Porter KJ, Hecht E, Harris P, Kraak V, Zoellner J. Kids SIPsmartER: A Feasibility Study 
to Reduce Sugar-Sweetened Beverage Consumption Among Middle School Youth in Central 
Appalachia. Am J Health Promot. 2018;32(6):1386–1401. [PubMed: 28731385] 

37. Harris J, Frazier W, Fleming-Milici F, et al.A qualitative assessment of US Black and Latino 
adolescents’ attitudes about targeted marketing of unhealthy food and beverages. J Child Media. 
2019;13(3):295–316.

38. Muth ND, Dietz WH, Magge SN, et al.Public Policies to Reduce Sugary Drink Consumption in 
Children and Adolescents. Pediatrics. 2019;143(4):e20190282. [PubMed: 30910915] 

39. Gortmaker SL, Long MW, Resch SC, et al.Cost Effectiveness of Childhood Obesity Interventions. 
Am J Prev Med. 2015;49(1):102–111. [PubMed: 26094231] 

40. Falbe J, Thompson HR, Becker CM, Rojas N, McCulloch CE, Madsen KA. Impact of the Berkeley 
Excise Tax on Sugar-Sweetened Beverage Consumption. Am J Public Health. 2016;106(10):1865–
1871. [PubMed: 27552267] 

41. Colchero MA, Popkin BM, Rivera JA, Ng SW. Beverage purchases from stores in Mexico 
under the excise tax on sugar sweetened beverages: observational study. BMJ. 2016;352:h6704. 
[PubMed: 26738745] 

42. Shape Up SF, TheBiggerPicture.org, San Francisco Department of Public Health, Sonoma 
County Department of Public Health. Open Truth. Accessed December 11, 2020. https://
www.opentruthnow.org/about/

43. #Don’tMuteMyHealth. Don’t Mute My Health About Us. Accessed December 11, 2020. https://
www.dontmutemyhealth.org/about-us

Roesler et al. Page 11

J Nutr Educ Behav. Author manuscript; available in PMC 2022 July 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

https://calschls.org/survey-administration/downloads
https://www.opentruthnow.org/about/
https://www.opentruthnow.org/about/
https://www.dontmutemyhealth.org/about-us
https://www.dontmutemyhealth.org/about-us


44. Kansagra SM, Kennelly MO, Nonas CA, et al.Reducing Sugary Drink Consumption: New York 
City’s Approach. Am J Public Health. 2015;105(4):e61–e64.

Roesler et al. Page 12

J Nutr Educ Behav. Author manuscript; available in PMC 2022 July 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Roesler et al. Page 13

Table 1.

Characteristics of the Analytic Sample of 5th, 7th, and 9th-12th Grade Participants Compared to Total 

Enrollment

Elementary: 5th Grade
n (%) or Mean±SD

Middle (7th Grade) and
High School

n (%) or Mean±SD

Total Grades 5,7,9-12th

n (%) or Mean±SD

Race
Analytic
Sample
(n=297)

Enrollment

Total
a

(N=319)

Analytic
Sample
(n=695)

Enrollment

Total
a

(N=3,425)

Analytic
Sample
(n=992)

Enrollment

Total
a

(N=3,744)

 Asian or Pacific Islander
b 16 (5) 18 (6) 51 (7) 317 (9) 67 (7) 335 (9)

 African American or Black
b 48 (16) 54 (17) 157 (23) 627 (18) 205 (21) 681 (18)

 Hispanic Any Race 81 (27) 79 (25) 158 (23) 762 (22) 239 (24) 841 (23)

 Two or More Races
b 44 (15) 47 (15) 76 (11) 392 (11) 120 (12) 439 (12)

 White
b 108 (36) 121 (38) 253 (36) 1,327 (39) 361 (37) 1,448 (39)

Free & Reduced Price Meal
c

 Eligible 108 (36) 1,426 (34) 255 (37) 717 (38) 363 (37) 2,143 (35)

 Ineligible 189 (64) 2,760 (66) 440 (63) 1,177(62) 629 (63) 3,937 (65)

Gender

 Female 142 (48) 154 (48) 370 (53)
d 1664 (49) 512 (52) 1,818 (49)

 Male 155 (52) 168 (52) 325 (47)
d 1773 (52) 480 (48) 1930 (52)

Consumption
e

 Total SSBs 1.6±2.8 n/a 1.2±1.7 n/a n/a n/a

 Water 3.5±1.6 n/a 3.0±1.2 n/a n/a n/a

 Total non-SSBs 6.0±3.0 n/a 4.5±2.0 n/a n/a n/a

Acronyms: SSBs—Sugar Sweetened Beverages, SD—standard deviation

a
Total enrollment of sampled schools and grade(s) in the 2016-2017 school year (includes enrollment in classes not sampled)

b
Non-Hispanic

c
Data unavailable for 3 students, and enrollment data on free and reduced price meal is from the school-wide level

d
Distribution of gender differed significantly between analytic sample and school enrollment data (Chi-square P=0.02). No other characteristic in 

table differed significantly.

e
Units are in frequency of consuming a “can, bottle, or glass” “yesterday” for 5th grade and per day in the past week for 7-12th grades.
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Table 2.

Mean Beverage Consumption and Percent Difference by Student Characteristics

n

Unadjusted
Mean (SD)

SSB
a

Consumption
b

Adjusted percent difference (95% CI); P-values
c
 in

beverage consumption compared to reference group

SSB Water

Elementary (n=297)

Race/Ethnicity

  White
d 108 1.0 (2.2) ref ref

  Asian or Pacific Islander
d 16 1.3 (1.9) 42% (−43, 255); P=0.46 −8% (−30, 20); P=0.52

  African American or Black
d 48 3.8 (4.7) 209% (72, 456); P<0.001 −7% (−23, 11); P=0.42

  Hispanic 81 1.7 (2.1) 32% (−19, 113); P=0.26 −18% (−30, −4); P=0.02

  Two or More Races
d 44 0.6 (1.4) −52% (−78, 7); P=0.07 −2% (−15, 13); P=0.80

FRPM Not Eligible 108 1.0 (2.2) ref ref

FRPM Eligible 189 2.6 (3.4) 86% (18, 195); P=0.008 −3% (−15, 10); P=0.61

Middle and High (n=695)

Race/Ethnicity

  White
c 253 0.6 (0.7) ref ref

  Asian Pacific Islander
c 51 1.1 (1.7) 67% (17,138); P=0.004 4% (−5, 13); P=0.38

  African American or Black
c 157 2.1 (2.7) 214% (136, 316); P<0.001 −17% (−25, −8); P<0.001

  Hispanic 158 1.1 (1.4) 68% (30, 117); P<0.001 −10% (−17, −2); P=0.02

  Two or More Races
c 76 1.1 (1.3) 65% (27, 116); P<0.001 −4% (−13, 6); P=0.42

FRPM Not Eligible 255 1.0 (1.6) ref ref

FRPM Eligible 440 1.5 (1.9) 10% (−11, 34); P=0.38 0% (−7, 8); P=0.93

Acronyms: SSB—sugar-sweetened beverage, FRPM—Free and reduced price meal, ref—reference group.

a
SSBs include the sum of soda; fruit-flavored, energy, and sport drinks; and sweetened water, coffee, and tea

b
Units of beverage consumption are in frequency of consuming a “can, bottle, or glass” “yesterday” for elementary and per day in the “past 7 days” 

for middle/high school.

c
Estimates are from generalized linear regression models with a log link, gamma distribution, and robust standard errors, including the following 

independent variables: school, grade level, gender, race/ethnicity, and free and reduced price meal (FRPM) eligibility. Statistical significance is 
indicated by P-value<0.05.

d
Non-Hispanic
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Table 3.

Associations of Knowledge, Attitudes, and Norms (KAN) and media items with Sugar-Sweetened Beverage 

(SSB) Consumption

Adjusted percent difference (95% CI); P-values
a
 in beverage

consumption according to KAN and media item response

Elementary Middle and High

KAN and media items n SSB
b Water n SSB

b Water

Response scale for below: 1=has no effect on 

health to 4=is extremely unhealthy
c

 Attitude that sugary drink are unhealthy: 
“…drinking sugary drinks…”

291 −21% (−38, 0); 
P=0.05

12% (5, 20); 
P=0.001

686 −29% (−38, −18); 
P<0.001

10% (6, 15); 
P<0.001

 Norm—friends think sugary drinks are 
unhealthy: “…your friends think drinking 
sugary drinks…”

273 −3% (−27, 29); 
P=0.84

18% (10, 26); 
P<0.001

674 −12% (−23, 1); 
P=0.07

1% (−3, 6); 
P=0.59

Norm—frequency of peer sugary drink 
consumption: “How often do … most 
students…drink sugary drinks? (response in 
times/day)

297 24% (1, 52); 
P=0.04

2% (−5, 9); 
P=0.68

691 21% (9, 34); 
P<0.001

6% (3, 10); 
P=0.001

Response scale for below: 1=strongly 

disagree to 5=strongly agree
d

 Knowledge that liquid sugar is less 
satiating: “Foods with sugar…make you feel 
full for a longer time than drinks with sugar 
in them”

289 −14% (−27, 0); 
P=0.05

6% (1, 12); 
P=0.02

690 −9% (−16, −1); 
P=0.04

2% (−1, 5); 
P=0.13

 Knowledge that sugary drinks increase 
diabetes risk: “Drinking sugary drinks can 
lead to diabetes…”

289 −17% (−28, −5); 
P=0.009

8% (3, 14); 
P=0.002

691 −17% (−24, −9); 
P<0.001

7% (3, 11); 
P=0.002

 Knowledge that sugary drinks can cause 
cavities: “Drinking sugary drinks can cause 
cavities…”

290 −24% (−34, 
−12); P<0.001

7% (1, 13); 
P=0.03

689 −25% (−32, −17); 
P<0.001

4% (−1, 10); 
P=0.10

 Media—belief that sugary drink ads target 
kids: “…sugary drink [ads] were designed 
for kids and teens…”

287 −23% (−33, 
−11); P<0.001

−1% (−5, 3); 
P=0.50

690 −6% (−16, 5); 
P=0.25

3% (0, 7); P=0.07

 Media—belief that sugary drink ads “cause 
people to drink more sugary drinks…”

289 −21% (−31, −8); 
P=0.002

3% (−2, 8); 
P=0.21

688 2% (−10, 8); 
P=0.70

5% (1, 9); 
P=0.008

 Media—belief that “you can trust food and 
beverage advertisements”

287 28% (11, 47); 
P<0.001

4% (0, 8); 
P=0.06

688 17% (8, 28); 
P<0.001

−1% (−5, 2); 
P=0.39

Acronyms: Ads—Advertisements, KAN—knowledge, attitudes, and norms, SSB—sugar-sweetened beverage

a
Estimates are from generalized linear regression models with a log link, gamma distribution, and robust standard errors, including the following 

independent variables: school, grade level, gender, race/ethnicity, and FRPM eligibility. Statistical significance is indicated by P-value<0.05.

b
SSBs include soda; fruit-flavored, energy, and sport drinks; and sweetened water, coffee, and tea

c
1=Has no effect on health, 2=Is a little unhealthy, 3=Is very unhealthy, 4=Is extremely unhealthy

d
1=Strongly Disagree, 2=Sort of Disagree, 3=Neither, 4=Sort of Agree, 5=Strongly Agree
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