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Abstract

Objectives—To examine the association between sugar-sweetened beverage availability at home 

and sugar-sweetened beverage consumption, and to evaluate whether this association was 

consistent across school and school neighborhood sugar-sweetened beverage availability.

Study design—Secondary data analyses were performed from the 2014 cross-sectional, 

Internet-based Family Life, Activity, Sun, Health, and Eating (FLASHE) study of 1494 

adolescents (age 12–17 years). Ordinal logistic regression analyses were conducted to examine the 

association between sugar-sweetened beverage availability in the home and adolescents’ frequency 

of sugar-sweetened beverage consumption (nondaily, <1; daily, 1-<2; daily, ≥2), adjusting for 

adolescent age, sex, race, and body mass index and parent marital status and housing insecurity. 

Stratified ordinal logistic regression analyses were used to examine the associations by school and 

school neighborhood sugar-sweetened beverage availability.

Results—One-third (32.6%) of adolescents were nondaily consumers of sugar-sweetened 

beverages, 33.9% consumed 1-<2 sugar-sweetened beverages daily, and 33.5% consumed ≥2 

sugar-sweetened beverages daily. Almost one-half (44.4%) reported that sugar-sweetened 

beverages were often or always available in the home. Frequency of sugar-sweetened beverage 

availability at home was associated with greater sugar-sweetened beverage consumption (OR, 

2.88; 95% CI, 2.86–2.89 for rarely/sometimes available at home; OR. 5.62; 95% CI, 5.60–5.64 for 

often/always available at home). Similar associations were found regardless of the availability of 

sugar-sweetened beverages in the adolescent’s school or school neighborhood.

Conclusions—Sugar-sweetened beverage availability in the home was associated with 

adolescent sugar-sweetened beverage consumption, regardless of sugar-sweetened beverage 
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availability in other settings, and may be a key target for obesity prevention efforts. (J Pediatr 
2018;202:121–8).

Sugar-sweetened beverage consumption has increased by more than 300% over the past 3 

decades and constitutes the largest source of added sugar in US adolescents’ diets.1,2 Sugar-

sweetened beverages, which include sodas, fruit drinks, and sport drinks, contain added 

caloric sweeteners, are energy-dense, and provide little to no nutritional value.3 Studies point 

to increased sugar-sweetened beverage intake as a major contributor to the rising prevalence 

of overweight and obesity,4 with one-third of US adolescents currently overweight or obese.
5 Despite recent national declines in sugar-sweetened beverage consumption, adolescents 

remain the highest consumers among all youth age groups.1 The 2015 Dietary Guidelines 

for Americans recommends keeping added sugars to <10% of total daily calories, and 

limiting the consumption of beverages with any added sugars.6 The American Academy of 

Pediatrics supports these guidelines and recommends that pediatric practices and clinicians 

advise removing all sugar-sweetened beverages from youths’ diets.7,8 However, almost two-

thirds of adolescents consume at least 1 sugar-sweetened beverage on a given day,9,10 with 

sugar-sweetened beverages estimated to constitute 15% of their total daily calories.10 Thus, 

understanding determinants and reducing adolescent sugar-sweetened beverage consumption 

remain national priorities for public health and obesity prevention efforts.11

The aim of this study was to examine the association between availability of sugar-

sweetened beverages at home and adolescents’ sugar-sweetened beverage consumption, and 

whether this association was consistent across school and school neighborhood sugar-

sweetened beverage availability. We hypothesized that home sugar-sweetened beverage 

availability would be positively associated with self-reported sugar-sweetened beverage 

consumption. We also hypothesized that the association between home availability of sugar-

sweetened beverages and sugar-sweetened beverage consumption would be attenuated by 

sugar-sweetened beverage availability in school and/or in the school neighborhood, because 

if sugar-sweetened beverages were available outside the home, then adolescents would have 

opportunities to consume sugar-sweetened beverages elsewhere even when not available at 

home.

Methods

We conducted a secondary analysis of data from the Family Life, Activity, Sun, Health and 

Eating (FLASHE) study, a cross-sectional, Internet-based study of parent-adolescent dyads 

sponsored by the National Cancer Institute (NCI).12 Data are publicly available and include 

parent and adolescent self-reported lifestyle behaviors that relate to cancer risk (eg, diet, 

physical activity, sun safety, tobacco use). The FLASHE sample was selected from the 

Ipsos’ Consumer Opinion Panel, a web-based panel with approximately 700 000 

participants. The sample was selected to match US population distributions of sex, race/

ethnicity, income, age, household size, and region. Eligible parents were at least 18 years 

old, a parent or legal guardian to an eligible adolescent, and living with the adolescent at 

least 50% of the time. Eligible adolescents were age 12–17 years. Parental consent was 

provided online via email invitation, and once completed, the adolescent was asked to 

provide assent online via email invitation.
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Each enrolled dyad completed 4 online surveys consisting of multiple questionnaires about 

diet and physical activity behaviors. The parent and adolescent each completed 2 surveys (1 

on diet and 1 on physical activity) over a 6-month period. Details of the FLASHE study have 

been reported elsewhere.12,13

Adolescent Reported Sugar Sweetened Beverage Consumption: Adolescent sugar-sweetened 

beverage consumption was measured by questions adapted from a validated dietary screener 

survey14,15 to capture usual consumption. Participants’ recall of what and how often they 

drank different beverages during the previous week was captured through 5 questions about 

sugar-sweetened beverages with the following response options: “I did not drink [beverage] 

during the past 7 days,”“1–3 times in the past 7 days,” “4–6 times in the past 7 days,”“1 time 

per day,” “2 times per day,” or “3 or more times per day.” The National Cancer Institute’s 

dietary screening method for converting frequency responses to daily frequency was used to 

calculate total sugar-sweetened beverage consumption from the questions that asked about 

sugar-sweetened beverages (sweetened fruit drinks/teas, fruit juices, soda, energy drinks, and 

sports drinks). We categorized sugar-sweetened beverage consumption as nondaily 

consumption (<1 beverage consumed daily), daily consumption (1-<2 beverages consumed 

daily), or heavier daily consumption (≥2 beverages consumed daily).

The availability of sugar-sweetened beverages in the home was assessed from a single 

survey item: “How often are the following foods and drinks available in your home?”.15,16 

The question that asked about “sugary drinks like regular soda, sports drinks, fruit drinks, 

sweetened teas, and other drinks with added sugar” was used to determine household sugar-

sweetened beverage availability. This item was reviewed by scientific advisors for public 

relevance and consistency with existing validated measures and surveys.12,13 Parents were 

asked the same question, and parental responses to this question were 73.4% in agreement 

with adolescent responses. Self-reported adolescent responses ranged from “never” to 

“always” on a 5-point Likert scale. Household sugar-sweetened beverage availability was 

collapsed as “never,” “rarely/sometimes,” or “often/always.”

The availability of sugar-sweetened beverages at school was assessed using 2 questions 

adapted from the Active Where? Study Adolescent Survey.17 Adolescents answered yes or 

no to the questions “Are there vending machines at your school?” and “If yes, then do they 

sell sodas, salty snacks, and/or candy?” We categorized school sugar-sweetened beverage 

availability as either the presence or absence of vending machines that sell sodas, salty 

snacks, and/or candy at school.

The availability of sugar-sweetened beverages in the neighborhood was assessed by an 

adapted survey that asked adolescents to “Think about the local area around your school, 

within a 10–15-minute walk in any direction. Do you have any of the following in walking 

distance from school?”.18 Responses of either “yes” or “no” were given to each of the 

following 4 store types: convenience store/corner store/small grocery store/bodega, 

supermarket/midsize grocery store, fast food restaurant, and non-fast food restaurant. The 4 

responses were tallied to determine the total number of stores available in the school 

neighborhood. We dichotomized school neighborhood sugar-sweetened beverage availability 

as having 0 stores or at least 1 store available within walking distance of school.
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Adolescents and parents self-reported age, sex, race/ethnicity, height, and weight. We 

classified adolescent age into 2 groups (12–14 and 15–17 years) to capture differences in 

autonomy of early and late adolescence19 and divided parent age into 3 groups (18–34, 35–

44, and 45+ years). Race/ethnicity was categorized as reported in the FLASHE dataset and 

included categories for Hispanic, Black/African American, White, and Other. Body mass 

index (BMI) was calculated from self-reported height and weight and categorized as 

underweight, normal weight, overweight, and obese in accordance with percentile cutoffs 

based on Centers for Disease Control and Prevention BMI percentiles for adults and 

adolescents.20,21 Additional parental factors examined include parent sugar-sweetened 

beverage consumption (nondaily, <1; daily, 1–2; daily, ≥2), education (high school or less, 

some college, 4-year college), marital status (married/coupled, divorced/widowed/separated, 

never married), and housing insecurity as a monetary proxy determined by how often they 

were worried or stressed about having enough money to pay for rent/mortgage (never, 

almost never, sometimes, fairly/very often). In each stratified analysis (school and school 

neighborhood), sugar-sweetened beverage availability in the other location was controlled 

for in the model.

Statistical Analyses

FLASHE study analysis weights created by raking procedures for the survey’s 

nonprobability sampling strategy were applied in all analyses to reduce sampling bias in 

individual-level analyses and to account for the survey design that aims to yield a sample 

similar to the general US population in key demographic characteristics.13,22 Descriptive 

statistics of all variables were computed. Given that the sugar-sweetened beverage 

consumption variable represented ordered values, ordinal logistic regression models 

estimated associations. Ordinal logistic regression analysis was conducted to estimate the 

association between the measures of sugar-sweetened beverage availability in the home and 

adolescent sugar-sweetened beverage consumption behaviors. Analyses were conducted to 

test for statistical interaction of sugar-sweetened beverage availability in the school and 

sugar-sweetened beverage availability in the school neighborhood, respectively. Although 

we did not find evidence of statistically significant interactions, additional ordinal logistic 

regression analyses were conducted stratified by school sugar-sweetened beverage 

availability and school neighborhood sugar-sweetened beverage availability, respectively, to 

demonstrate the association between the measures of sugar-sweetened beverage availability 

in the home and adolescent sugar-sweetened beverage consumption regardless of sugar-

sweetened beverage availability at school or in the school neighborhood. The proportional 

odds assumptions were tested and met for all final models. The proportional odds 

assumption assumes that the log odds ratio associated with an increase in category of 

household sugar-sweetened beverage availability is constant across the different category 

levels of adolescent sugar-sweetened beverage consumption.23 Models were initially tested 

with an alternative categorization of sugar-sweetened beverage consumption that included a 

“no sugar-sweetened beverage consumption” group (n = 71), but this did not meet 

proportional odds assumptions, resulting in the 3-category sugar-sweetened beverage 

consumption outcome used in all study analyses.
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We decided a priori to include key adolescent demographic characteristics (age, sex, race, 

and BMI) in adjusted regression models based on previous research.9,24,25 Additional 

variables were assessed and included in the model if there was a 10% change in association. 

All models controlled for adolescent age, sex, race, and BMI and parent sugar-sweetened 

beverage consumption, marital status, and housing insecurity. The main model examining 

the association between sugar-sweetened beverage availability at home and adolescent 

sugar-sweetened beverage consumption was adjusted for sugar-sweetened beverage 

availability at school and in the school neighborhood. Models stratified by sugar-sweetened 

beverage availability at school were adjusted for sugar-sweetened beverage availability in 

the school neighborhood, and models stratified by school neighborhood availability were 

adjusted for sugar-sweetened beverage availability at school. To explore the potential 

influence of the accuracy of adolescent reporting of sugar-sweetened beverage availability at 

home, sensitivity analyses were performed that included only dyads in which the reports of 

sugar-sweetened beverage availability at home were concordant, and used the parent report 

of sugar-sweetened beverage availability at home. Results are reported as OR with 95% CI. 

Analyses were conducted in Stata version13.1 (StataCorp, College Station, Texas).

Results

Among the 1737 adolescents in the FLASHE study, 1632 had complete data for both sugar-

sweetened beverage consumption and sugar-sweetened beverage availability variables. We 

excluded 138 participants owing to missing data on covariates, resulting in a sample of 1494 

adolescents age 12–17 years (mean age, 14.47 ± 1.61). One-third (32.6%) were nondaily 

consumers of sugar-sweetened beverages, 33.9% were daily consumers of 1-<2 sugar-

sweetened beverages, and 33.5% were daily consumers of ≥2 sugar-sweetened beverages. 

The sample was almost evenly distributed across sex and age groups, with the majority 

having a normal BMI (68.5%) and self-identified race as white (55.2%) (Table I). Most 

participants had parents that were married or coupled (77.6%), and almost one-half of the 

parents (46.6%) had completed 4 years of college.

Almost one-half (44.4%) of the adolescents reported that sugar-sweetened beverages were 

often/always available in the home. Adolescents for whom sugar-sweetened beverages were 

rarely/sometimes available at home had 3-fold greater odds of higher sugar-sweetened 

beverage consumption compared with those for whom sugar-sweetened beverages were 

never available at home (OR, 2.88; 95% CI, 2.86–2.89), and adolescents for whom sugar-

sweetened beverages were often/always available had 5.5-fold greater odds of higher sugar-

sweetened beverage consumption compared with those for whom sugar-sweetened 

beverages were never available at home (OR, 5.62; 95% CI, 5.60–5.64) (Table II).

One-half (51.9%) of the adolescents reported that sugar-sweetened beverages were available 

at school, 80.6% reported that sugar-sweetened beverages were available in the school 

neighborhood, 42% reported that sugar-sweetened beverages were available both at and near 

school, and 11% reported that sugar-sweetened beverages were not available at school or in 

the school neighborhood. Among adolescents who reported sugar-sweetened beverages were 

never available in the home, two-thirds were nondaily sugar-sweetened beverage consumers, 

and 10% or less were daily ≥2 sugar-sweetened beverage consumers. Among adolescents 
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who reported that sugar-sweetened beverages were often/always available in the home, 

approximately 20% were nondaily sugar-sweetened beverage consumers and approximately 

40% were daily ≥2 sugar-sweetened beverage consumers. These percentages were similar 

across all stratum categories. Analyses did not indicate a statistically significant interactions 

between sugar-sweetened beverage availability at home and sugar-sweetened beverage 

availability in the school (P = .269) and sugar-sweetened beverage availability in the school 

neighborhood (P = .182).

Adolescents with more frequent availability of sugar-sweetened beverages in the home were 

more likely to report greater sugar-sweetened beverage consumption compared with 

adolescents for whom sugar-sweetened beverages were never available in the home 

regardless of sugar-sweetened beverage availability at school and in the school 

neighborhood (Table III). When sugar-sweetened beverages were available at school, 

adolescent sugar-sweetened beverage consumption was higher among those with more 

frequent availability of sugar-sweetened beverages in the home: never available or rarely/

sometimes available, OR, 3.06 (95% CI, 3.04–3.07); often/always available (OR, 5.59; 95% 

CI, 5.56–5.62). When sugar-sweetened beverages were not available at school, adolescent 

sugar-sweetened beverage consumption was higher among those with more frequent 

availability of sugar-sweetened beverages in the home (rarely/sometimes available at home: 

OR,2.75 [95% CI, 2.73–2.76]; often/always available at home: OR,5.83 [95% CI, 5.80–

5.86]) compared with adolescents living in homes in which sugar-sweetened beverages were 

never available. When sugar-sweetened beverages were available in the school 

neighborhood, adolescent sugar-sweetened beverage consumption was higher among those 

with more frequent availability of sugar-sweetened beverages in the home (rarely/sometimes 

available at home: OR, 2.89 [95% CI, 2.88–2.90]; often/always available at home: OR, 5.76 

[95% CI, 5.74–5.79]) compared with adolescents living in homes in which sugar-sweetened 

beverages were never available. When sugar-sweetened beverages were not available in the 

school neighborhood, adolescent sugar-sweetened beverage consumption was higher among 

those with more frequent availability of sugar-sweetened beverages in the home (rarely/

sometimes available at home: OR, 3.00 [95% CI, 2.97–3.02]; often/always available at 

home: OR, 5.45 [95% CI, 5.41–5.50]) compared with adolescents living in homes in which 

sugar-sweetened beverages were never available.

The models were formally tested for presence of interaction, and neither school sugar-

sweetened beverage availability nor school neighborhood sugar-sweetened beverage 

availability was found to modify the association between home sugar-sweetened beverage 

availability and adolescent sugar- sweetened beverage consumption. Results were similar in 

sensitivity analyses using parent reports of sugar-sweetened beverage home availability and 

including only dyads in which the reports of sugar-sweetened beverage home availability 

were concordant; statistically significant associations identified in the main analysis were 

statistically significant, although the odds ratios were modestly attenuated (data not shown).

Discussion

In this study, adolescents with more frequent availability of sugar-sweetened beverages at 

home reported higher sugar-sweetened beverage consumption. In contrast with our 
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hypotheses, our results indicate that the association between availability of sugar-sweetened 

beverages in adolescents’ home and self-reported sugar-sweetened beverage consumption 

did not differ by the availability of sugar-sweetened beverages in their school and school 

neighborhood. These findings are consistent with previous studies that demonstrated positive 

associations between sugar-sweetened beverage availability in the home environment and 

dietary behaviors, including sugar-sweetened beverage consumption.26,27 Published 

evidence indicates that the local environment may be an important determinant of dietary 

behaviors and obesity.28,29 Studies have generally shown an association between living in a 

neighborhood in close proximity to certain types of food outlets and the availability of 

healthy food options, dietary quality, dietary intake, and risk of overweight.30–33 However, 

there is a gap in understanding how sugar-sweetened beverage availability in various food 

environmental settings (home, school, neighborhoods) are linked with adolescent sugar-

sweetened beverage consumption.28,34,35

Given the increasing autonomy and independence associated with adolescence,36 in addition 

to the opportunities for adolescents to make their own decisions about drink choices in 

environments outside the home,37 we could consider that parents may believe they have 

limited influence on their child’s sugar-sweetened beverage consumption. Parents may be 

concerned that even if they limit sugar-sweetened beverage availability at home, the 

adolescent will consume these beverages elsewhere. However, more than one-half of 

adolescents’ calories are consumed at home,38 and findings from this study emphasize that 

the home does matter. The study results highlight the important role parents continue to play 

in adolescents’ sugar-sweetened beverage consumption through the drinks they make 

available in the home. Numerous studies demonstrate that the home food environment can 

either facilitate or inhibit healthful eating.39–44 The present study adds to the literature with 

the finding that the availability of sugar-sweetened beverages in the home remains a critical 

factor positively associated with adolescent sugar-sweetened beverage consumption, 

regardless of sugar-sweetened beverage availability in other key food environment settings. 

Thus, parents can be empowered to make small changes in the home to reduce sugar-

sweetened beverage availability and promote healthier diets for their adolescents.

Our findings have implications for pediatric clinical practice. Pediatric providers have the 

opportunity to facilitate discussions with adolescents and parents about obesity prevention 

and the importance of healthy dietary choices during this critical period of development. The 

American Academy of Pediatrics supports the pediatric provider’s role in primary 

prevention of obesity among youth.8 The guidelines recommend that providers encourage 

families to limit sugar-sweetened beverages at home and to focus on family-based 

approaches for obesity prevention. The findings of this study support this approach and 

highlight the critical role of sugar-sweetened beverage availability in the home in sugar-

sweetened beverage consumption by adolescents, even when they are exposed to 

environments outside the home in which sugar-sweetened beverages are readily available. 

Pediatric providers can share this message with parents to highlight the key role they play as 

parents, and to support their efforts to improve their home’s dietary environment by 

eliminating or reducing sugar-sweetened beverages.
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Parental modeling of behaviors related to sugar-sweetened beverage consumption, such as 

their own sugar-sweetened beverage consumption and availability of sugar-sweetened 

beverages at home, may be internalized by adolescents and potentially influence their 

beverage choices away from the home. Thus, parental influence on adolescent sugar-

sweetened beverage consumption may extend further than consumption in the home. Future 

studies can further explore the possible role of parents in affecting adolescents’ sugar-

sweetened beverage consumption through parental modeling and practices, and evolving 

youth independence.41,44,45

Study findings should be considered in light of the following limitations. Compared with the 

national US population, a higher percentage of study participants were of healthy weight, 

had married parents, and had parents with 4 years of college education.41 This may limit the 

generalizability of our results, because sugar-sweetened beverage consumption may differ 

among US adolescents not well represented in the FLASHE cohort. Further examination of 

the associations in this study with more ethnically diverse populations is needed. In addition, 

this study was of cross-sectional design, and thus causal inferences are not possible. 

Regarding the primary outcome of interest (sugar-sweetened beverage consumption), there 

is potential for recall or social desirability bias in self-reporting. Individuals tend to 

underreport their consumption of foods perceived to be unhealthy by underestimating the 

quantity consumed or omitting them altogether.46–48 This study captured multiple types of 

sugar-sweetened beverages, but did not capture coffee-based drinks to include in daily sugar-

sweetened beverage consumption behaviors. Nonetheless, the reporting of sugar-sweetened 

beverage consumption in this study among adolescents is similar to published national 

sugar-sweetened beverage consumption estimates.48 Even though the sugar-sweetened 

beverage consumption measure has limitations, it provides a reasonable estimate of 

consumption and is a feasible option for large-scale studies, given the cost and participant 

burden of gold standard dietary assessments. Another limitation is that the school 

availability measure captures both sugary drinks and junk food in vending machines. The 

impact of this may be minimal, however, given that soda is the most common offering in 

school vending machines, and that 71% of children’s purchases from school vending 

machines are sodas and other sugary drinks.49 Policies around competitive foods (vending 

machines) in schools apply only during school hours, allowing opportunities for students to 

purchase sugar-sweetened beverages before and after school.50 Although the school 

neighborhood availability measure captures the environment around the school, the 

FLASHE data do not include information on the neighborhood around adolescents’ homes 

or other locations that they frequent. These aspects of adolescents’ environments can be 

explored in future studies. Additional limitations of the data include the absence of 

information around the season of data collection, which limits the ability to examine for 

seasonal differences in sugar-sweetened beverage consumption. Self-reported height and 

weight were used to calculate adolescent BMI. A review of the accuracy of self-reported 

height and weight among adolescents found that females underestimated weight more than 

males (range, −4.0 to −1.0 kg vs −2.6 to 1.5 kg), and that height was both overestimated and 

underestimated for both males and females (range, −1.1 cm to 2.4 cm).51 Thus, there may be 

residual confounding by adolescent BMI.
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Our present findings show that, despite the availability of sugar-sweetened beverages in 

school and school neighborhood environments, the home food environment remains an 

important determinant of adolescent sugar-sweetened beverage consumption and hence for 

obesity prevention efforts. Parents can play a critical role in reducing adolescent sugar-

sweetened beverage consumption by limiting or cutting back on the availability of sugar-

sweetened beverages in the home. Pediatric providers are well positioned to reinforce these 

recommendations and to support patients and their families in meeting these guidelines. ■
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Table III.

Multivariable ordinal logistic regression models predicting adolescent (age 12–17 y) sugar-sweetened 

beverage consumption (nondaily, <1; daily, 1-<2; daily, ≥2) stratified by availability of sugar-sweetened 

beverages in the school and local school neighborhood in the FLASHE study, 2014

Sugar-sweetened beverage 
availability at home

Sugar-sweetened beverage consumption

Sugar-sweetened beverages not available in 
school (n = 726)

Sugar-sweetened beverages available in school 
(n = 768)

aOR* 95% CI aOR* 95% CI

Never Reference Reference Reference Reference

Rarely/sometimes 2.75 2.73–2.76 3.06 3.04–3.07

Often/always 5.83 5.80–5.86 5.59 5.56–5.62

Sugar-sweetened beverage 
availability at home

Sugar-sweetened beverage consumption

Sugar-sweetened beverages not available in 
school neighborhood (n = 303)

Sugar-sweetened beverages available in school 
neighborhood (n = 1191)

aOR* 95% CI aOR* 95% CI

Never Reference Reference Reference Reference

Rarely/sometimes 3.00 2.97–3.02 2.89 2.88–2.90

Often/always 5.45 5.41–5.50 5.76 5.74–5.79

*
The sugar-sweetened beverage availability in school model was adjusted for school neighborhood sugar-sweetened beverage availability; 

adolescent age, sex, race, and BMI; and parent sugar-sweetened beverage consumption, marital status and housing insecurity. The sugar-sweetened 
beverage availability in school neighborhood model was adjusted for school sugar-sweetened beverage availability; adolescent age, sex, race, and 
BMI; and parent sugar-sweetened beverage consumption, marital status, and housing insecurity.
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