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Abstract

Background.—More than a third of children and adolescents consume foods from quick-service 

restaurants (QSRs) daily, which is associated with an increased risk of diet-related adverse health 

conditions.

Objective.—To examine trends in the proximity of top-selling QSR chains to all public schools 

across the United States (US) between 2006–2018 by community, school, and student-level 

characteristics.

Design.—This longitudinal study examined changes in the number QSRs between the 2006–

2007 and 2017–2018 school years using data from National Center for Education Statistics, 

Infogroup US Historical Business Data, and the US Department of Agriculture’s Economic 

Research Service.

Statistical analyses performed.—A mixed-model ANOVA using census tract as a random 

effect and accounting for repeated measures by school was used to examine the proximity of QSRs 

near schools. Models adjusted for demographic and census tract population density. Data were 

analyzed in 2021.

Results.—In 2006, 9% of schools had QSRs within 400m, and 25% of schools in the most 

populated areas had at least one QSR within 400m. There were more QSRs near schools with a 

high percentage of poverty (12%), and near schools with high school students with the highest 

population of Black or African American (16%) and Hispanic or Latino (18%) students. By 2018, 

the percent of QSRs within 400m of all public schools increased to 12%. The increase over time 
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was greater near schools with a high percentage of poverty (16%) and near schools with high 

school students with the highest population of Black or African American students (22%) and 

Hispanic or Latino (23%) students.

Conclusions.—This is the first nationwide study to examine trends in QSR proximity to all 

public schools. QSRs were most likely to be located near schools with high school students, near 

schools with a high percentage of poverty, and near schools with a higher proportion of racial 

and ethnic minority students. Over time, there were greater increases in QSRs near these schools 

which may have important implications for children’s health and diet-related disparities.

Keywords

Childhood nutrition; School health; Quick-service restaurants; Geographic information systems; 
Race and income

INTRODUCTION

Over the last half century, consumption of fast food from quick-service restaurants (QSRs) 

has increased, paralleling rates of overweight and obesity among children and adults.1–4 

Because many children, especially adolescents, purchase food outside of school, the 

proximity of QSRs to schools may play a role in contributing to the obesity epidemic. 

A recent systematic review and meta-analysis found that greater access to QSRs was 

associated with children and adolescents’ consumption of fast food.5 On any given day, 

more than a third of children and adolescents ages 2–19 years consume ultra-processed 

foods that are engineered to be hyper-palatable, profitable and convenient, such as pizza, 

fries, desserts, and sugar-sweetened beverages.1, 4–8 Food items such as these may contribute 

to an increased risk of childhood obesity and a lifetime risk of chronic diseases.9,10 

Furthermore, school proximity to QSRs is associated with greater BMI and poorer dietary 

patterns among children.11–14

Preliminary studies in urban areas (i.e., Los Angeles, New York City, and Boston) have 

found roughly a quarter of public schools have at least one QSR within 400m, although 

little is known about other cities or schools in suburban or rural regions.11,12,15 However, 

environments that are laden with unhealthy food choices influence children’s eating habits.16 

Students with QSRs within a half-mile radius (800m) from school (an approximate 10-

minute walk) are more likely to be overweight and eat fewer fruits and vegetables compared 

to students in schools that are not near QSRs.13,14 On any given day, consumption of food 

from QSRs is associated with a greater net caloric intake in children and adolescents’ by an 

average of 126 and 301 calories, respectively.17

Children and adolescents are influenced by their surrounding food environments and the 

demographic make-up of a community dictates the exposure to healthy or unhealthy 

environments.16,18–20 Historically marginalized populations (i.e., students from low-income 

and/or from predominantly racial and ethnic minority areas) have greater exposure to empty-

calorie, low-nutrient foods due to greater geographic proximity to QSRs, compared to 

students who are White or from a high-income background.19–23 The risk of obesity and 

chronic diseases, such as type 2 diabetes and heart disease is higher in these populations.3,24 
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Adolescents are particularly at risk from the potentially close proximity of QSRs near their 

schools as they frequently eat at those establishments.14,19–23,25,26

Few studies have assessed QSRs proximity to schools outside of major United States (US) 

cities. Moreover, few have compared trends over time. Only one study examined the food 

environments that surround public middle and high schools in the US.25 Additionally, there 

is limited research examining the proximity of QSRs to schools with a greater proportion of 

students from low-income and/or predominantly racial and ethnic minority areas. Therefore, 

the purpose of this study was to examine changes in the number of QSR establishments 

(based on the top ten QSR chains in the US) in proximity to all public schools between 

2006–2018 by school- and community-level characteristics. It was hypothesized that there 

would be an increase in QSRs from baseline, particularly among schools with greater 

poverty levels and/or a greater percentage of students who were racial or ethnic minorities.

METHODS

Study Sample

School Data—Using data from the National Center for Education Statistics (NCES) 

the number of all schools across the US and their respective demographics over 12 

school years (2006–2007 through 2017–2018) were examined. 27 Information on the grade 

levels categorizing school type (i.e., elementary, middle, kindergarten through twelfth 

grade [K-12], middle/high school, and primary/middle school [K-8]), school geographic 

coordinates, their respective lowest and highest grades, and basic demographics for public 

schools in the US were compiled.27 Private schools, juvenile detention centers, schools 

that were missing identifying information, and schools with values that were considered 

implausible or potentially unreliable were excluded (i.e., schools listed with a population 

density of zero or schools with a percent poverty change of 20% or higher in less than three 

years during the study period). Out of the total number of schools examined (N=81,633) 

in the 2006–2007 school year, a total of 1,535 schools were excluded. In the analyses 

examining the change in QSRs over time, a total of 634 schools that closed during this time 

were excluded.

Food Establishment Data—Infogroup US Historical Business Data compiles all 

business names and their respective latitudinal and longitudinal coordinates throughout the 

US and is updated on a yearly basis. 28 Each business is classified by a North American 

Industry Classification System (NAICS) code.29 NAICS codes were used to extract the 

nation’s top-ten QSRs with the highest national sales between 2007–2018 (i.e., McDonalds, 

Burger King, Starbucks, Dunkin Donuts, Pizza Hut, Subway, Taco Bell, KFC, Chick-Fil-A, 

and Wendy’s [NAICS code 722513]). 29 These 10 QSRs represented approximately 51.6% 

of all QSRs in 2018.30,31 For the twelve school years, all school locations and QSRs were 

mapped using ArcGIS Pro version 2.2 (ESRI Redlands, CA).32

Measures

Rural-Urban Commuting Area Codes—Rural-Urban Commuting Area (RUCA) Codes 

were acquired from the US Department of Agriculture’s Economic Research Service. RUCA 
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Codes classify US census tracts through measures of population density, urbanization, and 

commuting and are published in tabular format. The RUCA table was linked to census tract 

shapefiles downloaded from the National Historic GIS.33 A spatial join overlay analysis was 

applied from each school to the census tracts, determining the tract the school fell into and 

the related RUCA code.

Demographic Variables—The percentage of the student population by race and ethnicity 

was calculated using data provided by NCES. NCES classifies students by both ethnicity 

(i.e., Hispanic or Latino and non-Hispanic) and race (i.e., Asian, Native Hawaiian or Other 

Pacific Islander, Black or African American, American Indian or Alaska Native, White, or 

more than one race). Students whose ethnicity was classified as Hispanic or Latino were 

not included in the race categories for this study. Due to the small percentage of students 

who were classified as Native Hawaiian or Other Pacific Islander (<1%), this category 

was combined with the percentage of students who were classified as Asian. Similarly, 

because less than 1% of students in the dataset were classified as having more than one 

race, they were not included in the final dataset. Social Explorer was used to download 

and identify the socioeconomic characteristics of the communities surrounding the schools, 

including poverty data (i.e., the percentage of families at or below the poverty level within 

a given year) from the US Census Bureau, American Community Survey at the census tract 

level.34 The poverty data were matched to each school for each school year. This study was 
determined institutional review board exempt.

Statistical Analysis

Descriptive statistics were used to characterize all US public schools at baseline (2006–

2007) including school type (e.g., elementary, middle, high, etc.) and student race and 

ethnicity, as well as census tract characteristics of the area surrounding the schools (i.e., 

urbanicity, poverty and population density). The percentage of schools with QSRs within 

400m was also calculated. Quartiles by the percentage of students’ race and ethnicity and 

family poverty were calculated with the highest quartile (Q4) having the greatest percentage. 

States were separated into four regions based on the US Census Bureau, Census Regions and 

Divisions.35 Multi-level ANOVA accounting for clustering of observations (census tract as a 

random effect using SAS PROC MIXED) was used to examine cross-sectional differences 

in the number of QSRs in proximity to public schools by race and ethnicity, poverty, 

and school type for the 2006–2007 school year. Population density and urbanicity were 

examined as covariates in the models; due to multicollinearity (assessed by examining the 

variance inflation factor [VIF]), urbanicity was not included in the final models.

To examine changes in the number of QSR locations near schools over time between 

2006 and 2018, a mixed model ANOVA was used, with census tract as a random effect 

and accounted for repeated measures by school (using SAS PROC MIXED). Models 

were adjusted for school demographics (i.e., racial and ethnic composition of schools and 

percent poverty within the school) and census tract population density. Students’ racial 

and ethnic composition in schools was adjusted for (specifically the percentage of students 

who were Black or African American and Hispanic or Latino) because prior research has 

suggested that there are more QSRs located closer to certain racial and ethnic groups, 
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in comparison to schools with a predominantly White student body and communities 

surrounding schools.36,37 An interaction term between year and percent poverty, as well as 

between year and race and ethnicity were also examined in secondary analyses. Multilevel 

model assumptions (functional form, normality, and homoscedasticity) were tested and there 

was no evidence of a violation of such assumptions.38 P-values were considered significant 

at the 0.05 level. The analyses were conducted using SAS version 9.4, SAS Institute, Cary, 

NC.39

RESULTS

Table 1 shows the demographic characteristics by school type for the 2006–2007 school year 

(n=80,098). Most schools were in urban areas. The mean percentage of families at or below 

the poverty level within a given year ranged from approximately 11% (± 10%) to 14% (± 

12%). On average, 53% (± 38%) to 69% (± 34%) of students in the public schools included 

in the study were classified as White. During the 2006–2007 school year there was a mean 

of 0.1 (± 0.5) to 0.2 ± (0.8) QSRs within 400m of public schools. Additionally, during the 

same school year, there was a mean of 0.5 (± 1.2) to 0.7 (± 1.6) QSRs within 800m of public 

schools.

The results of the cross-sectional analysis for the 2006–2007 school year are presented in 

Table 2. The Northeast region of the US had the highest mean number of QSRs within 

800m of schools (0.71; [SE: 0.03]). Race and ethnicity were statistically significantly 

associated with the number of QSRs in proximity to schools. Schools in the highest 

quartile of percentage of Hispanic or Latino students had on average more QSRs within 

400m compared with schools in the lowest quartile (0.18 vs. 0.15 [SE: 0.01]; p=.0003), 

and on average more QSRs within 800m (0.68 vs. 0.57 [SE: 0.02 vs. 0.57]; p<.0001). 

Among schools with the highest proportion of Black or African American students, no 

statistically significant differences were observed in the mean number of QSRs within 400m 

or 800m compared with schools in the lowest quartile. Additionally, schools with high 

school students had statistically significantly more QSRs compared to elementary schools. 

Specifically, high schools had a mean of 0.19 more QSRs within 400m of schools [SE: 0.01; 

p<.0001] and a mean of 0.70 more QSRs within 800m of schools [SE:0.01; p<.0001]) within 

their respective 400m and 800m buffer zones compared with elementary schools.

In secondary analyses examining the percent of schools with QSRs within 400m during 

the 2006–2007 school year, 9% of all schools were located near QSRs (range 0–24). 

Specifically, 8% of elementary schools were near QSRs and 10% of schools with high 

school students (K-12, middle/high, and high schools) were near QSRs during the 2006–

2007 school year (Figure 1). Twelve percent of schools in high poverty areas were within 

400m of QSRs compared with 8% of schools in the lowest poverty areas. Additionally, 25% 

of schools in areas with the highest population density were located near QSRs compared 

with less than 1% of schools in the least dense areas (0.9%). When examining differences 

by race/ethnicity, 13% of schools with the highest proportion of Hispanic or Latino students, 

and 12% of schools with the highest proportion of Black or African American students were 

near QSRs compared with 6% of schools with the lowest proportion of students who were 

racial or ethnic minorities. When specifically examining schools with high school students, 
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18% of schools with a higher proportion of Hispanic or Latino students and 16% of schools 

with a higher proportion of Black or African American students were within 400m of QSRs 

compared with 6% of schools with the lowest proportion of students who were Black or 

African American or Hispanic or Latino.

Table 3 shows the annual change in the number of QSRs near schools throughout the 

US from the 2006–2007 school year through the 2017–2018 school year. There was a 

mean of 0.003 (95% CI: 0.003–0.004; p<.0001) more QSRs within 400m of all public 

schools per year (i.e., a mean increase of 0.036 QSRs over the twelve-year time period). 

When examining differences by region, there was a mean difference of 0.03 to 0.06 fewer 

QSRs per year within 400m of schools during this time period in the Midwest, South, and 

West compared with the Northeast. Race and ethnicity continued to be associated with the 

number of QSRs in proximity to schools over time. There were on average 0.008 (95% CI: 

0.002–0.01; p=.004) more QSRs per year within 400m of schools in the highest quartile of 

percentage of Black or African American students in the schools compared to schools in 

the lowest quartile of percentage of Black or African American students. Similarly, over this 

time period there was a mean of 0.05 (95% CI: 0.04–0.06; p<.0001) more QSRs per year 

within 400m of schools in the highest quartile of percentage of Hispanic or Latino students 

in the schools compared to schools in the lowest quartile (0.01 [95% CI: 0.008–0.02; 

p<.0001]). Additionally, compared with elementary schools, there were more QSRs within 

400m of middle schools, K-8, K-12, middle/high schools and high schools. Specifically, 

near high schools, there were on average, 0.11 (95% CI: 0.10–0.11; p<.0001) more QSRs 

within 400m. There were no statistically significant differences observed between the lowest 

and highest quartiles of poverty.

In secondary analyses examining the change in percentage of schools with QSRs within 

400m over this time, there was a 3-percentage point increase in the percent of schools 

near QSRs (i.e., 12% of schools in 2017–2018 compared with 9% in 2006–2007 [data 

not shown]). There was a 4-percentage point increase in QSRs near schools in the highest 

poverty areas (i.e., 16% of schools were within 400m of QSRs in 2017–2018), and a 

9-percentage point increase in QSRs near schools in areas with the greatest population 

density (i.e., 34% of schools were within 400m of QSRs in 2017–2018).

Online Supplementary Table 4 examines the interaction between time and race and ethnicity 

and poverty. Overall, there were statistically significant interactions by race and ethnicity 

and percent poverty (p<.0001). The mean annual increase was greater for schools in the 

highest quartile of Black or African American students (0.002 QSRs per year [95% CI: 

0.0008–0.003; p=.0006]) and Hispanic or Latino students (0.006 QSRs per year [95% CI: 

0.004–0.007; p<.0001]) compared to schools in the lowest quartile of percentage of Black 

or African American and Hispanic or Latino students. By the 2017–2018 school year, 

17% of schools with the highest percentage of Black or African American and Hispanic 

or Latino students were within 400m of QSRs, representing an overall 5-percentage point 

increase (compared with 12% of these schools in 2006–2007) and an overall 4-percentage 

point increase among schools with the greatest percentage of Hispanic or Latino students 

(compared with 13% of these schools in 2006–2007). Conversely, during this time, there 

was only a 2-percentage point increase among schools with the greatest percentage of 
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White students (7% in 2017–2018 versus 5% in 2006–2007). Similar differences by race 

and ethnicity were observed when limiting to only high school students (Figure 2). There 

was a 6-percentage point increase among schools with a higher proportion of Black or 

African American high school students (22% of schools in 2017–2018 compared with 

16% of schools in 2006–2007) and a 5-percentage point increase among schools with a 

higher proportion of Hispanic or Latino high school students (23% of schools in 2017–

2018 compared with 18% in 2006–2007). During this same time period, there was only a 

2-percentage point increase among schools with the highest percentage of White students 

during this same time period (7% in 2017–2018 versus 7% in 2006–2007).

Additionally, in these analyses there was a statistically significant interaction in the quartile 

with the highest poverty (0.002 [95% CI: 0.001–0.003; p=.0001]) highlighting that the mean 

increase in QSRs within 400m of schools was greater in communities with high poverty. 

There was a 4-percentage point increase in the percent of schools near QSRs in the highest 

poverty areas (16% of schools in 2017–2018 versus 12% in 2006–2007) compared with a 

2-percentage point increase in schools in the lowest poverty areas (10% of schools in 2017–

2018 versus 8% in 2006–2007). When specifically examining schools with high school 

students, there was a 6-percentage point increase in the percent of schools near QSRs in the 

highest poverty areas (20% of schools in 2017–2018 versus 14% in 2006–2007) compared 

with a 3-percentage point increase in schools in the lowest poverty areas (13% of schools in 

2017–2018 versus 10% of schools in 2006–2007).

DISCUSSION

This study examined the change in the number of QSRs in proximity to all US public 

schools by region, community and school-level and student characteristics. In cross-

sectional models, there were on average more QSRs near schools with adolescents (e.g., 

high schools and K-12 schools) and schools with a greater percentage of students who were 

Hispanic or Latino. Over time, there was an increase in the number of QSRs within 400m 

of schools from 2006 to 2018. This increase is a 3-percentage point increase in the percent 

of US schools near QSRs, with over 1 in 10 public schools within 400m of QSRs by the 

2017–2018 school year. Importantly, these increases were even greater in high poverty areas 

(i.e., an average 4-percentage point increase) and in areas with higher population densities 

(i.e., an average 9-percentage point increase) with over a third of schools in areas with the 

highest population density near QSRs.

Disparities by race and ethnicity also were observed during this time period with an average 

5-percentage point increase in the percentage of schools with a greater proportion of Black 

or African American or Hispanic or Latino students near QSRs. By 2017–2018, nearly 1 

in 5 schools with a higher proportion of Black or African American high school students 

and almost 1 in 4 schools with a higher proportion of Hispanic or Latino high school 

students were within 400m of QSRs. This poses meaningful, real-world implications as the 

data indicate an increase of QSRs near schools, particularly in underserved neighborhoods; 

this may have the potential to influence the eating habits of children and adolescents and 

contribute to dietary disparities.
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These results are consistent with a previous study conducted by James and colleagues 

that analyzed the changes in the food environment over 40 years (1971–2008) using data 

from the Framingham Heart Study in four Massachusetts towns.40 Over this period, most 

food establishments increased. There were increases in density and proximity of QSRs to 

homes and workplaces and access to fast food increased over time for those in low poverty 

census tracts. The results are also consistent with studies that have previously examined food 

environments that surround schools and examined associations between race and ethnicity, 

socioeconomic status and QSR proximity to schools in a few larger US cities.15,19,23,40,41A 

study conducted in Los Angeles estimated that 23% of public schools had at least one 

QSR within 400m and 65% of schools had at least one QSR within 800m.15 There was 

also a greater density of QSRs near high schools than middle and elementary schools. 

Similarly, in New York City, at least 25% of public schools had one QSR within 400m 

and in Boston, 84% of schools had at least one QSR within 800m.19,42 Additionally, three 

studies found that Hispanic or Latino students are more likely to attend schools in proximity 

to QSRs.23,24,37 QSRs may be locating near schools with older students, as adolescents 

have some financial resources, freedom in their food choices and ability to visit QSRs, in 

comparison to younger students.43,44

Previous research suggests that QSRs use targeted food marketing techniques to influence 

children who are from predominantly low-income and/or racial and ethnic areas.45,46 

In 2017, US food companies spent over $1 billion to advertise their food products 

to historically marginalized populations.47 Black or African American and Hispanic or 

Latino children and those from low-income backgrounds have viewed more QSR food 

advertisements than their White peers and QSRs in these areas have more unhealthy items 

on their children’s menus.46 This study found that students who are adolescents, and/or in a 

low-income and/or predominantly racial and ethnic minority area are more likely to attend 

school near a QSR. This could have important health implications because previous research 

suggests that QSRs may be associated with unhealthy eating habits and health disparities 

among the nation’s youth.1,4,7,8

This study had several strengths. The 400m or 800m proximity of QSRs to school is about 

a 5–10-minute walk and most children could walk to these establishments. The time period 

covers twelve school years and is longer than any similar study to date. This study also 

relied on data from the ten largest QSR chains in the US. These ten are consistently available 

in all 50 states, represent over half of all QSR locations across the country and had the 

highest national sales between 2007 and 2018.30,31 The use of buffer zones allowed for 

greater accuracy in modeling the food establishments and their distances from schools. 

Also, the rich within-school data was able to account for school- and community-level 

characteristics. Lastly, this study was nationally comprehensive in that it analyzed changes 

in all school districts across the US for over a decade.

This study also had limitations. The 400m and 800m proximity was based solely on distance 

from a school. It did not consider street networks. The dataset combined Asian with Native 

Hawaiian or Other Pacific Islander. As Native Hawaiian or Other Pacific Islanders have 

been recognized as a separate racial group, future studies should examine differences in 

the number of QSRs in these communities. This study did not include all regional chains 
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and local/independent QSRs across the US. This study did not include schools’ open or 

closed-campus lunch policies or student purchasing data. Additionally, this study did not 

account for impact on students’ diets and related health outcomes, and future research 

should examine these outcomes.

CONCLUSION

This study examined the trends in the number of QSRs in proximity to nearly all public 

schools in the US across twelve school years (2006–2007 through 2017–2018). This study 

found that the number of QSRs has increased near schools with high school students, near 

schools with higher poverty levels, and near schools in areas with high proportions of racial 

and ethnic minorities. These results may have an important impact on childhood diet and 

health outcomes over time and highlight the need to address inequitable food environments 

and health disparities that continue to exist.

Future studies should examine inequitable food environments surrounding schools, open 

and closed-campus lunch policies, the rate of student frequency at QSRs in proximity to 

their schools and impact of QSR food consumption during the school day on students’ diet 

and health outcomes over time. Future studies should also consider all QSRs near schools 

including regional, local and independent establishments and examine the impact of other 

proximal store types (i.e., grocery and convenience stores) on student health outcomes. 

Lastly, future research should examine the impact of zoning regulations that limit the 

number of QSRs near schools or regulations that limit QSRs marketing to children.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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RESEARCH SNAPSHOT

Research Question:

Has the number of quick-service restaurants (QSRs) in proximity to United States public 

schools changed over time by community, school, and student-level characteristics?

Key Findings:

This study examined trends in QSR proximity to public schools from 2006–2018. Over 

time, the number of QSRs increased near schools with high school students, near schools 

with a higher percentage of Black or African American and Hispanic or Latino students 

and near schools with a higher percentage of students from low-income backgrounds.
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Figure 1. 
The percent of schoolsa with quick service restaurants (QSRs) within 400m during the 

2006–2007 school year by poverty levels, population density, race, and ethnicityb.
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Figure 2. 
Change in the percentage of schools with high school studentsa within 400m of quick 

service restaurants (QSRs) by race, ethnicity, and poverty levelsb (2006–2018)
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Table 2.

Association between the mean number of QSRs
a
 near public schools in the US by region, school type 

and school- and community-level demographics for the 2006–2007 school year
b

Variables Mean number of QSRs within 400m
c 

(SE)
d

p-value Mean number of QSRs within 800m (SE) p-value

Region e 

Northeast (Ref)
f 0.20 (0.01) 0.71 (0.03)

Midwest 0.16 (0.01) 0.0006 0.63 (0.02) 0.006

South 0.15 (0.01) <.0001 0.58 (0.02) <.0001

West 0.15 (0.01) <.0001 0.60 (0.02) 0.002

School Type

Elementary (Ref) 0.12 (0.004) 0.52 (0.01)

Middle 0.14 (0.01) <.0001 0.58 (0.01) <.0001

K – 8 0.14 (0.01) 0.002 0.55 (0.02) 0.08

K – 12 0.22 (0.01) <.0001 0.76 (0.03) <.0001

Middle/High 0.17 (0.01) <.0001 0.66 (0.02) <.0001

High 0.19 (0.01) <.0001 0.70 (0.01) <.0001

Percent Race and ethnicity (Quartiles) g 

Black or African American

Q1(Ref) 0.16 (0.01) 0.61 (0.01)

Q2 0.16 (0.01) 0.53 0.61 (0.01) 0.82

Q3 0.17 (0.01) 0.85 0.65 (0.01) 0.003

Q4
h 0.17 (0.01) 0.43 0.64 (0.02) 0.05

Hispanic or Latino

Q1(Ref) 0.15 (0.01) 0.57 (0.01)

Q2 0.16 (0.01) 0.01 0.60 (0.01) 0.008

Q3 0.17 (0.01) 0.0003 0.67 (0.02) <.0001

Q4 0.18 (0.01) 0.0003 0.68 (0.02) <.0001

Percent Poverty i 

Q1(Ref) 0.16 (0.01) 0.60 (0.02)

Q2 0.17 (0.01) 0.009 0.64 (0.01) 0.002

Q3 0.17 (0.01) 0.08 0.66 (0.01) <.0001

Q4 0.16 (0.01) 0.23 0.62 (0.01) 0.25

a
QSR, quick-service restaurant.
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b
Results are calculated using a multi-level model, including census tract as a random effect, and adjusted for population density and school 

demographics.

c
Calculated using Least Squares Means.

d
SE, Standard Error.

e
Regions are based on the U.S. Department of Commerce Economics and Statistical Administration US Census Bureau: Census Regions and 

Divisions of the United States.35

f
Ref, reference group.

g
The percentage of race and ethnicity of students within each school was calculated from data from NCES. 27 The race category ‘Black or African 

American’ excluded students who were also classified as Hispanic or Latino.

h
Q4 has the highest percentage of student race and ethnicity per school and percentage of poverty per community.

i
The percentage of poverty in the community surrounding the school was obtained from data from Social Explorer at the census tract level. 34
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Table 3.

The mean annual change in QSRs 
a
 within 400m of public schools by school type and school- and community-

level characteristics (2006–2018)
b

Variables β-coefficient (95% CI) 
c p-value

QSR (overall) 0.003 (0.003 to 0.004) <.0001

Region d 

Northeast Reference

Midwest −0.03 (−0.05 to −0.008) 0.007

South −0.05 (−0.07 to −0.03) <.0001

West −0.06 (−0.08 to −0.04) <.0001

School Type

Elementary Reference

Middle 0.03 (0.02 to 0.03) <.0001

K-8 0.02 (0.02 to 0.03) <.0001

K-12 0.14 (0.14 to 0.15) <.0001

Middle/High 0.09 (0.08 to 0.09) <.0001

High 0.11 (0.10 to 0.11) <.0001

Percent Race and ethnicity e 

Black or African

American

Q1 Reference

Q2 −0.003 (−0.007 to 0.001) 0.18

Q3 0.0005 (−0.004 to 0.005) 0.84

Q4
f 0.008 (0.002 to 0.01) 0.004

Hispanic or Latino

Q1 Reference

Q2 0.01 (0.008 to 0.02) <.0001

Q3 0.03 (0.02 to 0.03) <.0001

Q4 0.05 (0.04 to 0.06) <.0001

Percent Poverty g 

Q1 Reference

Q2 0.004 (−0.00002 to 0.007) 0.05

Q3 0.01 (0.005 to 0.014) <.0001

Q4 −0.002 (−0.006 to 0.003) 0.50

a
QSR, quick-service restaurant.
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b
Results are calculated using mixed-model ANOVA, including census tract as a random effect and school as a repeated measure and adjusted for 

population density and school demographics.

c
β-coefficient is the mean annual change in the number of QSRs within 400m of schools (e.g., for every year, the mean number of QSRs increased 

by 0.003. Over the twelve-year study, the mean increase in QSRs within 400m of schools was 0.036).

d
Regions are based on the U.S. Department of Commerce Economics and Statistical Administration US Census Bureau: Census Regions and 

Divisions of the United States. 35

e
The percentage of race and ethnicity of students within each school was calculated from data from NCES.27 The race category ‘Black or African 

American’ excluded students who were also classified as Hispanic or Latino.

f
Q4 has the highest percentage of student race and ethnicity per school and percentage of poverty per community.

g
The percentage of poverty in the community surrounding the school was obtained from data from Social Explorer at the census tract level. 34
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