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Abstract

Introduction: Previous research has observed income or racial/ethnic inequalities in fast food 

restaurant (FFR) availability near schools. The purpose of this study was to investigate changes in 

FFR availability near schools between 2000 and 2010 by school-neighborhood income, race/

ethnicity and urbanicity.

Methods: Using data from 7,466 California public schools, negative binomial regression models 

estimated relative ratios to evaluate the income gradient in FFR availability, examine differences in 

the income gradient in FFR availability between 2000 and 2010, and investigate if FFR availability 

changed in 2010 versus 2000, stratified by race/ethnicity and urbanicity. Analyses were conducted 

in 2018 and early 2019.

Results: In urban areas, there was a negative school-neighborhood income gradient in FFR 

availability in both 2000 and 2010, and across all race/ethnic groups, except majority African 

American schools. The income gradient in FFR availability was steeper in 2010 relative to 2000 

among Latino majority urban schools. FFR availability increased in 2010 relative to 2000 among 

majority African American, majority Latino, and majority Asian schools in the least affluent 

neighborhoods. Among majority white schools in similar neighborhoods FFR did not change, but 

declined in the most affluent school neighborhoods. In non-urban areas, the income patterns in 

FFR availability were less clear, and FFR availability increased among majority white and Latino 

schools within the middle neighborhood income tertile.

Conclusions: These findings suggest the need for future interventions to target schools in low-

income urban neighborhoods. Additionally, reducing child health disparities and improving health 

for all children requires monitoring changes in the food environment near schools.
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INTRODUCTION

Attention to food environments1–8 is increasing in efforts to improve diet, body weight, and 

overall health. Among children, the fast food environment near schools9, 10 may be uniquely 

relevant, given that children spend large amounts of time in or around schools.11, 12 Fast 

food restaurant (FFR) availability may be particularly important, as FFRs tend to cluster 

around schools,13, 14 fast food is often calorie dense,15 and fast food has been associated 

with unhealthy diets,16–18 greater likelihood of child obesity,19 and weight gain.20, 21

In the U.S., the number of FFRs has increased since 2007 to nearly a quarter million in 

2018.22 It remains unclear whether such increases have occurred evenly across 

neighborhoods based on income, race/ethnicity, and urbanicity. Cross-sectional studies using 

nationwide U.S. data10, 23 and data within single cities (such as New York,24 Chicago,14 

Montreal,25 and Adelaide26) and Los Angeles county27 found greater FFR concentrations 

among schools in socioeconomically disadvantaged neighborhoods compared with schools 

in affluent neighborhoods,9, 10, 23–26 though one study did not find this pattern.28 

Furthermore, most, though not all,10 studies have observed greater FFR concentrations near 

majority Latino and African American schools relative to schools attended by majority white 

students,13, 29–31 and greater FFR densities near schools in urban versus non-urban areas.10 

A New Zealand study noted temporal increases in FFR concentrations around schools in 

socioeconomically deprived compared with less deprived neighborhoods.32

Little U.S.-based research has examined whether school-neighborhood income inequalities 

in FFR availability have changed over time, or whether income patterns in FFR availability 

depend on schools’ racial/ethnic composition. Examining income patterns by race/ethnicity 

separately is important, given that they are often inter-related.

Using statewide data from California public schools linked with fast food outlets, this study: 

(1) investigated school-neighborhood income patterns in FFR availability, (2) examined if 

such patterns varied between 2000 and 2010, and (3) evaluated changes in FFR availability 

in 2010 (versus 2000) for each level of school-neighborhood income, all within strata 

defined by school racial/ethnic composition and urbanicity.

METHODS

Study Sample

Statewide public school data were obtained from the California Department of Education33; 

schools were geocoded based on addresses using ArcGIS Desktop software, version 10.3. 

Publicly available student enrollment data from the California Department of Education’s 

website34 were used to determine the racial and ethnic composition of each school’s student 

population. Primary, middle and high schools that were open in both 2000 and 2010 and had 

student enrollment data were included.

Statewide FFR locations were obtained from the National Establishment Time Series 

database35 for 2000 and 2010. FFR chains were identified as those that appear on the list of 

fast food eating places regardless of Standard Industry Classification code; non-chains were 
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identified with codes for outlets that specialized in low preparation time foods that are eaten 

cafeteria style (no waiter service) or takeaway.

Census tract membership was determined for each school, and tract-level annual median 

household income was obtained from the 2000 and 2010 Census.36, 37

Proprietary Nielsen PRIZM urbanization data from 201338 were used to classify school 

locations.

Measures

The number of FFRs was calculated within each school’s 0.75-mile network buffer for 2000 

and 2010. Consistent with previous studies,39, 40 the authors used a network analysis41 at 

this distance because it represents a reasonable walking distance.42

Schools were classified into one of six “majority” racial or ethnic categories if >50% of their 

student enrollment from 2000 fell into one of the following groups: African American 

(n=119), Asian (n=128), Latino (n=2,560), or white (n=2,983). Schools with no majority 

racial/ethnic student enrollment were classified as no majority (n=1,644). Schools with 

majority other race/ethnicity students (n=32) were excluded given small sample sizes.

Income tertiles were constructed (lowest, middle, and highest) based on the distributions of 

school-neighborhood income level for 2000.

Schools were categorized into urban and non-urban areas; the latter combined rural, 

suburban, and second cities. Although population density is often a driver of 

commercialization and fast food availability, urbanicity levels were preferred over separately 

adjusting for population density because the Nielsen urbanicity data already account for 

population density.

Statistical Analysis

Mean counts of FFRs within schools’ 0.75-mile network buffer were calculated by 

neighborhood income tertiles. All analyses were stratified by urbanicity because previous 

research found urbanicity differences in FFR availability,43 students of color are typically 

concentrated in urban areas, and the analysis explicitly focused on the income gradient 

within racial/ethnic groups. Because the FFR counts exhibited overdispersion, negative 

binomial regression models were constructed to address three objectives for each racial/

ethnic group: (1) separately quantify FFR availability for 2000 and 2010 across the income 

gradient (based on annual median household income in 2000), (2) test differences in the 

income gradients in FFR availability between 2000 and 2010, and (3) quantify changes in 

FFRs in 2010 compared with 2000 for each neighborhood income tertile. The models were 

fitted by school’s racial/ethnic student majority using a generalized estimating equations 

framework to account for correlations between two observed counts (2000 and 2010) within 

the same schools. These models quantified the associations of interest described above by 

including a cross-product term between school neighborhood income and year. 

Combinations of regression coefficients from the interaction models were exponentiated to 

calculate relative ratios (RRs) to capture differences among income tertiles within each year 
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and between years within each income group. To achieve Objective 2, tests for the 

significance of the interaction coefficients were conducted. Combinations of regression 

coefficients from these models were also used to obtain model-estimated means of FFRs for 

each income tertile, and means were plotted. Although the a priori interest was to address 

Objectives 1–3 within each racial/ethnic group, a model that included all racial/ethnic 

groups combined was fitted, along with a model that tested the three-way interaction among 

neighborhood income, time, and race/ethnicity. All p-values are two sided. Analyses were 

conducted in R, version 3.5.2_. Analyses were conducted in 2018 and early 2019. The study 

did not involve human subjects and therefore was exempted from IRB review.

RESULTS

A total of 7,466 public schools comprised the analytic sample; 42% and 58% were located 

in urban and non-urban areas, respectively (Table 1). In urban areas, mean FFR counts were 

highest in the lowest income tertile and lowest in the highest income tertile, and majority 

Latino schools made up more than half of all schools in the low (71%) and middle (55.8%) 

neighborhood income tertiles. In non-urban areas, mean FFR counts were roughly similar 

across income tertiles, and majority white schools made up nearly half of all schools in low 

(46.6%) neighborhood income tertiles, and more than half of all schools in middle (55.4%) 

and high (69.4%) neighborhood income tertiles. Majority African American and Asian 

schools had no or limited representation in some income tertiles and urbanicity groups.

In urban areas, there was a negative neighborhood income gradient in FFR availability 

among all schools combined in both 2000 and 2010 (Table 2). That is, schools in the middle 

and highest neighborhood income tertiles had significantly (p<0.001) lower concentrations 

of FFRs compared with the lowest neighborhood income tertile, in both years. The ratio of 

the number of FFRs in these tertiles relative to the lowest tertile (i.e., RR) ranged from 0.59 

to 0.79. As evidenced by the estimated mean counts in Figure 1, the negative gradient was 

fairly linear.

The negative neighborhood income gradient in FFR availability was significantly steeper in 

2010 versus 2000 (Figure 1). Within the lowest (RR=1.10) and middle (RR=1.06) 

neighborhood income tertiles, FFR availability near schools significantly increased in 2010 

compared with 2000 (Table 3). Within the highest income tertile, FFR availability did not 

change.

In both 2000 and 2010, a negative neighborhood income gradient in FFR availability was 

present among majority Latino schools, majority white schools, majority Asian schools, and 

schools with no racial/ethnic majority, with smaller FFR concentrations in the middle and 

highest neighborhood income tertiles relative to the lowest tertile. For majority white 

schools and those with no racial/ethnic majority, the income differences in FFR availability 

were significant only between the lowest and highest neighborhood income tertiles (Figure 

1, Table 2). Among majority African American schools, FFR concentrations were similar in 

the middle income tertile, and smaller in the highest income tertile relative to the lowest 

income tertile, though none of the differences were significant. Majority Asian and African 
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American schools had small sample sizes, thus estimates for these groups should be 

interpreted with caution.

The school-neighborhood income gradient in FFR availability was significantly different in 

2010 compared with 2000 among majority Latino schools (Figure 1; p=0.02), majority white 

schools (Figure 1; p=0.09), and majority Asian schools (Figure 1; p=0.07). These significant 

variations may have been driven by significant increases in FFR availability in 2010 relative 

to 2000 among majority Latino schools in the lowest (RR=1.12) and middle income 

(RR=1.07) tertile neighborhoods, among Asian schools in the lowest tertile (RR=1.10), and 

FFR decreases among majority white schools in the highest income tertile (RR=0.93) (Table 

3, Figure 1).

The income pattern in FFR availability did not differ significantly between 2000 and 2010 

among schools with no racial/ethnic majority (p=0.80) or majority African American 

schools (p=0.74). Nevertheless, among majority African American schools, in 2010 

compared with 2000, FFR availability increased significantly in the lowest and middle 

income tertiles (Table 3; RR=1.19 and 1.27, respectively); the increase within the highest 

income tertile (RR=1.24) was not statistically significant. Among schools with no racial/

ethnic majority, FFR availability increased significantly in 2010 versus 2000 in the middle 

and highest income tertiles (RR=1.07 and 1.07, respectively; Table 3).

In non-urban areas, among all schools combined, there was a shallow negative income 

gradient in FFR availability in 2000, with only the highest compared with the lowest income 

tertile (Table 2, Figure 1) having a significantly lower number of FFRs. In 2010, the pattern 

resembled an inverted V shape: Schools in the highest income tertile had significantly fewer 

FFRs (RR=0.86) than those in the lowest tertile; differences between the middle and lowest 

tertiles were not statistically significant. The neighborhood income pattern in FFR 

availability varied significantly (p=0.02) by year (Figure 1). A significant increase in FFR 

availability in 2010 (versus 2000) was found among schools within the middle neighborhood 

income tertile (RR=1.07; Table 3).

In both 2000 and 2010, there was a negative neighborhood income pattern in FFR 

availability for schools without a racial/ethnic student majority, with significant differences 

between the highest and lowest income tertiles. Majority Latinos schools exhibited an 

inverse V-shaped pattern, with significant differences between the middle and lowest income 

tertiles in both years. Among majority white schools, a negative gradient in FFR availability 

was present in 2000 and a flat pattern in 2010; none of the income differences were 

significant.

The neighborhood income patterns in FFR availability differed significantly between 2000 

and 2010 (Figure 1, Table 3) only among majority white schools. For majority white and 

majority Latino schools, FFR availability respectively increased significantly by 10% and 

11% in the middle tertile of neighborhood income (Table 3). Insufficient data precluded 

examination of these patterns among majority African American or Asian schools in non-

urban areas.
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DISCUSSION

This study observed a significant negative neighborhood income pattern in FFR availability 

near urban schools in 2000 and 2010, and across all race/ethnic groups—except schools with 

majority African American students. The neighborhood income pattern was significantly 

steeper in 2010 versus 2000 among majority Latino schools. Additionally, FFR availability 

increased in 2010 versus 2000 among urban schools with majority Latino, African 

American, and Asian student enrollment and that were located in the least affluent 

neighborhoods. For schools with majority white students, FFR availability declined among 

those in the most affluent neighborhoods but did not change in lowest and middle tertiles of 

neighborhood income. In non-urban areas, the school-neighborhood income patterns in FFR 

availability were not as clear, with evidence of a small variation in the income pattern over 

time among all schools and majority white schools. FFR availability increased in 2010 

versus 2000 among majority white and Latino schools within the middle tertiles of 

neighborhood income.

To the authors’ knowledge, this is one of the first studies to examine school neighborhood 

income patterns in FFR availability and changes in those relationships over time, within 

racial/ethnic composition of schools and urbanicity. As in prior research,9, 10, 23–26 this study 

observed greater FFR concentrations in the lowest and middle tertiles of school-

neighborhood income relative to those in the highest income tertiles. This finding contrasts 

with findings from a study in Chicago14 that found clustering of FFRs near schools in the 

highest median (≥$43,700) but not in lower-income neighborhoods. Differences between 

findings from this and the present study may be related to the spatial scales (e.g., 0.5-mile 

circular versus 0.75-mile network buffers) and neighborhood income measures used (e.g., 

the Chicago study calculated area-weighted average of block groups intersecting school 

buffers to assign income values to schools, whereas this study used annual median 

household income of residents within school’s Census tracts).

Novel contributions of this study include the observed changes in FFR availability near 

schools in 2010 compared with 2000, by school-neighborhood income and racial/ethnic 

composition, primarily, though not exclusively, in urban areas. The steeper neighborhood 

income gradient in FFR availability observed in 2010 versus 2000 among majority Latino 

urban schools suggests widening school neighborhood income inequalities in FFR within 

majority Latino schools. Furthermore, the patterning of FFR availability in 2010 appeared to 

be shaped by both school neighborhood income and school racial/ethnic composition. 

Specifically, in alignment with prior research schools32 compared with 2000, in 2010, FFR 

availability increased near majority Latino and African American schools in the least 

affluent neighborhoods. However, there were no changes among majority white schools 

within similar neighborhoods, and FFR availability decreased significantly by 7% in the 

most affluent neighborhoods. In 2010, the mean FFR counts tended to be more similar 

across all racial/ethnic majority urban schools, which may be related to the aforementioned 

changing patterns by income and race/ethnicity.

The present study results have implications for programs and policies intended to reduce 

inequalities in physical environments and eliminate health disparities—major public health 
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goals in the U.S.44 If income gradients in FFR availability continue to widen, particularly 

among schools with high concentrations of students of color, one might expect to observe 

pronounced racial/ethnic disparities in exposure to FFRs. The Institute of Medicine 

recommended that local governments enact policies limiting the number of FFRs near 

schools.45 These efforts must simultaneously consider neighborhood income, school racial/

ethnic composition, and urbanicity. As shown in this study, the income pattern in FFR 

availability near urban schools was present regardless of the school’s racial/ethnic majority 

of students and time period. When school type (i.e., elementary/primary, middle, and high 

schools) or school majority race/ethnicity was included in the models, the gradient in FFR 

availability and the patterns of results remained unchanged (data not shown). Programmatic 

efforts to improve the food environment and promote health equity may prioritize low-

income urban neighborhoods, given that the greatest concentrations of FFRs were observed 

near schools in these areas, irrespective of school’s racial/ethnic student majority. Moreover, 

a high proportion of schools serving students of color in California were concentrated in 

socioeconomically disadvantaged urban areas.

Limitations

This study has several limitations. First, FFR location information tends to be less accurate 

in lower-income neighborhoods46; however, owing to under-reporting of FFRs in these 

neighborhoods, the urban income differences in FFR availability reported here are likely 

conservative. Second, non-urban areas were combined into a single group (suburban, rural 

areas, and second cities).38 Sensitivity descriptive analyses showed that although FFR 

availability was smallest in rural areas, the pattern for rural and suburban areas was similar 

to non-urban areas combined. An income gradient in FFR availability was observed near 

schools in “second cities,” although it was less pronounced than for urban areas. Third, to 

increase sample sizes, and to strengthen the reliability of the estimates, 2000 school 

enrollment data were used to categorize schools based on student racial/ethnic majority, 

though demographic changes in California have implications for school’s racial/ethnic 

student enrollment. In the present study, agreement in the classification of school majority 

racial/ethnic composition between 2000 and 2010 was 86%. In results from a sensitivity 

analysis restricted to schools with the same majority racial/ethnic classification in both 

years, the negative neighborhood income patterns in FFR availability were largely the same 

as the those reported here, and in some cases the gradient was steeper (results available upon 

request). Fourth, FFRs were grouped into a single category, thus it was not possible to fully 

distinguish outlets by food quality offered. A study found limited temporal changes in 

improvements in food nutrition quality marketed across four major chain FFRs.47 Future 

research should examine changes in FFR availability by specific brands. Fifth, the service 

areas computed here may include highways and did not consider walkability as this is 

beyond the scope of the study. However, schools are relatively rarely placed close to 

highways. Finally, previous studies have found differences in the concentration of FFRs near 

schools with greater availability among high schools.10, 27 The authors had insufficient data 

to further stratify analyses by school level. In a sensitivity analysis that included school level 

as a predictor, the patterns of results presented here remained the same for all non-white 
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majority groups and became slightly stronger among majority white schools; thus, the 

overall conclusions remain unchanged.

CONCLUSIONS

This study found a negative income gradient in FFR availability near urban schools, a 

steeper gradient in 2010 relative to 2000 among majority Latino schools, and increases in 

FFR availability among urban majority minority schools within the least affluent 

neighborhoods. Reducing child health disparities and improving health for all children 

requires assessing longitudinal changes in the food environment near schools.
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Figure 1. Mean numbera of fast food restaurants near schools,b according to neighborhood 
income tertiles,c for all schools and stratified by school racial/ethnic composition of the student 
bodyd and urbanicity.e

Notes: These p-values are for test of interaction assessing differences in school-

neighborhood income gradient in fast food restaurant availability between 2000 and 2010 for 

schools overall and within each racial/ethnic majority group of schools.
aEstimated from negative binomial regression models that included the main effects of 

neighborhood income tertiles and year, plus a cross-product term between the two.
bData source: California public school data files, available on the California Department of 

Education’s website.33,34

cNeighborhood income tertiles are based on median annual household income tertiles (based 

on U.S. Census 2010 data).36,37

dMajority racial/ethnic composition of the student body refers to >50% of the student body 

in a racial/ethnic classification (based on data from the California Department of Education, 

2010).34

eUrbanicity refers to urban or non-urban (rural, suburban, second city) households in the 

census tract in which schools were located (based on data from Nielsen PRIZM urbanization 

measures, 2013).38

fThis group has small sample sizes (n≤25) in some of the income tertiles in non-urban and/or 

urban areas, thus estimates should be interpreted with caution.
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