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Abstract

Using objectively-measured height and weight data from academic years 2009–2013 (n = 

1,114,010 student-year observations), we estimated the association between the food outlet in 

closest proximity to schools and the likelihood of obesity among New York City public high 

school students. Obesity risk was higher for students with a corner store as the nearest option to 

schools, regardless of whether other food outlet types were located within a quarter mile or a half 

mile of schools (i.e., benchmarks for zoning policies). Policymakers may want to consider 

introducing healthier food options near schools, in conjunction with programs to support changes 

within corner stores.
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1. Background

In 2015–16, the prevalence of obesity among U.S. adolescents aged 12–19 years was 20.9%, 

only slightly higher than in 2007–2008 (18.1%) (Hales et al., 2018), with a higher 

prevalence among Black and Hispanic adolescents (Skinner et al., 2018). Previous studies 

suggest that obesity in adolescence persists into adulthood (Simmonds et al., 2015) and a 

high body mass index (BMI) in childhood is linked to a higher incidence of diabetes and 

coronary heart disease in adulthood (Llewellyn et al., 2016). Further, the prevalence of 

several cardiometabolic risk factors (e. g., total cholesterol, blood pressure) is higher among 
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obese adolescents (Skinner et al., 2015). Adolescent obesity is driven in part by unhealthy 

dietary behaviors, including the intake of energy-dense, nutrient-poor foods and beverages 

and large portion size (Brown et al., 2015), particularly among racial/ethnic minority groups 

(Haughton et al., 2016).

Several characteristics of obesogenic environments contribute to disparities in excess calorie 

consumption (Kumar and Kelly, 2017), including the proximity of schools to healthy and 

unhealthy food outlets (i.e., establishments primarily engaged in retailing a general line of 

food products or providing food services to patrons). Previous research indicates that 

schools located in socioeconomically disadvantaged areas have a higher availability of 

unhealthy outlets (e.g., fast food restaurants, corner stores) (Díez et al., 2019), and low-

income and Black and Hispanic students have greater access to unhealthy outlets 

surrounding schools, regardless of school location (Elbel et al., 2019; Neckerman et al., 

2010; Sturm, 2008). This is problematic because consumption of food at fast food 

restaurants is linked to higher total energy intake and poorer diet quality among adolescents 

(Poti et al., 2014; Powell and Nguyen, 2013). For example, youth with fast food restaurants 

within a half mile of school consume fewer fruits and vegetables and more soda than those 

without these (Davis and Carpenter, 2009). Previous studies also show that corner stores 

surrounding schools primarily stock high-calorie foods and few healthy snacks (Laska et al., 

2010; Lucan et al., 2010; Findholt et al., 2014; Gebauer and Laska, 2011); and that youth 

make purchases from corner stores an average of two times per week, more than other types 

of food outlets (Dennisuk et al., 2011). The items students most frequently purchase in 

corner stores include soda, chips, candy, and pastries (Lent et al., 2015; Borradaile et al., 

2009); and healthier options in corner stores are often more expensive than less healthy 

options (Cavanaugh et al., 2013).

Previous research also suggests that the presence and proximity of fast food restaurants and 

convenience stores near public schools are positively associated with childhood and 

adolescent obesity (Howard et al., 2011; Chen et al., 2016; Currie et al., 2010; Powell et al., 

2007; Sanchez et al., 2012) though results are sometimes inconsistent (Harris et al., 2011; 

Heroux et al., 2012; Tang et al., 2014; Dunn et al., 2014; Rossen et al., 2013). The 

inconsistency in findings may be due to differences in analytic approach (e.g., buffer size) or 

study sample (e.g., grade level). Further, the majority of previous studies ignores potential 

endogeneity, such as residential self-selection and non-random siting of food outlets 

(Rummo et al., 2017, Rummo et al., 2017). To our knowledge, only a few studies have used 

sophisticated methods to address potential endogeneity related to fast food restaurant 

availability around schools (Currie et al., 2010; Dunn et al., 2014; Alviola et al., 2011). 

However, no studies have attempted to address bias related to other food outlet types, such 

as corner stores and bodegas.

There have been numerous changes to the food environment within schools during the past 

decade, including updated school meal standards and new requirements for competitive 

foods and beverages (Welker et al., 2016). Mimicking current bans on alcohol and tobacco 

outlets, a small number of U.S. municipalities have also prohibited fast food restaurants 

from locating near schools, including Detroit, MI and Arden Hills, MI (Municipal Code § 

61–12–91, 2008; Municipal Code § 1325.04 (1)(A), 2006). In 2006 and 2009, two proposals 
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were made to limit the proximity of fast food restaurants to schools in New York City 

(NYC), but the legislation did not pass (Buckley, 2009; Fernandez, 2006). Elsewhere, the 

mayor of London recently proposed a zoning restriction on fast food restaurants locating 

within a quarter mile of public schools (Reality Check Team, 2017). These efforts highlight 

potential opportunities to leverage the school food environment to improve the dietary 

behaviors of students, especially for those in sociodemographic groups with greater 

exposure to unhealthy food outlets. However, more evidence is needed to identify which 

aspects of the retail food environment around schools is driving the relationship with 

students’ weight status, and the potential impact of zoning policies targeting a wider array of 

food outlet types.

Using student-level demographic and weight data from the NYC Department of Education 

and public food outlet data, we sought to estimate the association between the food outlet 

type nearest to public high schools and the likelihood of obesity in academic years 2009–

2013. We used census tract level fixed effects to control for unobserved differences across 

students’ residential neighborhoods. This strategy allows us to compare students living 

within the same census tract, thus controlling for unobserved selection into residential 

neighborhoods. We hypothesized that the likelihood of obesity would be higher for students 

who attended public high schools with a fast food restaurant or a corner store as the nearest 

food outlet type, and the strength of the association would increase as distance to the nearest 

food outlet type decreased.

2. Methods

2.1. Participants

Our sample included students in grades 9–12 enrolled in NYC public schools from academic 

years 2009–2013. We focused on high school students because we expect these students to 

have relatively greater freedom of movement and disposable income to purchase food from 

food outlets near their schools than younger students. In academic years 2009–2013, a total 

of 607,345 students (n = 1,435,103 student-year observations) were enrolled in non-special 

education or non-charter schools (n = 706 schools). Of these students, 78,511 were excluded 

for not having residential address data; 64,582 for missing school address data; 28,682 for 

living in a home or attending a school within 0.50 miles of a NYC border; 143,674 for 

attending a school with multiple food outlet types located nearest; and 89,756 for not having 

a food outlet of any type within 0.50 miles of their school.

2.2. Exposures

Based on prior research (Cobb et al., 2015), we included fast food restaurants and corner 

stores/bodegas as proxies for access to unhealthy foods, and wait-service restaurants and 

supermarkets as proxies for access to healthy foods. To determine the address of restaurants 

open at the beginning of each academic year, we used the NYC Department of Health and 

Mental Hygiene Restaurant Grading data. Restaurants are inspected at least once per 

calendar year. We defined wait-service restaurants as having wait/table service (39.9% of all 

restaurants in NYC from 2009 to 2013), and the remaining restaurants were defined as fast 

food restaurant as they either did not offer wait service or did not specify service type 
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(60.1%). To determine the address of food stores open at the beginning of each academic 

year, we used the New York State Department of Agriculture and Markets, Licensing and 

Inspection data. In accordance with NYC’s Food Retail Expansion to Support Health 

Program (FRESH) initiative, we defined corner stores and bodegas as food stores with a 

floor area less than 6000 square feet (90.8% of all food stores) and supermarkets as food 

stores with a floor area over 6000 square feet (9.2%). We did not include other retail store 

types (e.g., pharmacies) in our analysis. Previous work has shown that the agreement 

between ground observations and food stores and restaurants in government inspection data 

was moderate (Lucan et al., 2020).

To reflect the intent of zoning laws restricting unhealthy food outlets from locating near 

schools, we created an indicator variable for the type of the nearest food outlet for each 

school. To reflect the idea that adolescents are more likely to purchase food items in closer 

proximity to their schools regardless of whether it is nearest, we created a variable capturing 

the street network distance (shortest path using street segments) from the school to that 

nearest food outlet. To estimate the potential impact of a proposed zoning law, we also 

created a set of mutually exclusive categories for the nearest food outlet based on distance, 

including <0.25 miles (~0–5 blocks in NYC) and 0.25–0.50 miles (~5–10 blocks). We used 

ArcGIS 10.5 to calculate the distance between school addresses and food outlets addresses 

each academic year.

2.3. Outcomes and measures

To measure BMI at each year, we used data from NYC FITNESSGRAM, an annual, school-

based, standardized fitness assessment of every NYC public school student in grades K-12. 

FITNESSGRAM data has been shown to have strong reliability and validity (Morrow et al., 

2010). Height and weight data were collected once per year by a physical education teacher 

or a school nurse throughout the year (n = 1.75 BMI measurements across 2009–2013). We 

calculated the BMI measurement for each student per year, then compared the score with 

Centers for Disease Control and Prevention growth charts grouped by age and gender. Those 

with a BMI ≥ 95 percentile on the chart were defined as obese. We also calculated zBMI by 

standardizing BMI by gender and age among all students.

Additional measures in our analysis included students’ gender, age, grade, race/ethnicity 

(Black, White, Hispanic/Latino, and Asian & Other), native born, special education status, 

whether English was spoken at home, and poverty status (defined as whether the student 

ever qualified for free/reduced-price lunch, as a proxy for family income below 185% of the 

Federal Poverty Level). These measures are self-reported by parents at the beginning of the 

school year.

2.4. Multiple imputation

To include students missing height or weight data (n = 255,175) and demographic data (n = 

17,760) in our statistical analysis, we performed multiple imputation by chained equations 

(n = 5 imputations) (White et al., 2011). Our predictor variables included gender, age, race/

ethnicity, native born, special education status, poverty status, and distances to food outlets 

by type; and auxiliary variables, including obesity status in previous or later academic years 
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and whether the student ever lived in public housing in academic years 2009–2013. After 

imputation, the total number of students in our final analytic sample was 361,942 (n = 

1,114,010 student-year observations).

2.5. Statistical analysis

In our primary analysis, we examined the association between the nearest food outlet type 

and students’ likelihood of obesity using Ordinary Least Squares (OLS) regression with 

robust standard errors. In our primary model, we used home census tract fixed effects (the 

inclusion of a separate indicator variable for each home census tract, excluding one 

reference tract), and clustered at the student level. To account for sociodemographic 

differences in obesity risk, we controlled for student sociodemographic characteristics, 

including gender, age, grade, race/ethnicity, native born, speaking English at home, special 

education status, and poverty status. We also controlled for year. To account for the 

proximity of the nearest food outlet type, we also included a main continuous variable for 

distance (in 1000 feet) to the nearest food outlet type, with an interaction effect between the 

nearest food outlet type and distance. The model is as follows:

obesityit = β0 + β1Distit + β2FFit + β3W Sit + β4SUPit + β5Distit × BODit
+ β6Distit × FFit + β7Distit × W Sit + β8Distit × SUPit + ∑Demoitθ1it
+ ∑NumOutletitθ2it + Y earitλ1it + ∑HomeCT itλ2it + εit

(1)

where Dist is the distance to the nearest food outlet from a student’s school; FF, WS, BOD, 

and SUP are dichotomous variables that indicate the nearest food outlet type from a 

student’s school, including fast food restaurants, wait-service restaurants, corner stores/

bodegas, and supermarkets, respectively; Demo is a vector of student demographic and 

housing control variables; NumOutlet is a vector of variables representing the count of each 

food outlet type (separately) within 0.50 miles of schools; and Year and HomeCT represent 

year and home census tract fixed effects, respectively, for student i in year t.

To estimate the potential impact of a zoning law restricting unhealthy food outlets (e.g., fast 

food restaurants, convenience stores) from locating <0.25 miles of schools, we also 

examined the association between our mutually exclusive categories of nearest food outlet 

type located <0.25 miles and within 0.25–0.50 miles of schools with the probability of 

obesity. The model is as follows:

obesityit = β0 + β1FFqtrit + β2W Sqtrit + β3SUPqtrit + β4BODℎalfit
+ β5FFℎalfit + β6W Sℎalfit + β7SUPℎalfit + ∑Demoitθ1it
+ ∑NumOutletitθ2it + ∑Y earitλ1it + ∑HomeCT itλ2it + εit

(2)

where FFqtr, WSqtr, and SUPqtr indicate whether the nearest food outlet type was located 

<0.25 miles from a student’s school; and BODhalf, FFhalf, WShalf, and SUPhalf indicate 

whether the nearest food outlet was located within 0.25–0.50 miles from a student’s school. 

The remaining variables are identical to Eq. (1).

We performed pairwise contrasts (differences) of the predicted likelihood of obesity across 

the levels of our exposure variables (i.e., nearest food outlet type) and distance to nearest 
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food outlet using a one degree of freedom test at α < 0.05 (Supplementary Table 1). We also 

performed supplementary analyses, including adding an interaction term for a) school 

borough (Bronx, Kings, New York, Queens and Richmond counties); b) gender; c) race/

ethnicity; and d) eligibility for free or reduced-price lunch; not excluding schools with 

multiple food outlet types located nearest; and lagging outcome data by one year. We used 

Stata version 16 for all analyses. (Series StataCorp, 2017. Stata Statistical Software: Release 

15. College Station, TX: StataCorp LLC).

3. Results

Our sample of public high school students was predominately Hispanic/Latino (40.7%) and 

Black (30.5%), and eligible for free or reduced priced lunch (92.1%) (Table 1). In 2013, 

about 15.9% of the sample was obese and mean zBMI was 0.50 (SD = 1.10). On average, 

students attended schools that were located 563.4 (SD = 503.8) feet (~2 NYC blocks) from 

the nearest food outlet of any type, the majority of which were fast food restaurants (43.9%) 

or corner stores (40.5%) (Table 2). For a majority of students (89.0%), the nearest food 

outlet was located <0.25 miles of schools. Among students attending a school with multiple 

food outlet types located nearest (n = 82,467), the majority of their co-located food outlets 

were fast food restaurants and wait-service restaurants (54.5%), such as cafeterias and food 

courts.

We observed that students who attended schools located nearest to a corner store had a 

statistically significantly higher predicted likelihood of obesity (16.2%; 95% CI: 16.0, 16.4) 

relative to students located nearest to fast food restaurants (15.2%; 95% CI: 15.0, 15.3) and 

wait-service restaurants (15.5%; 95% CI: 15.2, 15.8) (Supplementary Table 1). We did not 

observe a difference between corner stores and supermarkets (15.6%; 95% CI: 14.8, 16.4), 

possibly due to insufficient variation in students’ proximity to supermarkets.

On average, the distance from schools to the nearest food outlet of any type was inversely 

associated with the probability of obesity. For example, the predicted likelihood of obesity 

was 0.7 (95% CI: −1.1, −0.2) percentage points lower for students with a corner store as the 

nearest option located ~5 blocks from school versus ~1 block from school (Supplementary 

Table 2). The estimates for the interaction between distance and nearest food outlet type 

were not statistically significant, indicating that the magnitude of the inverse association 

between distance to the nearest food outlet and obesity was similar among food outlet types.

In Fig. 1, we also observe that the predicted likelihood of obesity was meaningfully higher 

among students attending a school with a corner store as their nearest option (compared to 

fast food restaurants and wait-service restaurants), regardless of the distance to the nearest 

food outlet type. For example, compared to fast food restaurants, the predicted likelihood of 

obesity was similar for students with a corner store as the nearest option ~1 block from 

school [−1.1% (95% CI: −0.8, −1.4)] versus ~5 blocks from school [1.2% (95% CI: −1.5, 

−1.0)]. In supplementary analyses, we observed similar findings by borough, gender, race/

ethnicity, and eligibility for free or reduced-price lunch (Supplementary Tables 3–10). We 

also observed similar findings in analyses where we did not exclude schools with multiple 
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food outlet types located nearest and lagged outcome data by one year (Supplementary 

Tables 11–12).

Relative to students with a corner store as the nearest food outlet type located <0.25 miles of 

school, students with a supermarket, fast food restaurant, or wait-service restaurant located 

<0.25 miles of school had a significantly lower likelihood of obesity (Table 3). The same 

pertains to students with a fast food restaurant or wait-service restaurant located within 

0.25–0.50 miles of school. However, we observed no difference between students with a 

corner store as the nearest food outlet type located <0.25 miles of school compared to 

students with a corner store as the nearest food outlet type within 0.25–5.0 miles of school.

4. Discussion

Using five years of objectively-measured height and weight data linked to comprehensive 

food outlet data, we found that the likelihood of obesity was higher for students who 

attended public high schools with a corner store as the nearest food outlet type 

(approximately 0.8–1.2% points higher), especially if the corner store was located closer to 

schools. This finding is consistent with our previous work showing that very near distances 

to fast food restaurants and corner stores around students’ homes had a positive impact on 

childhood obesity (Langellier et al., 2013). Both fast food restaurants and corner stores sell 

energy-dense, nutrient-poor food items and few healthy options (Cavanaugh et al., 2013; 

Gebauer and Laska, 2011; Laska et al., 2010; Lucan et al., 2010; Poti et al., 2014), including 

those located in NYC (Neckerman et al., 2014). However, adolescents may visit corner 

stores more frequently than fast food restaurants (Dennisuk et al., 2011) and the close 

proximity of corner stores may contribute to increased snacking behavior among students, 

especially of unhealthy food items (Borradaile et al., 2009).

Substantively, our results are consistent with findings reported in a review article showing 

that the presence and proximity of convenience stores near schools is positively associated 

with adolescent obesity (Williams et al., 2014). However, comparisons with previous 

findings are limited by the dearth of existing studies addressing unmeasured confounding. A 

notable exception is a study that used the transition of students to higher grades as an 

identification strategy, and found no association between fast food restaurants located along 

the commute from home to school and obesity rates (Dunn et al., 2014). Other studies have 

used the distance between schools and major highways as an instrument to estimate the 

effects of fast food availability on school-level obesity rates (Alviola et al., 2011), or school 

fixed effects to address potential endogeneity (Currie et al., 2010; Alviola et al., 2011). 

However, these studies did not include corner stores in their analyses. To our knowledge, our 

study is the first to consider the impact of multiple food outlets around schools on adolescent 

obesity, with an estimation strategy to mitigate potential bias due to unmeasured 

confounding at the neighborhood level.

We also used a similar approach to mimic a potential zoning policy that would restrict 

unhealthy food outlet types from locating near public schools. Our results indicate that the 

probability of obesity was higher for students with a corner store as the nearest option 

relative to other food outlet types (including supermarkets), regardless of whether other food 
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outlet types were located within a quarter or half mile of schools. In contrast, the probability 

of obesity did not differ for students with a corner store as the nearest option within a quarter 

versus half mile of schools. Taken together, these findings suggest that a zoning law 

restricting corner stores from locating within a quarter mile of schools might help mitigate 

obesity risk if a different food outlet type were located the nearest. Our recent work also 

shows that low-income and Black, Hispanic, and Asian students had greater access from 

school to all food outlets compared to low-income and White students in NYC (Elbel et al., 

2019), which suggests that equitable policies and programs focused on eliminating 

disparities might be most effective. Complementary approaches include supporting 

programs that improve the food environment within schools themselves, such as reducing 

the presence of competitive foods and increasing water access, and expanding the 

availability and quality of healthy foods within existing corner stores (vs. focusing on access 

to corner stores) (Langellier et al., 2013).

Our study had several limitations, including a lack of data on food purchasing and 

consumption behaviors. Similarly, we did not capture what food items were actually sold 

within food outlets surrounding schools. We also did not have access to individual-level data 

on students attending non-public schools. However, we were able to obtain comprehensive, 

time-varying data for the vast majority of public school students and their school food 

environment, with low levels of missingness. Further, we were able to control for 

unobserved differences across students’ residential neighborhoods using students’ home 

addresses. Though a model with census tract fixed effects is an effective strategy to address 

potential endogeneity, our estimates only address one source of potential confounding (i.e., 

sorting into neighborhoods) and should be interpreted with caution. We also acknowledge 

that school and residential mobility may have contributed to misclassification of students’ 

retail food measures and neighborhood sociodemographic characteristics. Lastly, our results 

may not be generalizable to students attending schools located in non-urban areas.

In sum, our results suggest that close proximity of corner stores to public high schools is 

associated with higher obesity risk among adolescents in NYC, which may contribute to 

higher chronic disease risk, especially at the population level (Hruby and Hu, 2015). In 

addition, our findings suggest that a potential policy to restrict corner stores from siting near 

schools may reduce their impact on adolescent obesity rates, if alternative food outlet types 

were located in closest proximity to schools. Policymakers may want to consider 

complementary solutions to mitigate obesity risk among adolescents in public high schools, 

such as programs supporting policies to increase the availability, acceptability, and 

affordability of healthy meals and snacks within public schools.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1. 
Predicted likelihood of obesity by food outlet typea and distance to nearest food outlet 

type.b.

Note: The sample includes NYC public high school students with at least one food outlet of 

any type within 10 blocks from their school with home and school address data in Academic 

Years 2009–2013. We exclude students enrolled in schools less than 0.50 miles from NYC 

boundaries, and special education only schools.
aSupermarkets omitted due to wide confidence interval estimates.
bEffects were estimated using a linear regression model with census tract level and year 

fixed effects, controlling for students demographic and housing characteristics, which 

includes race/ethnicity, gender, eligibility for free or reduced-price lunch, native born, 

special education, speaking English at home, age, grade and the building type of their home. 

Predicted likelihood is calculated using post-estimation marginal commands.
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Table 2

Distribution of students by distance to nearest food outlet from school, overall and by type.

Distance to nearest food outlet N (%) Mean ft. (SD)

All food outlet types 226,780 563.4 (503.8)

Overall

 Corner store 91,627 (40.5) 530.2 (414.5)

 Fast food restaurant 99,627 (43.9) 619.8 (566.5)

 Wait-service restaurant 32,315 (14.3) 493.4 (530.6)

 Supermarket 3073 (1.4) 485.8 (204.5)

Less than 0.25 miles

 Corner store 83,948 (37.0) 436.0 (287.8)

 Fast food restaurant 88,240 (38.9) 456.6 (348.1)

 Wait-service restaurant 26,566 (11.7) 265.0 (177.3)

 Supermarket 3073 (1.4) 485.8 (204.5)

0.25 – 0.50 miles

 Corner store 11,387 (5.0) 1878.7 (279.1)

 Fast food restaurant 7817 (3.5) 1540.7 (103.7)

 Wait-service restaurant 5749 (2.5) 1548.8 (286.5)

 Supermarket 0 –

Note: The sample includes NYC public high school students with at least one food outlet of any type within 10 blocks from their school with home 
and school address data in Academic Year (2013). We excluded students enrolled in schools less than 0.50 miles from NYC boundaries and special 
education only schools or charter schools.

Health Place. Author manuscript; available in PMC 2021 September 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Rummo et al. Page 15

Ta
b

le
 3

E
st

im
at

ed
 e

ff
ec

t o
f 

ne
ar

es
t f

oo
d 

ou
tle

t t
yp

e 
on

 o
be

si
ty

, <
0.

25
 m

ile
s 

ve
rs

us
 0

.2
5–

0.
50

 m
ile

s.
a

F
oo

d 
ou

tl
et

 t
yp

e,
 b

y 
di

st
an

ce
 f

ro
m

 h
ig

h 
sc

ho
ol

C
oe

ff
ic

ie
nt

 (
β 

(S
E

))
P

re
di

ct
ed

 li
ke

lih
oo

d 
(9

5%
 C

I)
b

C
or

ne
r 

st
or

e 
(<

0.
25

 m
ile

s)
R

E
F

0.
16

2 
(0

.1
60

, 0
.1

64
)

Fa
st

 f
oo

d 
re

st
au

ra
nt

 (
<

0.
25

 m
ile

s)
−0

.0
13

 (
0.

00
1)

**
*

0.
15

2 
(0

.1
50

, 0
.1

53
)

W
ai

t-
se

rv
ic

e 
re

st
au

ra
nt

 (
<

0.
25

 m
ile

s)
−0

.0
09

 (
0.

00
1)

**
*

0.
15

6 
(0

.1
53

, 0
.1

59
)

Su
pe

rm
ar

ke
t (

<
0.

25
 m

ile
s)

−0
.0

12
 (

0.
00

3)
**

*
0.

15
5 

(0
.1

48
, 0

.1
63

)

C
or

ne
r 

st
or

e 
(0

.2
5–

0.
50

 m
ile

s)
−

0.
00

1 
(0

.0
02

)
0.

16
 (

0.
15

5,
 0

.1
66

)

Fa
st

 f
oo

d 
re

st
au

ra
nt

 (
0.

25
–0

.5
0 

m
ile

s)
−0

.0
25

 (
0.

00
2)

**
*

0.
15

3 
(0

.1
46

, 0
.1

60
)

W
ai

t-
se

rv
ic

e 
re

st
au

ra
nt

 (
0.

25
–0

.5
0 

m
ile

s)
−0

.0
09

 (
0.

00
3)

**
*

0.
16

2 
(0

.1
60

, 0
.1

64
)

Su
pe

rm
ar

ke
tc  (

0.
25

–0
.5

0 
m

ile
s)

–
–

St
ud

en
t-

ob
se

rv
at

io
ns

 (N
)

78
0,

95
0

78
0,

95
0

N
ot

e:
 B

ol
df

ac
e 

in
di

ca
te

s 
st

at
is

tic
al

 s
ig

ni
fi

ca
nc

e 
(*

p 
<

 0
.0

5,
 *

*p
 <

 0
.0

1,
 *

**
p 

<
 0

.0
01

).
 T

he
 s

am
pl

e 
in

cl
ud

es
 N

Y
C

 p
ub

lic
 h

ig
h 

sc
ho

ol
 s

tu
de

nt
s 

w
ith

 a
t l

ea
st

 o
ne

 f
oo

d 
ou

tle
t o

f 
an

y 
ty

pe
 w

ith
in

 0
.5

0 
m

ile
s 

(a
bo

ut
 1

0 
N

Y
C

 b
lo

ck
s)

 f
ro

m
 th

ei
r 

sc
ho

ol
 w

ith
 h

om
e 

an
d 

sc
ho

ol
 a

dd
re

ss
 d

at
a 

in
 A

ca
de

m
ic

 Y
ea

rs
 2

00
9–

20
13

. W
e 

ex
cl

ud
e 

st
ud

en
ts

 e
nr

ol
le

d 
in

 s
ch

oo
ls

 le
ss

 th
an

 0
.5

0 
m

ile
s 

fr
om

 N
Y

C
 b

ou
nd

ar
ie

s 
an

d 
sp

ec
ia

l 
ed

uc
at

io
n 

on
ly

 s
ch

oo
ls

 o
r 

ch
ar

te
r 

sc
ho

ol
s.

a E
ff

ec
ts

 w
er

e 
es

tim
at

ed
 u

si
ng

 a
 li

ne
ar

 r
eg

re
ss

io
n 

m
od

el
 w

ith
 c

en
su

s 
tr

ac
t l

ev
el

 a
nd

 y
ea

r 
fi

xe
d 

ef
fe

ct
s,

 c
on

tr
ol

lin
g 

fo
r 

st
ud

en
ts

 d
em

og
ra

ph
ic

 a
nd

 h
ou

si
ng

 c
ha

ra
ct

er
is

tic
s,

 w
hi

ch
 in

cl
ud

es
 r

ac
e/

et
hn

ic
ity

, g
en

de
r, 

el
ig

ib
ili

ty
 f

or
 f

re
e 

or
 r

ed
uc

ed
-p

ri
ce

 lu
nc

h,
 n

at
iv

e 
bo

rn
, s

pe
ci

al
 e

du
ca

tio
n,

 s
pe

ak
in

g 
E

ng
lis

h 
at

 h
om

e,
 a

ge
, g

ra
de

 a
nd

 th
e 

bu
ild

in
g 

ty
pe

 o
f 

th
ei

r 
ho

m
e.

 W
e 

al
so

 c
on

tr
ol

le
d 

fo
r 

th
e 

ov
er

al
l f

oo
d 

en
vi

ro
nm

en
t 

ar
ou

nd
 th

e 
sc

ho
ol

, a
cc

ou
nt

in
g 

fo
r 

th
e 

nu
m

be
r 

of
 to

ta
l f

oo
d 

ou
tle

t w
ith

in
 1

0 
bl

oc
ks

.

b Pr
ed

ic
te

d 
lik

el
ih

oo
d 

w
as

 c
al

cu
la

te
d 

us
in

g 
po

st
-e

st
im

at
io

n 
m

ar
gi

na
l c

om
m

an
ds

.

c O
m

itt
ed

 d
ue

 to
 la

ck
 o

f 
ob

se
rv

at
io

ns
.

Health Place. Author manuscript; available in PMC 2021 September 01.


	Abstract
	Background
	Methods
	Participants
	Exposures
	Outcomes and measures
	Multiple imputation
	Statistical analysis

	Results
	Discussion
	References
	Fig. 1.
	Table 1
	Table 2
	Table 3

