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TAGGEDPABSTRACT

OBJECTIVE: Time spent commuting is associated with obesity.

The objective of this study was to assess the relationship

between neighborhood-level commute to work (CTW) times

and self-reported health behaviors and food access.

METHODS: We conducted a cross-sectional analysis of care-

givers with infants as part of the Greenlight Study, a multisite

obesity trial in Chapel Hill, New York City, Nashville, and

Miami. ZIP code�based commuting estimates were deter-

mined using the US Census American Community Survey.

Self-reported health behaviors and food access data were col-

lected by directed interview. Logistic and linear regression

models were used to determine associations between neighbor-

hood CTW times and health behaviors and food access.

RESULTS: The average neighborhood CTW time for all ZIP

codes was 29 minutes (n = 846). Caregivers in longer CTW

time neighborhoods were more likely to endorse fewer food

choices (adjusted odds ratio [AOR], 1.39; 95% confidence

interval [CI], 1.15�1.69; P = .001) and difficulty accessing

markets with fresh produce (AOR, 1.51; 95% CI, 1.02�2.25;
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P = .04). Neighborhood CTW time >30 minutes was associ-

ated with less caregiver physical activity (AOR, 0.58; 95% CI,

0.34�0.98; P = .044). Neighborhood CTW time was inversely

related to infant television time (adjusted mean, 399 minutes/-

day for �30 minutes and 256 minutes/day for >30 minutes;

P = .025). New York families in longer CTW neighborhoods

were more likely to report difficulty accessing markets with

fresh produce (AOR, 1.80; 95% CI, 1.03�3.14; P = .039).

CONCLUSIONS: Neighborhood CTW time is associated with

several self-reported health behaviors and perceived food

access among caregivers with children. Neighborhood CTW

times may represent city-specific features, including transpor-

tation infrastructure, which may impact the health of families.

TAGGEDPKEYWORDS: commuting; obesity; physical activity; urban

planning
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TAGGEDP WHAT’S NEW

Commuting times in the United States are increasing,

raising concerns about the health effects of commut-

ing. We show that neighborhood-level commute to

work time is associated with obesogenic health factors,

including physical activity and perceived food access.
TAGGEDPPLACE OF RESIDENCE confers both health risks and bene-

fits for children.1 Although much of the neighborhood-

level research related to childhood obesity has focused on

the food environment and proximity to recreational

opportunities, other elements of the built environment,
such as street connectivity and residential density, may

also contribute to childhood obesity.2�4

In the United States, the average commute to work

(CTW) time, defined as the time required to travel to work

one way via personal vehicle or public transit, has increased

significantly over the past 25 years.5 In 1980,<12% of indi-

viduals commuted longer than 45 minutes 1 way to work,

whereas in 2016, 17% did so.5 Moreover, CTW times are

not equitably distributed. Low-income and minority neigh-

borhoods are more likely to lack nearby jobs and thus have

longer neighborhood CTW times.6,7

Longer individual CTW times are associated with

decreased adult physical activity, as well as reduced time
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for family activities and food preparation, but little is

known about the association between caregivers’ CTW

times and their health behaviors and perceived food

access.8,9 On a neighborhood level, areas with longer

average CTW times and a higher dependency on vehicles

tend to have a higher prevalence of obesity.10,11 The asso-

ciation between CTW time and obesity is thought to be

mediated by the reallocation of time from physical activ-

ity and other potentially healthy behaviors to the seden-

tary, often stressful task of commuting.12 Noting the

potential for neighborhood CTW times to impact families,

particularly low-income, minority families, which are dis-

proportionately affected by obesity,13,14 we sought to

explore associations between neighborhood CTW times

and self-reported health behaviors and food access using a

diverse cohort of caregivers with infants.
TAGGEDH1METHODS

We conducted a secondary cross-sectional analysis

of the relationship between neighborhood CTW time

and self-reported health behaviors and food access.

Data collection occurred at the 2-month well-child

check, the baseline enrollment time point of the

Greenlight Study, a randomized childhood obesity pre-

vention trial conducted at 4 pediatric clinics in Miami,

Nashville, New York City, and Chapel Hill.15 The

methodology of the Greenlight Study has been

described in detail previously.18 Children were

enrolled in the study if they were age 6 to 16 weeks,

their caregiver spoke English or Spanish, and had no

plans to leave the clinic for the next 2 years. Infant

exclusion criteria included infants born before 34

weeks of gestational age, with a birth weight <1500

g, and with a diagnosed chronic medical problem that

could affect growth. A detailed behavior assessment

was performed by trained providers and research assis-

tants at each site as part of the study protocol.15 Ques-

tions were designed by an expert consensus team and

adapted from validated measures, including the

National Health and Nutrition Examination Survey

physical activity and dietary survey and the Infant

Feeding Style Questionnaire.16�18 Caregivers provided

written and verbal consent according to Institutional

Review Board protocols approved at all 4 sites.

Outcome variables were selected for analysis based on

the hypothesis that neighborhood CTW time may

decrease the time available for leisure activities, such as

tummy time and screen time. We also hypothesized that

neighborhood CTW time may affect perceived food

choices and access. Many of these factors are associated

with obesity and are included in the current recommenda-

tions for the prevention of childhood obesity from various

organizations, including the Institute of Medicine and the

American Academy of Pediatrics.19,20

Each outcome measure was based on a single survey

item. Caregivers were asked to estimate the minutes per

day on a typical day that their infant spent being active on

his or her tummy while awake (tummy time) and the
amount of time the television was on with the infant in

the room (infant passive television time). Caregivers were

also asked on how many days in the previous 7 days they

were physically active. There were 2 items assessing food

access and food choice: “I have difficulty getting to a mar-

ket where I can buy fresh fruits or vegetables for my

child” and “I can make few choices about the food my

child eats,” with Likert scale responses (strongly disagree,

disagree, neutral, agree, and strongly agree).

Similar to a previous study of CTW at the population

level, we used aggregate travel time to work data to esti-

mate neighborhood CTW time.10 Neighborhood CTW

time was determined based on each caregiver’s place of

residence using the mean one-way travel to work time for

the corresponding ZIP code tabulation area from the US

Census American Community Survey (2011�15).21

These data are self-reported and include individuals using

both private and public transportation. Caregivers were

excluded from this analysis if they did not provide a ZIP

code of residence, or if that ZIP code was located outside

the states in which the study sites were located.

Demographic and neighborhood commute character-

istics of the sample were described cumulatively and

by site. Owing to variable distribution, Likert scale

questions were dichotomized for analysis, comparing

participants who agreed strongly, agreed somewhat,

were neutral, and disagreed somewhat with the given

statement to participants who strongly disagreed with

the given statement. We initially performed bivariate

analyses to determine the unadjusted relationships

between self-reported health behaviors and food access

and neighborhood CTW times (data not shown). Out-

comes with statistically significant bivariate relation-

ships were included in multivariate models. Stepwise

linear or logistic regression models were used to deter-

mine the beta coefficient or odds ratios (ORs) for the

association of neighborhood CTW time with the out-

comes. Caregiver and infant age, infant sex, hours per

week in childcare, household income, caregiver race/

ethnicity, caregiver employment status, caregiver edu-

cation, and site were included in the initial model as

covariates owing to their potential association with

caregiver health behaviors and perceptions.18 After fit-

ting a model that included neighborhood CTW time

and all covariates, we used change-in-effect to remove

variables from the model. Covariates that changed the

fully adjusted odds ratio (AOR) by >10% when

dropped from the model were considered confounders

and retained in the final model. AOR and 95% confi-

dence interval (CI) for the association of neighborhood

commute time and health behaviors were calculated

from the final model. Outcomes were modeled cumula-

tively and by site. Owing to concerns for geographic

clustering, the multivariate analysis was repeated using

generalized estimating equations, which demonstrated

similar results to the initial analysis. Data were ana-

lyzed using Stata version 14 (StataCorp, College Sta-

tion, Tex). For all analyses, a P value <.05 was

considered statistically significant.
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TAGGEDH1RESULTS

There were 865 total caregiver-infant dyads across the

4 study sites. Neighborhood CTW estimates were avail-

able for 846 of the dyads (98%). The average infant age

was 9.3 § 1.8 weeks (range, 5.7�15.6 weeks) (Table 1).

This was a racially and ethnically diverse sample that was

largely low income. Thirty-two percent of caregivers

were employed, and 73% of caregivers reported having

employed partners.

The average neighborhood CTW time for all partici-

pant ZIP codes was 29 § 8.1 minutes (Table 1). Mean

neighborhood CTW times ranged from 25 § 5.7 minutes

for white, non-Hispanic participants to 31 § 8.8 minutes

for Hispanic participants (P < .005). By household

income level, neighborhood CTW times ranged from

30 § 8.2 minutes for households earning <$10,000 per

year to 27 § 7.5 minutes for those earning >$40,000 per

year (P < .005). On site-specific analysis, New York resi-

dents had a mean CTW time of 40 5.2 minutes, whereas

mean neighborhood CTW times at the other sites were

<30 minutes (P < .005).

In the multivariate analysis, caregivers residing in

areas with longer CTW times were more likely to

endorse fewer food choices (AOR, 1.39; 95% CI,

1.15�1.69; P = .001) and difficulty accessing markets

with fresh produce (AOR, 1.51; 95% CI, 1.02�2.25;

P = .04) (Table 2). Neighborhood CTW time was

inversely related to self-reported infant passive televi-

sion time (adjusted mean, 399 minutes/day [95% CI,

366�430 minutes/day] for CTW time �30 minutes

and 256 minutes/day [95% CI, 213�298 minutes/

day] for >30 minutes; P = .025). Neighborhood CTW

time >30 minutes was associated with less frequent

self-reported caregiver physical activity (AOR, 0.58;

95% CI, 0.34�0.98; P = .044). Infant tummy time

was not associated with neighborhood CTW time

(AOR, �0.74; 95% CI, �8.82 to 7.45; P = .860).

In site-specific analysis, New York site caregivers with

longer neighborhood CTW times were more likely to

report difficulty accessing markets with fresh produce

(AOR, 1.80; 95% CI, 1.03�3.14; P = .039). No other site-

specific associations were found.
TAGGEDH1DISCUSSION

The findings of this study suggest important associ-

ations between neighborhood CTW times and several

health factors: caregiver-perceived food choice and

access, infant passive television time, and caregiver

physical activity. Although in most cases, these dif-

ferences were small in magnitude, the cumulative

effect of these small differences is unknown as CTW

times increase across the country. Longitudinal stud-

ies may improve our understanding of these associa-

tions over time.

Neighborhood CTW times are considered a proxy for

job proximity and local transportation infrastructure.6,7

Although we note that the majority of our caregivers were

mothers who were unemployed at the time of data
collection, 73% of the caregivers had employed partners.

Longer neighborhood CTW times may affect families via

caregivers or their partners through longer travel times to

work or local errands.

Cumulatively, the data from this study support the

hypothesis that neighborhood CTW time may affect

child health, perhaps by displacing the available time

for family leisure time activities whether healthy

(caregiver physical activity) or unhealthy (infant pas-

sive television time). However, these associations

also may be attributed to other aspects of the built

environment not measured in this study, including the

proximity of neighborhood food and recreational

resources.2,4

Our results reinforce another tenet of place-based

health research: the importance of site-specific differ-

ences in associations between environmental factors

and family health behaviors. On site-specific analysis,

the association between neighborhood CTW times

and difficulty accessing markets with fresh produce

was limited to New York. New York City has the

nation’s longest CTW times and the greatest reliance

on public transit.22,23 Thus, New York’s unique trans-

portation infrastructure may be more likely to demon-

strate commute times as a barrier to market

accessibility. This echoes similar findings indicating

that associations between obesity and neighborhood

CTW times vary by level of urbanization.11

Describing associations between aspects of the built

environment, such as neighborhood CTW times and

health factors provides data to support efforts to

improve the built environment to facilitate healthy

behaviors.24 For health care providers, understanding

associations between the neighborhood environment

and health behaviors may allow for environmentally

tailored counseling and interventions.25 Owing to its

association with obesity in adults, as well as potential

associations with caregiver health behaviors, CTW in

particular may be an important factor to consider

when providing diet and lifestyle counseling.8,9

Future research should include examination of associ-

ations between family diet and activity and self-

reported caregiver CTW times.

Because we used neighborhood-level commuting

data as opposed to caregiver-reported data, this study

is subject to common limitations of an ecological

analysis. We cannot infer individual-level, causal

relationships between neighborhood CTW times and

health factors. However, because many features of

urban design are ecological in nature and act at a

population level, ecologic data are valuable and

should prompt additional analyses. Study strengths

include a large sample size from 4 urban sites in the

United States and detailed health data. Study limita-

tions include the use of some unvalidated measures

and self-reported outcomes. Finally, health behavior

data were collected from only 1 caregiver and might

not reflect the practices of other caregivers with

whom the infant spends time.



Table 1. Demographic Data and Neighborhood CTWCharacteristics, All Sites (n = 846)

All Sites Chapel Hill Nashville New York Miami

Characteristic

N (%)

or Mean (SD)

Average

Neighborhood

CTW Time, min,

Mean (SD)

N (%)

or Mean (SD)

Average

Neighborhood

CTW Time,

min, Mean (SD)

N (%)

or Mean (SD)

Average

Neighborhood

CTW Time,

min, Mean (SD)

N (%)

or Mean (SD)

Average

Neighborhood

CTW

Time, min,

Mean (SD)

N (%)

or Mean (SD)

Average

Neighborhood

CTW Time,

min,

Mean (SD)

All 846 (100) 29 (8.1) 254 (27) 23 (3.2) 224 (27) 24 (3.2) 223 (26) 40 (5.2) 145 (17) 29 (3.5)

Child age, wk 9.3 (1.8) . . . 9.9 (1.7) . . . 8.9 (1.6) . . . 9.2 (1.7) . . . 8.9 (1.9) . . .

Child sex, girl 433 (51) . . . 126 (49) . . . 120 (52) . . . 124 (54) . . . 73 (49) . . .

Caregiver, mother 822 (96) . . . 241 (94) . . .. 219 (98) . . . 217 (97) . . . 134 (92) . . .
Caregiver race/ ethnicity

Hispanic 423 (50) 31 (8.8) 97 (38) 23 (3.2) 78 (34) 24 (3.0) 180 (79) 40 (5.1) 76 (51) 28 (4.0)

Black, non-Hispanic 238 (28) 26 (6.1) 85 (33) 22 (2.4) 74 (32) 24 (3.9) 22 (9.6) 40 (5.9) 58 (39) 29 (2.1)

White, non-Hispanic 154 (18) 25 (5.7) 64 (25) 23.5 (2.9) 73 (32) 24 (2.8) 16 (7.0) 40 (4.3) 11 (7.3) 23.6 (3.7)

Other, non-Hispanic 31 (4) 30 (9.3) 10 (3.9) 22 (3.2) 5 (2.2) 24 (2.1) 11 (4.8) 40 (7.8) 5 (3.3) 31 (1.7)

Caregiver employed 277 (32) 26 (6.5) 97 (38) 23 (3.5) 91 (40) 24 (2.8) 35 (15) 40 (4.0) 53 (36) 28 (3.8)

Caregiver with employed partner 619 (73) 29 (8.6) 191 (75) 23 (3.1) 150 (66) 24 (2.9) 191 (83) 40 (5.1) 87 (60) 28 (3.8)

Household income

<$10,000 296 (35) 30 (8.2) 79 (31) 23 (3.0) 62 (27) 25 (3.8) 91 (40) 40 (5.3) 72 (48) 29 (3.1)

$10,000�$19,999 223 (26) 28 (8.4) 70 (27) 22 (3.0) 77 (34) 23 (3.3) 56 (25) 40 (5.0) 25 (17) 29 (2.5)

$20,000�$39,999 198 (23) 29 (7.8) 59 (23) 23 (3.0) 61 (27) 24 (2.8) 57 (25) 39 (5.5) 25 (17) 28 (3.2)

�$40,000 129 (15) 27 (7.5) 48 (19) 23 (3.7) 30 (13) 24 (2.5) 25 (11) 40 (5.1) 28 (19) 27 (4.9)

CTW indicates commute to work.
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TAGGEDH1CONCLUSIONS

This is one of the first studies to assess the relation-

ships of neighborhood CTW times to caregiver health

behaviors and perceived food access. Our findings pro-

vide insight into how neighborhood CTW times may

have family health effects potentially owing to a trade-

off between time spent in transit and leisure time.

Future studies should focus on individually assessed

CTW times and their effect on the health behaviors of

families with children. As CTW times increase across

the United States, particularly in poor and minority

communities, elucidating the relationship between

commuting and family health behaviors may inform

diet and lifestyle counseling and public health efforts

to create neighborhoods more conducive to healthy

behaviors.
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