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Abstract
Objective: This study assesses the association between living in a food desert and
cardiovascular health risk among young adults in the USA, as well as evaluates
whether personal and area socioeconomic status moderates this relationship.
Design: A cross-sectional analysis was performed using data from Wave I
(1993–1994) and Wave IV (2008) from the National Longitudinal Study of
Adolescent to Adult Health. Ordinary least squares regression models assessing
the association between living in a food desert and cardiovascular health were
performed. Mediation and moderation analyses assessed the degree to which this
association was conditioned by area and personal socioeconomic status.
Setting: Sample of respondents living in urban census tracts in the USA in 2008.
Participants: Young adults (n 8896) aged 24–34 years.
Results: Net of covariates living in a food desert had a statistically significant
association with cardiovascular health risk (range 0–14) (β= 0·048, P < 0·01).
This association was partially mediated by area and personal socioeconomic sta-
tus. Further analyses demonstrate that the adverse association between living in a
food desert and cardiovascular health is concentrated among low socioeconomic
status respondents.
Conclusions: The findings from this study suggest a complex interplay between
food deserts and economic conditions for the cardiovascular health of young
adults. Developing interventions that aim to improve health behaviour among
lower-income populations may yield benefits for preventing the development
of cardiovascular health problems.
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A preeminent health concern in the USA is poor cardio-
vascular health, which serves as a precursor to leading
causes of death including heart attack, heart failure and
stroke(1). CVD in the USA also carries a large economic bur-
den, estimated to cost over $1 trillion annually by 2030(2).
Community-level factors such as disorderly physical condi-
tions, area socioeconomic status and lack of community
resources may be linked to cardiovascular health risk(3,4).
Nonetheless, there has been a paucity of research assessing
whether local food retail environments are associated with
cardiovascular health(5,6).

In recent years, accessibility to food retailers has been
increasingly identified as an important feature of commun-
ities for health and well-being(7). Healthy People 2020 con-
siders availability of local foodmarkets that provide healthy
foods to be a key social determinant of health(8). Of particu-
lar interest are the health consequences of living in a food

desert (i.e. geographical areas that lack access to retailers
which provide nutritious food items)(9,10). According to
recent estimates, approximately 23·5 million Americans
reside in food deserts(11).

There are several reasons to expect living in a food des-
ert will influence cardiovascular health. First, because indi-
viduals often make dietary decisions based on which food
retailers are locally available, residents of food deserts tend
to have poorer quality diets marked by a greater intake of
high energy, nutrient-deficient foods(10,12). Second, resi-
dents who seek to maintain a nutritious diet while living
in a food desert must travel further distances to obtain
healthy food options, thereby spending greater amounts
of time acquiring food, and in turn reducing overall
time for physical exercise or leisure activity(13,14). A third
possibility suggests that any relationship may be spurious
given that those who live in food deserts are often more
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economically deprived than those who do not(10).
Therefore, any adverse association may result from larger
socioeconomic challenges rather than issues related to
food accessibility. Finally, socioeconomic status may mod-
erate the association between food deserts and cardio-
vascular health as economic resources can buffer against
the challenges of living in a food desert(5).

Past work finds that reduced accessibility to grocery
stores is associated with select cardiovascular health
outcomes such as hypertension(14), higher systolic blood
pressure(15), as well as all-cause mortality and heart-failure
hospitalisation(16). While informative, these prior studies
use single measures of cardiovascular health conditions,
which provide limited insight into the complexities of
cardiovascular health risk. Indeed, the American Heart
Association (AHA) has outlined a series of metrics that
encompass a broader definition of cardiovascular health
risk that includes both markers of physical health such
as, BMI, total cholesterol, blood pressure and fasting
plasma glucose, as well as health behaviours including
smoking, physical activity and dietary patterns(17).

More recently, a series of studies conducted in Atlanta
demonstrated that persons living in a food desert had a
higher prevalence of hypertension, smoking, BMI, fasting
glucose(5) and 10-year risk for CVD(6) relative to those
who did not live in a food desert. However, further analyses
demonstrated that the association between food desert
residence and adverse cardiovascular health outcomes
was rendered statistically non-significant after accounting
for area income and individual income(5,6). This raises
the possibility that any association between food deserts
and cardiovascular health may result from economic dep-
rivation rather than food access. As Kelli and colleagues’
surmise ‘whether neighborhood access to healthy foods
is driving these disparities above and beyond income levels
at the personal or neighborhood level remains poorly
studied.(5)’

The objective of the current study is to extend the extant
literature by (1) assessing the association between living in
a food desert and an index of cardiovascular health risk
using a nationally representative sample of young adults

living in urban census tracts in the USA and (2) evaluating
the degree to which personal and area socioeconomic sta-
tus conditions this relationship.

Data

Data for this study come from National Longitudinal Study
of Adolescent to Adult Health (Add Health), an ongoing,
nationally representative study of adolescents enrolled in
either middle or high school during the 1994–1995 aca-
demic year(18). The initial sample was obtained from a
stratified random sample of 132 schools. Approximately
20 000 students were selected to participate in the Wave
I in-home interviews. Following the initial interview, a sub-
set of respondents participated in follow-up interviews at
Wave II (1996), Wave III (2001–2002) and most recently
Wave IV (2008). At Wave IV, respondents were between
the ages 24 and 34 years and 15 701 respondents partici-
pated in interviews.

The current study draws on data fromWave I and Wave
IV. Wave I data are selected to account for pre-existing
socio-demographic characteristics, and Wave IV data are
used to measure the key dependent, independent and
mediator variables. The final analytic sample was obtained
through several stages. First, we began with the 15 626
respondents who participated in Wave IV and had a valid
response on the food desert measure. Because themeasure
of food deserts in the Add Health data are valid only for
urban census tracts(19,20), we restrict the sample to respon-
dents who reported living in urban areas based using Rural-
Urban Commuting Area codes (n 11 493). Further, as preg-
nancy may impact the measurement of physical health
markers and health behaviours, we limit the sample to
those reporting that they are currently not pregnant or
not ‘probably pregnant’ (n 11 110)(21). Finally, the sample
is restricted to those with valid response on key variables of
interest. After these restrictions, the final analytic sample
was composed of 8896 respondents. The procedure for
selecting the final analytic sample for the current study is
detailed visually in Fig. 1. This study was conducted

Selection criteria: 
Participated in Wave survey (n 15 701)

↓
Has valid data on mRFEI at Wave IV (n 15 626)

↓
Resides in an urban census tract at Wave IV (n 11 493)

↓
Not pregnant or probably pregnant (n 11110)

↓
Has data on cardiovascular health at Wave IV (n 10 075)

↓
Has data on control variables and mediators (n 8896)

Fig. 1 Sample selection flowchart for the National Longitudinal Study of Adolescent to Adult Health Waves 1 and IV
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according to the guidelines laid down in the Declaration of
Helsinki, and all procedures involving research study par-
ticipants were approved by the University of Texas at San
Antonio Institutional Review Board.

Dependent variable
The measurement of cardiovascular health is based on the
American Heart Association definition of cardiovascular
health and past research using Add Health data(22,23).
Specifically, the American Heart Association has comprised
cardiovascular health as a broad concept that entails at least
seven factors capturing characteristics of both biological
physical health markers and health behaviours: BMI,
smoking, physical activity, diet, blood pressure, blood
glucose and cholesterol(17). At Wave IV of the Add
Health Study trained and certified interviewers obtained
key anthropometric data on weight and height, as well
as cardiovascular measures including blood pressure,
and biomarker measures of blood glucose and cholesterol
obtained from dried blood spots(18). Respondents also self-
reported health behaviours including cigarette consump-
tion, physical activity and sugar consumption. Consistent
with the coding of prior research using Add Health data,
we operationalised each of the seven constructs as ideal,
intermediate, or poor(22,23). Each indicator is coded as a
mutually exclusive category on a 0–2 scale (0= ideal, 1=
intermediate, 2= poor). Values were summed to generate
a 14-point scale, where higher values indicate poorer
cardiovascular health. Information on the definitions and
coding of each measure is detailed in online Supplemental
Appendix A.

Independent variables
Food desert measures whether a respondent lives in a cen-
sus tract that has no access to healthy food retailers at Wave
IV. Data on food retailers come from the Centers for
Disease Control and Prevention (CDC) Modified Retail
Food Environment Index (mRFEI)(24). ThemRFEI measures
the ratio of healthy to unhealthy food retailers in a census
tract and the half mile buffer around that census tract. The
mRFEI compiled information on over 1 million food retail-
ers during 2008–2009. The mRFEI score is calculated as
follows:

mRFEI ¼ 100�
#Healthy food retailers

#Healthy food retailersþ #Unhealthy food retailers

Based on the recommendation of the CDC, food deserts
are classified as areas that have an mRFEI score of 0 (i.e.
areas have no healthy food retailers). Prior research sug-
gests that the geographic boundary used by the CDC is
valid to measure the presence of food deserts in urban
areas(19). The mRFEI data were linked with AddHealth data
through the ancillary studies program(20).

Control variables
We control for several socio-demographic characteristics
including respondent age at Wave IV, race/ethnicity
(White, Black, Hispanic or other race), sex (1=male; 0=
female), high school graduate (1= yes; 0= no) and
whether a respondent reported being married at wave IV
(1= yes, 0= no). Because the impact of the food environ-
ment may differ if a young adult lives on their own or with
parents who can provide resources to buffer against adver-
sities, we include a binary measure of whether a respond-
ent reported living in their parent’s home at Wave IV
(1= yes; 0= no). In addition, to capture previous health
and health behaviours, a binary measure of the use of
any illegal drugs aside from marijuana during adolescence
(1= yes; 0 = no) and self-rated health in adolescence
(excellent, very good, good, fair and poor) are included.
To measure early life socio-economic status, we include
a variable for Wave I census tract socioeconomic status,
which is a standardised ten-point scale based on the pro-
portion of persons in a respondent’s Wave I census tract
who are on welfare, living at or below the poverty
line, are unemployed and female-headed households
(Cronbach’s Alpha= 0·984). Finally, we include a control
variable for population density, which measures the den-
sity of persons per kilometre within a census tract at
Wave IV. The natural logarithm of population density is
used to reduce positive skew.

Conditioning variables
Consistent with prior research(5), this study examines
whether any association between food deserts and cardio-
vascular health is conditioned by area and personal socio-
economic status. Similar to the measure detailed above,
we include a measure of census tract socioeconomic status
at a respondents Wave IV census tract using a standardised
ten-point scale based on the prevalence of welfare,
poverty, unemployment and female-headed households
(Cronbach’s Alpha = 0·821). Household income is mea-
sured using a self-reported survey item asking respondents
what their household income was before taxes and
deductions. Income levels were reported in intervals
ranging from less than $5000 to $150 000 or more. The
mid-point of each response category was used to generate
a continuous income measure(25). Next, household income
was adjusted for the number of persons living in a house-
hold using the equivalence of scale method: adjusted
household income= household income/(household
size) × 0·5. Income was log transformed to reduce positive
skew.

Statistical procedures

The relationship between living in a food desert and cardio-
vascular health is assessed using ordinary least squares
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regression. The results are presented with a progressive
modelling approach: (1) The direct bivariate association
is assessed, (2) control variables are included in the
model and (3) mediator variables are added. Potential
mediation effects are assessed using the Karlson–Holm–

Breenmethod to examine the degree to which eachmedia-
tor variable reduces the association between living in a
food desert and cardiovascular health(26). While the KHB
approachwas originally created formediation in non-linear
models, the procedure is valid for calculating mediation in
ordinary least squares regression models and offers the
benefit of allowing multiple mediators and decomposing
the indirect effect attributed to each mediator variable(27).
Finally, we conduct a moderation analysis to determine
whether the influence of living in a food desert on cardio-
vascular health differs conditional on personal or area
socioeconomic status. To do so, respondents are separated
into tertiles based on socioeconomic status (low, moderate
and high), then food desert residence is regressed on
cardiovascular health conditional on level of socioeconomic

status. Variance inflation factors were below two across all
models, indicating no issues with multicollinearity(28).

Results

Table 1 presents the descriptive statistics of the analytic
sample. Approximately 16·5 % of respondents live in a food
desert. Themean value of the cardiovascular health score is
5·19 and ranges from 0 to 14. Table 2 presents the result of
the ordinary least squares regression regression assessing
the association between living in a food desert and cardio-
vascular health risk. The results in Model 1 demonstrate a
positive association between residence in a food desert and
cardiovascular health risk (β= 0·062, P < 0·001). Thus, in
the bivariate model, living in a food desert is associated
with a 0·062 SD increase in the cardiovascular health index.
After including the control variables inModel 2, the positive
association between food deserts and cardiovascular
health problems remains (β= 0·048, P < 0·01). Model 3

Table 1 Weighted summary statistics of analytic sample (n 8896)

Variables Mean % SD Minimum Maximum

Dependent variable
Cardiovascular health (W4) 5·19 2·38 0 14

Independent variable
Food desert (W4) 16·5 0 1

Control variables
Age (W4) 28·46 1·83 24 34
White 65·7 0 1
Black 14·0 0 1
Hispanic 14·7 0 1
Other race 5·6 0 1
Male 50·9 0 1
High school graduate 92·4 0 1
Married 38·0 0 1
Parents house 13·2 0 1
Hard drug use (W1) 12·7 0 1
Self-rated health (W1) 2·11 0·90 1 5
Tract socioeconomic status (W1) 7·93 0·71 0 10
Ln population density (W4) 7·08 1·21 1·78 11·33

Mediator variables
Tract socioeconomic status (W4) 1·92 1·19 0 10
Ln household income (W4) 10·31 0·88 6·78 12·07

W1, Wave 1; W4, Wave 4.

Table 2 Results of ordinary least squares regression (OLS) regression of cardiovascular health index on food desert and other covariates
(n 8896)

Variables

Model 1: Bivariate Model 2: With Controls
Model 3: With

Controls þ Mediators

b/β 95% CI b/β 95% CI b/β 95% CI

Food desert (W4) 0·395***/0·062 0·172, 0·619 0·309**/0·048 0·095, 0·524 0·244*/0·035 0·019, 0·428
Tract socioeconomic status (W4) 0·225***/0·112 0·151, 0·300
Ln Household income (W4) –0·253***/–0·094 –0·333, –0·147

b, unstandardised coefficient; β, standardised coefficient; W1, Wave 1; W4, Wave 4: Cardiovascular health index ranges from 0 to 14 (higher scores indicate worse health).
**P< 0·01, ***P< 0·001.
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adds the mediator variables, which reduces the magnitude
of the association between food deserts and cardiovascular
health risk, though food desert residence retains a positive
and statistically significant association with cardiovascular
health risk (β = 0·035, P < 0·05). The results of the KHB
mediation analysis presented in Table 3 indicate tract
socioeconomic status reduces the association between liv-
ing in a food desert and cardiovascular health by 19·93 %
(z-score= 4·15, P < 0·001) and household income reduces
the association by 7·79 % (z-score= 2·45, P< 0·05).

Figure 2 stratifies the sample by tertiles of area and per-
sonal socioeconomic status. The results highlight that the
positive association between living in a food desert and
cardiovascular health problems is concentrated among
the lowest socioeconomic status respondents. This is the
case for both personal (β= 0·086, P< 0·01) and area
(β= 0·090, P < 0·001) socioeconomic status. Summary sta-
tistics of the composition of the stratified samples are pro-
vided in online Supplemental Appendix B.

Online Supplemental Appendix C presents the results
from a multinomial logistic regression analysis using the
classifications of individual cardiovascular indicators as
ideal, intermediate or poor as the dependent variable. In
the bivariate analysis, food desert residence is associated
with poorer smoking, blood glucose and sugar consump-
tion. However, after the inclusion of the control and
mediator variables, several associations are reduced to
statistical non-significance. Ultimately, living in a food des-
ert retains an association only with smoking in the fully
specified model.

Discussion

Poor cardiovascular health is a serious public health issue
in the USA. Indeed, recent research suggests that cardio-
vascular health problems may underlie current declines
to life expectancy in the USA(29). The CDC’s Division for
Heart Disease and Stroke Prevention notes that several
modifiable risk factors serve as leading causes for heart dis-
ease and stroke, including high blood pressure, high cho-
lesterol, smoking, poor nutrition, lack of physical activity,
diabetes and obesity. Accordingly, identifying ways to
reduce risk factors and improve cardiovascular health
has become a leading objective in the endeavour to
advance population health(8). It is particularly important
to identify risks for cardiovascular health problems among
young adults, given that the prevalence of cardiovascular
health problems among young adults are rising, yet
research on risk factors for cardiovascular health among
this population remains limited(30). Moreover, risk factors
for poor cardiovascular healthwill likelymanifest intomore
severe problems, including premature mortality, as individ-
uals age(31). Thus, identifying modifiable risk factors for
cardiovascular health problems during this time period
provides the opportunity to develop meaningful interven-
tion and prevention strategies(32).

The findings yielded four main conclusions regarding
the link between living in a food desert and cardiovascular
health. First, living in a food desert is associatedwith poorer
cardiovascular health among a sample of young adults liv-
ing in urban areas in the USA. Second, we found that the
association between food deserts and cardiovascular
health was partially mediated by area and personal socio-
economic status. This finding differs from past research on
the topic(5,6), which found the link between living in a food
desert and cardiovascular health was rendered null after
accounting for socioeconomic status. This finding led us
to probe how living in a food desert impacts people at dif-
ferent strata of the socioeconomic spectrum, leading to our
third conclusion that the adverse consequences of food
desert residence for cardiovascular health are concentrated

Table 3 Karlson–Holm–Breen (KHB) test of mediators between
food desert and cardiovascular health

Variable % Reduction z-statistic

Tract socioeconomic status (W4) 19·93 4·15***
Ln household income (W4) 7·79 2·45*
Total 27·72

*P< 0·05, **P< 0·01, ***P< 0·001.

0·086**

0·090***

0·027

0·011

0·009

0·027

0·000 0·010 0·020 0·030 0·040 0·050 0·060 0·070 0·080 0·090 0·100

Low Personal Income

Low Area SES

Moderate Personal Income

Moderate Area SES

Good Personal Income

Good Area SES

Fig. 2 Standardised coefficients from ordinary least squares regression (OLS) of cardiovascular health index regressed on food
desert conditional on personal income and area socioeconomic status (SES). Control variables are the same as in Table 1;
cardiovascular health index ranges from 0 to 14 (higher scores indicate worse health). Standardised coefficients are reported.
**P< 0.01; ***P< 0.001
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among respondents in the bottom tertile of either area or
personal socioeconomic status. In contrast, we found no
association among moderate or higher socioeconomic
respondents. These findings highlight that a lackof economic
resources canmake individualsmore susceptible to resource
deprivation. AsBeaulac and colleagues explain, ‘fooddeserts
in disadvantaged areas are arguably more of concern
because a process of “deprivation amplification” may con-
tribute to social disparities, whereby area-level disadvantage
compounds individual disadvantage’(9). In contrast, individ-
uals of higher socioeconomic status may be able to use eco-
nomic resources to buffer against the adversities of living in a
food desert. The difference in effect across socioeconomic
strata suggests that poorer cardiovascular healthmay not just
be a result of a lack of access to healthy foods but also greater
exposure to multiple types of deprivation(33,34).

Finally, our examination of the seven individual cardio-
vascular health indicators that comprised the overall index
suggested that living in a food desert has the strongest
associationwith greater cigarette use. One possibility is that
engagement in worse health behaviours via living in a food
desert may be a partial function of the composition of the
type of retail outlets in the area. For instance, food deserts
tend to have a larger composition of unhealthy retailers that
sell cigarettes and advertise the sale of tobacco products on
store fronts(35,36) (such as convenience stores or neighbour-
hood bodegas), which may translate into poorer health
behaviours(37). To be sure, prior research consistently iden-
tifies smoking as a key risk factor for poor cardiovascular
health among young adults(38–41).

Policy and practical implications
The findings of the current study have implications for
improving local food retail environments, which in turn
may enhance cardiovascular health. First, in communities
that lack access to full-service grocery stores, but contain
a number of convenience stores or bodegas, these smaller
retailers in distressed communities can stock healthier
options, as well as limit unhealthy items such as tobacco
products(42,43). Second, mobile food markets should be
morewidely expanded to service food deserts. Mobile mar-
kets use automobiles, buses, trucks or trailers, as an alter-
native to brick-and-mortar stores to provide healthy food
options directly to communities with low food access(44).
Past research finds that mobilemarket availability improves
dietary behaviour in food deserts(45). Third, bolstering
community gardens and farmers’ markets can improve
access to fresher healthier food, as well as increase physical
movement and neighbourhood cohesion(46). Finally, to
the extent that living in a food desert and experiencing
food distress increases unhealthy behaviours such as
smoking(5,47,48), alleviating nutritional hardships in food
deserts may help improve health behaviour and in turn
enhance cardiovascular health.

Limitations and directions for future research
There are limitations in the current study that can be
expanded upon in future research. First, theremay be some
unobserved variables that confound the association
between food desert residence and cardiovascular health
such as the food environments that individuals resided
in during previous waves, as well as items regarding
the modes of transportation available to a respondent.
Unfortunately, these variables were not available in the
data used for this study. Second, the measure of food
deserts is based on geographic access to food retailers.
However, future research should consider other important
features of food environments, including the cost and qual-
ity of food available to local residents. Third, the current
study uses a measure of food retailer access created by
the CDC, which defines food deserts based on geographic
access to healthy and unhealthy food retailers. Ultimately,
there are several ways to define food deserts, and it would
be useful for future research to use alternative measures of
food deserts, such as those by theUnited StatesDepartment
of Agriculture, which defines food deserts in terms of both
income and geographic food access. Fourth, to the extent
that living in a food desert alters dietary patterns, it would
be valuable for future research to evaluate how the rela-
tionship between living in a food desert and health is
explained by dietary behaviour. Fifth, based on the mea-
surement of food deserts available in the mRFEI data, the
sample was restricted to residents living in urban census
tracts. However, past research suggests that cardiovascular
health among young adults differs between those residing
in urban and rural areas(22). Sixth, this study used the most
recent wave of Add Health data (Wave IV measured in
2008). Still, certain features may have changed over the
past decade that change the impact of food deserts on
health outcomes. For instance, mobile food delivery appli-
cations have proliferated in recent years. Accordingly, it
would be valuable for future research to assess the relation-
ship between living in a food desert and cardiovascular
health using more recent data.

Despite the noted limitations, we find numerous ave-
nues for future research. One possibility for subsequent
studies is to link food desert data through the ancillary stud-
ies program with Wave V Add Health data, collected in
2016–2018 and scheduled to be released in the near future.
In addition, the current study evaluated the degree towhich
personal and area socioeconomic status bothmediated and
moderated the relationship between living in a food desert
and cardiovascular health. An alternative possibility is that
socioeconomic status determines the location of where one
lives (i.e. food environment), and in turn, one’s local food
environment shapes health behaviours, which then
influences cardiovascular health. While data limitations
prevented a test of this theoretical pathway in the current
study, future research that explores the relationship
between socioeconomic status, food environments,
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nutrition and health over time would be extremely valu-
able. Finally, food environments may be influenced by fea-
tures such as attending school or work outside of one’s
local neighbourhood, as well as food delivery services.
While the current study lacked the data to account for these
features, future research that investigates food environ-
ments based on the location of one’s home residence, as
well as features such as where individuals travel to school
and work on a regular basis, would be particularly
instructive.

Conclusions

It is well established that food deserts are intertwinedwith a
host of adverse social, economic and health outcomes. The
present study revealed that cardiovascular health is closely
connected to accessibility to food retailers, particularly for
residents who experience economic deprivation, as well as
lack of access to healthy food retailers. We advocate for
policy efforts to increase the accessibility of affordable,
nutritious foods for those currently living in food deserts.
We also argue that such policies should be part and parcel
of the effort to improve cardiovascular health among young
adults in the USA. Future research should continue to
examine the relationship between food deserts and health
outcomes, as well as assess the efficacy of intervention
strategies that might serve to mitigate the deleterious health
effects of residing in a food desert.
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