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Abstract
Introduction Evidence from epidemiological studies shows a
link between food insecurity and diet intake or quality.
However, the moderating effect of race in this relation has
not yet been studied.
Methods Food insecurity (USDA Food Security Module) and
diet quality (Healthy Eating Index-2010; HEI) were measured
in 1741 part icipants from the Heal thy Aging in
Neighborhoods of Diversity across the Life Span
(HANDLS) study. Data were collected from 2004 to 2009
and analyzed in 2014. Multivariable regression assessed the
interaction of race and food insecurity on HEI scores,
adjusting for age, sex, poverty status, single parent status,
drug, alcohol and cigarette use, and comorbid diseases.
Results The interaction of food insecurity and race was signif-
icantly associated with diet quality (p = 0.001). In the absence
of food insecurity, HEI scores were similar across race.
However, with each food insecurity item endorsed, HEI scores
were substantially lower for Whites compared to Blacks. An ad
hoc analysis revealed that Blacks were more likely thanWhites
to participate in SNAP (p < 0.05). Further, race stratified anal-
yses revealed that Blacks participating in SNAP showed dimin-
ished associations of food insecurity with diet quality.
Conclusions Study findings provide the first evidence that the
influence of food insecurity on diet quality may be potentiated

for Whites, but not Blacks. Additionally, results show that
Blacks are more likely to participate in SNAP and show at-
tendant buffering of the effects of food insecurity on diet qual-
ity. These findings may have important implications for un-
derstanding how food insecurity affects diet quality differen-
tially by race.
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Food insecurity, a lack of access to food due to not enough
financial or other resources [1], is not a new problem in the
USA. However, due to a struggling economy, rising income
inequality, high unemployment, underemployment, and
low-wage employment rates, the number of Americans that
reduce or skip meals due to insufficient money has in-
creased substantially [1]. Although food insecurity strongly
affects those living in poverty, it also affects families across
the socioeconomic spectrum who experience job instability,
disability, or other financial hardships [2]. This may, in part,
explain why the overall rate of food insecurity has increased
from 11 % before the Great Recession began in late 2007 to
nearly 15 % in 2008 [1]. Even as the USA has struggled to
recover from the recession, the percentage of families
experiencing food insecurity has remained about the same,
decreasing only to 14.3 % as of 2013 [3]. Groups at the
highest risk for food insecurity include families below the
poverty line (40.2 %), single-parent families (35.1 % for
families headed by single mothers and 25.4 % for those
headed by single fathers), and Black (25.1 %) and
Hispanic (26.2 %) households [1].

Evidence from epidemiological studies shows a link be-
tween food insecurity and diet intake or quality [4–6].
Tarasuk and Beaton [5] examined food insecurity and
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nutritional adequacy in 145 Canadian women, finding that
food insecurity was associated with inadequate energy, vita-
min A, folate, iron, and magnesium intake. Using National
Health and Nutrition Examination Survey (NHANES) data,
Bhattacharya and colleagues [7] found that for adults, but not
children, food insecurity was associated with lower levels of
serum nutrients, and a poorer score on the U.S. Healthy Eating
Index (HEI), a measure of overall diet quality based on rec-
ommended dietary guidelines. Champagne and colleagues [6]
similarly found that food-insecure adults scored lower on the
HEI than food-secure adults, as well as having lower dietary
intake of vitamin A, copper, and zinc.

Little is known regarding the potential moderating role of
race in the relations of food insecurity to diet quality. However,
recent work suggests that the negative influence of food inse-
curity may be potentiated among minority groups. In that re-
gard, Rehm and colleagues [8] found that (a) higher HEI scores
were associated with a higher food cost; (b) lower SES groups
consumed lower cost food and scored lower on the HEI; and
(c) this was especially true for Blacks, Hispanics, and single-
parent households. The authors concluded that lower income
groups, and particularly racial minority groups, may be Bpriced
out^ of meeting dietary guidelines that emphasize higher cost
foods such as fruit, vegetables, dairy, and whole grains, foods
that contain nutrients associated with the essential components
of the HEI.

Data from the Healthy Aging in Neighborhoods of
Diversity across the Life Span (HANDLS) study, a commu-
nity-based, epidemiological investigation of socioeconomi-
cally diverse, urban-dwelling adults, were used to examine
the interactive relations of food insecurity and race to diet
quality. As food insecurity rates are high among minority
groups [1], and the high cost of healthy foods may dispropor-
tionately impact diet quality among low SES minorities [8],
we anticipated the negative association between food insecu-
rity and HEI would be greater among Blacks than Whites.

Methods

Participants

HANDLS participants were recruited in 2004–2009 as a fixed
cohort by household screenings from an area probability sam-
ple in 13 pre-selected neighborhoods (contiguous census
tracts) in Baltimore City. Neighborhoods were selected be-
cause they were likely to yield representative distributions
with sufficient individuals to fill the sampling design (based
on race, poverty status, sex, and age) based on 2000 census
data [9]. Recruitment exclusions were pregnancy, chemother-
apy, radiation, or biological treatments for cancer within
6 months and AIDS diagnosis. After recruitment, exclusions
for physical examinations were acute intoxication or

otherwise medically unfit for participation (e.g., uncontrolled
blood pressure > 160/100 mmHg or acute alcohol or drug
intoxication). A total of 190 participants were excluded for
these reasons. The study was approved by our institution’s
Institutional Review Board.

Of the 3720 participants recruited, 2802 completed an ini-
tial medical examination that included measures of diet qual-
ity. SES was indexed by poverty status defined as above or
below 125 % of the 2004 Department of Health and Human
Services poverty definition in which household incomes are
indexed to household sizes. One thousand seven hundred
forty-one participants were available for analysis after exclud-
ing participants with any missing data (listwise deletion) for
the primary variables of interest (food insecurity and diet
quality).

Procedure

Wave 1 data, examined here, were collected in two phases. In
the first phase, field interviewers visited households located in
target neighborhoods and recruited one or two eligible adults
per household. After providing consent, participants complet-
ed an interview about social and educational background, de-
mographic information, racial and cultural identification, ed-
ucational experience, occupational history, family income, to-
tal leisure time physical activity, a 24-h dietary recall, and a
wide range of other information broadly conceived as physi-
ological and psychological chronic exposure.

The second phase was an in-person examination onMobile
Research Vehicles (MRVs) in the participants’ communities
up to 6 weeks after the household survey (depending on avail-
ability). After consent on the MRV, a physician or nurse prac-
titioner performed a comprehensive physical examination and
medical history. The purposes of the physical examination and
medical history were to document any diagnosable conditions,
to record medications and their frequencies and dosages, to
assess disabilities that might limit independent functional ac-
tivities, and to complete other biomedical and cognitive
assessments.

Additionally, each participant was administered the Audio
Computer-Assisted Self-Interviewing (ACASI). The ACASI
administered a psychiatric screen, psychosocial survey ques-
tions, and income questionnaire. A second 24-h dietary recall
interview was also administered. Breakfast and lunch were
provided on the MRV, and participants were compensated
US$120 after completion of the visit.

Measurement

Food Insecurity

Food insecurity was measured using a modified version of the
USDA’s Food Security Module (FSM) [10] administered
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through ACASI. The ACASI did not include the FSM hunger
question: BIn the last 12months, were you very hungry but did
not eat because there wasn’t enough money for food?^ This
question is used to classify respondents as food insecure with
or without hunger. Thus, the present study used the sum of
these five items to create a food insecurity score, without
classification of hunger. Responses were scored following
the standard FSM methodology [10]. Responses were dichot-
omized to either 0 (no) or 1 (yes). However, rather than clas-
sifying responses into categories as is done in the FSM ap-
proach, food insecurity was measured as a continuous variable
by totaling items endorsed on the FSM scale. Therefore,
scores ranged from 0 (high food security) to 5 (low food
security).

Diet Quality

Diet recalls were collected in-person with a trained interview-
er during both the household interview and MRV session.
Participants were asked to recall all foods and beverages con-
sumed during the previous 24 h (recorded by methods devel-
oped by the USDA called the Automated Multiple Pass
Method [11]) that is supplemented by Food Model booklet
and measurement aids to assist in estimating the accurate
quantities. This method asks participants if they use salt in
food preparation and add salt at the table. Wave 1 data were
adjusted for salt used in preparation of foods but not for salt
added at the table which can underestimate sodium intake
about 5–6 % [12]. The recalls were coded using Survey Net
[11], matching foods consumed with 8-digit codes in the Food
and Nutrient Database for Dietary Studies version 3.0 [13].
Food and nutrient data from both data collection days were
averaged.

These data were used to calculate HEI-2010 scores using
the guidelines from the 2010 USDA HEI Technical Report
[14, 15]. The HEI-2010 is comprised of 12 components: total
fruit; whole fruit; total vegetables; greens and beans; whole
grains; dairy; total protein foods; seafood and plant proteins;
fatty acids; refined grains; sodium; and empty calories. With
the exception of fatty acids and empty calories, each compo-
nent is calculated per 1000 cal; therefore, diets with different
caloric intake are transformed on the same scale for compar-
ison. The HEI-2010 score ranges from 0 to 100, with 0
representing the lowest compliance with the US Dietary
guidelines and 100 representing optimal compliance, which
can be interpreted as optimal diet quality. Only the HEI-2010
total score was used for the present analyses.

Covariates

As part of the household survey, demographic characteristics
measured included age (years), sex (male/female), self-
reported race (Black/White), household characteristics

(i.e., single parent status), and poverty status. Data regarding
substance use, including cigarette smoking, alcohol use, and
illicit drug use (i.e., cocaine, marijuana, opiates), were coded
as current user (within past 6 months), former user (use
>6 months ago), and never user. Comorbidity of major dis-
eases was determined by physician interview and examina-
tion. Disease categories were metabolic (diabetes, thyroid dis-
orders, and kidney disease), neurological (Alzheimer’s, de-
mentia, Parkinson’s, multiple myeloma, multiple sclerosis,
and epilepsy), inflammatory (lupus and hepatitis), and cancer
(all types). The disease categories were included as covariates
to ensure that any effects of the predictors of interest were not
due to diet-related medical conditions.

Data Analyses

Multivariable regression analyses were computed to deter-
mine the potential interactive relations of food insecurity and
race to diet quality (HEI-2010). The main effects and interac-
tion terms for food insecurity and race were regressed on total
HEI-2010 score. The model also included model covariates:
poverty status, education, age, household composition, sex,
alcohol, cigarette and drug use, and history of major medical
diseases.1 Statistical analyses were conducted using SPSS ver-
sion 21.0 (IBM Corp., Armonk, NY).

Results

Sample Characteristics

The sample was 57.8 % Black, 56.9 % female, and 44.2 %
below poverty (Table 1). The average age of participants was
47.86 years. A greater proportion of Blacks were single par-
ents and living below the poverty line compared to Whites,
and Blacks reported greater food insecurity severity than
Whites (all p values < 0.005). Although Blacks had a higher
overall prevalence of food insecurity (40 vs. 31.8 %), the
percentage of food-insecure Whites reporting having to skip
or reduce the size of meals on amonthly basis was greater than
food-insecure Blacks (28 vs. 19 %; χ2 (3) = 9.02, p = 0.029).
In addition, 37.7 % of food-insecure Blacks in the sample
reported participating in the Supplemental Nutrition
Assistance Program (SNAP), compared to 29.4 % of food-
insecure Whites (χ2 (2) = 6.37, p = 0.041).

1 A model excluding the medical disease variables was also run to ensure
that the present model is not only valid for Bhealthy^ individuals, mean-
ing people without major medical problems. However, the reduced model
did not affect the interaction terms for the predictors of interest; therefore,
the disease variables were kept in the model.

708 J. Racial and Ethnic Health Disparities (2016) 3:706–712



Multivariable Regression

The interaction of food insecurity and race was significantly
associated with diet quality (b = 1.06, p = 0.001; Table 2). The
interaction plot (Fig. 1) showed that at the lowest level of food
insecurity (i.e., no endorsements of the food insecurity items),
HEI-2010 scores were roughly similar across race. However,
with each additional food insecurity item endorsed, HEI-2010
scores were substantially lower for Whites compared to
Blacks. The difference between Blacks and Whites was most
extreme at the most severe level of food insecurity (i.e., en-
dorsement of all five items), where Blacks had a mean HEI-
2010 score of 41.2 and Whites had a mean HEI-2010 score of
36.5. Additionally, poverty status, age, sex, and education
were independent predictors ofdietquality (allpvalues<0.05).
Furthermore, poverty was associated with lower diet quality,

while older age, female sex, and higher education levels were
associated with increased diet quality.

Ad Hoc Analyses

To further explore the race differences in the association of food
insecurity on diet quality, additional ad hoc analyses were per-
formed to examine the role of SNAP participation. As stated
above, Blacks in this sample were significantly more likely to
report participating in SNAP (χ2 (2) = 6.37, p = 0.041).
Therefore, race-stratified models were run to test the interaction
of food insecurity and SNAP participation. Indeed, SNAP par-
ticipation diminished the effects of food insecurity on diet qual-
ity for Blacks (b = 0.80, p = 0.042; Table 3), but not for Whites.
The interaction plot (Fig. 2) shows that as food insecurity in-
creases, diet quality for Blacks increases for those receiving
SNAP participation, and decreases for those who are not.

Discussion

The researchers posited that greater severity of food insecurity
would be associated with lower diet quality, and that this as-
sociation would be potentiated for Blacks. Although food in-
security indeed interacted with race to predict diet quality,
results were contrary to the hypothesized direction.
Unexpectedly, Whites had lower HEI scores with greater food
insecurity. To our knowledge, this is the first such finding in
the literature, as race differences in the relation between food
insecurity and diet quality have not been examined previously.

The current findings are inconsistent with prior work that
reported an heightened effect of low SES—although not food
insecurity specifically—on diet quality among minority
groups compared toWhites [8]. Furthermore, the present find-
ings may be counterintuitive when viewed in light of the lit-
erature on racial disparities in food access that show a lack of
access to healthy foods in predominantly Black neighbor-
hoods [16, 17]. Given the greater prevalence of food insecu-
rity among Blacks, and the lack of healthy food access in

Table 1 Descriptive statistics for
full sample and by race Full sample (n = 1741) Blacks (n = 1006) Whites (n = 735)

Variable n (%)/Mean (SD) n (%)/Mean (SD) n (%)/Mean (SD)

Black 1006 (57.8 %) – –

Female 990 (56.9 %) 564 (56.1 %) 426 (58.0 %)

Poverty status (Below 125 % FPL)* 770 (44.2 %) 539 (53.6 %) 231 (31.4 %)

Age (in years) 47.86 (9.16) 47.91 (9.09) 47.80 (9.26)

Education (in years)* 12.54 (3.01) 12.29 (2.53) 12.88 (3.56)

Single parent* 347 (24.3 %) 250 (30.3 %) 97 (16.1 %)

Food insecurity* 1.09 (1.65) 1.20(1.69) 0.95 (1.59)

HEI-2010 42.96 (11.46) 42.90 (10.36) 43.04 (12.82)

* Significant differences by race (p < 0.005)

Table 2 Linear regression model predicting diet quality from food
insecurity

Predictor ba S.E.a t p value

Food insecurity −1.33 0.26 −5.05 <0.001

Race 0.02 0.63 0.24 0.98

Food insecurity * Race 1.06 0.33 3.25 0.001

Covariates

Poverty Status −1.14 0.57 −2.01 <0.004

Age 0.12 0.03 4.21 <0.001

Single parent 0.25 0.58 0.43 0.70

Sex −2.10 0.54 −2.93 <0.001

Education 1.08 0.09 12.21 <0.001

Alcohol & drug use −0.87 0.47 −1.86 0.06

Diabetes/Metabolic 0.88 0.56 1.57 0.12

Neurological 1.27 3.10 0.41 0.68

Inflammatory 0.91 0.84 1.08 0.28

Cancer 1.77 1.10 1.61 0.11

Constant 25.44 1.94 13.10 <0.001

aUnstandardized regression coefficients
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Black neighborhoods, one might have expected to see more
pronounced effects of food insecurity on diet quality in
Blacks.

Nonetheless, there are two possible explanations for the
more pronounced association of greater food insecurity to
poorer diet quality in Whites noted in the present investiga-
tion. One such explanation relates to methodological differ-
ences between the present investigation and prior literature.
First, the present study used a large, racially and socioeconom-
ically diverse sample representative of Baltimore, MD. Prior
studies have employed small samples [4, 6], national data sets

that may not have been as racially-representative as the pres-
ent study [4, 7], or a select sample of participants already
seeking food assistance and therefore not representative of
the full socioeconomic spectrum [18].

A second possible explanation for a more deleterious im-
pact of food insecurity on diet quality in Whites may be the
lesser role of SNAP participation, which was tested in the ad
hoc analyses. Indeed, this finding may actually be related to
our conceptual rationale for expecting potentiated effects in
Blacks. Although food insecurity has been measured consis-
tently only in the last 25 years, it is likely that racial disparities
in food insecurity prevalence have been present throughout
many generations of Black Americans due to centuries of
economic disadvantage [19]. It is possible that this historical
contrast yielded greater resiliency or better coping skills in
Blacks compared to Whites. Blacks may have passed down
knowledge and skills for securing and preparing higher qual-
ity foods on a tight budget through the generations (i.e., cul-
tural transmission of food knowledge) [20], and in this case,
using food stamps to help make ends meet.

Additionally, it is notable that not only were relations of
food insecurity to diet quality diminished for Blacks partici-
pating in SNAP, but food-insecure Blacks were also less likely
than food-insecure Whites to have skipped or reduced the size
of meals in the last month, regardless of SNAP participation. It
is possible that additional coping skills employed by Blacks
mitigate the effects of food insecurity on diet quality, includ-
ing a collectivist approach to caring for the well-being of
others in their community [20]. Therefore, the Black partici-
pants in this study may have received additional food assis-
tance through their family, friends, church, or community, in
addition to SNAP participation, that contributed to lower rates
of meal skipping and buffered effects on diet quality.

Fig. 1 Interaction and scatter plot of food insecurity and race predicting HEI total score

Table 3 Linear regression model predicting diet quality from food
insecurity and food stamp participation, for Blacks only

Predictor ba S.E.a t p value

Food insecurity −1.44 0.57 −2.55 0.011

Food stamps −2.74 0.90 −3.03 0.002

Food insecurity * Food stamps 0.80 0.39 2.03 0.042

Covariates

Poverty status −0.31 0.69 −0.45 0.65

Age 0.13 0.04 3.50 <0.001

Single parent 0.43 0.68 0.62 0.53

Sex −1.95 0.67 −2.93 0.003

Education 0.53 0.13 4.05 <0.001

Alcohol & drug use −0.21 0.56 −0.38 0.71

Diabetes/Metabolic 0.74 0.70 1.05 0.29

Neurological 0.85 3.07 0.28 0.78

Inflammatory 1.33 1.02 1.30 0.19

Cancer −1.70 1.58 −1.08 0.283

Constant 34.72 2.90 11.96 <0.001

aUnstandardized regression coefficients
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It is important to interpret these findings in the context of
factors other than food insecurity that may differentially influ-
ence dietary choices and ultimately diet quality. These factors
include taste, cost, convenience, and food preference. Glanz
et al. [21] examined the role of taste, nutrition, cost, conve-
nience, and weight control on personal dietary choices in a
national sample of 2967 adults. The researchers also examined
demographic differences in the importance of each decision
factor, as well as healthy lifestyle orientation. They found that,
although taste, nutrition, and weight control were important
considerations across the socioeconomic spectrum, low-
income individuals place a priority on cost and convenience.
According to Drewnowski and Specter [22], the relative
higher cost of a healthy diet (i.e., low energy density) com-
pared to an unhealthy diet (i.e., high energy density) may
explain why low income groups choose unhealthy foods to
meet their energy needs. That is, in the context of low SES,
individuals have to make a choice between food cost and
nutritional content, as they cannot afford to place importance
on both. Future research should examine whether the above
factors differentially influence diet quality as a function of
race/ethnicity.

Our study had several strengths and limitations. Strengths
include the large, community-based sample size that was both
racially and socioeconomically representative and diverse.
Additionally, examining race interactions in the effect of food
insecurity on diet quality is a first in the literature. The HEI-
2010 scores were based on two 24-h recalls administered by
trained interviewers. However, there were a number of limita-
tions to the present study. First, the HANDLS sample overall
reported HEI-2010 scores (M = 42.96) that were about 10
points below the national average of 51.90 reported in
NHANES [23]. Second, sodium added to foods at the table
was not included in the HEI-2010 calculations, possibly
resulting in underestimation of sodium intake. Third, nutrients
from supplements such as omega 3 fatty acids and sodium

from antacids were not included in the HEI-2010 scores.
Therefore, these nutrient intakes may be underestimated here.
Fourth, individual HEI-2010 component scores were not ex-
amined in the present study. Therefore, different dietary pat-
terns could have resulted in similar HEI-2010 scores. Finally,
due to IRB restrictions, participants with uncontrolled high
blood pressure were excluded from the study; this limits the
generalizability of our findings.

Despite these limitations, the findings from this study have
important implications. Overall, diet quality and nutrient in-
takes are associated with many health outcomes, including but
not limited to cardiovascular disease risk [24]. Thus, it is nec-
essary to further explore these associations, especially social
factors that might mitigate detrimental effects of food insecu-
rity on diet quality.

Future Directions

Future work should examine the potential mechanisms under-
lying increased resiliency for food-insecure Blacks, compared
to greater vulnerability among food-insecure Whites with re-
spect to diet quality. These include cultural transmission of
food procurement and preparation techniques that buffer ef-
fects of food insecurity on diet quality and increased SNAP
participation among Blacks compared to Whites. These cop-
ing responses should be investigated further, particularly with
respect to cultural and racial differences in strategies.
Relatedly, potential reasons why food-insecureWhites are less
likely to participate in SNAP than food-insecure Blacks
should be investigated. Additionally, future research in this
area should also further explore how food insecurity influ-
ences food preferences and eating patterns and examine race
differences in these associations. These findings highlight the
need for targeted study of poor urban-dwelling Whites as a
vulnerable population as well as the more frequently studied
low-income Whites of Appalachia or other rural settings.

Fig. 2 Scatter and interaction plots of food insecurity and SNAP participation predicting HEI total score, for Blacks only
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Policy Implications

These results have important implications for public health
and health policy. Aside from development of primary pre-
vention programs and policy changes to reduce food insecu-
rity, the present data suggest intervention points for preven-
tion. Examples include programs and policy changes aimed at
mitigating the effects of food insecurity on diet quality.
Although the present study did not link these mechanistic
pathways to physical health outcomes, there is an abundance
of evidence for negative health consequences associated with
poor diet quality [24].
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