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ABSTRACT

Objective. Food insecurity may be a modifiable and independent risk factor
for worse control of medical conditions, but it has not been explored among
veterans. We determined the prevalence of, and factors independently associ-
ated with, food insecurity among veterans in the Veterans Aging Cohort Study
(VACS).

Methods. Using data from VACS from 2002-2008, we determined the preva-
lence of food insecurity among veterans who have accessed health care in
the Veterans Health Administration (VA) as defined by “concern about having
enough food for you or your family in the past month.” We used multivariable
logistic regression to determine factors independently associated with food
insecurity and tests of trend to measure the association between food insecu-
rity and control of hypertension, diabetes, HIV, and depression.

Results. Of the 6,709 veterans enrolled in VACS, 1,624 (24%) reported being
food insecure. Food insecurity was independently associated with being African
American, earning <$25,000/year, recent homelessness, marijuana use, and
depression. Being food insecure was also associated with worse control of
hypertension, diabetes, HIV, and depression (p<0.001).

Conclusion. Food insecurity is prevalent and associated with worse control of
medical conditions among veterans who have accessed care in the VA.
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Food insecurity is a household-level economic and
social condition of limited or uncertain access to
adequate food.! In 2012, approximately 49 million
people lived in U.S. households experiencing food
insecurity. Being food insecure is more common among
those in racial/ethnic minority groups and low-income
individuals, as well as individuals with functional limita-
tions or disabilities that could prevent individuals from
gaining access to, preparing, and even consuming
foods.? It is an independent risk factor for poor inter-
mediate health outcomes, including worse glycemic
control in adults with diabetes, higher viral load in
adults with human immunodeficiency virus (HIV),
and worse depressive symptoms.*® Food insecurity
may impact chronic disease self-management through
varied mechanisms: reliance on inexpensive foods that
are generally poor for glycemic control, competing
demands between food and health-care expenditures,
and decreased adherence to medications that should
be taken with food.**

Few studies have examined the prevalence of
and risk factors for food insecurity among veterans.
According to data from the 2008 U.S. Department of
Agriculture’s Food Security Survey, 15.2% of veterans
reported food insecurity compared with 16.8% of
the general population.! This survey may, however,
reflect an underestimation of food insecurity among
veterans given its target population of noninstitu-
tionalized individuals contacted by telephone. Other
large population-based studies have not specifically
examined prior military service as a correlate of food
insecurity,>'* and some studies have even excluded
veterans because they were a small portion of the study
cohort.”” Given that individuals who use the Veterans
Health Administration (VA) health-care system are
more likely to be of a racial/ethnic minority group,
poor, homeless, or disabled, they may be at an increased
risk for food insecurity and, thus, experience worse
health outcomes. We have previously reported that,
among HIV-infected individuals receiving care in the
VA health-care system, food insecurity is associated with
worse HIV outcomes, including lower CD4 counts and
higher viral load.* A recent study found that military
service impacts soldiers’ food environment and food
security, which then influences eating behavior and
food choices both during military service and following
discharge.'® Further, there are significant and persistent
disparities in health and health care among veterans
compared with the general population.”

To our knowledge, no study has empirically studied
the prevalence of food insecurity and its correlates
among the Veteran population receiving medical care
within the VA health-care system. We therefore exam-

ined the prevalence of and health outcomes associ-
ated with food insecurity among a multisite sample of
veterans enrolled in the Veterans Aging Cohort Study
(VACS), using clinical and administrative data to define
health outcomes.

METHODS

Sample and setting

We analyzed baseline data on 6,709 subjects enrolled
in VACS. VACS is an observational cohort of HIV-
infected and HIV-uninfected individuals that began
in 2002 and is designed to examine the role of alco-
hol and comorbid medical and psychiatric disease in
determining clinical outcomes in HIV infection.®” A
full description of the study and measures collected is
provided elsewhere.'® Briefly, VACS assesses patients
using a combination of self-reported, administrative,
and clinical data from eight VA infectious disease and
general medical clinics (Atlanta, Georgia; Baltimore,
Maryland; Bronx, New York; Manhattan/Brooklyn, New
York; Houston, Texas; Los Angeles, California; Pitts-
burgh, Pennsylvania; and Washington, D.C.). Overall,
58% of HIV-infected patients at the eight sites were
enrolled, with only 9% of those approached refusing to
participate. HIV-negative controls, in a 1:1 ratio, were
recruited from general medicine clinics at the same
medical centers and were matched based on age, race/
ethnicity, and gender. All participants were engaged
in the VA health-care system. Data collected include
sociodemographic factors; comorbid conditions; mea-
sures of patients’ health and habits, including drug and
alcohol use; homelessness; and health behaviors. The
study sample for these analyses included the subset of
VACS participants who completed a baseline survey
from 2002 to 2008.

Measurements

Food insecurity. To capture the broadest domain of
food insecurity—uncertainty about food access—
VACS incorporated the first question of the 18-item
Household Food Insecurity Access Scale (HFIAS) in
the baseline patient survey: “In the past 4 weeks, have
you been concerned about having enough food for
you or your family?” HFIAS is a previously validated
scale designed to assess household food insecurity
in multiple international settings.'® Participants who
answered “yes” were categorized as being food insecure.

Covariates. We selected candidate covariates based
on prior literature on factors associated with food
insecurity and health outcomes.®* Variables used
in the study included age (continuous), gender
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(male/female), race/ethnicity (white/African Ameri-
can/Hispanic/other), income (<$25,000/year vs.
=$25,000/year), education (<high school vs. >high
school), married or long-term partner, unemploy-
ment, recent homelessness, and site of enrollment.
We assessed current alcohol consumption using the
three-item Alcohol Use Disorders Identification Test-
Consumption (AUDIT-C).?'# People were classified
as having unhealthy alcohol use if their total score on
the AUDIT-C was =4 drinks/day (or =3 drinks/day for
women and aged =65 years). If participants reported
that they drank =6 drinks in one sitting at least once
a month, they were classified as engaging in heavy
episodic drinking.” Those self-reporting opioid, mari-
juana, cocaine, or stimulant use, defined according to
whether or not a participant reported using more than
1-3 times/month in the past year, were considered as
having recent drug use. We assessed multicollinearity
using variance inflation factors, which were all <4,
indicating that multicollinearity was not complicating
our analyses.

Additionally, we examined the association between
food insecurity and various clinical conditions, includ-
ing hypertension, diabetes, HIV, and depression, given
that such associations have been reported in other
populations.®'"?* Hypertension was defined as a systolic
blood pressure =140 millimeters of mercury (mmHg),
diastolic blood pressure =90 mmHg, or having Interna-
tional Classification of Diseases-Ninth Revision (ICD-9)
administrative codes for hypertension. Diabetes was
defined using ICD-9 codes. We used the Patient Health
Questionnaire-9 (PHQ-9) to assess active depressive
symptoms.” The PHQ-9 is a modified version of the
Primary Care Evaluation of Mental Disorders that spe-
cifically addresses major depressive disorder. A cutoff
score of =10 has a sensitivity of 88% and a specificity
of 88% for a clinical diagnosis of depression.

HIV status was ascertained from the medical record.
Among HIV-infected patients, we compared the VACS
Index Score for those with and without food insecurity.
The VACS Index Score is a validated index of overall
medical health that is predictive of morbidity and
mortality and incorporates both HIV and non-HIV
biomarkers. It is calculated using the patient’s age,
CD4 cell count, HIV ribonucleic acid and hemoglobin
levels, renal and hepatic function, and hepatitis C virus
serostatus.”®?” The VACS Index Score ranges from 0
to 164 points, with higher scores indicating greater
burden of disease and higher risk of morbidity and
mortality (each additional five points indicates approxi-
mately a 20% increased risk of five-year mortality).?”*
We calculated body mass index (BMI) based on weight
and height as recorded in the electronic medical record

during routine clinical care. Obesity was defined as
having a BMI =30 kilograms per meter squared (kg/
m?). All clinical measures used the laboratory value
closest to the baseline survey date.

Control of medical conditions. Among those with hyper-
tension, we categorized hypertension control as poorly
controlled (=160 mmHg systolic blood pressure or
=100 mmHg diastolic blood pressure), minimally
controlled (>140-<<160 mmHg systolic blood pressure
or >90-<<100 mmHg diastolic blood pressure), and
well-controlled (=140 mmHg systolic blood pressure
or =90 mmHg diastolic blood pressure). Among those
with diabetes, we categorized diabetes control as hav-
ing a glycosylated hemoglobin Alc (HgBAlc) of 5-7
units (adequately controlled), >7 units (inadequately
controlled), and <5 units (tightly controlled). Among
HIV-infected patients, we used the VACS Index Score to
examine overall control of medical conditions. Because
there are no set cutoffs for the VACS Index Score that
indicate severity of disease, we examined VACS Index
Scores by quartile, with the highest quartile scores indi-
cating a worsening of overall medical condition. Finally,
we used PHQ-9 scores to define control of depression,
where a higher PHQ-9 score measures worse control
of depression: 10-14 indicates moderate depression,
15-19 indicates moderately severe depression, and
20-27 indicates severe depression.”

Analysis

Subjects with and without food insecurity were first
compared on baseline sociodemographic and clinical
characteristics. We evaluated those characteristics asso-
ciated with food insecurity using t-tests and chi-square
tests as appropriate for continuous and categorical
variables. We next examined factors associated with
food insecurity using multivariable logistic regression
by adjusting for all covariates associated with food inse-
curity with $<<0.2 in unadjusted analyses. To examine
the control of medical conditions, we examined the
prevalence of food insecurity by severity of hyperten-
sion, diabetes, HIV, and depression using chi-square
tests and tests of trends as appropriate. We considered
$<<0.05 to be statistically significant.

RESULTS

Among 6,709 subjects, 1,624 (24%) reported food
insecurity (Table 1). Subjects who were food insecure
were significantly more likely than those who were
food secure to be of a racial/ethnic minority group
(85% vs. 76%, p<<0.001), low income (86% vs. 66%,
$<0.001), unemployed (83% vs. 64%, p<<0.001), and
recently homeless (28% vs. 8%, p<<0.001). Those who
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Table 1. Veterans Aging Cohort Study participants by food-insecure status, 2002-2008 (n=6,709)

Food insecure?
(n=1,624)

Food secure
(n=>5,085)

Characteristic N (percent) N (percent) P-value
Age, in years (mean * SD) 48 + 7.5 50 = 9.9 <0.001
Race/ethnicity <0.001

White 247 (15) 1,233 (24)

African American 1,085 (67) 3,251 (64)

Latino 208 (13) 442 (9)

Other 84 (5) 169 (3)
Male 1,536 (95) 4,826 (95) 0.60
<High school education 149 (9) 375 (7) 0.02
Married/long-term relationship 388 (24) 1,651 (33) <0.001
Number of individuals in household (median [IQR]) 21, 3) 21, 3) 0.10
Low income (<$25,000/year) 1,336 (86) 3,241 (66) <0.001
Unemployed 1,340 (83) 3,376 (64) <0.001
Recent homelessness (<30 days) 447 (28) 403 (8) <0.001
Marijuana use (>1-3 times/month) 190 (12) 389 (8) <0.001
Cocaine/crack use (>1-3 times/month) 184 (12) 333 (7) <0.001
Stimulant use (>1-3 times/month) 36 (2) 44 (1) <0.001
Opioids use (>1-3 times/month) 121 (8) 201 (4) <0.001
Unhealthy alcohol use (AUDIT =4) 659 (42) 1,865 (38) 0.002
Heavy episodic drinking 475 (30) 1,213 (24) <0.001
Drug-use related diagnosis 567 (35) 1,012 (20) <0.001
Depression (PHQ-9 >10) 659 (41) 780 (15) <0.001
HIV-positive status 845 (52) 2,470 (49) 0.02
VACS Index Score? (mean * SD) 477 + 7.3 495 + 93 <0.001
BMI median (IQR) 25.8 (22.9, 29.9) 26.5 (23.5, 30.2) <0.001
Hypertension 521 (32) 1,880 (37) <0.001
Blood pressure =160/100 mm/HgP 75 (5) 403 (4) 0.27
Diabetes 362 (22) 1,240 (24) 0.09

*Food insecurity is a household-level economic and social condition of limited or uncertain access to adequate food.

®Among those with HIV infection

‘Among those with hypertension

SD = standard deviation

IQR = interquartile range

AUDIT = Alcohol Use Disorders Identification Test
PHQ-9 = Patient Health Questionnaire-9

HIV = human immunodeficiency virus

VACS = Veterans Aging Cohort Study

BMI = body mass index

mm/Hg = millimeters of mercury

were food insecure were also more likely than those
who were food secure to report using marijuana (12%
vs. 8%, p<<0.001), cocaine (12% vs. 7%, p<<0.001),
and opioids at least 1-3 times a month (8% vs. 4%,
$<<0.001) and to meet criteria for unhealthy alcohol
use (42% vs. 38%, p=0.002) and heavy episodic drink-
ing (30% vs. 24%, p<0.001). Food-insecure individuals
were also more likely than food-secure individuals to
be HIV-positive (52% vs. 49%, p=0.02), depressed
(41% vs. 15%, p<<0.001), and have a lower mean BMI
(25.8 kg/m? vs. 26.5 kg/m?, p<<0.001). Food-insecure
participants were less likely to have hypertension (32%
vs. 37%, p<<0.001) than hose who reported being food

secure but about equally likely to have diabetes (22%
vs. 24%, p=0.09) (Table 1).

In adjusted analyses, compared with white indi-
viduals, African Americans had increased odds of
being food insecure (adjusted odds ratio [AOR] =
1.56, 95% confidence interval [CI] 1.31, 1.86), as did
Latinos (AOR=2.12, 95% CI 1.66, 2.72) and those
in other racial/ethnic minority groups (AOR=1.94,
95% CI 1.36, 2.76) (Table 2). Those with an income
<$25,000/year (AOR=2.50, 95% CI 2.10, 2.98) and
those who were recently homeless (AOR=3.18, 95%
CI 2.77, 3.79) had more than twofold higher odds of
being food insecure compared with those with higher
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incomes or who were adequately housed. Food insecu-
rity was independently associated with marijuana use
(AOR=1.36, 95% CI 1.10, 1.68) and meeting criteria
for depression (AOR=3.00, 95% CI 2.60, 3.46). It
was not independently associated with heavy episodic
drinking or using cocaine, opioids, or amphetamines.
HIV status was also not independently associated with
food insecurity.

Among those with hypertension, individuals with
poor blood pressure control were more likely to be

food insecure than those whose systolic blood pressure
was <160 mmHg. Having a higher blood pressure was
associated with higher rates of food insecurity (test of
trend, p=0.013) (Figure, Panel A). Food insecurity was
independently associated with poor blood pressure
control even after adjusting for individuals’ race, age,
and gender (AOR=1.59, 95% CI 1.17, 2.17) (data not
shown). Among those with diabetes, individuals with
tight diabetes control (HgBAlc <5, 29.4%) (Figure,
Panel B) or who had evidence of inadequate diabetes

Table 2. Risk factors for food insecurity in Veterans Aging Cohort Study participants, 2002-2008 (n=6,709)

Percent food

Characteristic N insecure? OR (95% Cl) AOR? (95% Cl)
Age (in years)
<50 3,371 28 Ref. Ref.
50-64 2,868 23 0.75 (0.66, 0.84) 0.76 (0.67, 0.87)
=65 470 7 0.19 (0.13, 0.27) 0.18 (0.12, 0.30)
Race/ethnicity
White 1,470 17 Ref. Ref.
African American 4,336 25 1.65 (1.42, 1.93) 1.56 (1.31, 1.86)
Latino 650 32 2.33(1.88, 2.89) 2.12 (1.66, 2.72)
Other 253 33 2.46 (1.83, 3.31) 1.94 (1.36, 2.76)
Female 347 25 Ref. NS
Male 6,362 24 0.90 (0.73, 1.2)
=High school 6,166 24 Ref. Ref.
<High school 524 28 1.28 (1.02, 1.54) 1.28 (1.01, 1.64)
Not married 4,601 26 Ref. Ref.
Married/long-term relationship 2,039 19 0.65 (0.57, 0.74) 1.02 (0.87, 1.18)
Income =$25,000/year 4,577 29 Ref. Ref.
Income <$25,000/year 1,891 12 2.85 (2.50, 3.23) 2.50 (2.10, 2.98)
No recent homelessness 850 20 Ref. Ref.
Recent homelessness 5,829 53 4.43 (3.81, 5.14) 3.18 (2.77, 3.79)
(<30 days)
Marijuana use (=1-3 times/month) 5,942 20 Ref. Ref.
Marijuana use (>3 times/month) 850 53 1.59 (1.33, 1.92) 1.36 (1.10, 1.68)
Cocaine use (=1-3 times/month) 5,985 23 Ref. Ref.
Cocaine use (>3 times/month) 517 37 1.83 (1.51, 2.21) 0.86 (0.68, 1.09)
Stimulant use (=1-3 times/month) 6,378 24 Ref. Ref.
Stimulant use (>3 times/month) 80 45 2.60 (1.67, 4.05) 1.34 (0.79, 2.30)
Opioids use (=1-3 times/month) 6,121 23 Ref. Ref.
Opioids use (>3 times/month) 322 39 1.90 (1.55, 2.48) 1.27 (0.95, 1.68)
No heavy drinking 3,970 22 Ref. Ref.
Heavy episodic drinking (=6 drinks at once) 2,685 28 1.42 (1.27, 1.59) 1.12 (0.98, 1.27)
No depression 5,226 18 Ref. Ref.
Depression (PHQ-9 >10) 1,439 45 3.77 (3.32, 4.28) 3.00 (2.60, 3.46)
HIV-negative 3,394 23 Ref. Ref.
HIV-positive 3,315 25 2.10 (1.88, 2.32) 1.02 (0.89, 1.16)

*Food insecurity is a household-level economic and social condition of limited or uncertain access to adequate food.

OR = odds ratio

Cl = confidence interval

AOR = adjusted odds ratio

Ref. = reference group

NS = not significant

PHQ-9 = Patient Health Questionnaire-9

HIV = human immunodeficiency virus
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Figure. Severity of chronic conditions by food insecurity® for Veterans Aging Cohort Study participants, 2002-2008

Panel A. Percent of hypertensive subjects with food
insecurity, by category of blood pressure (chi-square,
p=0.013; test for trend, p<0.001)
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Panel C. Percent of HIV-infected subjects with food
insecurity, by VACS index quartiles (chi-square, p<0.001;
test for trend, p<0.001)
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Panel B. Percent of diabetic subjects with food insecurity, by
HgBA1c (chi-square, p<0.001; test for trend, p<0.004)
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Panel D. Percent of depressed subjects with food insecurity,
by severity of PHQ-9 score (chi-square, p<0.001; test for
trend, p<0.001)
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*Food insecurity is a household-level economic and social condition of limited or uncertain access to adequate food.

HgBA1c = glycosylated hemoglobin Alc
HIV = human immunodeficiency virus
VACS = Veterans Aging Cohort Study
PHQ-9 = Patient Health Questionnaire-9

control (HgBAlc >7, 27.1%) were more likely to be
food insecure than those whose diabetes was controlled
(HgBAlc 5-7, 20.0%, p<<0.001). Food insecurity was
independently associated with inadequate diabetes
control even after adjusting for subjects’ race, age,
and gender (AOR=1.58, 95% CI 1.17, 2.13) but not
with tight diabetes control (AOR=1.68, 95% CI 0.87,
3.23) (data not shown). Among HIV-infected individu-
als, those with food insecurity had higher VACS Index
Scores (test for trend, p<<0.001) (Figure, Panel C).
Similarly, higher rates of food insecurity were seen in
those with more severe depressive symptoms (test of
trend, p<<0.001) (Figure, Panel D).

DISCUSSION

In a large multisite study, one-quarter of veterans
receiving care in the VA health-care system reported
food insecurity in the past 30 days, which was signifi-
cantly more than the general U.S. population or as
reported in prior studies.! Being poor, of a racial/
ethnic minority, unemployed, or recently homeless
was independently associated with food insecurity, risk
factors similar to those reported in the general popula-
tion. Food insecurity was also independently associated
with marijuana use and depression, as has been shown
in other studies. Unlike previous studies, we did not
see a statistically significant association between food
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insecurity and illicit drug use, but our study may have
been underpowered to detect such an association.®*

Similar to past studies, but using more stringent
methods to characterize the medical diagnoses and
measures of control, we found that food insecurity was
associated with worse control of hypertension, diabetes,
HIV disease, and depression.>”!!-133031 The high rate of
food insecurity among a veteran population with access
to health care and medications raises several interesting
issues. The first is that it supports the hypothesis that
food insecurity may be a path to poor health outcomes
above and beyond lack of access to medical care and
medications. The association with food insecurity and
inadequate diabetes control may imply that people have
inadequate nutrition contributing to more episodes of
hypoglycemia.* Episodic underconsumption may lead
to periods of binging, which is linked to insulin resis-
tance, or eating less expensive foods that are calorie
dense with little nutritional value. These explanations
support the nonlinear relationship between food inse-
curity and hemoglobin Alc. Similarly, the high sodium
and low potassium content of highly processed foods,
common in the diets of food-insecure adults, may
worsen blood pressure control.”

For HIV and depression, where disease manage-
ment is less clearly subject to variations in diets, food
insecurity may be associated with medication nonad-
herence.® Another plausible biologic mechanism for
the relationship between food insecurity and various
diseases is that food may impact the pharmacokinet-
ics of medications. Because we did not assess the use
of specific medication regimens, we cannot infer the
effect of particular regimens on the association between
food insecurity and disease control. Further research
needs to be conducted to explore the mechanisms of
the association between food insecurity and disease
control to tailor interventions to improve the health
outcomes for food-insecure patients. Studies from
resource-poor settings indicate that supplementing
the diet with micronutrients can improve the health
outcomes of individuals with HIV.*

Our findings suggest that interventions addressing
food insecurity in veteran populations accessing the VA
health-care system will need to examine the intertwined
nature of food insecurity and homelessness in this
population. Currently, the VA has programs focused
on food insecurity related to homelessness and has
allocated $3.4 billion to homeless veterans’ health care
and $800 million to specialized homeless programs,
including access to quality food sources. These efforts
include enrolling veterans into programs such as the
Supplemental Nutrition Assistance Program that pro-
vides food stamps. However, these programs may no

longer be available and are not currently meeting the
nutritional needs of these veterans and their families.*

Limitations

This study was subject to several important limitations.
For one, no conclusions about cause and effect can be
derived from this study due to its cross-sectional design.
For example, it is possible that worse disease outcomes
contribute to food insecurity. Also, individuals with
more advanced disease and poor functional health
status are less able to obtain food or lack an adequate
ability to store and cook food. And out-of-pocket
health-care expenditures, including medications, can
also deplete resources and may lead to food insecu-
rity.** These effect-cause relationships deserve further
exploration in future studies.

Additionally, our measurement for food insecurity
was a single item of the HFIAS that captured only one
aspect of food insecurity—anxiety and uncertainty
about food supply. Therefore, we lacked accurate infor-
mation about other components of food insecurity,
including insufficient food intake or quality of food,
as well as the duration, frequency, or extent of food
insecurity. While the item that we used to assess food
insecurity has not been validated among individuals
accessing the VA health-care system, validation studies
have demonstrated that it is able to distinguish food-
secure from food-insecure households across different
cultural contexts, and it has been used in populations
with similar demographic and clinical characteristics.
Such information would further define the impact of
food insecurity on health outcomes among veterans.

Finally, this study was conducted among veterans
who have accessed the VA health-care system; further
studies would need to explore the prevalence of and
risk factors for food insecurity in the general population
of veterans, including those who have never accessed
health care in the VA system.

CONCLUSION

In a large, multisite study, food insecurity was common
in veterans who have accessed the VA health-care system
and was associated with worse disease control across
multiple medical conditions. Longitudinal studies
with detailed measures of food insecurity are needed
to better understand the relationships between food
insecurity and health outcomes and to inform spe-
cific interventions to reduce health inequities among
veterans.

The sponsor had no role in the design and conduct of the study;
collection, management, analysis, and interpretation of the data;
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