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Abstract
Purpose: Food insecurity is a psychosocial stressor with deleterious effects on mental health. This study exam-
ined whether the local food environment moderates the association of individual food insecurity with poor men-
tal health.
Methods: Cross-sectional survey data were collected from adult residents of Flint, Michigan (n = 291), in 2015.
Multivariate logistic models assessed whether quality of the local food environment moderated the relationship
of food insecurity with poor mental health. A binary indicator of poor mental health was created. Participants
were asked to rate their overall ‘‘mental or emotional health’’ using a 5-point Likert scale. Individuals were clas-
sified as having either good mental health (i.e., ratings of good, very good, or excellent) or poor mental health
(i.e., ratings of fair or poor).
Results: In fully adjusted models, food insecurity was associated with 3.2 (95% confidence interval [CI]: 1.6–6.2)
times higher odds of poor mental health. However, increased proximate access to vegetables and fruits mod-
erated this association. For example, those in the bottom 25th percentile of access to vegetables had 7.4 (95%
CI: 2.7–20.5) times higher odds of poor mental health. In contrast, for those in the top 25th percentile of veg-
etable access, food insecurity was only marginally associated with poor mental health (odds ratio = 2.2; 95% CI:
1.0–4.7).
Conclusion: Greater proximate access to vegetables and fruits moderated food insecurity’s association with poor
mental health. Longitudinal evaluation of programs and policies that improve availability of nutrient-rich foods in
food insecure communities is needed to determine whether they yield a mental health benefit.
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Introduction
Poor mental health is among the most debilitating
consequences of food insecurity,1 including acute
psychological pain, anxiety, shame, and depression.2

While the link between food insecurity and depression
has been demonstrated independent of other socio-
economic resources,3 evidence-based strategies that

reduce the impact of food insecurity on mental health
are not well established. In the United States, roughly
12% of the population faces some level of food insecu-
rity, and rates are even higher—upwards of 20%—
among non-white households.4 Identifying modifi-
able community-level characteristics that moderate
the influence of food insecurity on mental health
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could provide an effective policy target and ameliorate
health disparities.

Food insecurity is defined as ‘‘limited or uncertain
availability of nutritionally adequate and safe foods,
or limited or uncertain ability to acquire acceptable
foods in socially acceptable ways.’’5 It is a complex
experience that encompasses four dimensions at the
individual level6: inadequate energy intake (i.e., quan-
tity), inadequate nutrient intake (i.e., quality), feelings
of deprivation or restricted choice (i.e., psychological
acceptability), and abnormal meal patterns such as re-
ducing the size of meals or skipping meals (i.e., social
acceptability). Inherent to food insecurity is the con-
tribution of limited resources, financial or otherwise,
which is recognized when measuring food insecurity
by the United Nations7 and the United States Depart-
ment of Agriculture.5 However, food insecurity can
exist independent of severe poverty.4

A number of underlying pathways may play a role in
the influence of food insecurity on mental health. First,
food insecurity is associated with diet quality. Food
insecure adults consume fewer vegetables, fruits, and
dairy products, as well as fewer vitamins and minerals.8

Food insecurity has also been associated with the de-
gree to which diet influences immune-inflammatory
pathways9—considered to play an etiological role in
multiple mood disorders, including depression.10 Sec-
ond, specific nutritional deficiencies are also associated
with worse mental health.11 Finally, in response to food
insecurity, persons may be persistently focused on how
to obtain necessary food resources. Whether navigating
government food assistance programs, relying on food
banks, seeking out free food from social networks, or
foregoing medical care,12,13 appraisal of possible coping
strategies can have a psychological burden.14

Cohen15 has discussed the potential influence of ex-
ternal social, economic, institutional, and community
characteristics on individual-level food security status.
Limited evidence suggests that low-income areas with
poor access to healthy, affordable foods (also known
as food deserts) may exacerbate the pathways by
which food insecurity influences mental health.16,17

Whether the quality of local food environment moder-
ates the relationship of food insecurity with mental
health is not well established.

This study examines the extent to which the quality
of local food environment moderates the link between
food insecurity and mental health among adult resi-
dents of Flint, Michigan. Flint offers a unique popula-
tion for assessing the moderating influence of local

food environments on the association between food in-
security and mental health status. Decades of disinvest-
ment in Flint have yielded high rates of poverty and
exacerbated other risk factors for poor mental health.18

Subsequently, most chain grocery stores have departed
from the city. The stores that remain have foods of
poorer quality and less variety.19 Furthermore, since
2014, there have been observed increases in stress and
anxiety due to residents learning that city water was con-
taminated with unsafe lead levels20—infamously known
as the Flint Water Crisis.21

It is hypothesized that the association of food insecu-
rity with poor mental health will be weaker among
those who have greater proximate access to nutrient-
dense food groups. In particular, given that fruits and
vegetables are rich in anti-inflammatory micronu-
trients,22 local availability of fruits and vegetables is
expected to attenuate the relationship of food insecu-
rity with poor mental health.

Methods
Sample
The Speak to Your Health (STYH) survey is a bien-
nial cross-sectional survey that provides sociodemo-
graphic and health data on adult residents in Flint
and Genesee County.23 Germane to this article, the
2015 STYH survey provides information on mental
health status, food insecurity, subject residential ad-
dress, and a number of important demographic and
socioeconomic factors. Residential address is neces-
sary to derive neighborhood-level food store scores
as created in Shaver et al.19 Data collection for the
2015 STYH survey was carried out using mailed hard
copy, in-person hard copy, and online surveys. Postcard
invitations were mailed to a random sample of house-
holds representing all residential Census Tracts in the
City of Flint. Postcards included the survey website
URL containing a link to the online version of the sur-
vey. These invitations were followed by a mailed hard
copy survey; 40% of respondents were recruited through
these means. Participants were also recruited through
e-mail lists of local employers and educational insti-
tutions (29%), in-person recruitment by community-
based organizations and health clinics (13%), and
advertisements on local media (9%). Other participants
reported being notified by friends or family members
(6%) or seeing flyers advertising the survey (3%).

Inclusion criteria for STYH included being a resi-
dent of Genesee County and being 18 years or older.
Sample demographics of STYH participants were
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periodically compared to population characteristics and
community-based efforts oversampled underrepre-
sented neighborhoods. When compared to U.S. Cen-
sus population estimates for Flint, Michigan,24 the
study population had a greater proportion of those
who are non-Hispanic white, older than 65 years,
and female. However, rates of employment and
poverty were similar. Among the 393 STYH partici-
pants who resided in Flint, the analytic sample was
limited to those with complete case data for variables
of interest (n = 291). No other exclusion criteria were
applied.

STYH was approved by the University of Michigan
Institutional Review Board for Health and Behavioral
Sciences and permission was granted by the STYH sur-
vey Committee to use these data for the analyses
presented in this study. STYH participants provided in-
formed consent before survey administration.

Measures
Food insecurity. To identify participants who were
likely food insecure, participants were asked, ‘‘How
stable, secure, or reliable is a healthy diet of food in
your life?’’ Subjects who reported a healthy diet of
food to be moderately or completely stable, secure,
or reliable were classified as not having food insecu-
rity. Any other response (e.g., somewhat secure,
equally secure and insecure, and moderately or com-
pletely insecure) was coded as food insecurity because
even moderate levels of food insecurity can be harmful
for health.25

Poor mental health. A binary indicator of poor men-
tal health was created. Participants were asked to rate
their overall ‘‘mental or emotional health’’ using a 5-
point Likert scale that included the following response
options: (1) excellent; (2) very good; (3) good; (4) fair;
and (5) poor. Individuals were classified as having ei-
ther good mental health (i.e., ratings of good, very
good, or excellent) or poor mental health (i.e., ratings
of fair or poor).

Poor mental health represents an important health
indicator, independent from diagnosed psychopathol-
ogy. In a scoping review of single-item measures of
self-rated mental health, Ahmad et al. observed that
such measures are representative of multi-item mea-
sures of mental health and associated with health
care utilization.26 Subjective assessment of general
mental and emotional health—as was asked of
STYH participants—may lead individuals to consider

their sense of purpose and overall life satisfaction, in
addition to the presence or absence of negative mental
or emotional states.27 Furthermore, evidence indi-
cates that single-item measures of poor mental health
are associated with mental morbidity, including stress
level, depressive symptoms, and major depressive
episodes.28

Local food environment. The quality of local food en-
vironment was measured using the Flint Food Store
Survey (including the same food categories and points
used in the original study).19 This survey was created
by combining a Nutrition Environment Measures Sur-
vey in Stores (NEMS-S) assessment of every food store
in and around the City of Flint with spatial analysis,
yielding individual store scores and neighborhood-
level metrics for healthy food access. The NEMS-S is
a valid and reliable food store audit tool that captures
quality, variety, and price of foods in several categories,
including fruits, vegetables, grains, dairy and alterna-
tives, and meat and alternatives.29 Store scores were
used in separate kernel density analyses to create sur-
faces of accessibility for every location in the City
of Flint. Kernel density estimation is a nonparamet-
ric method commonly used to estimate unknown den-
sities for a given geographic area.30 This study used a
search radius of 1 mile since this is a common metric
for measuring access to grocery stores and other food
sources.31,32

Covariates. Demographic covariates included age group
(18 to <40 years, 40 to <65 years, 65 to 93), race/ethnicity
(Non-Hispanic white; Non-Hispanic black; other, e.g.,
Hispanic, Multi-racial, Asian, Native American/
American Indian, Hawaiian Native, Pacific Islander,
or unknown), sex (male or female), and marital status
(married, never married, separated, divorced, or wid-
owed). Socioeconomic covariates included educational
attainment (high school degree or less; some college;
and college degree or above) and employment status
(employed; unemployed; and other, e.g., on disability,
student, or homemaker). To measure financial insecu-
rity, participants were asked, ‘‘How difficult is it for you
to live on your total household income?’’ Participants
were classified into three groups: (1) those who
responded difficult, very difficult, or extremely difficult;
(2) those who responded somewhat difficult; and (3)
those who responded not at all difficult. Finally, the
presence of chronic physical illness was also included
as a covariate given that chronic conditions have a
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high comorbidity with depressive disorders,33 are often
financially burdensome, and are hypothesized to have a
bidirectional association with food insecurity.34 Pres-
ence of a chronic physical illness was coded as ‘‘yes’’
among individuals with a diagnosis history of one or
more of the following conditions: high blood pressure,
heart disease, stroke, asthma, sleep disorder, sarcoido-
sis, or sickle cell anemia. Those with no history of
these conditions were not considered to have a chronic
physical illness.

Statistical analysis
All analyses were conducted using SAS� version
9.4.35 First, w2 and type III F tests were used to deter-
mine the distribution of food insecurity, the local
food environment, mental health status, and covari-
ates for the total sample population, and by mental
health status and food security status. Next, logistic
regression was used to assess a series of models for
the association between food insecurity and poor
mental health. Model 1 accounted for demographic
covariates (age, race/ethnicity, sex, marital and sta-
tus); Model 2 accounted for all covariates in Model
1 plus socioeconomic indicators (educational attain-
ment, employment status, and financial ability to
meet household needs); and Model 3 accounted for
all covariates in Model 2 plus the presence of chronic
physical illness.

Finally, moderation of the association between food
insecurity and poor mental health by five dimensions
of the local food environment (vegetables, fruit, grains,
dairy, and meat)—derived from individual category
scores of the Flint Food Store Survey19—was tested
using logistic regression by adding interaction terms
with food insecurity to Model 3. Initially, only the
logit coefficients were reported because when a variable
is involved in an interaction, it is not possible to calcu-
late a single odds ratio (OR) estimate.36 Thus, to im-
prove interpretation of interaction terms, the odds of
poor mental health were calculated by NEMS-S popu-
lation quartiles for those that reached statistical signif-
icance (a = 0.05).

Results
Table 1 presents descriptive statistics for the analysis
sample. Among study participants, 22% had poor men-
tal health. Poor mental health was more common
among middle aged adults (75%) than elderly adults
(10%). The prevalence of poor mental health did not
differ by sex or race/ethnicity. Overall, the sample

was 30% male, 55% Non-Hispanic white, 30% Non-
Hispanic black, and 15% of a different racial/ethnic
category. Those with poor mental health were less
likely to be married (19% vs. 42%) and more likely
to be separated, divorced, or widowed (37% vs. 25%)
than those with good mental health. Among those
with poor mental health, 62% were food insecure. In
contrast, only 29% of individuals with good mental
health were food insecure. No differences existed,
however, in quality of local food environment by
mental health status.

Table 2 presents descriptive statistics by food secu-
rity status. Those who were food insecure were more
likely to be young adults, aged 18 to <40 years (32%
vs. 22%), non-Hispanic black (40% vs. 26%), and single
(46% vs. 31%). Socioeconomic status was also associ-
ated with food insecurity—those who were food inse-
cure were more likely to have less than or equivalent
to a high school degree (30% vs. 19%) and have ex-
treme difficulty meeting household needs (61% vs.
33%). Chronic physical illness status and quality of
the local food environment did not differ by food secu-
rity status.

Table 3 presents ORs and 95% confidence intervals
(CIs) for the association between food insecurity and
poor mental health. Those who indicated food insecu-
rity had higher odds of poor mental health (OR = 4.1;
95% CI: 2.3–7.3). When accounting for demographic
covariates in Model 1, this association remained
unchanged (OR = 4.2; 95% CI: 2.2–7.9). When ac-
counting for socioeconomic covariates, however, the
magnitude of the association was lower in Model 2
(OR = 3.2; 95% CI: 1.6–6.3). Adjustment for the pres-
ence of a chronic physical illness in Model 3 did not
further attenuate this association (OR = 3.2; 95% CI:
1.6–6.2). Other covariates associated with poor men-
tal health in the fully adjusted model (a = 0.05) in-
cluded age group, marital status, and presence of a
chronic physical illness.

The association between food insecurity and poor
mental health was moderated by access to vegetables
(interaction term p = 0.021) and fruits (interaction
term p = 0.015) (Table 4). The negative interaction
terms for both vegetables and fruits indicate a lower
magnitude of association between food insecurity and
poor mental health, with higher kernel density of veg-
etable and fruit access. Although tests of moderation by
grains, dairy, and meat access showed a similar trend,
they did not meet criteria for statistical significance
(a = 0.05). Table 5 demonstrates that the association
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of poor mental health with food insecurity is lower with
greater access to vegetables and fruits. For example,
for those in the bottom 25th percentile of vegetable
access, food insecurity was associated with 7.4 (95%
CI: 2.7–20.5) times higher odds of poor mental health.
In contrast, for those in the top 25th percentile of veg-
etable access, food insecurity was only marginally as-
sociated with poor mental health (OR = 2.2; 95% CI:
1.0–4.7).

Discussion
Using self-report data from a 2015 cross-sectional co-
hort of adults in Flint, Michigan, individual-level food
insecurity was associated with poor mental health,
which is consistent with evidence from communities
worldwide.3 In addition, mental health status tended

to be better for elderly persons, married individu-
als, and those without any measured comorbidities.
In addition, this study suggests that proximate access
to vegetables and fruits may moderate the association
between food insecurity and poor mental health. Fur-
thermore, while other studies have used less precise
metrics for representing the nutrition environment,
this is the first to incorporate the GIS-based NEMS-
S assessment as a combined community-consumer
food environment variable in a study of mental health
outcomes.

Psychosocial strain, malnutrition, and poor diet
quality are underlying pathways by which food inse-
curity among adults may lead to poor mental health
status through chronic systemic inflammation.9,37

The stress and emotional burden characteristic of

Table 1. Descriptive Statistics for Total Sample and by Perceived Mental Health Status, Speak to Your Health 2015 Survey

Characteristics

Mental health

paTotal sample, n = 291 Poor, n = 63 Good, n = 228

Age group, years, n (%) 0.001
18 to <40 74 (25.4) 10 (15.9) 64 (28.1)
40 to <65 158 (54.3) 47 (74.6) 111 (48.7)
65 to 93 59 (20.3) 6 (9.5) 53 (23.3)

Male, n (%) 90 (30.9) 20 (31.8) 70 (30.7) 0.874
Race/Ethnicity, n (%) 0.533

Non-Hispanic white 165 (56.7) 33 (52.4) 132 (57.9)
Non-Hispanic black 91 (31.3) 20 (31.8) 71 (31.1)
Other 35 (12.0) 10 (15.9) 25 (11.0)

Marital status, n (%) 0.004
Married 107 (36.8) 12 (19.1) 95 (41.7)
Single 105 (36.1) 28 (44.4) 77 (33.8)
Separated, divorced, or widowed 79 (27.2) 23 (36.5) 56 (24.6)

Educational Attainment, n (%) < 0.001
‡ College degree 104 (35.7) 11 (17.5) 93 (40.8)
Some college 121 (41.6) 28 (44.4) 93 (40.8)
£ High school degree 66 (22.7) 24 (38.1) 42 (18.4)

Employment status, n (%) 0.005
Employed 126 (43.3) 16 (25.4) 110 (48.3)
Other 147 (50.5) 42 (66.7) 105 (46.1)
Unemployed 18 (6.2) 5 (7.9) 13 (5.7)

Financial ability to meet household needs, n (%) < 0.001
Not difficult 79 (27.2) 5 (7.9) 74 (32.5)
Somewhat difficult 88 (30.2) 17 (27.0) 71 (31.1)
Extremely difficult 124 (42.6) 41 (65.1) 83 (36.4)

Comorbidity,b n (%) 201 (69.1) 54 (85.7) 147 (64.5) 0.001
Food insecure, n (%) 104 (35.7) 39 (61.9) 65 (28.5) < 0.001
Quality of the local food environmentc

1 mile kernel density, mean (95% CI)
Vegetables 13.6 (12.2–15.0) 15.3 (12.4–18.2) 13.2 (11.5–14.8) 0.220
Fruits 20.9 (18.8–23.1) 23.8 (19.3–28.4) 20.1 (17.7–22.6) 0.166
Grains 49.9 (44.9–54.9) 57.3 (46.0–68.6) 47.8 (42.2–53.4) 0.124
Dairy 21.0 (19.2–22.9) 24.3 (20.0–28.6) 20.1 (18.1–22.1) 0.065
Meat 31.3 (28.4–34.2) 35.8 (29.2–42.4) 30.1 (26.9–33.3) 0.110

aw2 or F test.
bDiagnosis history of high blood pressure, heart disease, stroke, cancer, diabetes, asthma, sleep disorder, sarcoidosis, or sickle cell anemia.
cNEMS Score, Shaver et al.19

CI, confidence interval; NEMS, Nutrition Environment Measures Survey.
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food insecurity enhances the innate immune response
and increases production of inflammatory cytokines,38

which are implicated in poor mental health outcomes
such as depression.39

Interventions targeting malnutrition due to food
insecurity may ameliorate mental health dispari-
ties. Nutrient-poor, calorically dense foods are often
more affordable than healthier options, which results
in poorer diet quality among those who are food inse-
cure.9 Previous work demonstrates the influence of
diet quality on mental health through inflammatory
mechanisms.10 Evidence indicates that diet quality
improves when a supermarket is introduced to an
area that previously had fewer stores providing access
to food resources.40

Limitations
Despite the novel findings and innovative approach
taken in this study, there were several limitations.
First, the cross-sectional design of the STYH survey pre-
vented us from assessing the temporal nature of
observed relationships. This is important as the associ-
ation between food insecurity and mental health is
likely to some degree bidirectional. Depressive disorders
and poor mental health are economically burdensome
and may compete for the same resources used to main-
tain food security.41

A proportion of the study population was recruited
through word of mouth, which limits the ability to ex-
trapolate results to the general population. However,
this snowballing approach is useful for recruiting

Table 2. Descriptive Statistics by Food Insecurity Status, Speak to Your Health 2015 Survey

Characteristics

Food insecure

paYes, n = 104 No, n = 187

Age group, years, n (%) 0.021
18 to <40 33 (31.7) 41 (21.9)
40 to <65 56 (33.0) 53 (41.0)
65 to 93 58 (55.8) 100 (53.5)

Male, n (%) 36 (34.6) 29 (28.9) 0.310
Race/Ethnicity, n (%) 0.006

Non-Hispanic white 46 (44.2) 119 (63.6)
Non-Hispanic black 42 (40.4) 49 (26.2)
Other 16 (15.4) 19 (10.2)

Marital status, n (%) 0.017
Married 29 (27.9) 78 (41.7)
Single 48 (46.2) 57 (30.5)
Separated, divorced, or widowed 27 (26.0) 52 (27.8)

Educational attainment, n (%) 0.002
‡ College degree 24 (23.1) 80 (42.8)
Some college 49 (47.1) 72 (38.5)
£ High school degree 31 (29.8) 35 (18.7)

Employment status, n (%) 0.330
Employed 39 (37.5) 87 (46.5)
Other 58 (55.8) 89 (47.6)
Unemployed 7 (6.7) 11 (5.9)

Financial ability to meet household needs, n (%) < 0.001
Not difficult 11 (10.6) 68 (36.4)
Somewhat difficult 30 (28.9) 58 (31.0)
Extremely difficult 63 (60.6) 61 (32.6)

Comorbidity,b n (%) 72 (69.2) 129 (69.0) 0.965
Mental health status < 0.001

Poor 39 (37.5) 24 (12.8)
Good 65 (62.5) 163 (87.2)

Quality of the local food environmentc

1 mile kernel density, mean (95% CI)
Vegetables 15.2 (12.9–17.4) 12.8 (10.9–14.6) 0.107
Fruits 22.4 (19.0–25.9) 20.1 (17.3–22.9) 0.309
Grains 50.3 (42.3–58.3) 49.6 (43.2–56.0) 0.896
Dairy 22.0 (19.1–24.9) 20.5 (18.1–22.9) 0.428
Meat 32.2 (27.7–36.7) 30.8 (27.0–34.5) 0.638

aw2 or F test.
bDiagnosis history of high blood pressure, heart disease, stroke, cancer, diabetes, asthma, sleep disorder, sarcoidosis, or sickle cell anemia.
cNEMS Score, Shaver et al.19
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difficult to reach participants, such as individuals who
are of low income or are persons of color, and even
probability sampling has inherent bias.42 Further-
more, the unique context of the Flint Water Crisis
might limit generalizability of our findings, so future
research should explore this relationship in other con-
texts. While the observed associations were adjusted
for several demographic, socioeconomic, and health-
related covariates, residual confounding by unob-
served variables cannot be ruled out.

Measurement of food insecurity available in the
STYH survey may also be problematic. To adequately
measure the four dimensions necessary to identify in-
dividual food insecurity (i.e., quality, quantity, psy-
chological acceptability, and social acceptability), the
USDA 10–18 item household-level Food Security Sur-
vey Module (FSSM) is recommended.6 Evidence indi-
cates, however, that even a two-item screener retains

sufficient sensitivity, specificity, and validity.43 In ad-
dition, descriptive statistics within the study sample
demonstrate bivariate associations of food insecurity—
as assessed in this study—with demographic and so-
cioeconomic factors associated with widely accepted
measures of food insecurity.4 Food insecurity was
more common among those who identified as a per-
son of color, younger age groups, and those who
were single. Food insecurity was also more common
among those with low educational attainment and
those who had extreme difficulty meeting household
needs. These associations are consistent with evidence
using the FSSM to identify food insecurity.9 Further-
more, the measure of food insecurity used in this anal-
ysis was not associated with the quality of local food
environment—indicating that our measurement of in-
dividual food insecurity is assessing a construct distinct
from objectively measured food access. The degree to

Table 3. Odds Ratios and 95% Confidence Intervals for the Association Between Food Insecurity and Poor Mental Health,
Speak to Your Health 2015 Survey

Crude Model 1a Model 2b Model 3c

OR (95% CI) pd OR (95% CI) pd OR (95% CI) pd OR (95% CI) pd

Food insecurity 4.1 (2.3–7.3) < 0.000 4.2 (2.2–7.9) < 0.000 3.2 (1.6–6.3) 0.001 3.2 (1.6–6.2) 0.001
Age group, years 0.001 0.006 0.026

18 to <40 Ref. Ref. Ref.
40 to <65 3.6 (1.5–8.4) 2.9 (1.2–7.1) 2.0 (0.7–5.2)
65 to 93 1.0 (0.3–3.5) 0.8 (0.2–2.9) 0.5 (0.1–2.1)

Male 1.0 (0.5–2.0) 0.966 0.9 (0.4–1.9) 0.766 0.9 (0.4–1.8) 0.697
Race/Ethnicity 0.420 0.506 0.417

Non-Hispanic white Ref. Ref. Ref.
Non-Hispanic black 0.8 (0.4–1.6) 0.7 (0.3–1.5) 0.7 (0.3–1.5)
Other 1.5 (0.6–3.9) 1.3 (0.5–3.4) 1.4 (0.5–4.0)

Marital status 0.007 0.022 0.024
Married Ref. Ref. Ref.
Single 3.0 (1.3–6.9) 3.0 (1.2–7.3) 3.0 (1.2–7.3)
Separated, divorced, or widowed 3.5 (1.5–8.2) 3.1 (1.3–7.7) 3.2 (1.3–7.9)

Educational attainment 0.082 0.086
‡ College degree Ref. Ref.
Some college 1.5 (0.6–3.6) 1.6 (0.7–3.7)
£ High school degree 2.8 (1.1–7.0) 2.8 (1.1–7.2)

Employment status 0.201 0.334
Employed Ref. Ref.
Other 1.4 (0.4–5.3) 1.3 (0.3–5.1)
Unemployed 2.0 (0.9–4.4) 1.8 (0.8–4.0)

Financial ability to meet household needs 0.112 0.158
Not difficult Ref. Ref.
Somewhat difficult 2.0 (0.6–6.5) 2.0 (0.6–6.6)
Extremely difficult 3.0 (1.0–9.0) 2.8 (0.9–8.5)

Comorbiditye 2.5 (1.0–6.3) 0.048

aModel 1 accounts for demographic characteristics.
bModel 2 accounts for covariates in Model 1 + socioeconomic characteristics.
cModel 3 accounts for covariates in Model 2 + comorbidities.
dType III w2-test.
eDiagnosis history of high blood pressure, heart disease, stroke, cancer, diabetes, asthma, sleep disorder, sarcoidosis, or sickle cell anemia.
OR, odds ratio.
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Table 4. Parameter Estimates (bs) and Standard Errors for Moderation of the Association Between Food Insecurity
and Poor Mental Health by Quality of the Local Food Environment, Speak to Your Health 2015 Survey

Local food environmenta 1 mile kernel density

Vegetables Fruit

b (SE) pb b (SE) pb

Food insecurity 1.09 (0.29) < 0.000 1.12 (0.29) < 0.000
Local food environment main effect 0.00 (0.02) 0.882 0.00 (0.01) 0.780
Local food environment*food insecurity �0.03 (0.01) 0.021 �0.02 (0.01) 0.015
Age group, years 0.013 0.014

18 to <40 Ref. Ref.
40 to <65 0.75 (0.26) 0.75 (0.26)
65 to 93 �0.70 (0.39) �0.67 (0.39)

Male �0.18 (0.39) 0.635 �0.21 (0.38) 0.591
Race/Ethnicity 0.414 0.455

Non-Hispanic white Ref. Ref.
Non-Hispanic black �0.36 (0.27) �0.34 (0.27)
Other 0.35 (0.34) 0.33 (0.34)
Marital status 0.025 0.025
Married Ref. Ref.
Single 0.30 (0.26) 0.25 (0.26)

Separated, divorced, or widowed 0.44 (0.27) 0.49 (0.27)
Educational attainment 0.042 0.045

‡ College degree Ref. Ref.
Some college �0.07 (0.23) �0.08 (0.23)
£ High school degree 0.63 (0.26) 0.63 (0.26)

Employment status 0.327 0.342
Employed Ref. Ref.
Other �0.15 (0.45) �0.18 (0.45)
Unemployed 0.37 (0.29) 0.37 (0.29)

Financial ability to meet household needs 0.178 0.173
Not difficult Ref. Ref.
Somewhat difficult 0.07 (0.28) 0.07 (0.28)
Extremely difficult 0.47 (0.26) 0.48 (0.26)

Comorbidityc 0.86 (0.47) 0.066 0.84 (0.47) 0.072

Local food environmenta 1 mile kernel density

Grains Dairy Meat

b (SE) pb b (SE) pb b (SE) pb

Food insecurity 0.95 (0.29) 0.001 1.01 (0.32) 0.001 1.04 (0.31) 0.001
Local food environment main effect 0.00 (0.00) 0.560 0.01 (0.01) 0.556 0.01 (0.01) 0.478
Local food environment*food insecurity �0.01 (0.00) 0.108 �0.02 (0.01) 0.090 �0.01 (0.01) 0.069
Age group, years 0.016 0.014 0.014

18 to <40 Ref. Ref.
40 to <65 0.73 (0.26) 0.76 (0.26) 0.75 (0.26)
65 to 93 �0.65 (0.39) �0.65 (0.39) �0.65 (0.39)

Male �0.21 (0.38) 0.580 �0.17 (0.38) 0.659 �0.22 (0.38) 0.559
Race/Ethnicity 0.492 0.458 0.480

Non-Hispanic white Ref. Ref.
Non-Hispanic black �0.32 (0.27) �0.33 (0.27) �0.33 (0.27)
Other 0.33 (0.34) 0.36 (0.34) 0.32 (0.34)

Marital status 0.029 0.024 0.030
Married Ref. Ref.
Single 0.28 (0.25) 0.30* (0.25) 0.26 (0.25)
Separated, divorced, or widowed 0.45 (0.26) 0.45* (0.26) 0.46 (0.27)

Educational attainment 0.068 0.074 0.075
‡ College degree Ref. Ref.
Some college �0.05 (0.23) �0.06 (0.23) �0.05 (0.23)
£ High school degree 0.58 (0.26) 0.57 (0.26) 0.57 (0.26)

Employment status 0.376 0.385 0.364
Employed Ref. Ref.
Other �0.09 (0.44) �0.06 (0.44) �0.13 (0.44)
Unemployed 0.32 (0.28) 0.30 (0.28) 0.34 (0.28)

(Continued)
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which food insecurity, as measured by STYH, correlates
with more comprehensive measures of food insecurity
requires further study. Validation of study findings
would also benefit from replication within data sources
that use the FSSM to assess food insecurity.

Poor mental health differs from diagnosed psychopa-
thology. Indeed, those with a diagnosed mental illness
may report good mental health due to self-management
and therapeutic treatment. Thus, additional research
is needed to determine whether observed findings are
similar when considering mental illnesses such as
major depression.

Finally, use of the adapted NEMS-S survey and the
spatial analysis technique employed to derive local
food environment scores has limitations. While the
NEMS-S has been validated in previous studies,44

data collection for NEMS-S was carried out in
2016, 1 year after 2015 STYH survey data were col-
lected. Thus, it is possible that the food environment
changed during this lag period. Second, although
it is the recommended method for understanding

exposure or access in geographic research,45 the
use of kernel density remains underdeveloped, and
does not perfectly represent an individual’s food
environment.

Conclusion
The overall objective of this study was to examine asso-
ciations of local food environment and food insecurity
with mental health among adult residents of Flint,
Michigan. Food insecurity was positively associated
with poor mental health, and this relationship was
moderated by one’s local food environment. Among
those with greater access to fruits and vegetables, the
relationship of food insecurity and poor mental health
was weaker. Findings suggest that living in an area with
access to better food quality may blunt the negative im-
pact of food insecurity on mental health. Longitudinal
data are needed to determine whether increasing
accessing to fruits and vegetables within communities
at risk of food insecurity could improve mental health
of residents.

Table 4. (Continued)

Local food environmenta 1 mile kernel density

Grains Dairy Meat

b (SE) pb b (SE) pb b (SE) pb

Financial ability to meet household needs 0.226 0.206 0.243
Not difficult Ref. Ref.
Somewhat difficult 0.10 (0.28) 0.09 (0.28) 0.11 (0.28)
Extremely difficult 0.42 (0.25) 0.44 (0.25) 0.41 (0.25)
Comorbidityc 0.88 (0.46) 0.058 0.90 (0.46) 0.050 0.87 (0.46) 0.060

Log-odds multivariate linear regression.
aNEMS Score, Shaver et al.19

bJoint w2-test.
cDiagnosis history of high blood pressure, heart disease, stroke, cancer, diabetes, asthma, sleep disorder, sarcoidosis, or sickle cell anemia.

Table 5. Odds Ratios and 95% Confidence Intervals for the Association Between Food Insecurity and Poor Mental
Health, Moderated by Dimensions of the Local Food Environment, Speak to Your Health 2015 Survey

Local food environment
dimension

Local food environmenta 1 mile kernel density

pb
Min,c OR
(95% CI)

25th percentile,c

OR (95% CI)
50th percentile,c

OR (95% CI)
75th percentile,c

OR (95% CI)
Max,c OR
(95% CI)

Vegetables 8.9 (2.9–27.5) 7.4 (2.7–20.5) 4.2 (2.0–8.7) 2.2 (1.0–4.7) 0.4 (0.1–2.7) 0.021
Fruits 9.5 (3.1–29.2) 6.9 (2.7–17.7) 4.9 (2.2–10.7) 2.4 (1.1–4.9) 0.3 (0.0–2.3) 0.015

ORs account for age group, gender, race/ethnicity, marital status, educational attainment, employment status, financial ability to meet household
needs, and comorbidities.

aNEMS Score, Shaver et al.19

bDetermined by STYH analysis sample distribution.
cJoint w2-test for the interaction term between food insecurity and food environment dimension.
STYH, Speak to Your Health.
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