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BACKGROUND: The aim of this study was to investigate the
direct and indirect pathways through which food insecurity
influences glycemic control and self-care behaviors.
METHODS: Using data collected from 615 adults with
type 2 diabetes, we investigated pathways between food
insecurity and diabetes outcomes using path analysis. We
included measures of perceived stress, diabetes distress,
diabetes fatalism, and depression as psychosocial factors
in the pathway. Self-care behaviors included general diet,
specific diet, exercise, blood sugar testing, foot care, and
medication adherence. Analyses were conducted using
Stata v14, to include both direct and indirect effects, with
standardized estimates to allow comparison of paths.
RESULTS: Food insecurity was directly associated with
stress (r=0.43, p < 0.001), depression (r=0.34, p < 0.001),
fatalism (r=0.09, p=0.03), and distress (r=0.36, p< 0.001).
The type of stress, however, was differentially associated
with outcomes, with distress associated with HbAlc (r =
0.25, p < 0.001), general and specific diet (r=— 0.28 and —
0.17, respectively, p = 0.001), and medication adherence (r=
—0.26, p < 0.001), while stress was associated with specific
diet (r=— 0.14, p = 0.005) and medication adherence (r = —
0.15, p<0.001) and depression was associated with exercise
(r=-0.06, p=0.007). Food insecurity was indirectly asso-
ciated with HbAlc (r = 0.08, p = 0.001), and four self-care
behaviors (general diet, specific diet, exercise, and medica-
tion adherence).

CONCLUSIONS: Food insecurity influences self-care be-
haviors indirectly via multiple psychosocial factors, and gly-
cemic control indirectly through diabetes distress,
supporting the hypothesis that stress is an important mech-
anism. Programs to improve access to resources and man-
age psychosocial concerns should be combined with food-
based programs for food insecure populations with diabetes.
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INTRODUCTION

Food insecurity, inconsistent or undependable access to suffi-
cient food due to money or other resources, is associated with
poor health outcomes, particularly in individuals with chronic
disease.'* The most recent national estimates show declines
in food insecurity at the population level from 12.3% in 2016
to 11.8% of households in 2017, that is approximately 15
million households, with certain populations experiencing
food insecurity at a higher rate."> For example, often indi-
viduals from racial/ethnic minority groups report higher levels
of food insecurity, and over 30% of households with incomes
below 185% of the poverty threshold reported food insecurity
in the prior year."® In addition, individuals with cardiometa-
bolic disease, who need to modify their diet to manage disease,
are more likely to report food insecurity than those without
disease, with nearly 28% of the population with diabetes
report being food insecure.” In addition, prevalence in groups
with undiagnosed diabetes has increased more dramatically
than those diagnosed, suggesting changes in diet due to phy-
sician recommendations may not explain the full picture.®

Food insecure individuals report poorer overall health, more
comorbid conditions, greater psychological distress, and poor
health behaviors, including low physical activity and low
consumption of fruits and vegetables.>” ' In addition, food
insecurity is associated with 50% higher risk of diabetes, 21%
higher risk of hypertension, worse glycemic control, and poor
lipid control in those with diabetes.'>”'> Though there is
limited information on biological mechanisms, it has been
found that food insecurity in the prior 30 days is associated
with more inflammation, higher central adiposity, and greater
insulin resistance."® It is hypothesized that stress from changes
in dietary patterns lead to inflammation and immune re-
sponses, which ultimately result in increased diabetes risk
and poor diabetes outcomes.'® In addition, evidence suggests
food insecurity influences decisions regarding diabetes self-
care beyond diet, increased diabetes distress, and may lower
diabetes self-efficacy.'"!*17-2°

Given the possible biological influence of limited access to
nutritional foods, and the psychosocial impact of consistent
worry regarding availability of food, feelings of deprivation,
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and increased requirement to cope with restricted food
choices, food insecurity can be considered a chronic stressor
leading to poor mental and physical health.”?'** However,
there has been limited research investigating the stress path-
way in food insecure populations, in a way that can direct
development of behavioral interventions.'® Food insecure in-
dividuals report higher prevalence of depression, perceived
stress, and diabetes distress than individuals with diabetes who
are food secure, but studies have provided mixed results on
possible mediators of these relationships.”'®** For example,
examination of coping strategies used to manage economic
stress in individuals with diabetes did not explain the relation-
ship between food insecurity and poor glucose control.'*?
Additionally, when looking at mediation, difficulty following
a diet was an important factor; however, it only mediated 20%
of the relationship between food insecurity and glycemic
control.'*?> Moreover, while depression, diabetes distress,
and medication adherence attenuated the relationship between
food insecurity and glycemic control, it did not remove the
significance indicating another factor mediates the relation-
ship.?® Finally, a path analysis in individuals with diabetes
found that food insecurity had independent pathways to gly-
cemic control and self-care, with the relationship to self-care
occurring indirectly through perceived stress.”®

Given, diabetes now affects 14% of the adult population,27
a comprehensive analysis of the possibly direct and indirect
pathways between food insecurity and glycemic control is
warranted. Therefore, the aim of this study was to investigate
the pathway through which food insecurity influences glyce-
mic control, taking into account a variety of stress and distress
measures and self-care behaviors.

METHODS
Sample

Data for this cross-sectional study was collected from 615
adults with type 2 diabetes recruited from primary care clinics.
All procedures were approved by the local institutional review
board prior to enrollment. Eligibility criteria included' age 18
or older,” diagnosis by a healthcare professional in the medical
record of type 2 diabetes, and® ability to communicate in
English. Participants were ineligible if cognitive impairment
was demonstrated, keeping them from being able to validly
answer questions. Recruitment methods included mailed let-
ters of invitation or direct invitation by a research coordinator
in the clinic. After informed consent procedures, participants
completed a self-administered survey that consisted of a num-
ber of validated questionnaires.

Outcome—HDbA1lc

Following completion of the survey, study coordinators ab-
stracted hemoglobin Alc (HbAlc) from the medical record.

The most recent HbA 1c was used from the 6 months prior to
the day a participant completed the survey.

Food Insecurity

Food insecurity was measured using the 6-item validated scale
developed by the US Department of Agriculture (USDA).?**°
Items allow classification of food secure, moderately food
insecure, and very food insecure for household with and
without children. Questions ask about whether over the past
12 months respondents have enough money to buy food, if
they had to cut meals or ate less because there was not enough
money, if they could afford to each balanced meals, and if they
were still hungry but did not eat more because of money.?*
As the frequency of these experiences increases, the score is
higher, such that higher scores indicate greater levels of food
insecurity.

Psychosocial Factors

Depression was measured using the validated PHQ-9 ques-
tionnaire which asks respondents to indicate over the past 2
weeks how frequent they experience 9 DSM-IV criteria used
to diagnose depression.® Higher scores indicate higher bur-
den of depressive symptoms, with cut-points determined to
represent mild, moderate, and severe depression. Scores have
been shown to have reasonable sensitivity and specificity for
clinically diagnosed depression when using a cut-point of
greater than or equal to 10.*°

Diabetes fatalism was measured using the 12-item Diabetes
Fatalism Scale, which was designed to identify fatalistic atti-
tudes in patients with diabetes including feeling of distress,
powerlessness, hopelessness, and a lack of self-efficacy.®' The
Diabetes Fatalism Scale has been shown to have a Cronbach
alpha of 0.804 indicating high internal consistency, and corre-
lates well with self-management and mental health-related
quality of life.”'

Perceived stress was measured using the 4-item Perceived
Stress Scale, which indicates in the past month, the degree to
which a respondent finds general life situations stressful.*?
The Perceived Stress Scale has been shown to have a
Cronbach alpha of 0.69, and scores are highly correlated with
other measures of stress, depression, and anxiety.*® Respon-
dents rate the frequency of feelings of stress over the past 30
days, such that higher scores indicate higher levels of stress.*>

Diabetes distress was measured using the 17-item Dia-
betes Distress Scale, which measures the level of distress
due to disease management, support for care, emotional
burden of disease, and access to the necessary care for
disease.* Respondents indicate the level with which each
question is a problem from “not a problem” to “a very
serious problem” so that higher scores indicate higher
levels of distress.>* The Diabetes Distress Scale has been
validated in a number of diabetes populations and has been
determined to be a different construct from depression.*”
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Figure 1 Initial Model indicating hypothesized pathways between food insecurity and glycemic control.

Self-care Behaviors

Self-care behaviors were measured using the 8-item Morisky
Medication Adherence Scale (MMAS) and the 10-item Sum-
mary of Diabetes Self-Care Activities scale.**” The brief
medication adherence scale asks about specific medication-
taking behavior with a Cronbach alpha of 0.83 indicating high
internal consistency.>® The scale is scored such that higher
scores indicate more adherence. The brief, validated, diabetes
self-care questions can be scored to assess levels of adherence
to general diet, specific diet, exercise, self-blood glucose test-
ing, and foot care over the prior 7 days.?’

Demographics

Demographics of the sample were measured using previously
validated questions from the National Health Interview Sur-
vey, and included gender, age, race/ethnicity, marital status,

Table 1 Sample Demographics (n = 615)

Mean =+ standard deviation or %

Age 61.3 +£10.9
Diabetes duration 12.3 £9.1
Education (years of school) 134 +28
Employment (hours per week) 12.5 £ 19.0
Race

White 33.0

Black 64.9

Other 2.1
Gender

‘Women 38.4

Men 61.6
Marital status

Never married 11.2

Married 49.7

Separated/divorced/widow 39.1
Income

< $10,000 20.2

$10,000-$19,999 21.4

$20,000-$34,999 25.1

$35,000-$49,999 13.8

$50,000 or more 19.5
Insurance

None 9.3

Private 20.2

Medicare 24.7

Medicaid 10.2

VA 239

Other 11.7

years of education, employment hours, household income, and
insurance coverage™®.

Statistical Analysis

All analyses were performed using Stata version 14, which
allows path analyses using structured equation modeling
(SEM). SEM is used to investigate direct and indirect effects
and allows incorporation of multiple independent and dependent
variables.*®*! First, we ran frequencies and means to summarize
the sample demographics, psychosocial factors, self-care behav-
iors, and glycemic control for the sample. Secondly, SEM was
used to investigate the relationship between food insecurity,
psychosocial factors, self-care behaviors, and glycemic control
based on a hypothesized model shown in Figure 1. Direct,
indirect, and total effects were estimated using the maximum
likelihood estimation procedure and standardized coefficients.
The mlmv option in Stata was used which allows full-
information maximum likelihood and retains variables rather
than using listwise deletion. Prior to using this estimation proce-
dure, assumptions for multivariate normality were tested and
missing values were investigated. It was determined that no
measures were heavily skewed, missing at random could be
assumed, and no variable has more than 2% missing. A number
of model fit statistics were investigated, following best practices
of SEM, which included root square mean error of approximation
(RSMEA) less than 0.05, comparative fit index (CFI) greater than

Table 2 Descriptive Statistics for Measures Included in the Path
Model

Mean values + standard deviation

Glycemic control (HbAlc) 79+ 1.8
Food insecurity 1.32£1.93
Psychosocial factors
Depression 6.1 6.0
Diabetes fatalism 33.9+95
Perceived stress 53+33
Diabetes distress 1.6 £0.7
Self-care
Medication adherence 59+20
General diet 47+20
Special diet 4.0+ 1.6
Exercise 2.6 +22
Blood sugar testing 46+25

Foot care 43+25
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Table 3 Pairwise Correlations of All Measures Included in Path Model
1 2 3 4 5 6 7 8 9 10 1
1. Food insecurity - - - - - - - - - - -
2. Depression 0.34%* - - - - - - - - - -
3. Fatalism 0.09%* 0.26%* - - - - - - - - -
4. Stress 0.43* 0.54* 0.24* - - - - - - - -
5. Distress 0.36% 0.66* 0.31%* 0.45% - - - - - - -
6. General diet - 0.20* - 0.26% - 0.06 —0.22% - 0.33* - - - - - -
7. Specific diet —0.14* —0.18% - 0.06 —0.22% - 0.23* 0.36* - - - - -
8. Exercise - 0.10% —0.21%* - 0.09% - 0.13* -0.17* 0.29% 0.15% - - - -
9. BSG - 0.12% - 0.07 - 0.01 —0.11* - 0.10*% 0.21%* 0.19% 0.11* - - -
10. Foot care -0.03 - 0.05 - 0.09* - 0.07 - 0.07 0.22% 0.22% 0.12% 0.28* - -
11. Med adh —0.25% - 0.30% -0.07 - 0.32% - 0.36% 0.28%* 0.26%* 0.13% 0.17* 0.23% -
12. HbAlc 0.15% 0.16* 0.08%* 0.12% 0.27% - 0.12% - 0.07 —0.10* 0.10%* 0.03 —0.20*

*p < 0.05. HbAlc, hemoglobin Alc; BSG, blood sugar testing; Med adh, medication adherence

0.9, and Tucker fit index (TFI) greater than 0.9.** Strength of
relationship was assessed by standardized coefficients that were
statistically significant (p < 0.05). The sample size of 615 is
sufficient for the best practice of 20:1 (subject to variable) ratio
that allows us to maintain 80% power while providing stability of
parameter estimates.

RESULTS

Table 1 provides sample demographics. The mean age was
61.3 years and the mean diabetes duration was 12.3 years. The
majority of participants were non-Hispanic black (64.9%),
men (61.6%), and insured. Table 2 provides descriptive statis-
tics for all variables incorporated into the path model, and
Table 3 provides correlations between all variables. The mean
HbAlc was 7.9%, and mean food insecurity score was 1.32
out of a possible high score of 6.

Table 4 presents the standardized direct, indirect, and total
effects for the relationship between food insecurity, psychoso-
cial factors, self-care behaviors, and glycemic control, and
Figure 2 shows the final model with only significant paths
indicated. The standardized estimates shown in Table 3 and
Figure 2 are interpreted as change in standard deviation of the
outcome resulting from a change of 1 standard deviation in the
predictor, and therefore can be compared with each other to
understand the strength of the relationship. In the final model
(chi*®* = 11.17, p < 0.01, RMSEA = 0.067, CFI = 0.99, TLI =
0.87), food insecurity was directly associated with perceived
stress (r = 0.43, p < 0.001), diabetes distress (r = 0.36, p <
0.001), depression (r = 0.34, p < 0.001), and diabetes fatalism
(r=0.09, p = 0.03). Diabetes distress was directly associated
with glycemic control (»=0.25, p < 0.001), as was blood sugar
testing (» = 0.14, p = 0.001) and medication adherence (r = —
0.14, p = 0.002). While depression was directly associated
with exercise (r = — 0.15, p = 0.007), perceived stress and
diabetes distress were associated with general diet (distress » =
—0.28, p < 0.001), specific diet (stress » = — 0.14, p = 0.005;
distress » = — 0.17, p = 0.001), and medication adherence
(stress r = — 0.17, p < 0.001; distress » = — 0.26, p < 0.001).
Significant indirect effects include food insecurity and glyce-
mic control (»=0.08, p < 0.001), general diet (r=—0.13, p <

0.001), specific diet ( = — 0.12, p < 0.001), exercise (r = —
0.08, p < 0.001), and medication adherence (r = — 0.17, p <
0.001). Investigating the significant direct relationships shown
in Figure 2 that exist within the significant indirect pathways
suggests food insecurity may be indirectly associated to exer-
cise through depression, food insecurity may be indirectly
associated with diet and medication adherence through stress
and diabetes distress, and food insecurity may be indirectly
associated with glycemic control through diabetes distress.

DISCUSSION

Using a sample of adults with diabetes, we found significant
direct effects between food insecurity and all four psychoso-
cial factors included in the model (depression, diabetes fatal-
ism, perceived stress, and diabetes distress). The strength of
this relationship varied, with the strongest relationship for food
insecurity being with perceived stress. Food insecurity was
also indirectly associated with (a) exercise through the path-
way of depression, (b) diet and medication adherence through
pathways of stress and diabetes distress, and (c) glycemic
control through the pathway of diabetes distress. After ac-
counting for the variance from food insecurity and psychoso-
cial factors, the strongest self-care relationships with glycemic
control were medication adherence and blood sugar testing.
These results provide insight on psychosocial and behavioral
targets for programs targeting individuals who have diabetes
and are food insecure.

This study adds to the literature on food insecurity, stress,
and diabetes outcomes by elucidating direct and indirect path-
ways through which food insecurity influences self-care and
glycemic control. First, we found that food insecurity is asso-
ciated with a number of psychosocial factors, suggesting
interventions that focus on only one aspect of stress in the
lives of food insecure adults with diabetes may not be suffi-
cient. Many interventions, for instance, have focused on de-
pression and diabetes, or diabetes specific distress factors, but
the multifaceted stress experienced by food insecure individ-
uals may be unique and therefore require a difference ap-
proach. As the field of stress research has grown, the lack of
specificity regarding what type of stress influences health has
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Table 4 Standardized Direct, Indirect, and Total Effects for the
Relationship between Food Insecurity, Psychosocial Factors, Self-
care Behaviors, and Glycemic Control

Direct Indirect Total
effects effects effects
Glycemic control
Food insecurity 0.07 0.08*#:* 0.15%%*
Diabetes fatalism 0.02 -0.01 0.01
Diabetes distress 0.25%%%* 0.03 0.28##%*
Depression - 0.06 0.02 - 0.05
Perceived stress -0.04 0.01 -0.02
General diet -0.03 - -0.03
Specific diet 0.003 - 0.003
Exercise - 0.06 - - 0.06
Blood sugar testing ~ 0.14%%* - 0.147%%*
Foot care 0.05 - 0.05
Medication —0.14%* - — 0.14%=*
adherence
General diet
Food insecurity - 0.08 — 0.]13%%* — 0.20%**
Diabetes fatalism 0.05 - 0.05
Diabetes distress — 0.28%%* - — 0.28%%:*
Depression - 0.03 - - 0.03
Perceived stress - 0.05 - - 0.05
Specific diet
Food insecurity -0.02 — (.12 — (.14
Diabetes fatalism 0.02 - 0.02
Diabetes distress — 0.17%%** - — 0.17%%**
Depression 0.01 - 0.01
Perceived stress = 0.14%* - — 0.14%*
Exercise
Food insecurity - 0.02 — 0.08*** - 0.10*
Diabetes fatalism -0.03 - -0.03
Diabetes distress - 0.06 - - 0.06
Depression — 0.15%* - —0.15%*
Perceived stress -0.01 - -0.01
Blood sugar testing
Food insecurity -0.07 - 0.04 = 0.11%*
Diabetes fatalism 0.03 - 0.03
Diabetes distress - 0.08 - - 0.08
Depression 0.03 - 0.03
Perceived stress - 0.06 - - 0.06
Foot care
Food insecurity 0.02 - 0.04 - 0.02
Diabetes fatalism -0.07 - -0.07
Diabetes distress - 0.06 - - 0.06
Depression 0.03 - 0.03
Perceived stress - 0.05 - - 0.05
Medication adherence
Food insecurity - 0.08 — (.17%%% — (.25%*
Diabetes fatalism 0.07 - 0.07
Diabetes distress — 0.26%** - — 0.26%**
Depression - 0.03 - - 0.03
Perceived stress — 0.17%** - — 0.17%%*

Diabetes fatalism
Food insecurity 0.09% - 0.09*
Diabetes distress

Food insecurity 0.36%** - 0.36%#*
Depression

Food insecurity 0.34%%* - 0.347%%*
Perceived stress

Food insecurity 0.43%%% - 0.43 %%

*p < 0.05; *¥p < 0.01; ***p < 0.00]

Significant direct effects indicate direct association between variables.
For example, higher levels of diabetes distress are associated with
higher glycemic control. Significant indirect effects indicate pathways
through which variables influence outcomes. For example, increased
food insecurity is associated with glycemic control through psychosocial
factors and self-care behaviors

limited the ability to develop highly effective interventions.*
Given food insecurity was associated with depression, per-
ceived stress, diabetes distress, and fatalism, rather than focus-
ing on addressing a type of stress, it may be more effective to

focus on what both psychological and physiological stress
responses have in common, which is cognitive appraisals.*?
By considering the perception or appraisal of the stressor,
rather than the stressor itself, interventions can address a
variety of stressors that may exist in the lives of food insecure
individuals, while also building personal resources to cope
with stress and manage diabetes. Low SES individuals have
been noted to have diverse and effective coping strategies,
which can be drawn upon in the context of interventions
focused on supporting improved self-management.*** Inter-
ventions need to be tailored to help food insecure individuals
adapt and expand their coping and problem-solving capacity,
while teaching reappraisal skills and stress management
techniques.

A second important finding from this study was the variety
of self-care factors that were directly and indirectly associated
with food insecurity and glycemic control. Food insecurity
was indirectly associated with exercise through the pathway of
depression, indicating a need to address depressive symptoms
in programs aimed at increasing physical activity in individ-
uals experiencing food insecurity. Food insecurity was also
indirectly associated with diet and medication adherence
through pathways of perceived stress and diabetes distress.
Extensive literature exists highlighting the importance of ad-
dressing diabetes distress to improve diabetes self-care behav-
iors35’46; however, this relationship with food insecurity is a
new finding. Finally, after taking into account the relationships
of food insecurity, four psychosocial factors, and six self-care
behaviors, blood sugar testing and medication adherence were
directly associated with glycemic control. This highlights
relationships that exist outside the psychosocial pathway
accounted for in the model, and may be linked to a separate
pathway. One possibility is that given blood sugar testing
requires financial resources to purchase testing strips, and
medication adherence requires financial resources to purchase
medication, material resource needs experienced by individ-
uals who are food insecure influence health in a direct way
through access to diabetes supplies. Prior work has shown
individuals who are food insecure are 4 times more likely to
also report cost-related medication underuse.*” Interventions
for food insecure individual may need to target more than diet-
based resource needs to fully address the resource limitations
that influence diabetes outcomes.

Though this study used a sophisticated analysis that
allows investigation of direct and indirect pathways,
there are limitations of the results. First, the data cannot
speak to causality as all measures were collected in a
cross-sectional manner. Though the analyses were based
on a hypothesized pathway, reverse causation for some
elements of the model is possible. In particular, it is
possible that glycemic control and psychosocial factors,
such as depression, are related in a bi-directional man-
ner. Secondly, path analysis tests only pathways hypoth-
esized in the model; therefore, factors not incorporated
into this analysis, such as healthcare access or quality of
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Figure 2 Final model showing significant pathways between food insecurity and glycemic control.

diabetes care, may have additional influence. Thirdly,
data for this analysis was collected in the southeastern
United States, and therefore may not be generalizable to
the entire US population.

CONCLUSION

In conclusion, food insecurity influences self-care behaviors
indirectly via multiple psychosocial factors, and influences
glycemic control indirectly through diabetes distress,
supporting the hypothesis that stress is an important mecha-
nism in food insecure populations. In addition, given the
relationship between medication adherence and blood sugar
testing remained after psychosocial and behavioral factors
were taken into account, resources are needed beyond supple-
mentation of healthy food to improve glycemic control in food
insecure populations. Finally, programs to manage psychoso-
cial concerns may need to be combined with resource or food-
based programs for food insecure populations with diabetes.
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