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ABSTRACT

Introduction Diabetes, characterized by elevated
blood glucose levels, affects 13% of US adults, 95% of
whom have type 2 diabetes (T2D). Social determinants
of health (SDoH), such as food insecurity, are integral
to glycemic control. The Supplemental Nutrition
Assistance Program (SNAP) aims to reduce food
insecurity, but it is not clear how this affects glycemic
control in T2D. This study investigated the associations
between food insecurity and other SDoH and glycemic
control and the role of SNAP participation in a national
socioeconomically disadvantaged sample.

Research design and methods Adults with likely
T2D and income <185% of the federal poverty

level (FPL) were identified using cross-sectional
National Health and Nutrition Examination Survey
(NHANES) data (2007-2018). Multivariable logistic
regression assessed the association between food
insecurity, SNAP participation and glycemic control
(defined by HbA,  7.0%-8.5% depending on age and
comorbidities). Covariates included demographic
factors, clinical comorbidities, diabetes management
strategies, and healthcare access and utilization.
Results The study population included 2084
individuals (90% >40 years of age, 55% female,

18% non-Hispanic black, 25% Hispanic, 41% SNAP
participants, 36% low or very low food security). Food
insecurity was not associated with glycemic control

in the adjusted model (adjusted OR (aOR) 1.181
(0.877-1.589)), and SNAP participation did not modify
the effect of food insecurity on glycemic control.
Insulin use, lack of health insurance, and Hispanic or
another race and ethnicity were among the strongest
associations with poor glycemic control in the adjusted
model.

Conclusions For low-income individuals with T2D

in the USA, health insurance may be among the most
critical predictors of glycemic control. Additionally,
SDoH associated with race and ethnicity plays an
important role. SNAP participation may not affect
glycemic control because of inadequate benefit
amounts or lack of incentives for healthy purchases.
These findings have implications for community
engaged interventions and healthcare and food policy.

WHAT IS ALREADY KNOWN ON THIS TOPIC

= Food insecurity is associated with risk for diabetes
and poor control of diabetes in multiple regional and
national samples.

= In some small studies, Supplemental Nutrition
Assistance Program (SNAP) participation modified
the effect of food insecurity on diabetes control.

WHAT THIS STUDY ADDS

= In a national population sample, restricted to indi-
viduals with incomes <185% of the federal pover-
ty level, food insecurity was no longer significantly
associated with diabetes control in a multivariable
model adjusted for other factors including health
insurance status.

= Having no insurance was among the most signifi-
cant predictors of poor diabetes control.

= SNAP participation did not modify the effect of food
insecurity on diabetes control in this sample.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= Programs addressing one social determinants of health
(SDoH) (food insecurity) must also be equipped to ad-
dress additional SDoH (health insurance) in order to have
optimal impact on health outcomes.

INTRODUCTION

Diabetes mellitus (DM) is a metabolic disease
defined by chronically elevated blood glucose
levels. DM is an umbrella term for numerous
subtypes, but this manuscript focuses on
the most common form of diabetes, type 2
diabetes (T2D). T2D is most often diagnosed
in adulthood, but there are increasing rates
in childhood and adolescence. It has a known
genetic component and a strong association
with diet, lifestyle and obesity. It is character-
ized by both insulin resistance and defective
insulin secretion from the pancreatic cells,
resulting in functional insulin deficiency.
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DM affects approximately 13% of adults in the USA,
disproportionately impacting racial and ethnic minori-
tized populations, and 95% of cases are T2D.' Further,
the American Diabetes Association estimated the cost of
DM at $327billion in 2017, up 26% from 2012. Individ-
uals with DM have medical costs that are 2.3 times higher
than individuals without diabetes.”

Social determinants of health (SDoH) encompass
‘conditions in the places where people live, learn, work,
and play that affect a wide range of health risks and
outcomes’.® These include the environmental, systemic,
social, economic, societal and other extrinsic factors that
impact quality of life and worsen vulnerability to chronic
illness. Self-management is integral to T2D control specif-
ically, and thus, T2D is particularly affected by SDoH.*
Food insecurity, defined as limited or uncertain access to
adequate food, is a social determinant with specific impli-
cations for T2D given the importance of nutrition in
the development and management of this disease.” The
stress of limited food options, hunger, and poor nutrition
can increase the risk for T2D. Subsequently, frequent
primary care visits, prescription medication, and supplies
needed to manage T2D increase healthcare costs,” and
poor nutrition may inhibit disease management, further
exacerbating spending on healthcare.

Food insecurity is associated with both the development
of diabetes and diabetes control in large national samples
and smaller urban samples. Using data from the National
Health and Nutrition Examination Survey (NHANES)
1999-2002, with adjustment for common confounders,
food insecurity was associated with 2.2 (95% CI 1.2 to
3.9) times higher risk of developing diabetes.® A system-
atic review and meta-analysis including >55 million adults
concluded that food insecurity was significantly associated
with T2D risk (pooled OR 1.27, 95% CI 1.11 to 1.42).
Additionally, using NHANES 1999-2008, food insecure
participants were 1.53 (95% CI 1.07 to 2.19) times more
likely to have a HbA, >9.0% (75 mmol/mol).® Two
studies in urban, low-income populations demonstrated
similar associations between food insecurity and poor
glycemic control.” ' Moreover, food insecurity has also
been associated with higher rates of hypoglycemia.’

Government programs, specifically the Supplemental
Nutrition Assistance Program (SNAP), provide assistance
to alleviate food insecurity. Individuals are eligible for
SNAP if they have a gross income <130% of the federal
poverty level (FPL) and net income <100% of the FPL
and have countable resources (not including housing,
Supplemental Security Income, Temporary Aid for
Needy Families, or retirement/pension) below a certain
threshold ($2750 or $4250 if one household member is 60
years or older).'? Additionally, everyone in the household
must have, or have applied for, a social security number
and there may be waiting periods for some lawfully
present non-citizens. Application occurs at the state level,
there are typically work requirements, and benefits are
calculated based on the expectation that households
spend 30% of resources on food. Benefits can be used

for ‘staple foods’ such as fruits, vegetables, meat, poultry,
fish, dairy, bread, cereal, seeds/plants that produce food,
snacks and non-alcoholic beverages. Benefits cannot be
used for alcohol or tobacco products, vitamins or supple-
ments, non-food items, and hot prepared foods."* * Tt is
unclear if and how this program affects glycemic control
for individuals with T2D or how it modifies the effect of
food insecurity on glycemic control for these individuals,
as prior nationally representative studies have not exam-
ined this association. A single study of 407 individuals
(>80% non-Hispanic black) receiving care in an urban
medical center in Philadelphia showed that food inse-
cure individuals participating in SNAP had a lower risk
for poor glycemic control than food insecure individuals
not participating in SNAP (adjusted OR (aOR) 0.35 (95%
CI0.13 t0 0.91)) in an adjusted model."” SNAP appeared
to have a similar modifying effect among 189 Cambodian
Americans in a diabetes prevention trial.'* To address this
gap in the literature and examine the effect of SNAP at
the national level, we evaluated the association between
food insecurity, SNAP participation and glycemic control
in a national population sample of individuals with T2D
and low income (<185% of the FPL).

RESEARCH DESIGN AND METHODS

Sample population

We combined questionnaire, examination, and dietary
recall data from six consecutive waves (2007-2018) of
the Centers for Disease Control and Prevention’s (CDC)
NHANES, which is a public data source releasing survey
data in 2-year cycles, providing cross-sectional data on
a random national sample. Individuals are offered an
in-home interview and physical examination and labs
at a Mobile Examination Center. Data are assigned a
sampling weight to account for selection bias, over-
sampling and non-response to approximate the US
non-institutionalized population from Census Bureau
data.” As a result of the COVID-19 pandemic, NHANES
suspended field operations in March 2020. The NHANES
2019-2020 cycle was therefore not completed and could
not be included in this analysis.

Our analytic sample included all adults (=18 years of
age) with diabetes who had an income level <185% of
the FPL from NHANES cycles 2007-2018. This income
threshold was chosen to encompass individuals eligible
for SNAP benefits (income <130% of the FPL) and those
with borderline eligibility (131%-185% of the FPL)
as individuals frequently cycle on and off of assistance
programs. Diabetes diagnosis was defined as either self-
report (‘haveyou ever been told byadoctor or other health
professional that you have diabetes or sugar diabetes?’)
or laboratory values. Individuals with a fasting plasma
glucose level over 125mg/dL (6.9mmol/L) or HbAlc
>6.5% (48 mmol/mol), but without self-reported diag-
nosis of diabetes, were considered to have undiagnosed
diabetes. We excluded pregnant women and individuals
who had both been diagnosed with diabetes before age
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‘ NHANES 2007-18 = 59842 ‘

Excluded: <18 n=23262

NHANES 2007-18
>18=36580

- ) Excluded: >185% FPL n=23073

NHANES 2007-18
>18,<185% FPL = 13507

—  » Excluded:
No diabetes by self report or lab n=10940
Pregnant or likely type 1=162

NHANES 2007-18
> 18, < 185% FPL, T2D diagnosis=2405

> Excluded:

Missing HbA1C = 62

Missing dietary recall weight = 195

Missing both HbA1C and dietary recall weight=64

Final Sample = 2084

Figure 1 Description of sample construction from NHANES
2007-2018 data with inclusion and exclusion criteria.
NHANES, National Health and Nutrition Examination Survey.

18 and were currently being treated with insulin as those
individuals are more likely to have gestational diabetes
(GDM) or type 1 diabetes (T1D), respectively. Individuals
who did not complete the day one 24-hour dietary recall
interview or were missing the HbA, outcome were also
excluded from analysis. See figure 1 for sample construc-
tion flow diagram.

Primary outcome

Our outcome of interest was glycemic control. For those
without complications of diabetes, glycemic control was
categorized as HbA, <7.0% (53 mmol/mol) for those
under 65 and <7.5% (58 mmol/mol) for those 65 or
older. For those with complications of diabetes, control
was categorized as HbA, <8.0% (64 mmol/mol) for
those under 65 and <8.5% (69 mmol/mol) for those
65 or older. This is consistent with guidelines allowing
individualization of HbA  goals and with prior litera-
ture.'®'” An individual was considered to have diabetes
complications if they self-reported a diagnosis of retinop-
athy, kidney disease or cardiovascular disease (conges-
tive heart failure, coronary heart disease, angina/angina
pectoris, heart attack or stroke) 16

Primary predictors

Food security was assessed using the participant’s
responses to the 10-item US Adult Food Security Survey
Module within NHANES.'" As in prior studies, individ-
uals with low or very low food security (3+ affirmative
responses) were considered to be food insecure, and
individuals with marginal or full food security (0-2 affir-
mative responses) were considered to be food secure.®
Participants answered a series of questions about whether
they or anyone in their household, currently, or in the past
12 months, had received SNAP or food stamp benefits
(FSQ171 (2007-2012); FSQO012 (2013-2018)). They then
reported the amount of time since they received those
benefits (FSD225)."” SNAP or food stamp participation

was defined as reporting receipt of benefits within 90
days of the survey.

Covariates

Missing values for body mass index (BMI) (n=121) and
depression score (n=282) were imputed using a hot-
deck method with imputation cells of age, race, gender,
marital status, and education.”’ Individuals missing
dietary data were excluded because they did not have a
dietary recall survey weight. We investigated covariates
with known associations with glycemic control. Sociode-
mographic factors that were included in bivariate analyses
were race/ethnicity (non-Hispanic white, non-Hispanic
black, Hispanic, or another race/ethnicity); gender;
marital status (married or living with partner, widowed/
divorced/separated/never married); language spoken at
home (English 250% of the time, English <50% of the
time); and income as %FPL (<130% of FPL, 131%-185%
of FPL). Comorbidity covariates included self-report of
clinically diagnosed high blood pressure and high choles-
terol, obesity (BMI>30), and major depression (score
of 10+ onthe Patient Health Questionnaire depression
scale (PHQ—9).21 Gender on the NHANES questionnaire
during the study period only had a binary response option
and instructed the interviewer to ask ‘if not obvious’.
We report this variable as gender, rather than sex, to be
consistent with the variable label but recognize that this
may not represent gender identity.

As part of the home interview portion of the NHANES,
participants report all prescription medications that they
are currently taking. We categorized medication regi-
mens into insulin alone or in combination and oral or
non-insulin injectable medication. Any participant who
did not report a diabetes medication was considered to
be diet controlled. Other covariates relating to health
perception and diabetes management included length of
time since diagnosis with diabetes; self-reported general
health (excellent, very good, good, fair, poor); moderate
or vigorous physical activity (<150 min/week, 2150 min/
week); and carbohydrate intake, from the day 1 dietary
recall. We included carbohydrate intake (<180 g, >180
g) and carbohydrate intake specifically from sugar sweet-
ened beverages (<15 g, >15 g). Healthcare utilization
variables included insurance status (private, Medicare,
other government insurance, Medicaid, self-pay or no
insurance); whether the participant had a routine place
to go for healthcare; and the number of times that they
had received healthcare in the previous year (0-1 visit,
2-9 visits, 10+ visits).

Statistical analysis

Survey procedures were used to account for complex
survey design and weighting. We combined six consec-
utive NHANES cycles and constructed combined survey
weights using the day one dietary recall weights per
NHANES recommendation. Bivariate analyses were
conducted between the primary outcome, primary
predictors and covariates described above. We used t-tests
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and %* tests as appropriate to assess the relationship of
each independent variable with glycemic control. Vari-
ables were candidates for inclusion in the final model
when p<0.1 or if they were considered clinically relevant.
We used multivariable logistic regression to assess the
independent association of food insecurity and SNAP
participation with glycemic control, including the assess-
ment of an interaction term, with introduction of covari-
ates in blocks (demographic, clinical comorbidities and
diabetes management strategies, healthcare utilization).
The final statistical model was adjusted for gender, race/
ethnicity, marital status, language spoken at home, high
blood pressure diagnosis, diabetes management strategy,
total carbohydrate intake, physical activity, health insur-
ance, and number of visits to a healthcare provider in
the last year. Age and micro/macrovascular comorbidi-
ties were not included as covariates in adjusted models,
as their effects were incorporated in the calculation of
the glycemic control outcome as described above. All
analyses were conducted using SAS V.9.4 (SAS Institute).
Data are publicly available and deidentified and thus
not considered human subjects research under the 2018
common rule.

RESULTS

Our final analytic sample consisted of 2084 individuals
(n=1575who self-reported diagnosis by a doctor and an
additional n=509 with elevated fasting glucose or HbA, )
(figure 1).

Table 1 describes sample and population character-
istics of adults with diabetes. The majority of the popu-
lation were 40 years or older (n=1916, 89.7%), 55%
(n=1080) were female, 18% (n=495) identified as non-
Hispanic black and 25% identified as Hispanic (n=726).
Most adults with diabetes in this sample also reported
high blood pressure (n=1400, 67.3%), high cholesterol
(n=1154, 58.8%) and obesity (n=1220, 63.4%). Nineteen
per cent of the sample (n=376) had a PHQ9 score indi-
cating major depression, and 59% (n=1254) reported
less than 150 min/week of moderate or vigorous physical
activity. A minority of the sample reported good, very
good or excellent health (n=873, 44.1%). The majority
of individuals required some medication for diabetes
management (n=1181, 55.2%), with 17.1% requiring
insulin (n=342). The majority of the sample were not
privately insured with self-pay and uninsured (n=431,
21.5%), Medicare recipients (n=472, 20.5%), and
Medicaid recipients (n=493, 23.4%) comprising approx-
imately equal proportions of the sample. Over one-third
(n=756) of adults with diabetes reported some level of
food insecurity (low security (n=421, 18.7%) and very low
security (n=335, 17.4%)), while 41% (n=821) reported
participating in SNAP within 90 days of the NHANES
survey.

Table 2 shows bivariate comparisons by diabetes control
status. Individuals with an uncontrolled HbA, (n=654)
comprised 31% of the sample. Notably, food insecurity

Table 1 Sample and population characteristics, adults with
diabetes and income <185% of FPL NHANES 2007-2018*

Weighted Weighted
Sample population population
(n) (n) %
Demographics
Age
<40 168 929,584 10.35
40-59 669 3,661,674 40.78
60+ 1247 4,388,375 48.87
Race/ethnicity
Non-Hispanic white 693 4,317,072  48.08
Non-Hispanic 495 1,627,280 18.12
black
Hispanic 726 2,234,000 24.88
Another race or 170 801,282 8.92
ethnicity or multiple
races
Female 1080 4,899,197 54.56
Widowed, 1056 4,518,859 50.44
divorced,
separated or never
marriedt
Education
Less than high 1010 3,705,021 41.29
school education
High school 504 2,513,795 28.02
education or
equivalent
At least some 566 2,753,667 30.69
college
English spoken at 607 1,962,602 21.86
home <50% of the
time
Income <130% 1569 6,522,580 72.64
FPL
Comorbidities
High blood 1400 6,021,658 67.29
pressure
High cholesterol 1154 4,938,850 58.75
Micro and
macrovascular
complications
Cardiovascular 606 2,559,498 28.50
disease (CVD)t
Kidney disease 201 755,548 8.41
(kidney)
Retinopathy 350 1,473,247  16.41
(retinopathy)
BMI category
Normal weight or 271 1,034,299 11.58
underweight (BMI
<25)
Continued
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Table 1 Continued

Table 1 Continued

Weighted Weighted Weighted Weighted
Sample population population Sample population population
(n) (n) % (n) (n) %
Overweight (BMI 586 2,234,603 25.02 Routine place to go 1887 8,021,086 89.33
25-29.9) for healthcare
Obesity class 1 574 2,498,902 27.98 Visits to healthcare
(BMI 30-34.9) provider in last year
Obesity class 2 324 1,529,991 17.13 Low utilization (0-1 359 1,747,115  19.48
(BMI 35-39.9) visit)
Obesity class 3 322 1,633,172 18.29 Average utilization 1237 5,179,302 57.76
(BMI >40) (29 visits)
Indication of major 376 1,697,867 19.1 High utilization 485 2,040,821 22.76
depression§ (10+visits)

Health perception and diabetes management strategies

General health

condition
Excellent 61
Very good 181
Good 631
Fair 874
Poor 333

Management strategy

Diet controlled (no 903
medication)

Oral or injectable, 839
no insulin

Any insulin use 342

>10 years 797
since diabetes
diagnosisf|

Unrestricted 1212
carbohydrate

intake (>1809g

carbs/day)

Excess sugar 786
sweetened

beverage intake

(>15g carbs/day)

Inadequate 1254
moderate or

vigorous physical

activity (<150 min/

week)

Healthcare utilization

Insurance type

Private 520
Medicare 472
Other government 158
insurance

Medicaid 493
Self-pay or no 431
insurance

287,989
901,137
2,768,723
3,644,065
1,367,144

4,024,579
3,420,153
1,534,901

3,199,273

5,289,208

3,426,475

5,322,570

2,394,104
1,833,470
700,485

2,087,099
1,922,404

3.21

10.05
30.87
40.63
15.24

44.82

38.09

17.09

48.10

58.90

38.16

59.27

26.79
20.51
7.84

23.35
21.51

Continued

Food security and food assistance

Food security

Very low security 335 1,559,184 17.38
Low security 421 1,673,245 18.65
Marginal security 346 1,509,886 16.83
Full security 979 4,227,888 47.13
SNAP participation 821 3,623,744  40.53

in last 90 days

*Sample n=2084 (n=1575had self-reported clinically diagnosed
diabetes; an additional n=509had A1C >6.5% or fasting plasma
glucose >125mg/dL but no self-reported clinically diagnosed
diabetes).

TAdditional category was married or living with a partner.

FCVD includes self-report of diagnosed congestive heart failure,
coronary heart disease, angina/angina pectoris, heart attack, or
stroke.

§Patient Health Questionnaire depression scale (PHQ-9) score of
10+.

Ylindividuals who did not self-report a clinical diagnosis of diabetes
but had A1C>6.5% were not asked this question.

BMI, body mass index; FPL, federal poverty level; NHANES,
National Health and Nutrition Examination Survey.

and glycemic control were found to be significantly asso-
ciated (p=0.046). SNAP participation, however, was not
significantly associated with glycemic control (p=0.562).
Individuals with Hispanic or another race and ethnicity
were more likely to have poor glycemic control, as were
individuals who spoke English <50% of the time at home
(p<0.0001). There was no difference in glycemic control
within the Hispanic population when compared with
Mexican American versus other Hispanic or birth within
the USA versus birth outside the USA (online supple-
mental table S1). Individuals with high blood pressure in
this sample were less likely to have poor glycemic control
(uncontrolled n=399, 60.3% vs controlled n=1001,
70.4%; p=0.004), whereas high cholesterol, obesity and
depression were not significantly associated with glycemic
control. Any insulin use was associated with greater like-
lihood of poor glycemic control (uncontrolled n=175,
26.2% vs controlled n=167, 13.1%; p<0.0001). Insurance
type was also found to be significantly associated with
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Table 2 Bivariate comparisons by diabetes control status in sample of adults with diabetes and income <185% of FPL

NHANES 2007-2018

Total Sample

Uncontrolled HbA,

Controlled HbA,

N=2084 N=654 N=1430
Sample n Sample n Sample n
(weighted %) (weighted %) (weighted %) P value
Demographics
Race/ethnicity <0.0001
Non-Hispanic white 693 (48.08) 171 (37.72) 522 (52.69)
Non-Hispanic black 495 (18.12) 143 (17.38) 352 (18.45)
Hispanic 726 (24.88) 274 (33.73) 452 (20.94)
Another race or ethnicity or multiple races 170 (8.92) 66 (11.17) 104 (7.92)
Female 1080 (54.56) 341 (51.11) 739 (56.10) 0.079
Widowed, divorced, separated or never married* 1056 (50.44) 305 (46.40) 751 (562.25) 0.081
Education 0.804
Less than high school education 1010 (41.29) 310 (39.97) 700 (41.88)
High school education 504 (28.02) 161 (28.06) 343 (28.00)
At least some college 566 (30.69) 183 (31.97) 383 (30.12)
English spoken at home <50% of the time 607 (21.86) 233 (29.31) 374 (18.53) <0.0001
<130% of FPL 1569 (72.64) 505 (73.58) 1064 (72.22) 0.660
Comorbidities
High blood pressure 1400 (67.29) 399 (60.33) 1001 (70.38) 0.004
High cholesterol 1154 (58.75) 359 (55.53) 795 (60.18) 0.161
Obese (BMI >30) 1220 (63.40) 391 (66.01) 829 (62.23) 0.243
Indication of major depressiont 376 (19.10) 114 (18.51) 262 (19.37) 0.731
Health perception and diabetes management strategies
Fair or poor self-reported healtht 1207 (55.81) 401 (59.29) 806 (54.25) 0.159
Management strategy <0.0001
Diet controlled (no medication) 903 (44.82) 221 (34.90) 682 (49.24)
Oral or injectable, no insulin 839 (38.09) 258 (38.94) 581 (37.71)
Any insulin 342 (17.09) 175 (26.17) 167 (13.05)
>10years since diabetes diagnosis§ 797 (48.10) 289 (50.62) 508 (46.88) 0.302
Unrestricted carbohydrate intake (>180 g/day) 1212 (58.90) 390 (60.65) 822 (58.12) 0.402
Excess sugar sweetened beverage intake 786 (38.16) 260 (40.07) 526 (37.30) 0.382
(>15g carbs/day)
Inadequate moderate or vigorous physical activity 1254 (59.27) 356 (52.93) 898 (62.10) 0.014
(<150 min/week)
Healthcare utilization
Insurance type <0.0001
Private 520 (26.79) 148 (22.75) 372 (28.59)
Medicare 472 (20.51) 98 (14.66) 374 (23.14)
Other government insurance 158 (7.84) 53 (7.94) 105 (7.79)
Medicaid 493 (23.35) 145 (22.11) 348 (23.91)
Self-pay or no insurance 431 (21.51) 208 (32.55) 223 (16.57)
Routine place to go for healthcare 1887 (89.33) 567 (87.60) 1320 (90.10) 0.255
Visits to healthcare provider in last year 0.007
Low utilization (01 visit) 359 (19.48) 149 (24.69) 210 (17.17)
Average utilization (2-9 visits) 1237 (57.76) 378 (56.62) 859 (58.26)
Continued
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Table 2 Continued

Total Sample

Uncontrolled HbA,

Controlled HbA,

N=2084 N=654 N=1430
Sample n Sample n Sample n
(weighted %) (weighted %) (weighted %) P value
High utilization (10+ visits) 485 (22.76) 125 (18.69) 360 (24.57)
Food security and food assistance
Food insecureq| 756 (36.04) 275 (40.63) 481 (33.98) 0.046
SNAP participation in last 90 days 821 (40.53) 252 (39.30) 569 (41.08) 0.562

Bold text indicates significance at p<0.05.
*Additional category was married or living with a partner.

TPatient Health Questionnaire depression scale (PHQ-9) score of 10+.

FAdditional categories were excellent, very good, or good.

§Those without healthcare provider-diagnosed diabetes did not answer this question.

YlLow and very low security on the USDA 10-item food security module.

BMI, body mass index; FPL, federal poverty level; NHANES, National Health and Nutrition Examination Survey; SNAP, Supplemental

Nutrition Assistance Program.

glycemic control (p<0.001), where adults with diabetes
who also reported self-pay or lack of insurance were more
likely to be uncontrolled (n=208, 32.6% vs controlled
n=223, 16.6%).

Table 3 presents unadjusted and adjusted associations
of food insecurity, SNAP participation, and the likelihood
of poor glycemic control, with covariates introduced in
blocks in subsequent models. Food insecure individuals
are 33% more likely to have poor glycemic control in an
unadjusted model (OR=1.330, 95% CI 1.000 to 1.768).
However, food insecurity was not significantly associ-
ated with glycemic control in adjusted models. There
was also no difference in the effect of food insecurity on
glycemic control by SNAP participation, as demonstrated
by an insignificant food insecurity-SNAP interaction term
(p=0.578) (online supplemental table S2). The stron-
gest associations with poor glycemic control in the fully
adjusted model are race and ethnicity (ref: non-Hispanic
white (Hispanic aOR=2.068, 95% CI 1.337 to 3.199;
another race/ethnicity aOR=1.946, 95% CI 1.177 to
3.220)); need for oral or injectable diabetes medication
or insulin (ref: diet controlled (oral or injectable, non-
insulin aOR=2.265, 95% CI 1.606 to 3.196; any insulin
aOR=5.383, 95% CI 3.554 to 8.154)); and self-pay or no
insurance (ref: private insurance (aOR=2.199, 95% CI
1.456 to 3.322)). There was not a difference in glycemic
control among those receiving Medicaid compared with
those on private insurance (aOR=1.117, 95% CI 0.787 to
1.585). Interaction terms between food insecurity and
diabetes management strategy and food insecurity and
insurance status were not significant (online supple-
mental table S2). There was no collinearity demonstrated
among variables in the final adjusted model.

DISCUSSION

This study expands the existing literature on the associ-
ation between food insecurity and glycemic control in
the context of SNAP participation and highlights the

critical impact of multiple SDoH on diabetes control.
Specifically, there was a significant association between
poor glycemic control and race and ethnicity (particu-
larly Hispanic ethnicity or another race/ethnicity) that
remained in adjusted models. Individuals who spoke
English <50% of the time at home were more likely to
have an uncontrolled HbA, _in bivariate comparisons but
this did not remain significant in the multivariable model.
Lack of insurance was also strongly associated with poor
glycemic control in adjusted models, a finding consistent
with previously published work.?” Our study differs from
previously published work in this area by focusing on a
low-income population (income <185% ofFPL) in the
nationally representative NHANES data. While a prior
study demonstrated an association between food inse-
curity and glycemic control in the NHANES population
with diabetes,8 our focused examination on low-income
individuals demonstrates the association between food
insecurity and glycemic control was attenuated by addi-
tional factors, including access to health insurance. Addi-
tionally, while two smaller studies in specific populations
showed that SNAP participation was able to modify the
effect of food insecurity on glycemic control,' '* we did
not demonstrate this effect modification in this national
sample. Reasons for this include, but are not limited to,
differences in sample population, demographics, and
exclusion criteria. Specifically, both of these smaller
studies had very few uninsured participants. Additional
strengths of our study include the use of personalized
HbA, goals, according to age and comorbidities, to
define glycemic control. We also incorporated diet and
exercise data obtained by the NHANES to examine all
aspects of diabetes management more fully.

Notably, individuals in our study who received Medicaid
did not have significantly different control from individ-
uals with private insurance. While 40 states, including
the District of Columbia, have now opted to expand
their Medicaid programs under the Affordable Care Act
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Table 3 Unadjusted and adjusted association of food insecurity, SNAP participation and likelihood of uncontrolled HbA,
with sequential introduction of covariates in a sample of adults with diabetes and income <185% of FPL NHANES 2007-2018

Unadjusted Model 1 Model 2 Model 3 Final model
OR aOR aOR aOR aOR
(95% CI) (95% CI) (95% CI) (95% CI) (95% CI)
Food security and food assistance
Food insecure 1.330 1.374 1.254 1.261 1.181
(ref: food secure®) (1.000 to 1.768) (1.022 to 1.848 (0.939to 1.675) (0.940to 1.691) (0.877 to 1.589)
SNAP participation 0.929 0.864 0.948 0.919 0.873

(ref: no participation)

Demographics

Gender
(ref: male)

Race/ethnicity

(ref: non-Hispanic white)
Non-Hispanic black

Hispanic

Another race or ethnicity or

multiple races

Widowed, divorced, separated, or
never married (ref: married/living

with partner)

English not usually spoken at

(0.721 to 1.196)

0.818
(0.652 to 1.027)

1.315
(0.887 to 1.950)

2.250
(1.651 to 3.068)

1.970
(1.254 to 3.095)

0.791
(0.607 to 1.031)

1.823

home (ref: English usually spoken (1.400 to 2.374)

at home)

Comorbidities and diabetes management strategies

High blood pressure
(ref: no high blood pressure)

Management strategy
(ref: diet controlled)

Oral or injectable, no insulin

Insulin

Unrestricted carbohydrate intaket
(ref: restricted intake)

Inadequate physical activity
(ref: >150 min/week)

Healthcare utilization

Health insurance
(ref: private)

Medicaid

Medicare

Other government

Self-pay/no insurance

Received healthcare in past year
(ref: average utilization, 2-9 visits)

0.640
(0.467 to 0.877)

1.457
(1.091 to 1.945)

2.829
(1.988 to 4.025)

1.110
(0.867 to 1.421)

0.686
(0.508 to 0.927)

1.162
(0.821 to 1.645)

0.796
(0.507 to 1.251)

1.280
(0.678 t0 2.418)

2.468
(1.656 to 3.679)

(0.664 to 1.124)

(0.723 to 1.243)

0.854
(0.672 to 1.087)

1.328
(0.887 to 1.990)

1.987
(1.362 to 2.898)

1.764
(1.106 to 2.812)

0.910
(0.677 to 1.222)

1.115
(0.778 to 1.596)

(0.685 to 1.232)

0.851
(0.653 to 1.110)

1.512
(1.001 to 2.283)

2.194
(1.469 to 3.278)

2.033
(1.247 to 3.314)

0.974
(0.722 to 1.315)

1.103
(0.754 to 1.614)

0.597
(0.432 to 0.824)

1.782
(1.315 to 2.417)

4.076
(2.798 to 5.937)

1.082
(0.829 to 1.414)

0.731
(0.527 to 1.013)

(0.651 to 1.172)

0.865
(0.665 to 1.124)

1.422
(0.913 t0 2.216)

2.068
(1.337 to 3.199)

1.946
(1.177 to 3.220)

1.016
(0.743 to 1.389)

0.983
(0.671 to 1.441)

0.679
(0.491 to 0.939)

2.265
(1.606 to 3.196)

5.383
(3.554 to 8.154)

1.051
(0.802 to 1.377)

0.819
(0.582 to 1.154)

1.117
(0.787 to 1.585)

0.754
(0.470 to 1.210)

1.230
(0.649 to 2.332)

2.199
(1.456 to 3.322)

Continued
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Table 3 Continued

Unadjusted Model 1 Model 2 Model 3 Final model
OR aOR aOR aOR aOR
(95% Cl) (95% CI) (95% CI) (95% CI) (95% CI)
Low utilization (0-1 visit) 1.479 1.495
(1.061 to 2.064) (1.023 to 2.186)
High utilization (10+ visits) 0.783 0.881
(0.561 to 1.092) (0.606 to 1.281)
AlC 10,978,616 10,733,355 10,186,035 9,840,834.0

Bold text indicates significance at p<0.05.

*Full and marginal food security on USDA 10-item food security module.

TUnrestricted carbohydrate intake was defined as >180g/day.

FPL, federal poverty level; NHANES, National Health and Nutrition Examination Survey.

to include all individuals with incomes <138% ofFPL,
there are 11 states that have not yet adopted expansion
and additional states struggling with implementation of
expansion.” A study using difference-in-difference meth-
odology and NHANES data 2005-2016 demonstrated
that individuals living in states with Medicaid expansion
saw a significant improvement in systolic blood pres-
sure, HbA, , and LDL~cholesterol compared with indi-
viduals in states without expansion.** While our study
does not address Medicaid expansion effects directly, no
difference in poor glycemic control among individuals
on Medicaid compared with private insurance signals
the critical importance of this government insurance
program for low-income individuals.

Food as Medicine programs have garnered significant
attention in recent years, particularly for conditions
such as T2D that are sensitive to dietary modification.
Interventions through food banks that involve prepack-
aged or medically tailored meals show positive effects on
food insecurity, healthy eating index, fruit and vegetable
consumption and food-medication trade-offs, and studies
are ongoing to determine the effect of these programs
on HbAlc.%_28 Medical prescriptions for fresh vegetables
improved multiple cardiometabolic risk factors in a pre-
post comparison among predominantly Mexican Amer-
icans with T2D.* Our findings highlight that programs
addressing one SDoH (food insecurity) must also be
equipped to address additional SDoH (health insurance,
racial/ethnic discrimination, and language barriers) in
order to have optimal impact on health outcomes.

We hypothesized that SNAP participation would atten-
uate the effect of food insecurity on glycemic control by
subsidizing the cost of food, and smaller studies have
demonstrated this effect.'” '* Moreover, SNAP participa-
tion has been associated with decreased healthcare expen-
ditures using national data.”” However, contrary to our
hypothesis, SNAP participation was not associated with
glycemic control and did not modify the effect of food
insecurity on glycemic control. One potential reason for
this finding is that SNAP does not focus on dietary quality
or encouraging components of the T2D diet.”’ Further,
the SNAP-Ed education program incorporates MyPlate,

a free, interactive tool created by the Dietary Guidelines
for Americans to help individuals build healthy, balanced
plates, and participation improves dietary quality,”** but
the education does not specifically focus on carbohydrate
restriction for diabetes management. Moreover, we chose
to include individuals who were near SNAP eligibility
based on income criteria, but were not able to account
for other aspects of eligibility such as resources, work
requirements, and immigration status.

Programs that enhance SNAP benefits to encourage
use of benefits at farmer’s markets, provide additional
money for produce purchases, or restrict sugar sweetened
beverage purchases have demonstrated increased healthy
food purchases, decreased consumption of unhealthy
foods and improved dietary quality. However, the effect
on health outcomes has not yet been studied, and there
are barriers to incentive programs related to awareness
and accessibility.”*’ Programs combining incentives for
healthy foods and disincentives for unhealthy foods are
most cost-effective.*” Finally, SNAP may not have modi-
fied the effects of food insecurity on glycemic control
because benefit levels during the study period were too
low to afford adequate nutrition options. In 2021, SNAP
benefits increased by 25%, potentially remediating this
problem; however, past studies demonstrate that an
increase in the amount of SNAP benefits without other
incentives for healthy purchases has not improved dietary
quality.*!

Among our significant findings, individuals who self-
identified as Hispanic or another race/ethnicity were
more likely to have poor glycemic control than individ-
uals self-identified as non-Hispanic white. This differ-
ence remained when adjusted for language spoken at
home, highlighting the importance of additional SDoH
in diabetes control. One possible explanation is that
culturally tailored diabetes self-management education
programs have not been widely implemented. Programs
that culturally tailor information are associated with
improved diabetes control,** but these are not avail-
able at large scale. Moreover, while race and ethnicity are
measured in surveys, they serve as a proxy for numerous
structural, environmental, and social factors that affect
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health. Hence, differences in health seen by racial and
ethnic groups represent multiple unmeasured effects,
including but not limited to, the effects of accultur-
ation and structural racism, as opposed to biological
differences.

Our data also suggested that need for diabetes medi-
cation, particularly insulin, had a significant association
with poor glycemic control, even after adjusting for
numerous other factors. This is likely a marker for the
severity of disease, as insulin is typically added later in the
course of T2D after other management strategies have
failed, or in cases when the HbA, is extremely elevated.
Nonetheless, in the context of a disease that is so
impacted by lifestyle, the association of insulin and lack
of health insurance with poor glycemic control raises the
possibility of food-medication trade-offs and costrelated
medication underuse among low-income food insecure
individuals. Existing literature demonstrates that individ-
uals with diabetes have higher odds of financial hardship
from medical bills, food insecurity, cost-related medica-
tion underuse and foregone/delayed medical care than
those without diabetes.’ Individuals with diabetes are
more likely than those without to report spending less
on basic needs, principally food, to pay for medication,’
and some studies have demonstrated that food interven-
tions have alleviated food-medication trade-offs for indi-
viduals with diabetes.?®?” The current study is not able to
explore this fully, but these factors must be incorporated
and assessed in interventions seeking to address SDoH
and health outcomes in this population.

Our study has some important limitations. First, we
used HbA, as our measure for glycemic control because
this was readily available in the NHANES data. However,
food insecure individuals may not only struggle with
hyperglycemia but also hypoglycemia depending on food
access. If hypoglycemia alternates with hyperglycemia, an
individual’s HbA, may not rise to a level that is consid-
ered poorly controlled. At least one study has demon-
strated improvement in continuous glucose monitor
(CGM) time in range during meal delivery for individ-
uals with T2D,* and CGM has demonstrated an ability to
differentiate individuals who have T2D or who are at risk
or pre-DM in a predominantly Hispanic sample.* Thus,
assessment of glycemic variability using CGM may be a
better metric of control in future studies, although not
available in national survey data. Next, we were unable
to delineate diabetes type with certainty. This affects how
the data can be understood and applied, since results
could potentially differ between T1D and T2D. However,
we attempted to mitigate this limitation by excluding
individuals who were pregnant and individuals on insulin
with diagnosis before age 18. While this likely excluded
some individuals with T2D diagnosed before age 18 and
included individuals with latent autoimmune diabetes in
the adult, it is unlikely to substantially change the results
given the size of the population.

Another important limitation of our study was our
inability to account for detailed aspects of race and

ethnicity, including the potential effect of accultura-
tion, with publicly available NHANES data. We used a
race and ethnicity variable that was consistent across our
study period (RIDETHI1); however, this variable limits
characterization of the Hispanic community to ‘Mexican
American’ and ‘Other Hispanic’, effectively limiting the
opportunity to represent the diversity of this community
in these data. Previous work has characterized rates of
diabetes ranging from 12.3% among South Americans to
24.6% among Mexican Americans in NHANES data 2011-
2016, but has not specifically looked at glycemic control
in these subgroups.”” We also did not have information
on immigration status or other measures of accultura-
tion, outside of language most frequently used at home,
and thus there were potentially multiple unmeasured
effects, which could explain the differences in glycemic
control that we saw for the Hispanic community.”’

While SNAP and health insurance eligibility rest on
similar factors, we tried to minimize variation by limiting
the population to individuals with income <185% of
FPL. Everyone in our sample met or approached income
eligibility for SNAP. Notably, there was no difference
in glycemic control among those with income <130%
of FPL and 131-185% of FPL. Health insurance eligibility
is more complicated, and uninsured individuals may
be immigrants without documentation, working in jobs
that do not provide private health insurance, or living
in a state where Medicaid has not been expanded. The
Affordable Care Act was implemented during the last
several years of the study period and altered the health
insurance landscape in different ways by state. This is
difficult to completely disentangle with the available data
and is a limitation of the study.

This analysis investigates recent participation in SNAP,
a federal food assistance program, but is not able to
consider regional, state, or city-level policies that specif-
ically address food security. Geographic identifiers are
not released in the publicly available NHANES data to
protect participant confidentiality. Similarly, it was not
possible to incorporate any local variability in SNAP
eligible items over the study period. Policy changes,
economic recessions, and rising unemployment rates
are a few factors that have contributed to overall signifi-
cant growth in SNAP participation since 2001, and SNAP
benefits increased by 14% in 2009.%

Aswith all survey data, recall bias may have been present
during the interview component of the NHANES study.
Individuals may have incorrectly recalled that they were
diagnosed with diabetes or not remembered a diabetes
diagnosis. Some of this was mitigated through the inclu-
sion of individuals with abnormal HbA, or fasting glucose
on laboratory testing. The exclusion of individuals who
were missing dietary data may have introduced selection
bias. Struggling with dietary recall could indicate poor
nutrition, and thus, these individuals could be more likely
to exhibit poor glycemic control. The questions about
the primary predictors of interest (food insecurity and
SNAP participation) were about the 30-90days prior to
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the interview, and while subject to recall bias, the narrow,
recent timeframe may limit this. As a cross-sectional study,
we cannot infer causation between our predictors and
covariates and study outcome. Finally, there were poten-
tial unmeasured covariates that we could not account for,
such as medication underuse and acculturation.

Despite these limitations, our study assessed a large,
nationally representative, population of adults with
diabetes and low income and considered the tangible
effect of SDoH on disease management. Our find-
ings highlight a gap in care for low-income adults with
diabetes, particularly those who identify as Hispanic or
another race or ethnicity, and individuals who are unin-
sured. Future studies should examine glycemic variability
in addition to HbA  as an outcome measure for diabetes
control in the food insecure. As highlighted here, health
insurance is critical for diabetes control and future inter-
ventions that address food security could also address
health insurance access. Finally, from a policy perspective,
examination of the ‘spillover’ effects of Medicaid expan-
sion on food security and the effects of SNAP expansion
on healthcare outcomes, with attention to food and
medication/supply trade-offs, could illuminate addi-
tional needs and inform future interventions to improve
diabetes management for marginalized communities.
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