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ABSTRACT
Introduction A healthy diet is recommended to support 
diabetes management, including HbA1c, blood pressure, 
and cholesterol (ABC) control, but food insecurity is a 
barrier to consuming a healthy diet. We determined the 
prevalence of food insecurity and diet quality among 
US adults with diabetes and the associations with ABC 
management.
Research design and methods Cross- sectional analyses 
were conducted among 2075 adults ≥20 years with 
diagnosed diabetes who participated in the 2013–2018 
National Health and Nutrition Examination Surveys. Food 
insecurity was assessed using a standard questionnaire 
and diet quality was assessed using quartiles of the 
2015 Healthy Eating Index. Adjusted ORs (aOR, 95% 
CI) were calculated from logistic regression models 
to determine the association between household food 
insecurity/diet quality and the ABCs while controlling for 
sociodemographic characteristics, healthcare utilization, 
smoking, medication for diabetes, blood pressure, or 
cholesterol, and body mass index.
Results Overall, 17.6% of adults had food insecurity/low 
diet quality; 14.2% had food insecurity/high diet quality; 
33.1% had food security/low diet quality; and 35.2% had 
food security/high diet quality. Compared with adults with 
food security/high diet quality, those with food insecurity/
low diet quality were significantly more likely to have 
HbA1c ≥7.0% (aOR=1.85, 95% CI 1.23 to 2.80) and HbA1c 
≥8.0% (aOR=1.79, 95% CI 1.04 to 3.08); food insecurity/
high diet quality was significantly associated with elevated 
HbA1c; and food security/low diet quality with elevated 
A1c.
Conclusions Food insecurity, regardless of diet quality, 
was significantly associated with elevated A1c. For people 
with food insecurity, providing resources to reduce food 
insecurity could strengthen the overall approach to optimal 
diabetes management.

INTRODUCTION
The American Diabetes Association (ADA) 
recommends that individuals with diabetes 
eat a healthy diet that includes a variety of 
nutrient- dense foods such as fruits, vegeta-
bles, and whole grains in appropriate portion 
sizes and is limited in added sugars and fats.1 
Consuming a healthy diet may help people 
with diabetes maintain or achieve a desired 

body weight; achieve individualized HbA1c, 
blood pressure (BP), and cholesterol (ABCs) 
targets; and delay or prevent comorbidi-
ties and diabetes- related complications.2 
However, there are barriers to consuming a 
healthy diet, including adequate disposable 
income to purchase food, access to healthy 
food, education on preparing and cooking 
healthy meals, and healthy eating support 
from friends and family.3–5

Food security, a state of having reliable 
access to sufficient quantity of affordable and 
nutritious food, is one factor that may affect 
healthy eating among people with diabetes.6 
A report based on the 1999–2002 National 
Health and Nutrition Examination Surveys 
(NHANES) demonstrated that diabetes prev-
alence was higher among people with severe 
food insecurity than people without food 

WHAT IS ALREADY KNOWN ON THIS TOPIC
 ⇒ While a healthy diet is important for persons with di-
abetes to manage their disease, food insecurity may 
negatively impact healthy eating. Few national stud-
ies have assessed the combination of food insecuri-
ty and diet quality on the management of diabetes.

WHAT THIS STUDY ADDS
 ⇒ Among a national sample of US adults with diabetes, 
food insecurity, regardless of diet quality, was sig-
nificantly associated with elevated A1c.

 ⇒ Low diet quality, even in the presence of food secu-
rity, was significantly associated with elevated A1c.

 ⇒ There were no statistically significant associations 
between food insecurity and low diet quality with 
high blood pressure or elevated low- density lipopro-
tein cholesterol.

HOW THIS STUDY MIGHT AFFECT RESEARCH, 
PRACTICE OR POLICY

 ⇒ Identifying persons with food insecurity in health-
care settings and referring them to interventions 
and resources to reduce food insecurity could 
strengthen the overall approach to optimal diabetes 
management.
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insecurity; the association remained after adjusting for 
body mass index (BMI).7 Another NHANES study showed 
that while diet quality trends among adults with diabetes 
improved overall between 1999 and 2014, there were 
substantial disparities in consuming a high- quality diet; 
adults with low education, low income, and food insecu-
rity were less likely to consume a healthy diet and showed 
no improvement in diet quality over time.8 Further, results 
from the 1999–2008 NHANES data showed that food 
insecurity among adults with diabetes was significantly 
associated with HbA1c ≥9.0% and low- density lipoprotein 
cholesterol (LDL- C) ≥100 mg/dL after controlling for 
several sociodemographic and diabetes- related factors.9 
A prospective cohort study of adult patients with diabetes 
in a primary care network also found that food insecurity 
was associated with higher HbA1c levels.10 A 2011–2016 
NHANES study among adults with diabetes (diagnosed 
and undiagnosed) found an interaction between diet 
quality and food insecurity on the association with HbA1c 
at 8.0% to <9.0%.11

Given the gaps in the literature, the objective of this 
study was to determine the prevalence of combined 
food insecurity and healthy diet quality status among US 
adults with diabetes, overall and stratified by sociodemo-
graphic characteristics and health behaviors. In addition, 
we examined how food insecurity/diet quality status was 
associated with ABC management while accounting for 
factors related to achieving these ABC targets.

RESEARCH DESIGN AND METHODS
Study population
The NHANES is a stratified multistage probability cluster 
survey conducted in the non- institutionalized civilian 
US population.12 Participants were interviewed in their 
homes to obtain demographic and health information 
and then visited a mobile examination center (MEC) for 
physical examinations and laboratory measures.13 14

Data were analyzed from three cycles of NHANES 
(2013–2014, 2015–2016, 2017–2018). Unweighted 
response rates ranged from 51.9% to 71.0% for the inter-
viewed sample and from 48.8% to 68.5% for the examina-
tion sample. Study participants selected for inclusion in 
these analyses which combined the data from the three 
NHANES cycles included 2075 adults aged ≥20 years 
with diagnosed diabetes and at least one reliable 24- hour 
dietary recall.

Measures
Diagnosed diabetes was considered present if study partic-
ipants answered ‘yes’ when asked if a physician or other 
healthcare professional ever told them that they had 
diabetes or sugar diabetes. Adults with HbA1c indicative 
of diabetes without a physician diagnosis of diabetes were 
not included in these analyses since this study focuses 
on diabetes management of the ABCs. Participants self- 
reported sociodemographic characteristics (current age, 
race and ethnicity, household income, and household 

size, to determine poverty income ratio (PIR), with PIR 
<1.0 indicating below the household poverty threshold), 
highest education level, receipt of Supplemental Nutri-
tion Assistance Program (SNAP) benefits, health insur-
ance status and type of health insurance, healthcare 
utilization (seen a physician or diabetes specialist in the 
past year, HbA1c checked in the past year), smoking 
status (current, former, or never), and diabetes, BP, and 
cholesterol medication use. Height and weight were 
measured by a trained interviewer to determine the BMI 
(kg/m2), defined as: normal <25.0 kg/m2, overweight 
25.0–29.9 kg/m2; obesity ≥30 kg/m2.

Main independent measures: food insecurity and diet quality
To assess the food insecurity status for adults in their 
household, participants responded to either the first 10 
items (if no children in the household) or full 18 items 
(if children in the household) of the US Department 
of Agriculture’s household food security questionnaire, 
which assessed running out of food and not being able to 
afford more, cutting meal size, skipping meals, eating less 
or not at all, or going hungry due to lack of money for 
food in the past 12 months.15 16 Participants were catego-
rized as having full food security, marginal food security, 
or low/very low food security based on the frequency of 
responses to the questionnaire items and the standard 
scoring methods.17

Diet quality was determined by the Healthy Eating 
Index 2015 (HEI- 2015),18 which measures how well an 
individual’s diet aligns with federal dietary guidelines 
and is generally considered a good marker of overall 
diet quality. The HEI- 2015 includes 13 food group 
components that reflect the key recommendations in 
the 2015–2020 Dietary Guidelines for Americans—nine 
‘adequacy’ components represent food groups whose 
consumption is encouraged (total fruits, whole fruits, 
total vegetables, greens and beans, whole grains, total 
protein foods, seafood and plant proteins dairy, fatty 
acids) and four ‘moderation’ components to represent 
food groups for which there are recommended limits 
to consumption (refined grains, sodium, added sugars, 
saturated fats). The composite HEI- 2015 scores range 
from 0 to 100, with higher scores denoting better align-
ment with dietary recommendations (ie, diet quality).18 
In NHANES, HEI- 2015 scores were determined using 
participant data from at least one reliable 24- hour dietary 
recall and the simple HEI scoring algorithm- per person 
method.19 20 Participants’ diet quality was classified into 
four categories based on HEI- 2015 score quartiles, with 
the first quartile indicating low diet quality, second quar-
tile indicating low- moderate diet quality, third quartile 
indicating moderate- high diet quality, and the fourth 
quartile indicating high diet quality.

A combined food insecurity/diet quality variable 
was defined as (1) food secure (full food security) and 
moderate- high diet quality (third and fourth HEI- 2015 
quartiles, referred hereafter as ‘high diet quality’), (2) 
food secure and low- moderate diet quality (first and 
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second HEI- 2015 quartiles, referred hereafter as ‘low diet 
quality’), (3) food insecure (low/very low or marginal 
food security) and high diet quality, and (4) food inse-
cure and low diet quality. In a sensitivity analysis, we 
assessed a combined food insecurity/diet quality variable 
that defined high diet quality as only the fourth quartile 
of the HEI- 2015 and low diet quality as the first to third 
quartiles of the HEI- 2015; categorization of food insecu-
rity remained the same.

Main dependent (outcome) variables: ABCs
A phlebotomist obtained a blood sample from all 
participants during the MEC visit using a standard-
ized protocol.14 BP was measured using a standardized 
mercury sphygmomanometer after the participant 
rested quietly for 5 min.13 Up to four readings were 
taken, and the readings were averaged, excluding the 
first measure. HbA1c was directly measured.14 LDL- C 
levels were calculated for people who had fasted ≥8 to 
<24 hours using the Friedewald formula, which is not 
valid when triglycerides are ≥400 mg/dL.21 Outcomes 
for the ABC measures were based on clinically elevated 
values. The cut- points for elevated HbA1c (≥7.0%, 
≥8.0%, ≥9.0%), hypertension (BP ≥130/80 mm Hg, BP 
≥140/90 mm Hg), and cholesterol (LDL- C ≥100 mg/
dL, LDL- C ≥130 mg/dL) were based on current guide-
lines from the ADA Standards of Care.22

Statistical analysis
We used descriptive statistics to describe the charac-
teristics of the study population overall and by food 
insecurity and diet quality categories. Bivariate associ-
ations between food insecurity and diet quality cate-
gories and demographic characteristics and health 
behaviors were tested using a χ2 test for significance. 
Logistic regression was used to calculate ORs (95% 
CI) for the association between (1) food insecurity, 
(2) diet quality, and (3) food insecurity/diet quality 
(four- level combined variable) and elevated ABC 
levels. Models were (1) unadjusted, (2) adjusted for 
age, sex, race, and ethnicity, (3) additionally adjusted 
for PIR, education, health insurance, (4) additionally 
adjusted for healthcare utilization (seeing a physician 
or specialist in the past year, having HbA1c checked), 
(5) additionally adjusted for smoking status, diabetes, 
BP, and cholesterol medications, and BMI, and (6) 
additionally adjusted for food insecurity or diet quality 
when these variables were not the main covariates. P 
values <0.05 were considered statistically significant. All 
statistical analyses used sampling weights to account for 
the NHANES’ complex survey design using SUDAAN 
(SUDAAN User’s Manual, Release 11, 2012; Research 
Triangle Institute). A 6- year dietary weight was used 
for all analyses except for analyses among the fasting 
sample (LDL- C and triglycerides) where a 6- year fasting 
weight was used.

RESULTS
Participant characteristics
Among US adults with diagnosed diabetes, the mean age 
was 60.4 years, 53.0% were men, 15.3% were living below 
the poverty threshold, and 19.3% had low/very low food 
security (food insecure) (online supplemental appendix 
table 1). Mean HEI score was 53.6, with 66.7% having 
an HEI score <60. The mean HEI- 2015 scores were 36.5 
(range, 10.0–43.2) for the first quartile, 48.3 (range, 
43.2–52.7) for the second quartile, 57.9 (range, 52.7–
62.9) for the third quartile, and 71.8 (range, 62.8–99.5) 
for the fourth quartile. Nearly half (49.8%) had HbA1c 
≥7.0%, 28.5% had BP ≥140/90 mm Hg, and 18.0% had 
LDL- C ≥130 mg/dL. Several sociodemographic charac-
teristics and metabolic control varied by food insecurity 
and diet quality.

Participant characteristics by food insecurity and diet quality
When food insecurity and diet quality were combined 
into a four- level variable, 17.6% of persons with diabetes 
had food insecurity (low/very low or marginal)/low 
diet quality (first/second HEI- 2015 quartile); 14.2% 
had food insecurity/high diet quality (third/fourth 
HEI- 2015 quartile); 33.1% had food security/low diet 
quality; and 35.2% had food security/high diet quality 
(table 1). Among adults with diabetes, the distribution 
of age, sex, race and ethnicity, PIR, education, receiving 
SNAP benefits, and health insurance status all varied by 
food insecurity/diet quality category (p<0.01 for all). In 
addition, the per cent with uncontrolled HbA1c, elevated 
LDL- C, and having any one elevated ABC measure varied 
by food insecurity/diet quality category (p<0.03 for all) 
(figure 1).

Adjusted associations between food insecurity and ABCs
Adults with diabetes who were food insecure were signifi-
cantly more likely to have elevated HbA1c compared 
with those with full food security after adjusting for 
sociodemographic characteristics, healthcare utilization, 
smoking status, diabetes, BP, and cholesterol medication 
use, BMI, and diet quality (adjusted OR (aOR)=1.62, 
95% CI 1.07 to 2.47 for HbA1c ≥7.0%; aOR=1.71, 95% CI 
1.14 to 2.56 for HbA1c ≥8.0%; aOR=1.59, 95% CI 1.04 to 
2.43 for HbA1c ≥9.0%) (online supplemental appendix 
table 2). There were no significant associations between 
food insecurity and elevated BP and LDL- C except for 
the unadjusted association between food insecurity and 
LDL- C ≥100 mg/dL (OR=1.50, 95% CI 1.05 to 2.15).

Adjusted associations between diet quality and ABCs
Adults with diabetes who had low diet quality (lowest, first 
quartile) were significantly more likely to have elevated 
HbA1c (aOR=1.61, 95% CI 1.06 to 2.46 for ≥7.0%; 
aOR=1.60, 95% CI 1.01 to 2.53 for ≥8.0%) compared 
with those with high diet quality (highest, fourth quar-
tile) after full adjustment (online supplemental appendix 
table 2). There were no significant associations between 
food insecurity and elevated BP and LDL- C.
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Table 1 Characteristics of US adults with diagnosed diabetes by food insecurity and diet quality

Food insecurity and diet quality (HEI- 2015)*

P value, 
χ2

Food secure and 
high diet quality

Food secure and 
low diet quality

Food insecure and 
high diet quality

Food insecure and 
low diet quality

Unweighted n 681 551 400 443

% (SE)

Total 35.2 (1.5) 33.1 (1.5) 14.2 (1.1) 17.6 (1.3)

Age (years)

  Mean 62.5 (0.7) 60.3 (0.7) 59.9 (0.94) 56.3 (0.8)

  20–44 6.9 (1.4) 13.0 (1.3) 15.6 (2.5) 19.9 (1.9) 0.001

  45–64 45.1 (2.7) 48.2 (2.5) 43.3 (3.6) 50.5 (3.7)

  ≥65 48.0 (2.8) 38.8 (2.6) 41.1 (4.0) 29.7 (3.5)

Sex

  Men 58.1 (2.8) 57.5 (3.3) 36.8 (3.3) 49.3 (2.6) <0.001

  Women 41.9 (2.8) 42.5 (3.3) 63.2 (3.3) 50.7 (2.6)

Race and ethnicity

  Non- Hispanic White 67.4 (3.0) 74.1 (2.5) 45.8 (4.7) 59.0 (3.8) <0.001

  Non- Hispanic Black 12.7 (1.9) 11.0 (1.3) 19.2 (2.9) 16.7 (2.4)

  Hispanic/Latino 11.3 (1.8) 12.5 (2.2) 29.7 (4.0) 21.6 (2.7)

  Non- Hispanic Asian 8.6 (1.5) 2.4 (0.6) 5.3 (1.6) 2.7 (0.8)

Poverty income ratio

  <1.00 6.9 (1.3) 8.0 (1.2) 26.5 (2.8) 35.6 (3.6) <0.001

  1.00–2.00 13.8 (1.9) 16.8 (1.9) 35.0 (3.2) 29.5 (3.5)

  >2.00 72.5 (2.9) 69.8 (2.3) 31.0 (3.4) 29.6 (3.7)

  Missing 6.8 (1.4) 5.5 (0.7) 7.5 (1.5) 5.3 (1.7)

Education

  Less than high school 12.4 (1.7) 16.1 (1.7) 31.3 (2.9) 27.3 (3.1) <0.001

  High school graduate 23.0 (2.2) 23.6 (2.6) 32.5 (3.0) 30.4 (3.2)

  Some college 33.4 (2.9) 37.2 (3.1) 26.2 (2.7) 35.7 (3.2)

  College graduate or 
above

31.2 (3.3) 23.1 (2.3) 10.1 (1.6) 6.6 (1.9)

SNAP benefit

  Yes 9.3 (1.6) 13.2 (1.7) 34.1 (3.3) 43.9 (3.5) <0.001

  No 90.7 (1.6) 86.8 (1.7) 65.9 (3.3) 56.1 (3.5)

Health insurance

  Uninsured 4.8 (0.8) 7.7 (1.5) 12.5 (1.9) 12.9 (2.2) 0.002

  Insured 95.2 (0.8) 92.3 (1.5) 87.5 (1.9) 87.1 (2.2)

Health insurance type

  Private 65.3 (3.6) 68.3 (3.1) 53.6 (4.0) 42.7 (3.3) <0.001

  Medicare 48.2 (2.7) 42.8 (2.7) 48.6 (4.4) 46.8 (3.4) 0.599

  Medicaid 7.7 (1.7) 9.1 (1.3) 22.7 (2.8) 27.0 (2.8) <0.001

  Military/other 
government

16.4 (2.1) 13.5 (2.4) 12.4 (2.4) 17.3 (2.5) 0.409

Seen physician in the past 
year

  Yes 98.1 (0.8) 97.6 (0.9) 94.0 (1.5) 95.2 (1.1) 0.124

  No 1.9 (0.8) 2.4 (0.9) 6.0 (1.5) 4.8 (1.1)

Continued
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Adjusted joint associations between food insecurity, diet 
quality, and ABCs
Adults with diabetes who had food insecurity (low/very 
low or marginal food security)/low diet quality (first/
second HEI- 2015 quartile) were significantly more likely 
to have HbA1c ≥7.0% (aOR=1.85, 95% CI 1.23 to 2.80) 
and HbA1c ≥8.0% (aOR=1.79, 95% CI 1.04 to 3.08) 
compared with those who had food security (full food 
security)/high diet quality (third/fourth HEI- 2015 quar-
tile) in fully adjusted models (table 2). A similar associa-
tion for HbA1c ≥7.0% and HbA1c ≥8.0% was shown for 
those who had food insecurity/high diet quality versus 
food security/high diet quality. Adults who had food 
security/low diet quality were significantly more likely 
to have HbA1c ≥7.0% (aOR=1.55, 95% CI 1.07 to 2.24). 

In unadjusted analysis, adults with diabetes who had 
food insecurity/low diet quality were significantly more 
likely to have A1c ≥9.0% compared with those who had 
food security/high diet quality (OR=2.10, 95% CI 1.24 
to 3.55), but this association became non- significant 
after adjusting for age, sex, and race/ethnicity; a similar 
finding was shown for those with food insecurity/high 
diet quality, but the association became non- significant 
after adjusting for all sociodemographic characteristics. 
There were no significant interactions between food inse-
curity and diet quality for any of the other ABC outcomes.

When high diet quality was defined as only the fourth 
quartile of the HEI- 2015 (vs low/moderate diet quality, 
first to third HEI- 2015 quartiles), the results remained 
largely unchanged for those with food insecurity and low/

Food insecurity and diet quality (HEI- 2015)*

P value, 
χ2

Food secure and 
high diet quality

Food secure and 
low diet quality

Food insecure and 
high diet quality

Food insecure and 
low diet quality

Seen diabetes specialist in 
the past year

  Yes 33.3 (2.9) 24.3 (2.4) 34.8 (2.7) 26.6 (2.9) 0.021

  No 35.6 (3.2) 35.5 (2.4) 28.3 (2.5) 36.2 (3.3)

  Never 31.1 (2.4) 40.2 (2.6) 36.9 (2.4) 37.2 (3.6)

HbA1c checked in the past 
year

  Yes 89.7 (1.2) 81.2 (2.5) 78.2 (2.5) 74.9 (2.9) 0.001

  No 7.4 (1.0) 13.1 (2.1) 18.0 (2.1) 19.7 (2.8)

  Do not know 2.9 (0.7) 5.7 (1.5) 3.8 (1.1) 5.4 (1.3)

Smoking status

  Current 5.9 (1.4) 15.1 (2.2) 13.6 (2.2) 25.6 (3.1) <0.001

  Former 43.8 (3.3) 35.2 (2.8) 33.7 (2.7) 32.8 (2.9)

  Never 50.3 (3.0) 49.7 (3.3) 52.7 (3.2) 41.6 (3.1)

Diabetes medication

  Insulin only 11.7 (1.8) 9.0 (1.7) 9.3 (1.7) 18.7 (2.7) 0.003

  Oral medication only 61.4 (2.7) 58.1 (3.3) 54.1 (2.6) 42.8 (3.0)

  Both insulin and oral 11.2 (1.8) 15.5 (2.3) 18.8 (2.6) 18.4 (1.9)

  None 15.8 (2.1) 17.4 (2.7) 17.9 (2.1) 20.2 (2.3)

Taking antihypertensive 
medication

65.7 (2.7) 63.5 (3.0) 57.4 (3.3) 60.8 (2.7) 0.094

Taking antilipidemic 
medication

61.3 (2.9) 64.9 (2.2) 50.1 (3.4) 56.3 (2.7) 0.007

BMI (kg/m2)

  Mean 32.0 (0.4) 34.0 (0.5) 33.1 (0.6) 34.8 (0.6)

  <25.0 11.7 (1.7) 8.5 (1.4) 10.4 (1.7) 8.0 (1.5) 0.027

  25.0–29.9 30.1 (2.8) 23.2 (2.1) 32.1 (2.6) 21.1 (2.7)

  ≥30 58.2 (3.3) 68.3 (1.7) 57.5 (3.0) 70.9 (3.1)

Boldface p values indicate statistical significance of p<0.05.
*Food insecurity is defined as marginal or low/very low food security; food secure is defined as full food security; low diet quality is defined 
as HEI- 2015 score in the 1st or 2nd quartile; high diet quality is defined as HEI- 2015 score in the 3rd or 4th quartile.
BMI, body mass index; HEI- 2015, Healthy Eating Index 2015; SNAP, Supplemental Nutrition Assistance Program.

Table 1 Continued
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moderate diet quality (online supplemental appendix 
table 3). In fully adjusted models, adults who had food 
insecurity and low/moderate diet quality (first to third 
HEI- 2015 quartiles) were significantly more likely to have 
elevated HbA1c compared with those who had food secu-
rity/high diet quality (fourth HEI- 2015 quartile).

DISCUSSION
In this national study of US adults with diabetes, the 
combination of food insecurity and low diet quality was 
significantly associated with poorer glycemic manage-
ment compared with those who were food secure and 
had high diet quality, independent of sociodemographic 
characteristics, healthcare utilization, diabetes medica-
tions, and BMI; findings were similar for those with food 
insecurity and high diet quality. In addition, low diet 
quality, even in the presence of food security, was signifi-
cantly associated with A1c ≥7.0%. We did not find any 
statistically significant associations between food insecu-
rity and low diet quality and high BP or LDL- C.

Lower socioeconomic status, which, by definition, is 
strongly associated with food insecurity, has been previ-
ously associated with poorer ABC control.23 24 Indeed, in 
the current study among adults with food insecurity, living 
below the poverty threshold or having Medicaid was five 
times more prevalent compared with those adults with 
full food security; having less than a high school educa-
tion was nearly 2.5 times more prevalent among those 
with food insecurity compared with those adults with 
full food security. Diet quality was also worse for those 
with less income, but the difference was not as large in 
magnitude as it was for food insecurity. Previous studies 
have found that diet quality is related to the afford-
ability of healthy foods,25–27 but access to healthy food 
and the ability to afford these foods does not directly 
equate to a high- quality diet; diet quality is a modifiable 
behavior, more so than food insecurity. However, it is well 

established that behavior change is difficult and chal-
lenging to maintain.28

Previous studies in various populations have shown that 
food insecurity is associated with poorer glycemic control. 
Among low- income urban residents with type 2 diabetes, 
food insecurity was associated with poorer glucose 
control; however, among those who were food insecure, 
the receipt of SNAP benefits was associated with a signifi-
cantly reduced odds of having poor glucose control.29 
Thus, economic food assistance appears helpful for those 
with diabetes; these data suggest that food insecure adults 
were eating healthier with SNAP than those without assis-
tance. SNAP assistance has also been shown to reduce 
psychological distress related to food insecurity.30 In a 
different study of low- income patients with diabetes, 
those who were food insecure had higher mean HbA1c 
levels compared with those who were food secure.31 A 
previous study using NHANES 2011–2016 data among 
adults with diagnosed and undiagnosed diabetes found 
an interaction between food insecurity and diet quality 
with elevated HbA1c (8.0% to <9.0%) but the relation-
ship between food insecurity and diet quality was not fully 
elucidated.11 In another earlier study using NHANES 
data from 1999 to 2008, food insecurity was associated 
with HbA1c >9.0% and poor LDL control after adjust-
ment for sociodemographic characteristics and diabetes- 
related factors; however, dietary intake was not included 
in that study.9 The results were similar to those from our 
study, where we found that food insecurity was associ-
ated with all categories of poorer glucose control after 
adjusting for sociodemographic characteristics, diabetes- 
related factors, including prescription medications, and 
diet quality. Further, we also found that food insecurity, 
regardless of whether diet quality was high or low, was 
associated with elevated HbA1c before and after adjust-
ment for other covariates. Given that diet quality did not 
account for the association between food insecurity and 

Figure 1 Prevalence of suboptimal diabetes ABC management by food insecurity and diet quality. Error bars represent 95% 
CIs. ABC, HbA1c, blood pressure, and cholesterol; BP, blood pressure; LDL- C, low- density lipoprotein cholesterol.
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Table 2 OR (95% CI) for suboptimal diabetes ABC management by food security and diet quality

Food security and diet quality (HEI- 2015)*

Prevalence, % 
(SE)

Food secure 
and high diet 
quality

Food secure and 
low diet quality

Food insecure and 
high diet quality

Food insecure and low 
diet
quality

HbA1c ≥7.0% 49.8 (1.8)

  Unadjusted 1.00 1.49 (1.08 to 2.07) 1.51 (1.06 to 2.14) 1.73 (1.26 to 2.36)

  Model 1 1.00 1.50 (1.08 to 2.09) 1.59 (1.08 to 2.34) 1.76 (1.25 to 2.47)

  Model 2 1.00 1.52 (1.09 to 2.12) 1.64 (1.11 to 2.42) 1.89 (1.34 to 2.66)

  Model 3 1.00 1.55 (1.10 to 2.18) 1.64 (1.11 to 2.44) 1.92 (1.36 to 2.71)

  Model 4 1.00 1.55 (1.07 to 2.24) 1.69 (1.14 to 2.51) 1.85 (1.23 to 2.80)

HbA1c ≥8.0% 26.1 (1.3)

  Unadjusted 1.00 1.39 (0.93 to 2.07) 2.10 (1.37 to 2.32) 1.97 (1.30 to 2.99)

  Model 1 1.00 1.29 (0.86 to 1.94) 1.80 (1.15 to 2.82) 1.67 (1.07 to 2.59)

  Model 2 1.00 1.28 (0.85 to 1.93) 1.74 (1.08 to 2.79) 1.61 (0.99 to 2.61)

  Model 3 1.00 1.30 (0.87 to 1.95) 1.71 (1.06 to 2.75) 1.62 (1.00 to 2.65)

  Model 4 1.00 1.37 (0.91 to 2.07) 1.83 (1.12 to 2.98) 1.79 (1.04 to 3.08)

HbA1c ≥9.0% 14.4 (1.0)

  Unadjusted 1.00 1.27 (0.75 to 2.16) 2.22 (1.40 to 3.52) 2.10 (1.24 to 3.55)

  Model 1 1.00 1.11 (0.65 to 1.88) 1.70 (1.07 to 2.71) 1.58 (0.90 to 2.77)

  Model 2 1.00 1.10 (0.66 to 1.84) 1.56 (0.94 to 2.60) 1.43 (0.79 to 2.59)

  Model 3 1.00 1.11 (0.67 to 1.84) 1.48 (0.88 to 2.47) 1.42 (0.77 to 2.65)

  Model 4 1.00 1.18 (0.70 to 1.98) 1.54 (0.92 to 2.60) 1.47 (0.80 to 2.70)

Blood pressure 
≥140/90 mm Hg

28.5 (1.5)

  Unadjusted 1.00 1.10 (0.78 to 1.56) 1.12 (0.78 to 1.62) 1.13 (0.80 to 1.59)

  Model 1 1.00 1.18 (0.82 to 1.71) 1.18 (0.80 to 1.74) 1.22 (0.84 to 1.79)

  Model 2 1.00 1.16 (0.80 to 1.67) 1.11 (0.75 to 1.65) 1.16 (0.77 to 1.74)

  Model 3 1.00 1.15 (0.80 to 1.65) 1.12 (0.75 to 1.67) 1.16 (0.78 to 1.74)

  Model 4 1.00 1.21 (0.83 to 1.77) 1.14 (0.76 to 1.70) 1.14 (0.74 to 1.75)

Blood pressure 
≥130/80 mm Hg

52.0 (1.5)

  Unadjusted 1.00 1.11 (0.81 to 1.53) 1.17 (0.76 to 1.83) 0.97 (0.70 to 1.35)

  Model 1 1.00 1.15 (0.82 to 1.62) 1.32 (0.86 to 2.04) 1.01 (0.71 to 1.45)

  Model 2 1.00 1.14 (0.80 to 1.61) 1.17 (0.73 to 1.88) 0.90 (0.62 to 1.31)

  Model 3 1.00 1.15 (0.81 to 1.63) 1.15 (0.72 to 1.83) 0.92 (0.64 to 1.32)

  Model 4 1.00 1.17 (0.78 to 1.75) 1.15 (0.74 to 1.79) 0.87 (0.58 to 1.31)

LDL- C ≥100 mg/dL 41.8 (2.4)

  Unadjusted 1.00 1.39 (0.82 to 2.36) 1.93 (1.20 to 3.09) 1.89 (1.15 to 3.11)

  Model 1 1.00 1.12 (0.64 to 1.97) 1.36 (0.79 to 2.35) 1.40 (0.78 to 2.51)

  Model 2 1.00 1.13 (0.64 to 1.99) 1.19 (0.69 to 2.05) 1.25 (0.68 to 2.29)

  Model 3 1.00 1.04 (0.59 to 1.82) 1.11 (0.65 to 1.88) 1.25 (0.66 to 2.34)

  Model 4 1.00 1.00 (0.62 to 1.62) 0.93 (0.53 to 1.65) 1.08 (0.52 to 2.23)

LDL- C ≥130 mg/dL 18.0 (1.7)

  Unadjusted 1.00 1.63 (0.77 to 3.41) 2.69 (1.31 to 5.52) 1.39 (0.71 to 2.74)

  Model 1 1.00 1.24 (0.60 to 2.54) 1.82 (0.84 to 3.94) 1.01 (0.50 to 2.05)

  Model 2 1.00 1.27 (0.66 to 2.45) 1.70 (0.72 to 4.02) 0.97 (0.42 to 2.25)

  Model 3 1.00 1.22 (0.65 to 2.30) 1.65 (0.73 to 3.72) 0.99 (0.44 to 2.22)
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poor glucose control, future research could investigate 
the intricacies of food insecurity and the pathways by 
which it is associated with metabolic outcomes. Poten-
tial pathways highlighted in a recent scientific review of 
social determinants of health as they relate to diabetes 
included nutritional, compensatory, and psychological 
pathways, each of which warrants further investigation 
including the intersectionality of these pathways.32

While food insecurity was significantly associated with 
the highest level of uncontrolled HbA1c (≥9.0%) after 
full adjustment including diet quality, when food insecu-
rity and diet quality were combined into the four- category 
variable, only the unadjusted associations for food insecu-
rity/low diet quality and food insecurity/high diet quality 
were significant. There may be other unmeasured factors 
contributing to the lack of significant associations for the 
highest level of uncontrolled HbA1c. In addition, 14% of 

our sample had HbA1c ≥9.0%, thus our sample size was 
limited to detect an association for this outcome.

Our study suggests that food insecurity may have a 
direct impact on metabolic outcomes such as HbA1c. 
Previous research has shown that stress from food inse-
curity may result in consuming high- carbohydrate, 
high- sugar, or high- fat foods which may offer temporary 
feelings of comfort.33 Securing these palatable foods 
may be easier in areas with high food insecurity due to 
a higher prevalence of food swamps, areas with a high 
density of establishments selling high- calorie fast food 
and junk food relative to healthier food items.5 However, 
food assistance programs such as food pantries, Women, 
Infants, and Children program, and SNAP benefits are 
resources available to those with food insecurity and may 
support a higher quality diet.34–36

Food security and diet quality (HEI- 2015)*

Prevalence, % 
(SE)

Food secure 
and high diet 
quality

Food secure and 
low diet quality

Food insecure and 
high diet quality

Food insecure and low 
diet
quality

  Model 4 1.00 1.37 (0.76 to 2.48) 1.24 (0.61 to 2.55) 0.77 (0.31 to 1.90)

At least one elevated 
ABC
(HbA1c ≥7.0%, BP 
≥130/80 mm Hg, LDL 
≥100 mg/dL)

84.3 (2.1)

  Unadjusted 1.00 1.07 (0.48 to 2.39) 2.44 (1.37 to 4.35) 2.90 (1.24 to 6.82)

  Model 1 1.00 0.90 (0.39 to 2.09) 1.87 (1.04 to 3.36) 2.00 (0.82 to 4.89)

  Model 2 1.00 0.88 (0.38 to 2.03) 1.70 (0.96 to 3.01) 1.87 (0.81 to 4.32)

  Model 3 1.00 0.88 (0.37 to 2.05) 1.67 (0.93 to 3.00) 1.86 (0.80 to 4.34)

  Model 4 1.00 0.80 (0.34 to 1.90) 1.59 (0.73 to 3.43) 1.98 (0.72 to 5.49)

At least one elevated 
ABC
(HbA1c ≥8.0%, BP 
≥140/90 mm Hg, LDL 
≥130 mg/dL)

55.0 (2.6)

  Unadjusted 1.00 1.01 (0.57 to 1.80) 2.38 (1.52 to 3.73) 1.19 (0.78 to 1.83)

  Model 1 1.00 0.96 (0.52 to 1.76) 1.89 (1.18 to 3.02) 1.08 (0.67 to 1.76)

  Model 2 1.00 0.95 (0.52 to 1.72) 1.75 (1.04 to 2.93) 1.03 (0.61 to 1.76)

  Model 3 1.00 0.96 (0.53 to 1.72) 1.72 (1.04 to 2.86) 1.05 (0.60 to 1.86)

  Model 4 1.00 0.99 (0.55 to 1.79) 1.58 (0.87 to 2.86) 1.05 (0.57 to 1.96)

Model 1: adjusted for age, sex, race/ethnicity.
Model 2: Model 1 and additionally adjusted for PIR, education, health insurance.
Model 3: Model 2 and additionally adjusted for healthcare utilization (seeing physicians in the past year, having HbA1c checked).
Model 4: Model 3 and additionally adjusted for smoking status, diabetes medication, blood pressure medication, cholesterol medication, 
BMI.
Boldface indicates statistical significance of p<0.05.
*Food insecurity is defined as marginal or low/very low food security; food secure is defined as full food security; low diet quality is defined 
as HEI- 2015 score in the 1st or 2nd quartile; high diet quality is defined as HEI- 2015 in the 3rd or 4th quartile.
ABC, HbA1c, blood pressure, and cholesterol; BMI, body mass index; BP, blood pressure; HEI- 2015, Healthy Eating Index 2015; LDL, low- 
density lipoprotein; PIR, poverty income ratio.
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Consuming a high- quality diet, as recommended by 
the ADA,2 is strongly associated with a variety of factors 
including community- level resources (eg, access to 
healthy foods), support for a healthy diet from friends 
and family, and individual- level sociodemographic char-
acteristics (eg, income barriers), behaviors, and habits. 
At the community level, lower availability of healthy food 
has been associated with lower quality dietary intake and 
poorer glycemic control in some studies10 37–39; other 
studies have been inconclusive.40 41 Considering the many 
contextual factors that influence diet quality is important 
when developing interventions and programs to support 
people with diabetes and improve metabolic outcomes.42

We found no significant association between food inse-
curity/diet quality and BP or LDL- C. Many of the adults 
in our study had controlled BP and LDL- C, with 63% on 
antihypertensive medication and 60% on antilipidemic 
medication. Therefore, there may have been less of an 
association for food insecurity and diet quality on these 
outcomes. In addition, the associations between food 
insecurity/diet quality may be mediated through obesity, 
a condition that effected nearly two- thirds of the popu-
lation of adults with diabetes. This may also partially 
explain the lack of an association for BP and LDL- C. 
While LDL- C is considered the hallmark measure for 
cholesterol management among people with diabetes, 
triglycerides and high- density lipoprotein cholesterol 
(HDL- C) are also important markers for hyperlipidemia. 
Of note, in analyses that were not included in the paper, 
we found that compared with adults with food security/
high diet quality, those with food insecurity/low diet 
quality were statistically significantly more likely to have 
high triglycerides and low HDL- C; the significant associa-
tion with high triglycerides was also found for those with 
food insecurity/high diet quality. When any of these lipid 
measures are suboptimal, current diabetes management 
guidelines recommend optimizing glycemic control.43

Limitations
NHANES is a cross- sectional survey, thus causal associa-
tions between our exposures of interest, food insecurity 
and diet quality, and outcomes of ABC management 
cannot be determined. Trends in associations of food 
insecurity/diet quality and ABC management outcomes 
were not assessed. However, declines in A1c control after 
2010 may be associated with the notable prevalence of 
food insecurity and suboptimal dietary intake among 
adults with diabetes during 2013–2018. Dietary intake 
was self- reported, which is subject to measurement error 
similar to other self- reported data44; however, these data 
still provide valuable information on food intake and 
eating patterns.45 Although we adjusted for many socio-
demographic factors, residual confounding may have 
occurred and the true association between food insecu-
rity/low diet quality and poor ABC management may be 
associated with other unmeasured variables. Additionally, 
we do not distinguish between type 1 and type 2 diabetes 
mellitus in this analysis; however, given that the NHANES 

is nationally representative, we can assume that 90%–95% 
of diagnosed diabetes in this study is type 2 diabetes.46 In 
supplemental analysis, we found no interaction between 
continuous insulin use, an indicator of type 1 diabetes 
mellitus, and food insecurity/diet quality. However, this 
study used a nationally representative sample allowing 
generalization to the US adult non- institutionalized 
population with diabetes. Multiple clinical outcomes 
were assessed using standardized measures to charac-
terize diabetes control.

CONCLUSIONS
In this nationally representative study among US adults 
with diabetes, food insecurity plus low diet quality was 
associated with higher HbA1c levels even after accounting 
for sociodemographic characteristics and health behav-
iors, with food insecurity having a greater impact on 
metabolic outcomes than low diet quality. Healthcare 
providers treating adults with diabetes may consider 
including an assessment of food insecurity as a part of 
their overall approach to diabetes- related healthcare, 
particularly for their patients with suboptimal HbA1c and 
those living in low- income or under- resourced communi-
ties. Future research on food insecurity among adults with 
diabetes might focus on how food insecurity affects meta-
bolic outcomes and address the multiple pathways that 
may contribute to these outcomes. Healthcare delivery 
systems could link patients to social or food services as 
part of clinical care, in addition to point- of- care interven-
tions that promote healthier lifestyles.
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Appendix Table 1. Characteristics (%, SE) of U.S. Adults with Diagnosed Diabetes by Food Insecurity and Diet Quality 

  Food Insecurity  Diet Quality (HEI-2015) Quartiles  

 Total Food 

secure  

Marginal  Food 

insecure 

p-

value 

4
th 

(High) 3
rd

 2
nd

 1
st
 (Low) p-value 

Unweighted N  1356 330 589  504 512 555 560  

Total 100.0 68.0 (1.4) 12.7 (1.0) 19.3 (1.3)  26.2 (1.5) 23.3 (1.0) 25.8 (1.2) 24.7 (1.1)  

DEMOGRAPHICS           

Age, years           

   Mean 60.4 (0.4) 61.6 (0.4) 58.8 (1.2) 57.1 (0.7)  62.4 (0.8) 60.9 (0.8) 60.0 (0.6) 57.9 (0.8)  

   20-44 13.0 (0.7) 10.1 (0.9) 15.6 (3.0) 21.1 (1.8) <0.001 7.9 (1.7) 11.9 (1.4) 14.3 (1.7) 16.3 (2.3) 0.006 

   45-64 45.6 (1.5) 45.8 (1.8) 45.4 (4.6) 46.7 (3.3)  44.7 (3.0) 43.4 (3.3) 47.3 (3.3) 51.3 (3.1)  

   ≥65 41.5 (1.5) 44.1 (1.7) 39.0 (4.3) 32.2 (2.9)  47.4 (3.3) 44.6 (3.8) 38.5 (2.8) 32.5 (2.7)  

Sex           

   Men 53.0 (1.7) 57.3 (2.2) 43.8 (3.3) 43.2 (2.0) <0.001 54.6 (3.7) 49.1 (3.2) 52.2 (3.7) 57.6 (2.9) 0.150 

   Women 47.0 (1.7) 42.7 (2.1) 56.2 (3.3) 56.8 (2.0)  45.4 (3.7) 50.9 (3.2) 47.8 (3.7) 42.4 (2.9)  

Race and ethnicity           

   Non-Hispanic White 63.4 (2.2) 69.1 (2.2) 54.2 (5.0) 49.3 (4.0) <0.001 61.6 (3.4) 60.0 (4.0) 69.6 (2.7) 68.0 (3.0) <0.001 

   Non-Hispanic Black 14.0 (1.4) 12.4 (1.4) 18.7 (3.1) 17.4 (2.2)  12.3 (1.8) 17.0 (2.3) 12.6 (1.7) 13.2 (2.0)  

   Hispanic/Latino 16.5 (1.8) 12.1 (1.6) 21.1 (3.5) 29.3 (3.2)  17.0 (2.2) 16.5 (2.6) 15.4 (2.4) 16.2 (2.1)  

   Non-Hispanic Asian 6.1 (0.8) 6.5 (0.9) 6.0 (1.4) 4.0 (0.8)  9.2 (1.3) 6.5 (1.6) 2.4 (0.7) 2.7 (0.6)  

SOCIODEMOGRAPHIC 

CHARACTERISTICS 

          

Poverty Income Ratio            

   <1.00 15.3 (1.2) 8.0 (1.0) 17.7 (3.2) 41.3 (3.1) <0.001 10.6 (1.6) 14.1 (2.1) 16.1 (2.2) 18.6 (2.5) 0.010 

   1.00-2.00 20.0 (1.2) 15.5 (1.2) 30.1 (3.2) 31.9 (2.8)  18.1 (2.1) 20.9 (2.4) 20.7 (2.1) 21.0 (2.4)  

   >2.00 55.7 (1.9) 69.9 (1.9) 45.1 (4.8) 20.4 (2.7)  61.9 (3.4) 56.4 (3.7) 56.7 (3.2) 53.2 (3.4)  

   Missing 9.1 (0.9) 6.6 (0.7) 7.2 (2.0) 6.4 (1.3)  9.5 (1.9) 8.6 (1.9) 6.6 (1.8) 7.2 (1.9)  

Education           

   <High school 19.9 (1.4) 15.0 (1.3) 18.4 (2.7) 37.1 (2.7) <0.001 16.8 (1.9) 19.3 (2.3) 18.1 (2.1) 22.9 (2.8) 0.130 

   High school graduate  25.0 (1.2) 23.1 (1.6) 34.2 (4.1) 27.2 (2.1)  23.6 (2.6) 27.7 (3.1) 25.1 (2.9) 26.4 (2.7)  

   Some college  33.8 (1.5) 35.0 (2.2) 34.6 (4.0) 30.1 (2.3)  29.8 (3.0) 33.3 (3.0) 37.4 (3.3) 35.7 (3.7)  

   College graduate or  21.4 (1.5) 27.0 (2.1) 12.8 (2.6) 5.6 (1.2)  29.8 (3.4) 19.7 (3.1) 19.5 (2.6) 15.0 (3.2)  
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  Above  

Received SNAP benefits, 

past 12 mo. 

          

   Yes 20.7 (1.3) 11.8 (1.3) 25.5 (3.0) 48.9 (3.2) <0.001 25.0 (2.2) 22.9 (2.3) 17.0 (1.9) 15.9 (2.0) 0.008 

   No 79.3 (1.3) 88.2 (1.3) 74.5 (3.2) 51.1 (3.2)  75.0 (2.2) 77.1 (2.3) 83.0 (1.9) 84.1 (2.0)  

Health Insurance            

   Uninsured 8.1 (0.8) 6.0 (2.1) 9.8 (2.1) 14.8 (1.8) <0.001 6.0 (1.1) 8.0 (1.3) 10.0 (1.8) 9.1 (1.7) 0.170 

   Insured 91.9 (0.8) 94.0 (0.8) 90.2 (2.1) 85.3 (1.8)  94.0 (1.1) 92.0 (1.3) 90.0 (1.8) 91.0 (1.7)  

Health Insurance Type           

   Private 60.0 (1.8) 65.4 (2.2) 62.4 (3.9) 36.0 (3.0) <0.001 60.2 (3.6) 64.2 (3.6) 60.1 (3.9) 59.9 (2.5) 0.650 

   Medicare 46.7 (1.8) 46.0 (1.1) 43.7 (4.3) 50.0 (3.1) 0.350 47.9 (3.2) 49.0 (4.0) 47.2 (3.0) 40.7 (3.3) 0.310 

   Medicaid 13.9 (1.1) 5.7 (1.2) 16.4 (3.0) 32.5 (2.6) <0.001 11.4 (1.8) 12.5 (2.0) 15.1 (2.5) 15.0 (1.8) 0.260 

   Military/Other   

   Government 

15.2 (1.1) 15.4 (1.56) 9.5 (1.87 19.5 (2.6) 0.006 14.1 (2.0) 16.1 (2.3) 18.3 (3.0) 11.0 (1.5) 0.150 

HEALTHCARE 

UTILIZATION 

          

Seen a Physician in past 

year 

          

   Yes 96.9 (0.4) 97.9 (0.6) 96.4 (1.4) 93.2 (1.2) 0.010 96.8 (1.2) 97.1 (0.9) 97.8 (1.3) 95.6 (1.3) 0.510 

   No 3.1 (0.4) 2.1 (0.6) 3.6 (1.4) 6.8 (1.2)  3.2 (1.2) 2.9 (0.9) 2.21 (0.6) 4.4 (1.3)  

Seen a Diabetes specialist 

in past year 

          

   Yes 29.9 (1.2) 30.1 (1.8) 27.3 (3.1) 31.6 (2.1) 0.820 33.7 (3.5) 33.3 (2.7) 23.1 (2.2) 26.8 (3.2) 0.030 

   No 34.8 (1.7) 35.0 (2.1) 34.6 (3.3) 33.3 (2.4)  33.5 (2.5) 34.5 (3.3) 36.7 (3.2) 34.8 (3.1)  

   Never 35.3 (1.5) 34.9 (1.7) 38.2 (3.7) 35.1 (2.6)  32.8 (2.6) 32.3 (2.8) 40.2 (3.0) 38.3 (3.7)  

A1c Checked in past year           

   Yes 82.5 (1.1) 85.2 (1.3) 79.6 (3.1) 73.9 (2.9) 0.001 88.0 (1.6) 84.5 (1.7) 81.6 (2.0) 76.3 (2.9) 0.040 

   No 13.0 (0.9) 10.3 (1.0) 16.3 (2.8) 21.2 (2.5)  9.0 (1.5) 11.9 (1.7) 13.8 (2.0) 16.9 (2.4)  

   Do not know 4.6 (0.6) 4.6 (0.8) 4.1 (1.0) 4.9 (1.2)  3.0 (0.6) 3.56 (1.1) 4.6 (0.9) 6.9 (1.8)  

CLINICAL 

CHARACTERISTICS 

          

Smoking Status           
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   Current 14.4 (1.1) 10.9 (1.3) 17.0 (3.1) 24.4 (2.4) 0.001 5.3 (1.3) 12.0 (2.0) 16.1 (2.4) 21.8 (2.7) <0.001 

   Former 36.5 (1.4) 39.0 (2.0) 35.4 (3.8) 30.0 (2.7)  42.3 (3.6) 39.0 (3.3) 36.1 (2.6) 32.1 (3.1)  

   Never 49.1 (1.3) 50.2 (1.9) 47.7 (4.1) 45.5 (2.8)  52.4 (3.5) 49.0 (3.5) 47.8 (3.2) 46.2 (3.4)  

Diabetes Medication           

   Insulin only 12.8 (1.0) 11.1 (1.1) 15.9 (3.2) 15.4 (2.6) 0.020 12.1 (2.2) 10.5 (1.8) 13.0 (1.9) 11.5 (1. 8) 0.110 

   Oral medication only 55.5 (1.4) 59.2 (2.0) 50.8 (4.0) 44.5 (2.4)  59.1 (2.9) 59.4 (3.2) 52.8 (2.6) 53.7 (3.7)  

   Both insulin and oral  

   medications 

14.8 (1.0) 13.6 (1.3) 16.8 (2.6) 18.7 (1.8)  11.8 (1.7) 14.8 (2.1) 17.2 (2.0) 15.4 (2.6)  

   None reported 17.0 (0.9) 16.1 (1.4) 16.5 (2.4) 21.3 (1.9)  17.1 (2.5) 15.3 (2.2) 17.1 (2.6) 19.5 (2.5)  

Taking Antihypertensive 

Medication 

62.9 (1.7) 65.1 (2.1) 57.1 (4.3) 60.5 (2.1) 0.050 64.8 (3.0) 61.3 (3.2) 64.7 (3.4) 60.3 (3.1) 0.550 

Taking Antilipidemic 

Medication 

59.4 (1.3) 62.4 (1.7) 50.9 (4.1) 55.2 (2.7) 0.008 60.5 (3.6) 54.0 (2.7) 63.3 (3.3) 60.8 (3.2) 0.070 

BMI, kg/m
2
           

   Mean 33.0 (0.3) 32.8 (0.3) 33.3 (0.6) 34.1 (0.5)  31.5 (0.4) 33.2 (0.5) 34.0 (0.6) 34.6 (0.6)  

   <25.0 (Underweight/  

   healthy weight) 

10.5 (0.9) 10.8 (1.1) 8.7 (1.9) 10.2 (1.4) 0.606 10.9 (1.8) 11.5 (1.8) 9.6 (1.4) 6.7 (1.8) 0.035 

   25.0-29.9 (Overweight) 27.7 (1.2) 27.5 (1.6) 30.9 (4.4) 24.6 (2.1)  33.0 (3.1) 28.8 (3.1) 22.2 (2.4) 23.0 (3.1)  

   ≥30 (Obesity) 61.8 (1.7) 61.6 (2.2) 60.5 (4.3) 65.1 (2.4)  56.2 (3.6) 59.7 (3.1) 68.2 (2.7) 70.2 (3.7)  

FOOD INSECURITY 

AND DIET QUALITY  

          

Food Insecurity Status           

   Food secure 68.0 (1.4) NA NA NA  74.4 (2.7) 67.8 (2.7) 67.4 (2.8) 63.3 (2.9) 0.100 

   Marginal  12.7 (1.0) NA NA NA  11.6 (1.7) 13.1 (1.8) 12.2 (2.3) 12.5 (1.7)  

   Food insecure 19.3 (1.3) NA NA NA  14.1 (1.8) 19.2 (2.4) 20.5 (2.3) 24.2 (2.7)  

Healthy Eating Index           

   Mean (SE) 53.6 (0.4) 54.3 (0.5) 53.0 (1.2) 51.0 (0.7)  NA NA NA NA  

   Quartile 4 (High) 26.2 (1.5) 28.6 (1.9) 24.7 (3.9) 19.0 (2.4) 0.100 NA NA NA NA  

   Quartile 3 23.3 (1.0) 22.9 (1.6) 24.5 (2.6) 22.8 (2.1)  NA NA NA NA  

   Quartile 2 25.8 (1.2) 25.5 (1.6) 25.6 (387) 27.3 (258)  NA NA NA NA  

   Quartile 1 (Low) 24.7 (1.1) 22.9 (1.4) 25.2 (3.3) 30.9 (2.5)  NA NA NA NA  

METABOLIC           

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) BMJ Open Diab Res Care

 doi: 10.1136/bmjdrc-2022-003033:e003033. 10 2022;BMJ Open Diab Res Care, et al. Casagrande SS



OUTCOMES 

A1c ≥7.0% 49.8 (1.8) 47.7 (2.3) 52.2 (3.8) 54.8 (2.6) 0.120 43.9 (3.4) 46.9 (3.0) 51.7 (3.2) 54.9 (4.1) 0.050 

A1c ≥8.0% 26.1 (1.3) 22.8 (1.8) 29.8 (3.8) 34.2 (2.1) 0.002 20.1 (2.6) 25.8 (2.7) 25.4 (2.5) 28.2 (2.6) 0.120 

A1c ≥9.0% 14.4 (1.0) 12.2 (1.3) 15.0 (2.7) 21.9 (2.2) 0.003 11.9 (2.2) 14.3 (2.1) 12.6 (1.7) 18.1 (2.4) 0.250 

Blood Pressure ≥140/90 
mmHg 

28.5 (1.5) 27.8 (2.0) 30.1 (3.4) 29.4 (2.8) 0.800 29.6 (2.7) 25.4 (2.7) 29.7 (3.0) 28.3 (2.7) 0.550 

Blood Pressure ≥130/80 
mmHg 

52.0 (1.5) 51.5 (2.3) 52.9 (4.7) 51.6 (3.1) 0.970 51.9 (3.1) 51.6 (3.2) 53.4 (2.8) 50.9 (3.3) 0.950 

LDL-C ≥100 mg/dL 41.8 (2.4) 38.3 (3.2) 50.2 (5.6) 48.3 (3.2) 0.060 35.9 (4.6) 43.3 (4.5) 45.7 (5.0) 44.0 (4.3) 0.470 

LDL-C ≥130 mg/dL 18.0 (1.7) 16.2 (2.4) 23.6 (5.3) 20.1 (3.1) 0.430 16.9 (3.0) 17.9 (3.0) 22.9 (3.8) 14.2 (3.9) 0.250 

Elevated ABCs (A1c ≥7.0, 
BP ≥130/80, and LDL 
≥100) 

          

   None 15.7 (2.1) 19.7 (3.2) 10.9 (2.8) 7.4 (1.8) 0.017 18.1 (4.9) 15.9 (3.6) 12.9 (3.2) 18.6 (5.0) 0.567 

   One elevated ABC 36.4 (2.7) 34.9 (3.7) 37.9 (5.4) 40.2 (3.3) 0.585 35.7 (4.9) 29.6 (4.3) 41.4 (5.8) 33.5 (4.9) 0.437 

   Two elevated ABCs 35.3 (2.9) 33.3 (3.7) 37.0 (5.6) 40.8 (4.1) 0.411 36.5 (6.1) 42.0 (4.8) 34.8 (6.0) 33.0 (4.6) 0.571 

   Three elevated ABCs 12.3 (1.6) 12.2 (2.0) 14.2 (4.3) 11.6 (2.2) 0.808 9.8 (2.4) 12.5 (3.0) 10.9 (2.1) 15.0 (4.5) 0.732 

   Any one elevated ABC 84.3 (2.1) 80.9 (3.0) 89.7 (2.6) 92.0 (1.8) 0.015 81.4 (4.8) 84.8 (3.5) 88.0 (2.9) 82.3 (4.4) 0.424 

Elevated ABCs (A1c ≥8.0, 
BP ≥140/90 and LDL 
≥130) 

          

   None 45.0 (2.6) 48.5 (3.6) 35.7 (5.3) 39.3 (3.7) 0.055 45.6 (5.2) 42.5 (4.5) 43.2 (5.8) 49.7 (4.9) 0.776 

   One elevated ABC 40.6 (2.4) 38.4 (3.0) 47.6 (6.3) 43.4 (4.6) 0.228 44.1 (5.2) 44.1 (4.5) 41.5 (6.0) 32.2 (4.4) 0.286 

   Two elevated ABCs 11.4 (1.6) 9.8 (1.9) 15.4 (3.6) 14.4 (3.0) 0.135 7.6 (2.1) 11.5 (2.1) 10.3 (2.5) 16.5 (4.6) 0.320 

   Three elevated ABCs 3.0 (0.6)) 3.4 (0.75) 
3
 2.9 (1.6)

2
 0.238 2.8 (1.5)

2
 2.0 (0.7)

1
 5.1 (2.0)

1
 1.6 (0.8)

2
 0.327 

   Any one elevated ABC 55.2 (2.6) 51.6 (3.5) 64.1 (5.3) 61.3 (3.7) 0.034 54.1 (5.1) 59.5 (4.4) 57.4 (5.5) 49.4 (4.8) 0.572 

Health insurance categories are not mutually exclusive; estimates are among those with insurance 

LDL-C were determined among the fasting sample only 

Relative Standard Error (RSE)
: 1

RSE 30-40%; 
2
RSE 40-50%; 

3
RSE>50%, data do not meet the National Center for Health Statistics Data 

Presentation Standards for Proportions 

 

ABC, A1c, blood pressure, cholesterol 
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BP, blood pressure 

BMI, body mass index 

HEI, Healthy Eating Index  

LDL-C, low-density lipoprotein cholesterol 
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Appendix Table 2. Odds Ratio (95% CI) for Sub-Optimal Diabetes ABC Management by Food Insecurity and Diet Quality 

  Food Insecurity Diet Quality (HEI-2015) Quartiles 

 Total % 

(SE) 

Food 

secure 

Marginal  Food insecure Q4 

(High) 

Q3 Q2 Q1 (Low) 

HbA1c ≥7.0%  49.8 (1.8)        

Unadjusted  1.00 1.20 (0.85, 1.68) 1.33 (1.01, 1.75) 1.00 1.13 (0.81, 1.57) 1.36 (0.94, 1.97) 1.56 (1.04, 2.32) 

Model 1  1.00 1.24 (0.85, 1.80) 1.36 (1.01, 1.83) 1.00 1.10 (0.78, 1.55) 1.36 (0.95, 1.95) 1.47 (0.96, 2.26) 

Model 2  1.00 1.23 (0.85, 1.80) 1.44 (1.06, 1.96) 1.00 1.09 (0.77, 1.56) 1.39 (0.97, 1.98) 1.49 (0.95, 2.33) 

Model 3  1.00 1.24 (0.85, 1.80) 1.44 (1.06, 1.97) 1.00 1.11 (0.78, 1.58) 1.42 (0.99, 2.03) 1.53 (0.97, 2.41) 

Model 4  1.00 1.16 (0.78, 1.73) 1.47 (1.01, 2.16) 1.00 1.10 (0.76, 1.59) 1.27 (0.86, 1.88) 1.63 (1.10, 2.42) 

Model 5  1.00 1.21 (0.78, 1.87) 1.62 (1.07, 2.47) 1.00 1.06 (0.72, 1.55) 1.29 (0.87, 1.92) 1.61 (1.06, 2.46) 

HbA1c ≥8.0%  26.1 (1.3)        

Unadjusted  1.00 1.44 (0.92, 2.23) 1.76 (1.30, 2.37) 1.00 1.38 (0.93, 2.04) 1.36 (0.90, 2.06) 1.56 (1.06, 2.31) 

Model 1  1.00 1.30 (0.82, 2.07) 1.52 (1.12, 2.05) 1.00 1.31 (0.89, 1.93) 1.27 (0.84, 1.93) 1.39 (0.92, 2.11) 

Model 2  1.00 1.26 (0.77, 2.06) 1.48 (1.04, 2.10) 1.00 1.30 (0.88, 1.91) 1.24 (0.82, 1.89) 1.37 (0.90, 2.07) 

Model 3  1.00 1.26 (0.77, 2.05) 1.45 (1.01, 2.09) 1.00 1.33 (0.91, 1.95) 1.29 (0.85, 1.95) 1.41 (0.93, 2.12) 

Model 4  1.00 1.33 (0.81, 2.17) 1.54 (1.07, 2.23) 1.00 1.46 (0.89, 2.39) 1.31 (0.80, 2.15) 1.67 (1.09, 2.57) 

Model 5  1.00 1.31 (0.81, 2.14) 1.71 (1.14, 2.56) 1.00 1.42 (0.85, 2.36) 1.35 (0.80, 2.26) 1.60 (1.01, 2.53) 

HbA1c ≥9.0%  14.4 (1.0)        

Unadjusted  1.00 1.27 (0.77, 2.11) 2.03 (1.41, 2.91) 1.00 1.24 (0.76, 2.03) 1.07 (0.64, 1.80) 1.64 (0.93, 2.91) 

Model 1  1.00 1.05 (0.61, 1.81) 1.61 (1.11, 2.34) 1.00 1.16 (0.70, 1.92) 0.91 (0.53, 1.55) 1.44 (0.78, 2.65) 

Model 2  1.00 0.96 (0.55, 1.67) 1.40 (0.91, 2.17) 1.00 1.15 (0.70, 1.91) 0.89 (0.51, 1.52) 1.42 (0.77, 2.62) 

Model 3  1.00 0.93 (0.54, 1.62) 1.34 (0.86, 2.11) 1.00 1.20 (0.73, 1.96) 0.93 (0.54, 1.63) 1.47 (0.81, 2.68) 

Model 4  1.00 1.02 (0.56, 1.85) 1.46 (0.97, 2.21) 1.00 1.33 (0.74, 2.41) 0.97 (0.53, 1.78) 1.76 (0.97, 3.19) 

Model 5  1.00 1.16 (0.61, 2.21) 1.59 (1.04, 2.43) 1.00 1.37 (0.76, 2.47) 0.98 (0.52, 1.84) 1.66 (0.91, 3.00) 

Blood Pressure 

≥140/90 mmHg 

28.5 (1.5)        

Unadjusted  1.00 1.12 (0.76, 1.65) 1.08 (0.79, 1.50) 1.00 0.81 (0.56, 1.16) 1.00 (0.69, 1.46) 0.94 (0.68, 1.29) 

Model 1  1.00 1.14 (0.81, 1.60) 1.17 (0.84, 1.64) 1.00 0.81 (0.54, 1.22) 1.08 (0.71, 1.64) 1.00 (0.68, 1.48) 

Model 2  1.00 1.10 (0.79, 1.55) 1.10 (0.74, 1.63) 1.00 0.80 (0.53, 1.19) 1.03 (0.68, 1.57) 0.99 (0.66, 1.48) 

Model 3  1.00 1.11 (0.79, 1.55) 1.11 (0.74, 1.64) 1.00 0.79 (0.53, 1.19) 1.03 (0.68, 1.55) 0.98 (0.66, 1.46) 

Model 4  1.00 1.10 (0.80, 1.63) 1.05 (0.69, 1.60) 1.00 0.85 (0.55, 1.31) 1.05 (0.69, 1.60) 1.08 (0.68, 1.72) 

Model 5  1.00 1.07 (0.75, 1.54) 0.99 (0.64, 1.53) 1.00 0.81 (0.52, 1.24) 1.01 (0.66, 1.54) 1.07 (0.67, 1.69) 

Blood Pressure  

≥130/80 mmHg 

52.0 (1.5)        

Unadjusted  1.00 1.06 (0.67, 1.67) 1.01 (0.73, 1.40) 1.00 0.99 (0.69, 1.42) 1.06 (0.75, 1.50) 0.96 (0.69, 1.34) 

Model 1  1.00 1.10 (0.71, 1.71) 1.08 (0.77, 1.52) 1.00 1.02 (0.70, 1.49) 1.11 (0.76, 1.63) 0.96 (0.66, 1.40) 

Model 2  1.00 1.02 (0.66, 1.60) 0.96 (0.66, 1.40) 1.00 1.00 (0.69, 1.46) 1.10 (0.74, 1.63) 0.94 (0.63, 1.39) 
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Model 3  1.00 1.01 (0.66, 1.56) 0.96 (0.66, 1.38) 1.00 1.01 (0.69, 1.48) 1.13 (0.77, 1.67) 0.95 (0.64, 1.40) 

Model 4  1.00 1.01 (0.65, 1.58) 0.91 (0.61, 1.35) 1.00 1.03 (0.67, 1.58) 1.12 (0.73, 1.74) 0.95 (0.62, 1.45) 

Model 5  1.00 0.96 (0.59, 1.54) 0.88 (0.58, 1.33) 1.00 1.00 (0.65, 1.55) 1.12 (0.72, 1.74) 0.93 (0.60, 1.44) 

LDL-C ≥100 mg/dL 41.8 (2.4)        

Unadjusted  1.00 1.62 (0.98, 2.68) 1.50 (1.05, 2.15) 1.00 1.37 (0.79, 2.36) 1.50 (0.91, 2.50) 1.40 (0.78, 2.52) 

Model 1  1.00 1.36 (0.78, 2.39) 1.19 (0.76, 1.85) 1.00 1.15 (0.64, 2.06) 1.20 (0.71, 2.02) 1.12 (0.61, 2.06) 

Model 2  1.00 1.21 (0.66, 2.20) 1.02 (0.65, 1.60) 1.00 1.19 (0.66, 2.15) 1.26 (0.76, 2.08) 1.25 (0.74, 2.04) 

Model 3  1.00 1.18 (0.62, 2.21) 1.08 (0.69, 1.69) 1.00 1.16 (0.65, 2.06) 1.25 (0.74, 2.12) 1.10 (0.59, 2.02) 

Model 4  1.00 0.98 (0.49, 1.99) 1.07 (0.63, 1.80) 1.00 1.17 (0.65, 2.10) 1.23 (0.72, 2.09) 1.05 (0.56, 1.97) 

Model 5  1.00 0.95 (0.47, 1.95) 1.01 (0.60, 1.71) 1.00 1.06 (0.55, 2.02) 1.20 (0.70, 2.05) 0.97 (0.54, 1.75) 

LDL-C ≥ 130mg/dL 18.0 (1.7)        

Unadjusted  1.00 1.60 (0.76, 3.37) 1.31 (0.77, 2.24) 1.00 1.07 (0.60, 1.91) 1.46 (0.75, 2.85) 0.82 (0.36, 1.88) 

Model 1  1.00 1.34 (0.63, 2.83) 1.06 (0.60, 1.85) 1.00 0.85 (0.45, 1.61) 1.09 (0.55, 2.18) 0.64 (0.29, 1.44) 

Model 2  1.00 1.17 (0.56, 2.47) 0.94 (0.46, 1.92) 1.00 0.88 (0.48, 1.63) 1.18 (0.59, 2.36) 0.65 (0.30, 1.37) 

Model 3  1.00 1.16 (0.54, 2.48) 0.99 (0.50, 1.97) 1.00 0.91 (0.50, 1.67) 1.21 (0.60, 2.44) 0.63 (0.29, 1.35) 

Model 4  1.00 0.77 (0.38, 1.55) 0.87 (0.42, 1.80) 1.00 0.75 (0.41, 1.38) 1.32 (0.63, 2.73) 0.56 (0.27, 1.18) 

Model 5  1.00 0.70 (0.35, 1.40) 0.82 (0.40, 1.69) 1.00 0.76 (0.41, 1.40) 1.31 (0.61, 2.84) 0.57 (0.28, 1.18) 

Any one elevated ABC 

[HbA1c ≥7.0%, BP 
≥130/80mmHg, LDL 
≥100mg/dL] 

 

84.3 (2.1) 

       

Unadjusted  1.00 2.06 (1.06, 4.03) 2.71 (1.46, 5.06) 1.00 1.27 (0.55, 2.96) 1.68 (0.77, 3.67) 1.06 (0.45, 2.52) 

Model 1  1.00 1.77 (0.95, 3.31) 2.09 (1.13, 3.88) 1.00 0.98 (0.41, 2.34) 1.30 (0.57, 2.96) 0.76 (0.30, 1.92) 

Model 2  1.00 1.67 (0.91, 3.07) 1.88 (1.07, 3.30) 1.00 0.96 (0.40, 2.31) 1.28 (0.56, 2.97) 0.70 (0.28, 1.78) 

Model 3  1.00 1.66 (0.90, 3.07) 1.89 (1.05, 3.39) 1.00 0.97 (0.41, 2.33) 1.30 (0.56, 3.00) 0.70 (0.28, 1.77) 

Model 4  1.00 1.97 (0.91, 4.28) 1.91 (0.94, 3.89) 1.00 1.08 (0.40, 2.92) 1.41 (0.62, 3.22) 0.64 (0.24, 1.70) 

Model 5  1.00 1.89 (0.84, 4.26) 1.89 (0.91, 4.94) 1.00 1.04 (0.38, 2.85) 1.30 (0.57, 2.99) 0.64 (0.23, 1.76) 

Any one elevated ABC 

[HbA1c ≥8.0% and BP 
≥140/90mmHg and 
LDL ≥130mg/dL] 

55.2 (2.6)     

 

 

 

   

Unadjusted  1.00 1.57 (0.99, 2.82) 1.49 (1.00, 2.22) 1.00 1.24 (0.74, 2.08) 1.14 (0.65, 1.99) 0.83 (0.49, 1.39) 

Model 1  1.00 1.45 (0.87, 2.41) 1.34 (0.91, 1.97) 1.00 1.08 (0.64, 1.82) 1.07 (0.59, 1.95) 0.76 (0.43, 1.34) 

Model 2  1.00 1.28 (0.74, 2.21) 1.25 (0.85, 1.84) 1.00 1.06 (0.62, 1.81) 1.06 (0.58, 1.96) 0.75 (0.41, 1.36) 

Model 3  1.00 1.26 (0.73, 2.19) 1.28 (0.85, 1.93) 1.00 1.10 (0.66, 1.86) 1.12 (0.61, 2.08) 0.76 (0.42, 1.37) 

Model 4  1.00 1.18 (0.65, 2.12) 1.33 (0.84, 2.11) 1.00 1.15 (0.62, 2.11) 1.25 (0.67, 2.33) 0.78 (0.42, 1.42) 

Model 5  1.00 1.14 (0.63, 2.06) 1.25 (0.76, 2.07) 1.00 1.10 (0.58, 2.06) 1.19 (0.61, 2.33) 0.72 (0.38, 1.37) 

Model 1: adjusted for age, sex, race/ethnicity 

Model 2: additionally adjusted for poverty income ratio, education, health insurance 
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Model 3: additionally adjusted for healthcare utilization (seeing physicians in past year, having HbA1c checked) 

Model 4: additionally adjusted for smoking status, diabetes medications, blood pressure medication, cholesterol medication, BMI 

Model 5: additionally adjusted for food security (when HEI is main covariate) or HEI (when food security is main covariate),  

Boldface p-value indicates statistical significance of p<0.05 

SE, standard error 
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Appendix Table 3. Odds Ratio (95% CI) for Sub-Optimal Diabetes ABC Management by Food 

Security and Diet Quality 

 Food Security & Diet Quality Categories (HEI-2015)
a
 

 Food Secure 

& High Diet 

Quality (Q4) 

Food Secure & 

Low/Moderate Diet 

Quality (Q1-3) 

Food Insecure 

& High Diet 

Quality (Q4) 

Food Insecure & 

Low/Moderate Diet 

Quality (Q1-3) 

A1c ≥7.0%     

Unadjusted 1.00 1.31 (0.88, 1.96) 1.33 (0.75, 2.34) 1.71 (1.18, 2.48) 

Model 1 1.00 1.21 (0.79, 1.86) 1.19 (0.69, 2.07) 1.71 (1.15, 2.56) 

Model 2 1.00 1.22 (0.79, 1.89) 1.23 (0.70, 2.15) 1.82 (1.21, 2.73) 

Model 3 1.00 1.24 (0.80, 1.90) 1.18 (0.67, 2.08) 1.86 (1.24, 2.78) 

Model 4 1.00 1.30 (0.86, 1.97) 1.45 (0.82, 2.57) 1.82 (1.21, 2.75) 

A1c ≥8.0%     

Unadjusted 1.00 1.48 (0.88, 2.47) 2.07 (1.08, 3.87) 2.36 (1.49, 3.73) 

Model 1 1.00 1.30 (0.77, 2.19) 1.54 (0.80, 2.96) 1.93 (1.20, 3.09) 

Model 2 1.00 1.29 (0.77, 2.14) 1.49 (0.78, 2.83) 1.86 (1.13, 3.06) 

Model 3 1.00 1.30 (0.79, 2.17) 1.41 (0.75, 2.67) 1.89 (1.13, 3.15) 

Model 4 1.00 1.50 (0.85, 2.64) 1.66 (0.91, 3.01) 2.22 (1.30, 3.79) 

A1c ≥9.0%     

Unadjusted 1.00 1.19 (0.61, 2.33) 1.75 (0.81, 3.76) 2.28 (1.17, 4.43) 

Model 1 1.00 0.98 (0.49, 1.92) 1.12 (0.52, 2.38) 1.65 (0.82, 3.30) 

Model 2 1.00 0.96 (0.49, 1.88) 1.01 (0.46, 2.24) 1.50 (0.74, 3.06) 

Model 3 1.00 0.98 (0.51, 1.90) 0.91 (0.41, 1.99) 1.51 (0.72, 3.16) 

Model 4 1.00 1.14 (0.54, 2.40) 1.03 (0.45, 2.40) 1.71 (0.82, 3.57) 

Blood Pressure 

≥140/90 mmHg 

    

Unadjusted 1.00 0.82 (0.57, 1.18) 0.85 (0.52, 1.40) 0.96 (0.64, 1.44) 

Model 1 1.00 0.86 (0.57, 1.30) 0.91 (0.53, 1.57) 1.02 (0.65, 1.61) 

Model 2 1.00 0.85 (0.56, 1.27) 0.87 (0.51, 1.50) 0.95 (0.59, 1.55) 

Model 3 1.00 0.84 (0.56, 1.26) 0.88 (0.51, 1.53) 0.96 (0.59, 1.55) 

Model 4 1.00 0.89 (0.58, 1.36) 0.87 (0.51, 1.51) 0.98 (0.60, 1.60) 

Blood Pressure 

≥130/80 mmHg 

    

Unadjusted 1.00 0.99 (0.67, 1.47) 1.01 (0.58, 1.76) 0.99 (0.68, 1.46) 

Model 1 1.00 1.04 (0.67, 1.63) 1.16 (0.65, 2.08) 1.08 (0.71, 1.65) 

Model 2 1.00 1.04 (0.66, 1.63) 1.06 (0.57, 1.96) 0.96 (0.62, 1.47) 

Model 3 1.00 1.04 (0.67, 1.64) 1.02 (0.56, 1.86) 0.97 (0.64, 1.47) 

Model 4 1.00 1.08 (0.66, 1.75) 1.06 (0.59, 1.88) 0.94 (0.61, 1.43) 

LDL-C ≥100 mg/dL     

Unadjusted 1.00 1.50 (0.80, 2.81) 2.12 (0.88, 5.13) 2.18 (1.23, 3.86) 

Model 1 1.00 1.22 (0.65, 2.32) 1.61 (0.60, 4.29) 1.50 (0.83, 2.70) 

Model 2 1.00 1.24 (0.66, 2.33) 1.35 (0.52, 3.48) 1.34 (0.75, 2.40) 

Model 3 1.00 1.17 (0.63, 2.18) 1.18 (0.45, 3.12) 1.33 (0.74, 2.39) 

Model 4 1.00 1.06 (0.56, 1.98) 0.96 (0.26, 2.58) 1.07 (0.53, 2.18) 
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LDL-C ≥130 mg/dL     

Unadjusted 1.00 1.36 (0.58, 3.17) 3.02 (0.92, 9.96) 1.67 (0.75, 3.71) 

Model 1 1.00 1.01 (0.45, 2.28) 2.17 (0.61, 7.71) 1.07 (0.49, 2.36) 

Model 2 1.00 1.03 (0.48, 2.20) 1.90 (0.50, 7.24) 1.03 (0.43, 2.47) 

Model 3 1.00 1.02 (0.49, 2.11) 1.80 (0.47, 6.97) 1.05 (0.47, 2.37) 

Model 4 1.00 1.00 (0.48, 2.10) 1.39 (0.34, 5.67) 0.73 (0.30, 1.75) 

At least one elevated 

ABC (A1c ≥7.0, BP 
≥130/80, LDL ≥100) 

    

Unadjusted 1.00 1.14 (0.52, 2.52) 2.60 (1.06, 6.41) 2.91 (1.26, 6.72) 

Model 1 1.00 0.89 (0.39, 2.02) 1.95 (0.79, 4.85) 1.86 (0.79, 4.38) 

Model 2 1.00 0.87 (0.38, 1.98) 1.75 (0.65, 4.68) 1.72 (0.75, 3.99) 

Model 3 1.00 0.87 (0.38, 1.96) 1.63 (0.60, 4.37) 1.73 (0.74, 4.01) 

Model 4 1.00 0.91 (0.38, 2.15) 1.63 (0.63, 4.24) 1.91 (0.69, 5.31) 

At least one elevated 

ABC (A1c ≥8.0 and BP 
≥140/90 and LDL 
≥130) 

    

Unadjusted 1.00 1.10 (0.61, 1.96) 2.78 (1.41, 5.49) 1.54 (0.93, 2.56) 

Model 1 1.00 0.99 (0.53, 1.84) 2.18 (1.06, 4.49) 1.28 (0.75, 2.16) 

Model 2 1.00 0.97 (0.51, 1.82) 1.96 (0.93, 4.15) 1.20 (0.69, 2.07) 

Model 3 1.00 0.98 (0.53, 1.81) 1.76 (0.83, 3.72) 1.23 (0.71, 2.14) 

Model 4 1.00 1.06 (0.53, 2.09) 1.68 (0.77, 3.70) 1.25 (0.66, 2.34) 

Model 1: adjusted for age, sex, race/ethnicity 

Model 2: additionally adjusted for PIR, education, health insurance 

Model 3: additionally adjusted for healthcare utilization (seeing physicians in past year, having 

HbA1c checked) 

Model 4: additionally adjusted for smoking status, diabetes medications, blood pressure 

medication, cholesterol medication, BMI 

 

a
 Food insecurity is defined as marginal or low/very low food security; food secure is defined as 

full food security; Low/moderate diet quality is defined as HEI-2015 score in the 1
st
-3

rd
 quartiles; 

High diet quality is defined as HEI-2015 in the 4
th

 quartile 

Boldface p-value indicates statistical significance of p<0.05 
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