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Abstract

Aims—Food insecurity is the ‘limited or uncertain availability of nutritionally adequate and safe 

foods’. Our objective was to examine the association between food insecurity, diabetes self-care 

and glycaemic control.

Methods—We conducted a cross-sectional analysis of baseline data from adult patients with 

Type 2 diabetes who were enrolled in a randomized trial evaluating a health literacy-focused 

diabetes intervention in safety net primary care clinics in middle Tennessee. Food insecurity was 

assessed with three items from the U.S. Household Food Security Survey. Diabetes self-care 

behaviours were assessed with the Summary of Diabetes Self-Care Activities Scale, Personal 

Diabetes Questionnaire and Adherence to Refills and Medication Scale. Glycaemic control was 

assessed with HbA1c.

Results—The sample consisted of 401 participants, 73% of whom reported some level of food 

insecurity. Food insecurity was significantly associated with self-care behaviours including less 

adherence to a general diet (AOR 0.9, P = 0.02), less physical activity (AOR 0.9, P = 0.04) and 
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with a greater occurrence of medication non-adherence (AOR 1.2, P = 0.002) and calorie 

restriction (AOR 1.1, P = 0.02). Food insecurity was also associated with worse glycaemic control 

(adjusted β = 0.1, P = 0.03). None of the self-care behaviours were significantly associated with 

HbA1c, limiting the ability to test for self-care as a mechanism linking food insecurity to 

glycaemic control.

Conclusions—There was a high rate of food insecurity in a sample of patients with Type 2 

diabetes who were of low socio-economic status. Food insecurity was associated with less 

adherence to recommended self-care behaviours and worse glycaemic control.

Introduction

The prevalence of Type 2 diabetes remains high among adults in the USA at nearly 10% [1]. 

Moreover, both having low socio-economic status and being a member of a racial/ethnic 

minority group have been associated with adverse outcomes from diabetes [2–5]. Therefore, 

developing novel strategies to ameliorate the significant morbidity and mortality attributed to 

poor glycaemic control is a pressing public health priority, especially among low-income, 

minority populations [6].

Food insecurity has been identified as a potentially modifiable risk factor that can be 

associated with both the development of Type 2 diabetes [7] and with poor glycaemic 

control [8]. Food insecurity is defined as the ‘limited or uncertain availability of nutritionally 

adequate and safe foods or limited or uncertain ability to acquire acceptable foods in socially 

acceptable ways’ [9]. Based on the U.S. Household Food Security Survey Module, food 

insecurity is predicated on both financial instability and a sense of anxiety surrounding 

access to healthy food [9]. However, studies that have identified food insecurity as a 

potential risk factor for poor glycaemic control [7,8] have not examined the relationship 

between food insecurity and diabetes self-care behaviours, or other factors that may help 

explain its relationship to more distal outcomes such as glycaemic control. Furthermore, the 

relationship between food insecurity and glycaemic control has not been studied in low-

income or minority populations – those who are at highest risk of complications from poor 

glycaemic control.

Several hypotheses have been generated implicating either a potential association between 

food insecurity and diabetes self-care behaviours (e.g. meal skipping) or an association 

between food insecurity and the substitution of calorie-dense, less-nutritious foods for 

healthy foods [8]. Therefore, we examined the relationships between food insecurity, 

diabetes self-care behaviours and glycaemic control using cross-sectional data collected 

from a racially/ethnically diverse, low-income population with Type 2 diabetes.

Methods

Study design and data sources

Baseline data were collected from patients with Type 2 diabetes participating in a cluster-

randomized controlled trial known as the PRIDE study (Clinical Trials.gov identifier 

NCT01344668). This ongoing study is designed to examine the effect of addressing health 

literacy and numeracy on improved care for adults with diabetes. Ten State health 
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department safety net primary care clinics in the Mid-Cumberland Region of middle 

Tennessee were randomized to receive training for providers in enhanced low-literacy/

numeracy communication techniques for diabetes management or a standard diabetes 

educational intervention. After providing informed consent, patients at participating health 

clinics gave a blood sample and completed a survey. The Institutional Review Boards at 

Vanderbilt University and the Tennessee Department of Health approved all study 

procedures.

The primary care clinics in the Mid-Cumberland Region provide care for over 2500 patients 

with diabetes, and ~ 20% of all visits are related to diabetes. Approximately 20% of the 

population is Spanish-speaking. Clinic sites that participated in the trial met the following 

criteria: (1) at least 30 patients were recruited per site; (2) physician(s), nurse practitioner(s), 

diabetes educator(s) or dietician(s) at each site agreed to participate in the intervention; (3) 

the site agreed to participate for a minimum of 2.5 years; and (4) the site agreed to be 

randomized to either arm of the study. Inclusion criteria at the patient level were: (1) patient 

had a clinical diagnosis of Type 2 diabetes; (2) age 18–85 years; (3) English- or Spanish-

speaking; (4) most recent HbA1c ≥ 7.5%; and (5) patient agreed to participate in the study 

for 2 years. Exclusion criteria at the patient level were: (1) poor visual acuity (vision worse 

than 20/50 using Rosenbaum Pocket Screener); (2) significant dementia or psychosis (by 

health provider report or chart review); or (3) terminal illness with an anticipated life 

expectancy < 2 years (per health provider or patient report).

At enrolment, trained bilingual research assistants collected baseline measures from 

consenting patients through oral administration of surveys and abstraction of medical 

records from the local clinic. Surveys were administered in English or Spanish based on 

patient preference.

Measures

Demographics included age, gender, race/ethnicity (White, non-Hispanic; Other, non-

Hispanic; Hispanic), education level, income, BMI, insurance status and duration of 

diabetes.

Food insecurity was measured using a version of the U.S. Household Food Security Survey 

Module which includes the following three items: (1) I worried whether my food would run 

out before I got money to buy more; (2) The food that I bought just didn’t last, and I didn’t 

have money to get more; and (3) I couldn’t afford to eat balanced meals. Each item is scored 

with the following response options: never true (0), sometimes true (1) or often true (2). 

Although most prior research has used some form of the U.S. Household Food Security 

Survey Module to assess household and personal food insecurity, a wide range of subscales 

has been used [10]. For the primary analysis, food insecurity was treated as a continuous 

variable with a range of 0–6, with higher scores indicating more food insecurity. This 

resulted in a scale with high internal consistency (Cronbach’s alpha = 0.83). In our 

descriptive analyses and for ease of interpretation, we a priori chose to dichotomize 

responses into those who were ‘food secure’ and those who were ‘food insecure’ to be 

consistent with previous studies [11–13]. Participants were categorized as food insecure if 

they answered ‘sometimes true’ or ‘often true’ to any of the three items.
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Diabetes self-care behaviours were measured using three previously validated scales: the 

Summary of Diabetes Self-Care Activities (SDSCA), a short form of the Personal Diabetes 

Questionnaire (PDQ-11), and the Adherence to Refills and Medications Scale (ARMS). The 

SDSCA is a 14-item measure that is scored based on the number of days that a respondent 

has complied with recommended behaviours (scored 0–7) [14]. There are six subscales that 

have been validated previously: General Diet, Specific Diet, Exercise, Blood Glucose 

Testing, Foot Care and Medication Adherence [14].

The PDQ also measures diabetes self-care behaviours [15] and its short form, PDQ-11, is an 

11-item instrument developed specifically for this study that addresses several domains 

including: Poor Eating Behavior, Use of Data to Modify Diet, Skipping Meals, Reducing 

Portion Size, Routine Physical Activity, Stage of Change for Weight Management and Stage 

of Change for Exercise. Items have either five or six response options indicating the 

frequency of adherence to diabetes self-care behaviours or the degree of readiness to change. 

Based on factor analysis (data not shown), four subscales are presented: (1) Poor Eating 

Behaviors combines three items that ask about overeating, eating unplanned snacks and 

making poor food choices with a range of 0–18; (2) Use of Data to Modify Diet combines 

three items that ask about making decisions using information about the number of calories, 

the number of carbohydrates and the number of grams of fat with a range of 0–18; (3) 

Calorie Restriction Strategies combines three items that ask about skipping meals, taking 

small portion sizes to cut calories, sugar or fat, and plans for losing weight with a range of 

0–17; and (4) Activity/Exercise Behaviors combines two items that ask about level of daily 

routine activity and plans for exercising with a range of 0–11.

Medication non-adherence was measured with the ARMS, which is a 12-item scale, with 

four response options (ranging from none of the time to all of the time), indicating how often 

a respondent misses taking medications or fails to refill prescriptions [16,17]. Higher scores 

on the ARMS (range 12–48) indicate having more problems with medication adherence.

HbA1c was measured prospectively at study baseline to characterize glycaemic control. 

Samples were submitted as a part of routine clinical care to the state laboratory, which is 

used in the clinical practice of each of the community health department clinics.

Analyses

Descriptive statistics were calculated as frequencies and proportions, means and standard 

deviations (SD) or medians with interquartile ranges (IQR) according to the distribution of 

the variables. Wilcoxon rank-sum tests were used to test whether dichotomous food 

insecurity status was associated with diabetes self-care behaviours. Linear regression models 

assessed the unadjusted and adjusted associations between the continuous measure of food 

insecurity and the continuous measure of HbA1c. Because the distribution of HbA1c was 

approximately normal, and the distribution of the residuals from the linear regression was 

also approximately normal, no transformation of HbA1c was necessary. Proportional odds 

logistic regression models were used to test the association between diabetes self-care 

behaviours and the continuous food insecurity measure.
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Covariates were selected a priori based on their potential association with food insecurity, 

diabetes self-care or glycaemic control. We controlled for age, gender, race/ethnicity (White, 

non-Hispanic; other, non-Hispanic; Hispanic), education level, income, BMI and duration of 

diabetes. Education was treated continuously as years of schooling. Household income was 

categorized into four groups: < $10 000; $10 000–$19 999; $20 000–$39 999; and ≥ $40 

000. BMI reported in kg/m2 was obtained from self-reported height and weight. Length of 

time with diabetes was calculated as the difference in time (months) between study 

enrolment and self-reported date of diabetes diagnosis. We did not adjust for insurance status 

because the vast majority of participants (88%) were uninsured.

If there was a total effect of food insecurity and self-care on HbA1c, we examined the 

indirect effect of food insecurity on HbA1c via self-care (i.e. a test of mediation) [18,19]. All 

tests were two-tailed and a P-value of < 0.05 was considered significant. Only participants 

with complete data were included. Data were analysed using Stata v. 12.1 (StataCorp LP, 

College Station, TX, USA), SPSS for indirect effects and R, v. 3.1.1(http://

www.rstudio.com/).

Results

We identified 401 participants from participating State health department clinics that had 

complete data (Fig. 1). Baseline characteristics of this sample are presented in Table 1. The 

median age at study enrolment was 52 years (IQR 45–58 years), with a median BMI of 34.8 

kg/m2 (IQR 29.3–41.5 kg/m2). More than half of the participants were women (61%), with 

57% self-identifying as White, non-Hispanic and 24% as Hispanic.

Associations between food insecurity and covariates

Using a dichotomous measure of food insecurity, 73% of the participants (292/401) were 

classified as food insecure. Participants who experienced some level of food insecurity in the 

past year had a lower median age at study enrolment (51 vs. 55 years, P = 0.02) and lower 

incomes (< $10,000; 57% vs. 46%, P = 0.048) than participants classified as food secure. 

Univariate relationships between the dichotomous measure of food insecurity and all of the 

covariates are presented in Table 1. When evaluating food insecurity using the continuous 

scale, food insecurity was associated with age (Spearman ρ = −0.10, P = 0.047), BMI (ρ = 

0.15, P = 0.003) and higher HbA1c (Spearman ρ = 0.14, P = 0.01), but not with duration of 

diabetes or education level (all P > 0.05).

Associations between food insecurity and diabetes self-care behaviours

The relationships between food insecurity and diabetes self-care behaviours are summarized 

in Table 2. In the adjusted proportional odds regression models, food insecurity was 

associated with General Diet as measured by the SDSCA [OR 0.9 (95% CI 0.8–0.9), P = 

0.02], Activity/Exercise Behaviours [OR 0.9 (95% CI 0.8–0.9, P = 0.04] and Calorie 

Restriction Strategies subscales of the PDQ [OR = 1.1 (95% CI: 1.01–1.2), P = 0.02) and the 

Adherence to Refills and Medications Scale (OR = 0.86 (95% CI: 0.78 to 0.94), P = 0.02].
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Associations between food insecurity and HbA1c

Median HbA1c was 9.3% (IQR 8.2, 11.0) for food insecure patients compared with 8.6% 

(IQR 7.8, 10.6) for food secure patients (P = 0.02). HbA1c was correlated with the 

continuous measure of food insecurity (Spearman ρ = 0.14, P = 0.01). This relationship 

remained significant [0.12 (95% CI 0.01–0.23), P = 0.03] after adjustment for age, gender, 

race/ethnicity, income, education, BMI and duration of diabetes (Table 3).

Of the self-care behaviours associated with food insecurity, none were also associated with 

HbA1c. Thus, there was no evidence for self-care behaviours mediating the relationship 

between food insecurity and higher HbA1c.

Discussion

In this study of predominately uninsured patients with Type 2 diabetes, we found significant 

relationships between being food insecure and being less adherent to various diabetes self-

care behaviours. Being food insecure was associated with lower adherence to general dietary 

recommendations, including eating poorly and skipping meals more often. It was also 

associated with being less physically active and having more problems with medication 

adherence. In addition, being food insecure was associated with worse glycaemic control; 

those participants who were food insecure had a median HbA1c level that was 0.7% higher 

than participants who were food secure. The fact that this relationship remained significant 

after controlling for several factors known to be associated with HbA1c (e.g. age, diabetes 

duration) suggests that food insecurity may have a modest, but meaningful contribution to 

suboptimal glycaemic control in this population, replicating previous research. In our 

sample, the diabetes self-care behaviours associated with food insecurity were not associated 

with glycaemic control, limiting our ability to examine one plausible causal pathway 

between food insecurity and glycaemic control.

Recent work has used data from the NHANES cohort to identify associations between food 

insecurity and the prevalence of Type 2 diabetes, as well as between food insecurity and 

glycaemic control [7,8,20,21]. Consistent with findings from that nationally representative 

sample, our sample of largely uninsured families from poor socio-economic strata produced 

similar results. Previous work has postulated that either replacing healthy foods with low-

cost calorically dense foods or having poor self-management strategies could mediate the 

relationship between food insecurity and poor glycaemic control [8,21]. Although our results 

cannot confirm the pathway by which food insecurity is related to suboptimal glycaemic 

control, the association between food insecurity and less adherence to diabetes self-care 

lends credence to the possibility that food insecure patients have difficulty performing these 

behaviours. Notably, the relationship between food insecurity, poor diet and skipping meals 

points to the difficulty these patients have in maintaining a consistent caloric intake – a 

feature that is often associated with suboptimal glycaemic control. Also, our results indicate 

that food insecurity is associated with more problems with medication adherence. Even 

though our results cannot confirm this as a mechanism by which food insecurity is 

associated with suboptimal glycaemic control, the relationship warrants further 

investigation.
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Our study has several limitations. This design was cross-sectional, limiting causal 

inferences, and relied on self-reported survey data that may not reflect actual diabetes self-

care behaviours and can be susceptible to social desirability bias. Furthermore, the SDSCA 

and the PDQ were not associated with HbA1c, suggesting that our measurement of diabetes 

self-care may not have been sensitive enough to account for a potential relationship between 

self-care and HbA1c. The lack of a relationship between diabetes self-care, medication 

adherence and HbA1c may have also been due to a lack of variation in glycaemic control in 

this population. It is important to note that previous work has identified associations with the 

ARMS and HbA1c, and it is unclear why there is a lack of association in this study [16]. 

Finally, this study focused on a predominantly uninsured population in middle Tennessee 

and may not be generalizable to all populations. However, patients from low socio-economic 

strata represent a segment of the population for whom diabetes self-care and glycaemic 

control are a significant challenge. As such, the conclusions from this study may provide 

important implications for this population subgroup.

Conclusions

We found an association between food insecurity and less adherence to recommended 

diabetes self-care behaviours – specifically eating a healthy diet, eating consistent meals, 

engaging in physical activity and taking medications. Furthermore, our findings are 

consistent with previously reported associations between food insecurity and having worse 

glycaemic control among patients with Type 2 diabetes. These findings underscore the 

importance of food insecurity as a risk factor for glycaemic control in patients with Type 2 

diabetes. Future work should use other measures of diabetes self-care behaviours than the 

ones used here to test whether self-care is a mechanism by which food insecurity contributes 

to poor glycaemic control. If food insecurity is proven to be causally related to suboptimal 

glycaemic control, it would represent an important potentially modifiable factor for patients 

with diabetes.
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What’s new?

• These data provide the first evidence that food insecurity is associated with 

diabetes self-care behaviours, suggesting that further work should focus here to 

understand the mechanism by which food insecurity is associated with the onset 

of diabetes.

• These data show that food insecurity is associated with glycaemic control in a 

low-income, under-served population.

• The associations between food insecurity and glycaemic control, and food 

insecurity and diabetes self-care behaviours point to food insecurity as a 

modifiable risk factor for improving diabetes control, especially in low-income 

populations.
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FIGURE 1. 
Study enrolment.
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Table 1

Baseline characteristics of the study population

All participants (n = 401) Food secure (n = 109) Food insecure (n = 292) P 

Age (years), Median (IQR) 52 (45, 58) 55 (47, 59) 51 (44, 57) 0.02*

BMI (kg/m2), Median (IQR) (n = 398) 34.8 (29.3, 41.5) 33.3 (29.2, 39.2) 34.8 (29.3, 41.5) 0.1*

Duration of diabetes (years), Median (IQR) 7.0 (3.0, 13.0) 8.0 (3.0, 14.2) 7.0 (3.2, 12.0) 0.9*

Gender (female), n (%) 244 (61) 64 (59) 180 (62) 0.6†

Race/ethnicity, n (%)

 White, Non-Hispanic 229 (57) 57 (52) 172 (59)

 Black, Non-Hispanic 70 (17) 25 (23) 45 (15) 0.4†

 Other, Non-Hispanic 7 (2) 2 (2) 5 (2)

 Hispanic 95 (24) 25 (23) 70 (24)

Highest educational attainment, n (%)

 Less than high school 146 (37) 42 (39) 104 (36)

 High school graduate/equivalent 142 (36) 39 (36) 103 (36) 0.9†

 Some college 88 (22) 22 (20) 66 (23)

 College or greater 23 (6) 6 (6) 17 (6)

Household income, n (%)

 < $10 000 214 (54) 50 (46) 164 (57)

 $10 000–$19 000 113 (29) 30 (28) 83 (29) 0.03†

 $20 000–$39 000 60 (15) 24 (22) 36 (12)

 ≥ $40 000 10 (3) 5 (5) 5 (2)

Uninsured, n (%) 353 (88) 93 (85) 260 (89) 0.3†

*
Wilcoxon’s rank-sum test.

†
Pearson χ2.
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Table 3

Linear regression predicting HbA1c

Variable β 95% CI P 

Food insecurity 0.12 (0.01, 0.23) 0.03

Age at enrolment −0.06 (−0.08, −0.04) < 0.001

Gender (Ref = female) −0.5 (−0.9, −0.05) 0.03

Race/ethnicity

 Non-Hispanic, White Ref Ref Ref

 Non-Hispanic, Other 0.7 (−0.8, 2.2) 0.4

 Non-Hispanic, Black 0.5 (−0.01, 1.1) 0.06

 Hispanic 0.1 (−0.5, 0.7) 0.8

BMI −0.02 (−0.05, 0.0) 0.049

Household income

 < $10 000 Ref Ref Ref

 $10 000–$19 000 −0.2 (−0.6, 0.3) 0.5

 $20 000–$39 000 0.5 (−0.04, 1.1) 0.07

 ≥ $40 000 0.9 (−0.4, 2.2) 0.2

Highest education −0.03 (−0.1, 0.03) 0.3

Duration of diabetes 0.04 (0.01, 0.07) 0.02

Food insecurity is statistically significantly associated with higher HbA1c with adjustment for age, gender, race/ethnicity, BMI, household income, 

highest education and duration of diabetes (P = 0.03).

Ref = referent group in the regression.
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