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Abstract

Objective: This study examined whether diabetic morbidity mediates the relationship of food 

insecurity with depression among older adults with diabetes.

Methods: Data came from the 2010–2014 waves of the Health and Retirement Study and 

analyses were limited to respondents with diabetes (n=2,951). Depression was indexed by the 8-

item Centers for Epidemiologic Studies Depression Scale. Weighted logistic regression was used 

to examine relationships of food insecurity and diabetic morbidity with depressive symptoms, both 

cross-sectionally and longitudinally. Path analysis quantified the contribution of diabetic morbidity 

as a mediation of the relationship of food insecurity with depressive symptoms.

Results: Food insecurity was associated with having poor diabetes control (odds ratio (OR) = 

1.7; 95% confidence interval (CI) = 1.1-2.5) and diabetes-related kidney problems (OR = 1.6; 95% 

CI = 1.1-2.5). Additionally, food insecurity was associated with depression contemporaneously 

(OR = 2.0, 95% CI = 1.7-2.4) and longitudinally (OR = 1.5, 95% CI = 1.3-1.8). However, food 

insecurity was no longer associated with depression when adjusting for diabetic morbidity. In path 

analyses, diabetic morbidity explained 12.7% (p-value=0.04) of the association of food insecurity 

with depressive symptoms in 2012 and 18.5% (p-value=0.09) of the association with depressive 

symptoms in 2014.

Conclusion: The relationship of food insecurity with depression was attributable to worse 

diabetes morbidity. Interventions that reduce food insecurity among older adults with diabetes may 

improve disease management and reduce depression severity.
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INTRODUCTION

Food insecurity refers to a state of uncertain or restricted access to food of sufficient quantity 

or quality due to financial constraint (1)—affecting approximately 8% of older United States 

residents in 2016 (2). Determinants of food insecurity in the U.S. include poverty, 

unemployment and a lack of social capital (3,4). Food insecurity is a complex psychosocial 

stressor that has dietary (5), nutritional (6), psychological (7), and social (8) implications. As 

a result, addressing food insecurity may be an important means of improving mental health 

disparities across the life course (9). Reducing food insecurity among older adults may be 

particularly important due to their high prevalence of medical conditions for which nutrition 

is part of ongoing disease management, such as diabetes. In the U.S., the proportion of those 

≤45 years with diabetes will be as high as 30% by 2050(10).

Mood disorders, particularly depression, are highly comorbid with diabetes in a bi-

directional manner (11). Diabetes distress, including illness duration, number of diabetes 

symptoms and poor self-care, is also associated with depression (12). Appropriate self-

management of diabetes is partly dependent on maintaining a healthy diet (13) and making 

time for self-care (14), factors likely strained by food insecurity. Older adults who are food 

insecure may not have consistent access to healthy food, or may spend a substantial portion 

of time and energy navigating food assistance programs, such as the Supplemental Nutrition 

Assistance Program (SNAP, formerly known as food stamps) (15). Food insecurity has been 

associated with poorer diabetes self-management and nutritional status (16), as well as poor 

glycemic control (17), among adults with diabetes. In recognition of this evidence, the 

American Diabetes Association Standards of Care began recommending that clinicians 

screen diabetes patients for food insecurity in 2016 (18). While food insecurity has been 

associated with measures of diabetic morbidity, it is not clear what role this association may 

play in subsequent onset of depression or depression severity.

Mood disorders, particularly depression, are highly comorbid with diabetes, however current 

understanding is complicated by the bidirectional (11) and/or cyclical (19) nature of this 

relationship. Diabetes distress, including illness duration, number of diabetes symptoms and 

poor self-care is associated with depression (12). However, depression is also associated 

with impaired functioning and poor health behaviors (e.g., physical inactivity, smoking, poor 

sleep), including poor diabetes management behaviors (20), which could speed the 

progression of prediabetes or diabetes. Further empirical evidence is needed to determine 

whether diabetic morbidity is an underlying pathway by which food insecurity increases risk 

of depression among those with diabetes. Improved understanding of the linkages between 

food insecurity, depression, and diabetes morbidity may help to identify modifiable factors 

that could inform personalized treatment for persons with both depression and diabetes.
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This study examined the relationships between food insecurity, depression and diabetic 

morbidity in a nationally representative sample of older U.S. adults with diabetes. 

Additionally, this study aimed to quantify the degree to which the relationship between food 

insecurity and depression is mediated by diabetic morbidity. The primary hypothesis was 

that part of the association between food insecurity and greater depressive symptoms is 

explained by diabetic morbidity.

METHODS

Sample

Data come from the Health and Retirement Study (HRS), an ongoing, nationally-

representative longitudinal survey of ~20,000 U.S. adults aged ≥50 (21). The HRS has been 

in the field continuously since 1992. Described in detail elsewhere, the HRS assesses a wide 

range of social, economic, and health characteristics. The HRS Core interview is conducted 

every two years and includes information on demographics, employment, assets, income and 

health status. Since 2008 the HRS also conducts “Enhanced face-to-face” interviews on an 

alternating 50% of the cohort, in which respondents are asked to provide a blood spot. 

Informed consent is collected prior to data collection for each wave. The HRS is approved 

by the University of Michigan Institutional Review Board.

This analysis was restricted to HRS respondents who reported a lifetime history of diabetes 

in 2012 (n=4,936). The sample was further limited to respondents who were interviewed 

during the 2010, 2012 and 2014 waves (n=3,855) in order to determine both whether 

diabetes had worsened since 2010, and to assess how diabetes morbidity contributed to 

incident depression status in 2014. Analyses were further limited to those who provided a 

blood spot in either 2012 or 2014 to assess glycemic control based on HbA1C (n=3,084). 

Among those who met these criteria, 2,951 (96%) respondents had complete-case data on all 

covariates and were included in the analytic sample. When comparing those in the analysis 

sample (i.e. complete-case data) to those meeting various study criteria, sample distributions 

for variables of interest remained stable (data not shown). No other exclusion criteria were 

applied (Supplemental Figure 1).

Measures

Food insecurity——The HRS Core interview asks participants “Have you always had 
enough money to buy the food you need” since their last interview, recorded as yes, no, 
don’t know or refused. Respondents who do not give an affirmative answer were then asked, 

“In the last 12 months, did you ever eat less than you felt you should because there wasn’t 
enough money to buy food.” These two questions were used to create a binary variable to 

categorize food insecurity status in 2012. Those who did not have enough money to buy 

food or ate less due to a lack of money were considered food insecure. Those who always 

had enough money to buy the food they needed since the last interview were considered 

food secure and served as the reference group.

Elevated depressive symptoms——The 8-item Center for Epidemiologic Studies 

Depression Scale (CES-D) was used to assess elevated depressive symptoms in 2012 and 
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2014. Prior work demonstrates that the 8-item version of the CES-D performs equivalent to 

the original 20-item version of this scale among older adults (22,23). While the CES-D was 

initially designed to assess current depression symptomatology within the general 

population (24,25); it is commonly used to identify depression cases as a binary measure 

(26–28). We used a threshold of ≥ 3 to indicate clinically-significant depressive symptoms, 

which has a 71% sensitivity and 79% specificity relative to a fully-structured interview for 

diagnosis major depressive episode (29). Additionally, we treated the CES-D scale as a 

continuous measure (with scores ranging from 0 to 8) of depression symptom severity for 

the path analysis.

Diabetic morbidity——Four indicators of diabetic morbidity were examined. First, 

respondents were asked, “Is your diabetes generally under control?” Responses were 

dichotomized as “not under control” versus “under control” (reference group). Second, 

respondents were asked, “Compared to when we interviewed you last, has your diabetes 
gotten better, worse, or stayed about the same?” Responses were dichotomized as “worse” 

versus “better,” “about the same,” and “don’t know.” Additionally, for those who did not 

have diabetes in 2010 but reported having diabetes in 2012 for the first time (n=370, 12.5% 

of the analytic sample), diabetes was considered to have worsened. These questions have 

been used in prior research to assess change in chronic condition status—for diabetes as well 

as hypertension (30).

Third, respondents were asked, “Has your diabetes caused you to have trouble with your 
kidneys or protein in your urine?”. Responses were dichotomized as “yes” versus “no” and 

“don’t know.” Kidney problems associated with diabetes represent a significant health 

burden among those with diabetes and is considered an indicator of diabetes progression 

(31).

Fourth, hyperglycemia was assessed by HbA1C. As described above, blood spots were 

collected on a random 50% of the cohort as part of the HRS Enhanced Face-to-Face 

interview in 2012, and the other 50% in 2014. These blood spots were analyzed by the 

University of Washington (32,33) using an automated ion-exchange high-performance liquid 

chromatography system to measure percentage of glycosylated hemoglobin HbA1C. HbA1C 

levels ≥7% (53 mmol/mol) were used to indicate hyperglycemia; levels <7% indicated 

adequate glycemic control (34).

Covariates——Demographic covariates included gender (male [reference group], female), 

age group (51 to < 65, 65 to < 75, ≥ 75 years old), race/ethnicity (non-Hispanic White 

[reference group], non-Hispanic Black, other) and marital status (married [reference group], 

separated or divorced, widowed, single or never married). Indicators of socioeconomic status 

(SES)were: work status (currently work for pay [reference group] vs. do not work for pay/

disabled/not in the labor force), retirement status (completely or partially retired vs. not 

retired/homemaker/not in the labor force [reference group]), educational attainment (<high 

school, high school degree or equivalent, some college, college degree and above [reference 

group]) and income-to-poverty ratio (IPR). IPR is the ratio of an individual’s household 

income to the poverty level, which refers to the minimum income required to meet basic 

needs and adjusted for household size (35).

Bergmans et al. Page 4

J Psychosom Res. Author manuscript; available in PMC 2020 February 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Finally, a continuous variable indicating number of medical comorbidities was created by 

summing the number of lifetime conditions from a list of 16: hypertension; cancer or 

malignant tumor of any kind except skin cancer; chronic lung disease except asthma such as 

chronic bronchitis or emphysema; heart attack, coronary heart disease, angina, congestive 

heart failure or other heart problem; stroke or transient ischemic attack; emotional, nervous, 

or psychiatric problems, and; arthritis or rheumatism. Using a continuous measure to 

approximate comorbidity severity has been included in prior analyses among older adults 

(36), including within HRS samples limited to those with diabetes (37)—as in this study.

Analysis

Initially X2 and F tests compared the weighted distribution of diabetic morbidity, depressive 

symptoms, and demographic and socioeconomic covariates by food insecurity. Next, 

weighted multivariable logistic regression was used to examine the association of food 

insecurity with each of the four measures of diabetic morbidity (i.e. whether diabetes was 

generally under control, whether diabetes had gotten worse, having kidney problems 

associated with diabetes or hyperglycemia). These models adjusted for gender, age group, 

race/ethnicity, marital status, educational attainment, income-to-poverty ratio, work status, 

retirement status and number of medical comorbidities.

Next, weighted multivariable logistic regression was used to evaluate the relationship of 

food insecurity with cross-sectional depression status (using only the 2012 data) and 

longitudinal depression status (assessed in 2014). We fit a series of nested logistic models: 

Model 1 adjusted for gender, age group, race/ethnicity, marital status, educational 

attainment, income-to-poverty ratio, work status, retirement status and number of 

comorbidities; and Model 2 added the four indicators of diabetic morbidity to generate an 

initial estimate of mediation. For the longitudinal analysis, similar models were used to 

assess the relationship between food insecurity and odds of elevated depressive symptoms in 

2014, additionally adjusting for elevated depressive symptoms status in 2012. All regression 

analyses were fit using SAS, v. 9.4 with survey procedures to account for the complex 

survey design of the HRS.

Finally, path analysis was used to test the degree to which diabetic morbidity mediated the 

association between food insecurity and depressive symptoms. Path analysis tests both direct 

and indirect paths of associations, and is considered a type of structural equation model 

composed of observed variables (38). This analysis treated depressive symptoms as a 

continuous variable (ranging from 0 to 8 CES-D items) to meet the assumptions of the path 

estimation procedures.

The path analysis consisted of two main paths: (1) food insecurity → indicators of diabetic 

morbidity, and (2) diabetic morbidity → depressive symptoms. The paths between food 

insecurity and diabetic morbidity accounted for gender, age group, race/ethnicity, marital 

status, educational attainment, income-to-poverty ratio, work status, retirement status and 

number of comorbidities. The paths between diabetic morbidity and depressive symptoms 

also adjusted for these covariates. Path analyses were conducted both cross-sectionally 

(using only 2012 data) and longitudinally (using the 2012 to 2014 data). The path analysis 

was fit using STATA S/E (v15.1) and accounted for the complex sampling design of HRS 
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using the sem and nlcom command procedures. In path analyses, parameter estimates (β’s) 

indicate direct effects adjusted for covariates. Direct effects represent the influence of a one-

unit change of one variable on another variable when mediating variables are held constant 

(39).

RESULTS

Table 1 provides descriptive characteristics for the total sample of older adults with diabetes 

and by level of food insecurity; 15.2% were food insecure. Food insecurity was more 

common among those who were female, aged 51 to <65 years, non-Hispanic Black or other 

(i.e. non-Hispanic Asian, Hispanic, or multiple races/ethnicities) and those who were 

separated, divorced or widowed. Additionally, those with less than a college degree, a lower 

IPR and greater medical comorbidities were more likely to be food insecure. Poor diabetes 

control was more common among those who were food insecure (18.8%) than those who 

were not food insecure (9.8%). Diabetes-related kidney problems were over twice as 

common among those who were food insecure (19.1%) than those not food insecure (8.0%). 

Hyperglycemia (HbA1C ≥7%) was marginally more common among those who were food 

insecure (40.9%) than those who were not food insecure (35.4%). Diabetes getting worse 

over the past two years did not appear to vary across by food insecurity status, affecting 

25.8% of those who were food insecure and 22.1% of those who were not food insecure.

Table 2 shows the relationship between food insecurity and the four indicators of diabetic 

morbidity. In fully adjusted models, food insecurity was associated with higher odds of poor 

diabetes control and of diabetes-related kidney problems. Those who were food insecure had 

a 1.7 (95% confidence interval (CI) = 1.1 to 2.6) times higher odds of poor diabetes control 

and 1.6 (95% CI = 1.1 to 2.5) times higher odds of kidney problems. Food insecurity was 

not associated with diabetes worsening (odds ratio (OR) = 1.1; 95% CI = 0.8 to 1.5; p-

value=0.44) or hyperglycemia (OR = 1.0; 95% CI =0.7 to 1.3; p-value=0.99).

In cross-sectional analysis (Table 3), the odds of having elevated depressive symptoms were 

two times higher for those who were food insecure (OR = 2.0; 95% CI = 1.7 to 2.4). After 

adjustment for the indicators of diabetic morbidity, food insecurity was no longer associated 

with elevated depressive symptoms (OR = 1.3; 95% CI = 0.9 to 1.8).

Findings from the longitudinal analyses predicting elevated depressive symptoms were 

similar (Table 3). Food insecurity was associated with a 50% higher odds of elevated 

depressive symptoms in 2014, when accounting for baseline depressive symptomology in 

2012 (OR = 1.5; 95% CI = 1.3 to1.8). After accounting for diabetic morbidity, food 

insecurity was no longer associated with elevated depressive symptoms (OR = 1.4; 95% CI 
= 1.0 to 1.9).

Figure 1 presents direct effects of the cross-sectional path analysis testing whether the 

association between food insecurity and depressive symptoms is mediated by diabetic 

morbidity. Food insecurity was associated with greater depressive symptoms (β = 0.38; 95% 

CI = 0.04 to 0.74), as well as poor diabetes control (β = 0.07; 95% CI = 0.01 to 0.12) and 

kidney problems (β = 0.05; 95% CI = 0.01 to 0.10). Both poor diabetes control (β = 0.49; 
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95% CI = 0.17 to 0.82) and kidney problems (β = 0.40; 95% CI = 0.12 to 0.68) were related 

to greater depressive symptoms. Diabetic morbidity explained 12.7% (95% CI = 0.8 to 

24.6%) of the relationship between food insecurity and contemporaneous symptoms of 

depression.

Figure 2 presents direct effects of the longitudinal path analysis testing whether diabetic 

morbidity mediated the relationship between food insecurity in 2012 and depressive 

symptoms in 2014, adjusting for 2012 depressive symptoms. Again, food insecurity was 

associated with poor diabetes control (β = 0.06; 95% CI = 0.01 to 0.12) and kidney problems 

(β = 0.06; 95% CI = 0.01 to 0.11). However, food insecurity was not associated with greater 

depressive symptoms two years later (β = 0.18; 95% CI = −0.05 to 0.42). Kidney problems 

was the only indicator of diabetic morbidity that was related to greater depressive symptoms 

(β = 0.51; 95% CI = 0.24 to 0.79). Diabetic morbidity marginally mediated the relationship 

of food insecurity and subsequent symptoms of depression, explaining 18.5% (95% CI = 

−2.6 to 39.6%) of the association.

DISCUSSION

This study examined the relationship between food insecurity and depressive symptoms 

among older adults with diabetes. Further, it assessed whether this relationship was mediated 

by diabetic morbidity. Results suggest that food insecurity is associated with poor diabetes 

control and diabetes-related kidney problems. Additionally, logistic regression and path 

analyses indicate that the influence of food insecurity on diabetic morbidity may, at least in 

part, explain the association of food insecurity with subsequent depression status among 

older adults with diabetes. Future research should test whether interventions that reduce food 

insecurity in this population reduce diabetes morbidity and depressive symptoms. Findings 

may inform the development of innovative clinical approaches to address social 

determinants of health, such as food insecurity.

There were slight differences in longitudinal results when assessing mediation of the 

association between food insecurity and depression—possibly due to how depression was 

characterized. When depressive symptoms were treated as a continuous measure in path 

analyses, food insecurity was not associated with depression, which is likely why mediation 

in longitudinal path analyses did not meet statistical significance. However, in logistic 

regression analyses, food insecurity was associated with a higher odds of depression, and; 

when indicators for diabetic morbidity were included in logistic regression models, food 

insecurity was no longer associated with depression. Thus, indicating mediation by diabetic 

morbidity.

Results of this study are consistent with prior evidence indicating that food insecurity is 

associated with greater difficulty managing diabetes (16). Studies in children and middle-

aged adults report that people who are food insecure are more likely to reuse needles for 

injecting insulin and engage in less frequent blood glucose monitoring (40,41). Additionally, 

food insecurity can lead to individuals making trade-offs between purchasing healthy foods 

that are helpful for managing diabetes and purchasing diabetes medication and supplies, 

such as blood glucose test strips (42).
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Prior work demonstrates that those who are food insecure potentially have much to gain 

from diabetes interventions. Lyles and colleagues (2013) evaluated an educational 

intervention that aimed to improve self-management of diabetes. Intervention participants 

who were food insecure reported greater improvement in self-efficacy and reduction in 

blood sugar levels than those who were not food insecure (43). However, engaging 

individuals who are food insecure in diabetes interventions may be a significant challenge. 

For example, a recent randomized control trial assessed the potential benefits of targeting 

individuals with diabetes who are also at risk of food insecurity by recruiting participants 

from food banks across the U.S. (54). Following 6 months of a comprehensive intervention--

which included food provision, health care referral, glucose monitoring and diabetes 

education--no improvement in depressive symptoms or HbA1c concentrations was observed. 

Authors of this study noted that participant engagement was low (36%), which may have 

contributed to the lack of intervention efficacy. Looking ahead, whether delaying diabetes 

onset or reducing patient morbidity also lowers risk of depression among those who are food 

insecure will require further study.

Healthcare approaches that systematically account for diabetes in a broader psychosocial 

context, such as the Collaborative Care Model (CCM), may be particularly effective for 

addressing food insecurity among those with comorbid depression and diabetes. 

Collaborative care for depression in the context of medical comorbidity aims to proactively 

manage depression, as opposed to treating acute symptoms, using teams of nurse care 

managers and consulting psychiatrists overseen by primary physicians. A meta-analysis of 

randomized control trials of the CCM showed that this treatment model has clinically-

significant benefits for both depression and diabetes outcomes (44). However, integrating 

social determinants of health, such as food insecurity, within collaborative care models or 

more traditional primary care settings has limited success to date. This is in part due to fee-

for-service payment structures and a culture focused on treating single diseases (often in 

specialty care) rather than overall health promotion (45). There are a select few programs 

that are effective on a small scale (46)—although likely difficult to expand to diverse patient 

populations. Yet, efforts that target social determinants of health could reduce health 

disparities more so than other medical advances (47). More work is needed to determine 

whether it is possible to ameliorate the health effects of food insecurity through primary care 

intervention.

Limitations

Findings should be interpreted in light of study limitations. Although these results are 

generalizable to older adults with diabetes in the US, they may not be applicable to younger 

age groups. The experience of food insecurity in the US and the American healthcare system 

may differ in important ways compared to other countries, such that results may not be 

applicable elsewhere. It is also possible that HRS respondents underreported both food 

insecurity and symptoms of depression due to social desirability. Depending on how 

underreporting was distributed within the HRS sample, this could bias results toward or 

away from the null. The potential for unobserved confounding should also be considered 

when interpreting results of this study.
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The HRS Core interview does not include the US Department of Agriculture (USDA) 

Household Food Security Survey (HFSS), which is administered annually to estimate U.S. 

national food insecurity levels (2) and is considered the most valid tool for food insecurity 

measurement (48). Instead, HRS collects information from 2 questions that assess whether 

respondents could afford food or skipped meals. The questions included in the HRS are 

similar to a common 2-item screener for food insecurity, which has 97% sensitivity and 83% 

specificity when compared to the HFSS (49). Additionally, the 2-item food insecurity 

screener in the HRS has been used in previous research to assess associations of food 

insecurity with depression (50).

While a number of diabetic morbidity measures were included in our analyses, the inability 

to consider potential mediation due to hypoglycemia is a limitation. Previous findings 

indicate that food insecurity can increase the risk of hospitalization due to hypoglycemia 

(51), and; hypoglycemia is associated with depression symptoms (52). Lastly, three of the 

four measures of diabetic morbidity were assessed based on self-report, which can bias 

study findings (53). Future research would benefit from more clinically-informed measures 

of diabetes progress.

Conclusion

Depression and diabetes often co-occur, and food insecurity is considered a risk factor for 

both conditions. However, pathways by which food insecurity may influence depression 

among those with diabetes are not well understood. Findings indicate that diabetic 

morbidity, particularly kidney problems associated with diabetes, contribute to elevated 

depression symptoms among older adults. Future research is needed to determine whether 

reducing food insecurity within the context of diabetes care improves depression outcomes.
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HIGHLIGHTS

• The influence of food insecurity on depression within the context of diabetes 

management is not well understood.

• This study examined whether diabetic morbidity mediates the relationship of 

food insecurity with depression among older adults with diabetes.

• Food insecurity was associated with poorer diabetes control and diabetes-

related kidney problems.

• The relationship of food insecurity with depression was attributable to 

diabetic morbidity.
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Figure 1. Mediation of the cross-sectional association between food insecurity and depressive 
symptoms by diabetic morbidity
Data came from older adults (>50 years) in the Health and Retirement Study, 2010-2012

Diabetic morbidity explained 12.7% (95% CI =0.8-24.6%) of the association between food 

insecurity and depressive symptoms (p-value=0.04)

Parameter estimates (β”s) represent direct effects and were adjusted for gender, age group, 

race/ethnicity, marital status, educational attainment, work status, retirement status income-

to-poverty ratio and number of comorbidities

CES-D=The Center for Epidemiologic Studies Depression Scale

Bergmans et al. Page 14

J Psychosom Res. Author manuscript; available in PMC 2020 February 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 2. Mediation of the association between food insecurity and depressive symptoms 2 years 
later by diabetic morbidity
Data came from the Health and Retirement Study, 2010-2014

Diabetic morbidity explained 18.5% (95% CI=−2.6-39.6%)of the association between food 

insecurity and depress symptoms (p-value=0.09)

Parameter estimates (β”s) represent direct effects and were adjusted for 2012 CES-D score, 

gender, age group, race/ethnicity, marital status, baseline educational attainment, work 

status, retirement status, income-to-poverty ratio and number of comorbidities.

CES-D=The Center for Epidemiologic Studies Depression Scale
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Table 1.

Bivariate descriptive statistics by food insecurity among older adults with diabetes, HRS 
a, b

Food Insecure
c

Total No Yes P

value
d

Characteristics n = 2,951 n = 2,505 n = 446

Female 1,631 (51.9) 1,343 (50.1) 288 (63.3) <0.001

Age Category <0.001

 51 to < 65 1,249 (47.7) 981 (45.7) 268 (61.1)

 65 to < 75 943 (32.7) 823 (33.0) 120 (30.2)

 75 to 106 759 (19.6) 701 (21.3) 58 (8.7)

Race/Ethnicity <0.001

 Non-Hispanic White 1,615 (68.8) 1,471 (71.9) 144 (48.6)

 Non-Hispanic Black 712 (13.7) 537 (11.7) 175 (26.4)

 Other 624 (17.5) 497 (16.4) 127 (25.0)

Marital Status <0.001

 Married 1,690 (58.1) 1,505 (60.3) 185 (44.2)

 Separated or divorced 444 (15.5) 326 (13.9) 118 (26.3)

 Widowed 543 (15.4) 457 (15.1) 86 (17.3)

 Single or never married 274 (11.0) 217 (10.8) 57 (12.3)

Baseline educational attainment
e

<0.001

 < High school 731 (19.1) 564 (17.4) 167 (30.1)

 High school degree or equivalent 1,023 (34.8) 872 (34.3) 151 (38.1)

 Some college 679 (24.1) 595 (25.2) 84 (17.5)

 College degree and above 518 (21.9) 474 (23.1) 44 (14.3)

Work for pay 915 (36.0) 808 (37.7) 107 (24.7) <0.001

Retired 2,020 (64.0) 1,730 (64.2) 290 (62.9) 0.12

Income-to-Poverty Ratio (mean, 95% CI) 4.4 (4.1, 4.7) 4.7 (4.4, 5.0) 2.3 (1.7, 2.9) <0.001

Number of comorbidities
f
 (mean, 95% CI) 2.4 (2.3, 2.4) 2.3 (2.2, 2.3) 2.9 (2.7, 3.1) <0.001

Diabetic morbidity

 Poor diabetes control 328 (11.0) 250 (9.8) 78 (18.9) <0.001

 Diabetes got worse 628 (22.6) 515 (22.1) 113 (25.8) 0.13

 Associated kidney problems 305 (9.5) 233 (8.1) 72 (18.9) <0.001

 Hyperglycemia (HbA1C ≥7%) 1,117 (36.2) 930 (35.4) 187 (40.8) 0.08

Depressive symptoms score (mean, 95% CI)

 2012 CES-D
g

1.7 (1.6, 1.9) 1.6 (1.4, 1.7) 2.8 (2.4, 3.1) <0.001

 2014 CES-D 1.7 (1.6, 1.8) 1.6 (1.4, 1.7) 2.7 (2.3, 3.0) <0.001

Met criteria for elevated depressive symptoms

 2012 CES-D 816 (26.2) 605 (23.6) 211 (42.5) <0.001

 2014 CES-D 841 (25.8) 631 (23.1) 210 (43.4) <0.001

a
Health and Retirement Study
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b
All variables measured in 2012 wave and table values represent weighted column percentages unless otherwise indicated

c
Assessed over the prior 24 months; those who reported that they worried about food or skipped meals due to lack of financial resources were 

considered food insecure.

d
X2 or F test

e
Measured the first year a respondent participated in HRS

i
Includes high blood pressure; cancer or malignant tumor of any kind except skin cancer; chronic lung disease except asthma such as chronic 

bronchitis or emphysema; heart attack, coronary heart disease, angina, congestive heart failure or other heart problem; stroke or transient ischemic 
attack; emotional, nervous, or psychiatric problems, and; arthritis or rheumatism

g
The Center for Epidemiologic Studies Depression Scale; score ≥3 indicates major depression
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Table 2.

The influence of food insecurity on diabetic morbidity, HRS 
a, b

Food Insecure
c

Yes No

Diabetic morbidity
n =

2,505
n = 446

OR (95% CI) P value
d

Poor diabetes control Ref. 1.7 (1.1, 2.5) 0.02

Diabetes got worse Ref. 1.1 (0.8, 1.5) 0.44

Associated kidney problems Ref. 1.6 (1.1, 2.5) 0.02

Hyperglycemia (HbA1C ≥7%) Ref. 1.0 (0.7, 1.3) 0.99

a
Health and Retirement Study

b
Logistic regressions account for gender, age group, race/ethnicity, marital status, baseline educational attainment, work status, retirement status, 

income-to-poverty ratio and number of comorbidities

c
Assessed over the prior 12 months; those who reported that they worried about food or skipped meals due to lack of financial resources were 

considered food insecure.

d
Type III F test
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Table 3.

The influence of food insecurity on depression and mediation by diabetic morbidity, HRS 
a

Depression
b
 in 2012 Depression

b
 in 2014

Direct effect
d

Adjusting for
mediation by diabetic

morbidity
e Direct effect

f
Adjusting for

mediation by diabetic

morbidity
g

Food Insecure
c OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI)

 No Ref. Ref. Ref. Ref.

 Yes 2.0*** (1.7, 2.4) 1.3 (0.9, 1.8) 1.5*** (1.3, 1.8) 1.4 (1.0, 1.9)

a
Health and Retirement Study

b
The Center for Epidemiologic Studies Depression Scale, those with a score ≥ 3 meet criteria for elevated depressive symptoms

c
Assessed over the prior 12 months at the time when the HRS 2012 survey was administered to respondents; those who reported that they worried 

about food or skipped meals due to lack of financial resources were considered food insecure.

d
Adjusts for gender, age group, race/ethnicity, marital status, baseline educational attainment, work status, retirement status, income-to-poverty 

ratio and number of comorbidities

e
Adjusts for whether diabetes got worse and having kidney problems associated with diabetes, in addition to gender, age group, race/ethnicity, 

marital status, baseline educational attainment, work status, retirement status, income-to-poverty ratio and number of comorbidities

f
Adjusts for gender, age group, race/ethnicity, marital status, baseline educational attainment, work status, retirement status, income-to-poverty 

ratio, number of comorbidities and 2012 CESD score

g
Adjusts for all covariates in Model 2 plus whether diabetes got worse and having kidney problems associated with diabetes, in addition to gender, 

age group, race/ethnicity, marital status, baseline educational attainment, work status, retirement status, income-to-poverty ratio, number of 
comorbidities and 2012 CESD score

*
p-value<0.05; p-value<0.01;

***
p-value<0.001
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