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Abstract 

The relationship between depression and diabetes self-care was 

determined in a representative sample of diabetic adults aged 18 - 99 (n = 

15,226) surveyed by the Center for Disease Control's Behavioral Risk Factor 

Surveillance System 2006. Results indicate significant effects of depression on 

the diabetes self-care behaviors exercise and diabetes education, and the 

diabetes health outcome foot sores. Respondents with no depression and those 

experiencing a minor depressive episode were more likely to report exercise than 

those experiencing a major depressive episode. Respondents with no depression 

were more likely to report attending diabetes education classes than those 

experiencing a major depressive episode. And respondents experiencing no 

depression and a minor depressive episode were more likely to report no foot 

sores than participants experiencing a major depressive episode. Significant 

effects for major depressive episodes were also found in six covariates: diabetes 

type, race, sex, marital status, level of education, and income. No effects for 

depression were found in the diabetes self-care behaviors foot and blood glucose 

checks. 

ii 



Acknowledgements 

Thanks to my family, my friends, my fellow students, and my faculty 

mentors who supported me during this endeavor. 

iii 



Table of Contents 

Abstract. .......................................................................................... ii 

Acknowledgments ............................................................................. iii 

List of Tables .................................................................................... vi 

List of Abbreviations ......................................................................... vii 

Chapter 1, Review of Literature ............................................................ 1 

Introduction ............................................................................. 1 

Diabetes ................................................................................ 2 

Depression ............................................................................. 6 

Self-care Adherence .................................................................. 8 

Chapter 2, Statement of the Problem .................................................... 16 

Chapter 3, Methods ........................................................................ 17 

Sample ................................................................................. 17 

Measurement: Diabetes Type ................................................... 17 

Measurement: Depression ....................................................... 18 

Measurement: Diabetic Self-care Behaviors ................................. 20 

Measurement of Covariates ...................................................... 22 

iv 



Statistical Analysis and Models ................................................... 23 

Chapter 4, Results ............................................................................ 24 

Exercise ................................................................................. 24 

Diabetes Education .................................................................. 27 

Foot Sores ............................................................................... 32 

Foot Check .............................................................................. 35 

Blood Sugar Check ................................................................... 38 

Chapter 5, Discussion ........................................................................ 41 

Implications of findings .............................................................. 44 

Relationship of Covariates on Self-care ........................................ .45 

Limitations .............................................................................. 46 

Additional Research .................................................................. 48 

Conclusion .............................................................................. 49 

References ....................................................................................... 51 

V 



List of Tables 

Table 1, Summary of Type 3 Analysis for exercise .............................. 25 

Table 2, Odds Ratio Estimates for Exercise ........................................ 26 

Table 3, Percents for Exercise .......................................................... 27 

Table 4, Summary of Type 3 Analysis for Diabetes Education ................ 29 

Table 5, Odds Ratio Estimates for Diabetes Education ......................... 30 

Table 6, Diabetes Education Percents ............................................. 31 

Table 7, Summary of Type 3 Analysis for Foot Sores ........................... 33 

Table 8, Odds Ratio Estimates for Foot Sores ..................................... 34 

Table 9, Foot Sores Percents .......................................................... 35 

Table 10, Type 3 Analysis for Foot Check .......................................... 37 

Table 11, Odds Ratio Estimates for Foot Check ................................... 37 

Table 12, Type 3 Analysis for Blood Glucose Check ............................ 39 

Table 13, Odds Ratio Estimates for Blood Glucose Check .................... .40 

vi 



List of Abbreviations 

APA American Psychiatric Association 

BRFSS Behavioral Risk Factor Surveillance System 

CDC Centers for Disease Control 

DSM-IV Diagnostic and statistical manual of mental disorders (4th ed., text 

revision) 

HbA 1 C Hemoglobin A 1 C 

HRQOL Health Related Quality of Life 

PHQ-8 Patient Health Questionnaire-8 Depression Scale 

PHQ-9 Patient Health Questionnaire-9 Depression Scale 

QOL Quality of Life 

SAS Statistical Analysis Software 

W.H.O World Health Organization 

vii 



Review of Literature 

Introduction 

Increasing evidence suggests that depression and diabetes are related 

(Talbot & Nouwen, 2000). One in four diabetes patients have depression, while 

people with depression are twice as likely to develop diabetes when compared to 

those who are not depressed (Anderson et al, 2001; Knol, Twisk, Beekman, 

Snoek, & Pouwer, 2006). Depression in diabetes is also related to negative 

treatment outcomes such as elevated blood sugar levels, more medical 

complications, increased hospitalization, and poorer treatment adherence 

(Ciechanowski, Katon, & Russo, 2000; de Groot, Anderson, Freedland, Clouse, 

& Lustman, 2001 ; Lustmanet al., 2000) 

Poor treatment adherence to diabetes self-care procedures is a growing 

problem (van Dulman et al, 2007). Diabetes self-care generally includes eating 

healthy, exercising, glucose monitoring, and taking insulin or oral medications 

designed to improve glucose utilization. Adherence to self-care is vital for positive 

diabetes outcomes and improved health related quality of life (American Diabetes 

Association, 2009). An emerging line of research explores the potential role of 

depressions on adherence to diabetes self-care behaviors. Several studies of 

clinical samples have indicated that depression is negatively associated 

withdiabetes self-care (Ciechanowski, Katon, and Russo, 2000; Lin et al, 2004). 

Only one previous study was identified that analyzed the impact of depression on 

diabetes self-care behaviors from a large population perspective (Egede, Ellis, 

and Grubaugh, 2009). The purpose of the current study is to add to our 

understanding of the relationship between depression and adherence to diabetes 
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self-care behaviors using a sample that is representative of the adult United 

States population. 

Diabetes 

Diabetes mellitus is a chronic metabolic condition characterized by 

elevated blood glucose levels and the inability of the body to control these levels 

(Expert Committee on the Diagnosis and Classification of Diabetes Mellitus, 

2001 ). The World Health Organization estimates that 170 million people have 

diabetes; this figure is projected to at least double by 2050 (W.H.O., 2004). 

General symptoms of diabetes include: blurry vision, excessive thirst, fatigue, 

frequent urination, hunger, and weight loss. A diagnosis is made when a patient 

has a combination of these symptoms and a, and strict adherence to self-care 

recommendations, such as maintaining a healthy diet and engaging in regular 

exercise. This combination treatment may efficiently control blood sugar and 

prevent fasting blood glucose level above 200 mg/di. Treatment involves 

prescription medications to improve glucose utilization and/or insulin replacement 

symptoms. There are several different types of diabetes, such as Type 1, Type 2 

and gestational (American Diabetes Association, 2009). The discussion in this 

paper and the focus of this study is limited to Type 1 and Type 2 diabetes. 

Type 1 diabetes is the most serious form of diabetes and typically 

manifests in childhood or young adulthood. It affects close to 20% of those 

diagnosed with diabetes and is marked by progressive damage of insulin 

producing beta cells in the pancreas. This leads to little to no insulin secretion for 

use in the body (Atkinson and Maclaren, 1994). The cause(s) of Type 1 diabetes 
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are not fully understood, although genetics, viruses, and autoimmune dysfunction 

are thought to play roles (American Diabetes Association, 2009). 

Type 2 diabetes is far more common than Type 1, accounting for an 

estimated 80% of those diagnosed with the disease. Typically Type 2 diabetes is 

diagnosed in adulthood, but increasingly younger people are acquiring the 

condition (American Diabetes Association, 2009). Type 2 diabetes is not 

characterized by destruction of insulin producing beta cells and Type 2 diabetics 

are capable of producing insulin. In Type 2 more time is required for the body to 

utilize glucose, resulting from factors such as reduced insulin sensitivity, 

increased glucose secretion, and a reduction of insulin secretion (Awad, 2004; 

Kahn, 1994). According to the American Diabetes Association (2009), risk factors 

that increase the likelihood of developing Type 2 diabetes are: age> 45 years 

old, obesity, family history of the disease, pregnancy with gestational diabetes, 

HDL cholesterol under 35 mg/di, low activity level, and dietary factors. Also, 

ethnic groups such as African Americans, Hispanics, and Native American are at 

a greater risk of developing Type 2 diabetes than other groups (American 

Diabetes Association, 2009). 

Diabetes treatment goals are to prevent immediate complications such as 

diabetic ketacidosis, and to prevent long term consequences such as end-organ 

damage. Ketacidosis occurs when glucose is not available in the body as a fuel 

source resulting in the usage of fat instead. Long term consequences of diabetes 

affect almost every organ of the body and may include: blindness, cardio 

vascular disease, stroke, kidney failure, nerve damage, foot ulceration, and 
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amputation. Uncontrolled diabetes could complicate pregnancy, increasing the 

likelihood of birth defects (American Diabetes Association, 2009). In 2007, 

diabetes cost the United States $174 billion. Indirect costs including disability 

payments, time lost from work, and reduced productivity cost an estimated $58 

billion. Direct costs such as hospitalizations, medical care and treatment supplies 

totaled $116 billion (NIH National Diabetes Clearinghouse, 2009). In addition, 

diabetes is the seventh leading cause of death in the United States (U.S. 

Department of health and Human Services, 2000). 

Diabetes treatment also requires regular adherence to a combination of 

self-care behaviors. For Type 1 diabetes, these behaviors generally include 

healthy eating habits, exercising, maintaining a healthy body weight, and taking 

insulin (typically injections). Insulin intake must be balanced with diet and daily 

activities. Glucose levels must also be closely monitored through frequent blood 

glucose tests. These tests are conducted several times daily by patients with 

personal glucose monitoring devices. A laboratory test called the hemoglobin 

A 1 C (HbA 1 C) is taken several times per year and measures patient's average 

blood glucose level from the previous 2 - 3 months (American Diabetes 

Association, 2009). Specifically, the HbA 1 C test measures the percentage of 

hemoglobin - a protein in red blood cells that carries oxygen that is coated with 

sugar (glycated). Poor blood sugar maintenance is indicated by high HbA 1 C 

levels. Also, if one has been diagnosed with diabetes, higher HbA 1 C levels mean 

a greater risk of developing diabetes complications. The HbA 1 C test has several 
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other names, like the glycated hemoglobin test and glycosylated hemoglobin test 

(American Diabetes Association, 2009). 

Self-care behaviors for Type 2 diabetes are eating healthy, exercising, 

periodic glucose monitoring and insulin replacement or, more commonly, 

medications that enhance insulin sensitivity and glucose utilization (American 

Diabetes Association, 2009). Other important self-care behaviors for both Type 1 

and Type 2 diabetes include: (1) regular eye exams to check for retinal damage, 

(2) up-to-date vaccinations, (3) regular dental exams to reduce gum infections, 

(4) monitoring blood pressure, (5) reducing or abstaining from consumption of 

alcohol, nicotine, and drugs, and (6) regular foot care to increase blood flow and 

reduce nerve damage (Glasgow and Eakin, 1998). 

Adequate foot care requires adhering to a combination of lifestyle 

changes. This generally consists of regularly checking for blisters and sores, 

wearing adequate socks and shoes, washing feet daily, and maintaining blood 

flow by regularly massaging or elevating the feet (American Diabetes 

Association, 2009). Non-adherence to these procedures is one of the most 

important problems for people with diabetes and leads to nerve damage, such as 

peripheral neuropathy and the development of foot sores and ulcerations. 

Diabetic foot sores are caused by other factors too, including peripheral vascular 

disease, limited joint mobility and repeated trauma from abnormal load 

distribution on the foot (Valk, Kriegsmans, and Assendelf 2006). Foot ulcerations 

affect 15% of diabetes patients and precede an estimated 85% of limb 
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amputations. The risk of a lower body amputation is 15 times higher for diabetics 

(Reiber, 1994; Valk, Kriegsmans, and Assendelf 2006). 

One line of research dealing with diabetes self-care investigates possible 

factors that affect or interfere with self- care. Such factors may include: age, race, 

physician characteristics and level of social support (DiMatteo et al, 1993; 

DiMatteo, 2003). Depression is also thought to be one of these factors (Callahan, 

Hui, Nienaber, Musick, & Tierney, 1994; Carney, Freedland, Eisen, Rich, & Jaffe, 

1995; Simon, VonKorff, & Barlow, 1995; Ciechanowski, Katon, and Russo, 2000, 

Lee et al, 2009). Because one goal of this study is to investigate the possible 

effects of depression on diabetes self-care, it is necessary to review the current 

literature that bears on this relationship. 

Depression 

Depression is the most commonly diagnosed mental disorder and is 

considered a major public health concern throughout much the world (Murray & 

Lopez, 1997). According to the U.S. Department of Health and Human Services 

(1999), major depression is the leading cause of disability and has been shown 

to decrease overall functional ability when it accompanies a chronic medical 

condition, such as diabetes mellitus. Additionally, depression accounts for over 

two-thirds of suicide attempts each year (U.S. Department of Health and Human 

Services, 1999). Depression is defined by the American Psychiatric Association's 

Diagnostic and Statistical Manual of Mental Disorders 4th Edition, Text- Revision 

(DSM IV - TR, 2000) as a mental disorder characterized by either cardinal 

symptoms of low mood and self-esteem, and a loss of interest or pleasure in 
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normally enjoyable activities. Five or more symptoms must be present for longer 

than two weeks. Additional symptoms of depression are: decrease or increase in 

appetite, insomnia or hypersomnia, psychomotor agitation or retardation, fatigue 

or loss of energy, feelings of worthlessness, excessive or inappropriate guilt, 

diminished ability to think or concentrate, indecisiveness, recurrent thoughts of 

death (not just fear of dying), recurrent suicidal ideation without a specific plan, 

having a specific plan for committing suicide, or a suicide attempt (APA, 2000). 

Diagnosis of major depressive disorder is based on experiences and behavior 

reported by the patient or friends and/or relatives. Minor depression is the 

presence of a depressed mood or loss of pleasure with one or more periods of 

depressive symptoms, involving 2 - 4 of the symptoms listed for major 

depression. It is estimated that 10 - 25% of the overall population has a lifelong 

risk of developing either major or minor depression (APA, 2000). In addition, by 

2050 approximately 46 million adults aged 18 and older will be diagnosed with 

major depression (Heo et al, 2008). Prevalence is unclear for minor depression, 

but is commonly seen in primary care and outpatient mental health settings 

(APA, 2000). 

Many studies confirm a relationship between depression and diabetes 

(Anderson et al, 2001 ). Diabetes patients with depression are at an increased 

likelihood of having more diabetes related complications, perceived functional 

limitation and hyperglycemia (elevated blood sugar) (Lustman et al, 2000; de 

Groot et al, 2000; Fisher et al, 2001; and Engum et al, 2005). Diabetes 

complications and depression have also been associated with obesity, physical 
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inactivity, marital status, and socio-economic status (Everson et al, 2002; Peyrot 

and Rubin, 1997; Katon et al, 2004; Eagle and Zheng, 2003; Reyerson et al, 

2003). Anderson et al (2001) conducted a meta-analysis of 42 studies that 

reported the prevalence of depression among diabetes patients. This study 

investigated the prevalence of depression as a function of the depression scale 

used to establish diagnosis, diabetes type, and gender. Results indicate that the 

risk of having depression in patients with diabetes is twice that of non - diabetics 

(Anderson et al, 2001 ). The risk of developing depression was lower in Type 1 

vs. Type 2 diabetes. In addition, prevalence and risk estimates were found 

unrelated to the method used to diagnose depression (diagnostic interviews vs. 

self-report scales). 

Several recent studies reported a strong relationship between depression 

and glycemic control (HbA 1 C) in individuals with Type 1 diabetes. This suggests 

that depression leads to poor glycemic control {elevated HbA 1 C), or that an 

unknown variable causes both depression and poor glycemic control 

(Ciechanowski, Katon, Russo, & Hirsch, Van Tilburg et al., 2001). Other studies 

have found little to no evidence of an association between Type 2 diabetes, 

depression, and HbA1C (Ciechanowski et al., 2000; Ciechanowski et al., 2003; 

Kaholokula et al., 2003; Lane et al., 2000; Paschalides et al., 2004). 

Self-care Adherence 

One major problem physicians have in treating diabetes and other chronic 

conditions is the difficulty in encouraging adherence to medical treatment 

recommendations (Dulmen et al, 2007). Adherence with medical treatment is 
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defined as the tendency to follow the medical advice of physicians (Dulman et al, 

2007; Mazben, 2008). A large body of research has shown that higher rates of 

adherence are associated with better health outcomes (DiMatteo, 1994, 2000; 

Dunbar-Jacob & Schlenk, 2001; Honish et al, 2006). With diabetes, positive 

outcomes include: a stable glucose level, lowered body weight, regulated blood 

pressure, improved organ function and reduced end-organ damage, and lowered 

medical costs (AHRQ, 2005). 

Several methodologies are available to assess overall level of diabetes 

self-care. The weakest of these are indirect measures of control, such as 

physician judgments of patient adherence. Direct methods such as glucose 

testing and monitoring (e.g. pill counts) are time consuming and subject to 

human error. Self-reports are also open to criticism, but are slightly more 

reliable than indirect measures of control (Toobert, Hampson, and Glasgow, 

2000). For this reason, several standardized self-report assessments have been 

designed to measure overall diabetes self-care. The most widely used tests 

include the Diabetes Regimens Questionnaire (Kurts, 1990), The Rand 

Corporation Diabetes Adherence Questionnaire (Hays et al, 2005), and the 

Summary of Diabetes Self-Care Activities (Toobert, Hampson, and Glasgow, 

2000). These tests are important, especially in clinical settings, because they 

offer physicians a perspective into their patients' level of adherence to self -

management recommendations (Famwell and Anderson, 2001). 

Researchers have identified several factors that favorably alter adherence 

to diabetes self-care. The factors most related to self-care adherence are positive 
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physician personality characteristics, stable social support systems and 

participation in disease management programs (Dimatteo et al, 1993; Dimatteo, 

2003; Lynn, 2004). Dimatteo et al (1993) conducted a two year longitudinal study 

examining physician attributes and practice methods in relation to patient 

adherence to treatment. The study included 186 physicians and their patients' 

with diagnoses of hypertension, heart disease, and diabetes. The researchers 

evaluated patient adherence to medication, exercise, and diet recommendations. 

Predictors of adherence were: high physician job satisfaction, specialty field, 

small patient caseload, scheduled follow-up appointments and patient health 

distress. Baseline adherence rates were taken and compared with adherence 

rates two years later. All measures of adherence were self-report. In each of the 

four analyses, a positive effect on adherence was found when measured at the 

two year follow up. Personal characteristics of physicians, medical specialty, and 

tests ordered were also positively associated with adherence (DiMatteo et al, 

1993). 

DiMatteo (2004) conducted a meta-analysis of 122 studies that correlated 

social support with patient adherence to medical treatment. The researcher found 

a significant relationship between practical and emotional categories of perceived 

functional support and patient adherence. Practical support is the giving of 

assistance in practical, matter-of-fact ways, such as providing information, 

financial assistance, shelter, or help with daily tasks. Emotional support is varying 

forms of encouragement. This includes listening, empathizing, sympathizing, and 

helping one feel understood. Practical support had the highest association for 
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increasing patient adherence. Adherence was also 1.7 times greater in patients 

with close families, and 1.5 times lower in those from families in conflict 

(DiMatteo, 2004). 

Disease management programs demonstrate effectiveness at increasing 

patient adherence to medical treatment, including adherence to diabetes self

care regimens (Honish, 2006; Lynne, 2004). In general, disease management 

programs are aimed at increasing patient access to care and improving quality of 

service. Lynn (2004) evaluated the effectiveness of a diabetes disease 

management program [Disease Management Solutions (OMS)] used by over 

8,000 persons in a managed care organization. Claims filed in a three year 

period for 1,368 patients with diabetes were analyzed. Patients enrolled in the 

OMS utilized more primary care services but had lowered costs compared to 

those not enrolled. The program also affected other aspects of care by bettering 

patient work productivity (e.g. fewer sick days), and increasing general 

adherence to recommended self-management procedures. Medical claims were 

used to verify and validate self-reported adherence to primary care physician 

visits, ophthalmological examinations, emergency room visits, and hospital 

admissions. Self-report was found to be a valid indicator of medical claims data 

recording emergency room visits and hospital admissions (Lynne, 2004). 

Researchers have also investigated the role of quality of life in relation to 

adherence to diabetes self-care procedures. Quality of life (QOL) refers to 

overall well-being in life realms such as income, marital status, life-expectancy, 

and standard of living. The term Health Related Quality of Life (HRQOL) refers to 
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overall physical and mental well-being, further defined by seven measureable 

constructs: (1) physical functioning, (2) social functioning, (3) emotional 

functioning, (4) cognitive functioning, (5) pain, (6) vitality, and (7) overall well

being (Honish et al, 2006). Originally, HRQOL measures were developed as a 

cross cultural population status assessment primarily used for nationwide 

comparisons to assess outcomes of chronic medical illnesses. (Coons and 

Kaplan, 1992; Eren, Erdi, and Sahin, 2008; Guyatt et al, 1993). However, 

assessing HRQOL has become a frequent procedure to evaluate outcomes of 

individual patients with chronic medical conditions. Diabetes is a chronic 

condition that places heavy demands on patients; HRQOL is a major concern 

and is generally accepted as an important outcome for therapy (Eren, Erdi, and 

Sahin, 2008). 

Honish et al (2006) conducted a study to explore the association between 

HRQOL and compliance to diabetes treatment regimens. HRQOL data were 

collected by sending the Short Form Health Survey (SF-12) (Honish et al, 2006) 

to 198 members of a large health plan who were diagnosed with diabetes. The 

SF- 12 is a standardized health status questionnaire that measures the 

previously listed seven constructs of HRQOL. Two aggregate scores - the 

physical and mental composite scores - assessed the physical and mental health 

of participants. Patient compliance was tested by examining the number of 

treatment guidelines completed, such as: having an HbA1C twice per year, a 

cholesterol test, an annual micoalbuminia test, and an eye exam (Honish et al, 

2006). Results indicate that mental composite score and age are the best 
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predictors of diabetic treatment adherence. It was also determined that lower 

mental health scores (i.e. less depression) are related to better adherence 

(Honish et al, 2006). 

A key area of research has been too determine the relationship between 

depression and adherence to diabetes self-care recommendations. 

Ciechanowski, Katon, and Russo (2000) administered a questionnaire to 367 

diabetic patients in primary care clinics managed by two separate health 

maintenance organizations. The questionnaire gathered data on demographics, 

depression symptoms, diabetes awareness, diabetes self-management 

practices, and physical functioning. It also measured medical 

comorbidity, medical costs, HbA1C levels, and oral hypoglycemic prescription 

refills. Regression analysis was used to conclude how depression affects 

adherence to diabetes self-care and oral hypoglycemic regimens, HbA 1 C levels, 

overall functioning, and medical costs. Results of the study indicate that 

depressive symptoms were significantly associated with dietary 

recommendations. Specifically, diabetics with minor depressive symptoms, in 

comparison to those with moderate to severe symptoms, were more likely to 

report adhering to recommendations regarding quantity and types of food eaten. 

In addition, 15% of respondents with severe depression failed to adhere to oral 

hypoglycemic medication compared to 7% of those with moderate depression 

(Ciechanowski, Katon, and Russo, 2000). 

Another study had 4,463 members of a major health maintenance 

organization - mostly Type 2 diabetics - complete a questionnaire measuring self 
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care, diabetes monitoring, and depression (Lin et al, 2004). Diagnostic laboratory 

and pharmacy data were used to assess adherence to self-care procedures, 

glycemic control, and use of preventative care services. Results indicate that 

major depression is associated with an unhealthy diet and inactive lifestyle and 

poorer adherence to oral hypoglycemic, anti-hypertensive, and lipid lowering 

medications. In contrast, preventative care methods such as foot checks, home 

glucose tests, and retinal checks were similar among depressed and non

depressed respondents. These results may generalize to primary care/HMO 

populations but not to the general population. The participants consisted only of 

patients belonging to a health maintenance organization, eliminating segments of 

diabetic patients who have no, or some other form of health care coverage. 

Only one study was identified that used a national sample of adults to 

determine the relationship between depression and diabetes self-care. Egede, 

Ellis, and Grubaugh (2009) examined data from the Center for Disease Control's 

Behavioral Risk Factor Surveillance System 2006 (BRFSS, 2006) to determine 

an association between depression, diabetes self-care, and the quality of 

diabetes care received. Four self-care behaviors were measured: leisure 

activities, smoking, blood glucose checks, and foot checks. The study 

determined that both minor and major depressive episodes have impact quality 

of care and the diabetes self-care behavior by reducing leisure activities and 

increasing smoking. However, there is no evidence that the authors weighted 

their analyses to population values, which would prevent estimating the 

prevalence of depression among diabetics, and could also affect the associations 
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between depression and self-care behaviors (Egede, Ellis, and Grubaugh 2009). 

In addition, Egede, Ellis, and Grubaugh (2009) did not consider foot sores as an 

outcome variable or diabetes type as a classification variable in their analyses. 
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Statement of the Problem 

Prior research demonstrates that depression is negatively associated with 

diabetes self-care, but the majority of these studies are based on clinical samples 

(Ciechanowski, Katon, and Russo, 2000, Lin, 2004). The goal of the current 

study is to broaden understanding the relationship between depression and 

adherence to diabetes self-care procedures by analyzing data from the BRFSS 

(2006). The BRFSS (2006) is a nationwide survey conducted annually under the 

auspices of the Centers for Disease Control (CDC) and measures a wide variety 

of health related behaviors in adults aged 18 - 99 (CDC, 2006). The current 

study hypothesized that depression is negatively associated with adherence to 

diabetes self -care behavior. A second hypothesis expands on the first by 

narrowing the form of depression that has a greater association with on self-care, 

and postulates that major depressive episodes have a greater negative 

association with self- care than minor depressive episodes. The rationale 

underlying these two hypotheses stems from the fact that depression impairs 

activity level; diabetes care requires a high level of energy and motivation (APA, 

2000; American Diabetes Association, 2009). The relationship between 

depression and five diabetic self-care behaviors (i.e. exercise, diabetes 

education, foot sore occurrence, foot checks, and blood glucose checks) were 

evaluated while controlling for the effects of variables that could potentially 

influence the association (i.e. diabetes type, age, race, sex, marital status, level 

of education, and income). 
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Method 

Sample 

The BRFSS (2006) is a nationwide (U.S.) survey conducted annually by 

the Centers for Disease Control (CDC, 2006). Participants are selected based on 

random digit dialing of phone numbers in all 50 states, The District of Columbia, 

Puerto Rico, and the U.S. Virgin Islands. The goal of the BRFSS (2006) is to 

generate a representative sample of the adult population of the United States. 

Weights are used for most statistical analyses to correct for possible biasing 

factors such as the number of adults in a residence, and the probability of a 

telephone number being randomly selected. BRFSS (2006) data sets are 

available for download at the CDC's website (CDC, 2006). The current study 

draws from the responses of the BRFSS (2006). The data for the current study 

were limited to the responses of adults between the ages 18-99 years with 

diabetes. The average age of the sample is 62.2 years, with a standard deviation 

of 13.1 years. For the BRFSS (2006), 22,994 individuals with diabetes were 

surveyed and administered the PHQ-8 questions (CDC, 2006). After removing 

individuals whose type of diabetes was ambiguous, 15,226 participants who met 

the inclusion criteria with respect to diabetes type remained in the sample. 

Measurement: Diabetes Type 

The goal of selection according to diabetes type is to produce a sample of 

respondents who could most clearly be identified as having either Type 1 or Type 

2 diabetes. Respondents who reported borderline or gestational diabetes were 

excluded from the study. Study participants are classified as having Type 1 
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diabetes if their age at diagnosis was :s; 30 years and they reported current insulin 

use. Participants who reported an age at diagnosis of > 30 years and no insulin 

use are classified as having Type 2 diabetes (LI, Ford, and Strine, 2008). 

Application of these criteria excluded 7,768 cases from the final sample. These 

were cases where type of diabetes could not be clearly established using the 

specified case definitions. Excluded respondents were either > 30 years when 

diagnosed, but reported insulin dependence, or were < 30 when diagnosed but 

were not insulin dependent. 

Measurement: Depression 

The PHQ-8 is an eight-item measure of depression based on the PHQ-9, 

which is designed to measure the nine symptoms of depression outlined in the 

DSM-IV-TR (Kroenke & Spitzer, 2001; Kroenke, Spitzer, and Williams, 2002). A 

question pertaining to recurrent thoughts of death and suicide was omitted from 

the PHQ-8 to allow for assessment of depression in circumstances where the 

interviewer cannot promptly intervene for individuals in danger of committing 

suicide, as is the situation when one is administering the telephone based 

BRFSS (Kroenke & Spitzer, 2002; Kroenke et al, 2009). Removal of this item 

does not significantly affect or threaten the validity of the PHQ-8 in comparison 

to the PHQ - 9 because recurrent thoughts of death and suicide are less 

frequently reported than the remaining eight symptoms (Kroenke, Spitzer, and 

Williams, 2001 ). 
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The PHQ - 8 was adapted for use in the Depression and Anxiety section 

of the BRFSS (2006) to measure depression symptoms during the 14 days prior 

to the survey administration. The eight questions ask how many days out of the 

past 14 were the following symptoms experienced: (1) little interest or pleasure in 

doing things, (2) feeling down, depressed, or hopeless, (3) trouble falling asleep, 

staying asleep, or sleeping too much, (4) feeling tired or having little energy, (5) 

poor appetite or overeating, (6) feeling bad about yourself, or that you're a failure 

and have let yourself or your family down, (7) trouble concentrating on things, 

and (8) Moving or speaking slowly to the point where others notice, or the 

opposite-feeling fidgety to the point where others notice. Respondents were to 

give responses ranging from Oto 14 days for each item. 

Calculation of PHQ-8 depression scores followed the work of Fan et al 

(2009). The number of days during which individuals report experiencing 

symptoms of depression are grouped into categories using a 0-3 scale (0-1 day 

= 0 not at all; 2-6 days = 1; several days; 7-11 days = 2 more than half the 

days; and 12-14 = 3 nearly every day). These scores for each symptom were 

then summed to yield a total PHQ-8 score. Total scores were classified into the 

depression categories outlined by Fan et al (2009) and used by LoBello and 

Zachar (2009). However, because no clinical interview was administered to 

participants a diagnosis of depression cannot be given. Therefore, identification 

of depression will be noted as minor depressive episode or major depressive 

episode. Scores ::;; 4 indicate no depression. Scores between 5 and 9 are 

categorized as minor depressive episode, while scores ~ 10 are indicative of 
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major depressive episode. Kroenke et al (2009) determined that scores ~ 10 

have a sensitivity of 100% and a specificity of 95% for major depressive episode. 

Also, the sensitivity and specificity of the ~ 10 cut score for major and minor of 

depressive episodes is 70% and 98% (Kroenke et al, 2009). 

LoBello and Zachar (2009) demonstrated the validity of the PHQ - 8 major 

and minor depressive episode categories. They compared participants 

depressive episode categorization to another question on the BRFSS (2006); 

Now thinking about your mental health, which includes stress, depression, and 

problems with emotions, for how many days during the past 30 days was your 

mental health not good? Respondents in the no depression category averaged 

2.4 days, 6.7 days in the minor depressive episode category, and 17.7 in the 

major depressive episode category. This was significant (r2=.22, p<001). A Tukey 

test indicated the differences among these group means were significant, 

supporting the distinction and diagnostic relevance between depression 

categories in the PHQ - 8. 

Measurement: Diabetic Se/f-C_are Behaviors: 

Self-care behaviors evaluated in this study are those behaviors a 

participant can do himself or herself (Wells et al, 1989; Ciechanowski, Katon, and 

Russo, 2000). Participation in tests and procedures done primarily by a health

care provider (eg, eye examination) do not require the same level of motivation 

needed to sustain regular, daily self-care behaviors. The self-care behaviors 

evaluated in this study include: a) blood glucose monitoring, b) checking feet for 
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ulcers, c) participation in diabetes management classes, and d) participation in 

regular physical exercise. 

Self-care behaviors were measured from responses participants gave to 

the following set of questions pertaining to diabetes self-care procedures: (a) 

during the past month, other than your regular job, did you participate in any 

physical activities or exercises such as running, calisthenics, golf, gardening, or 

walking for exercise? The responses were yes, no, don't know/not sure, and 

refused to answer (b) Have you ever taken a course or class in how to manage 

your diabetes yourself? Responses were: yes, no, don't know/not sure, and 

refused to answer, (c) About how often do you check your feet for any sores or 

irritations? Include times when checked by a family member or friend, but do not 

include times when checked by a health professional. Responses are reported as 

either: times per day, times per week, times per month, times per year; and (d) 

about how often do you check your blood for glucose or sugar? Include times 

when checked by a family member or friend, but do not include times when 

checked by a health professional. Responses are reported as either: times per 

day, times per week, times per month, or times per year (CDC, 2006). 

Foot sores are a major adverse outcome of non-adherence to diabetes 

self-care procedures (Reiber, 1994; American Diabetes Association 2009). The 

BRFSS asks about the occurrence of foot sores with the following question: 

Have you ever had any sores or irritation on your feet that took more than four 

weeks to heal? Possible responses were: yes, no, don't know/not sure, and 

refused to answer. 
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The questions about frequency of blood glucose monitoring and 

performing foot checks permitted responses in a variety of forms (frequency in 

days, weeks, months, or years). Rather than equating all responses on a single 

unit of measure, the responses were regarded as categories that reflected 

differences in frequency. For example, those who reported any number of daily 

blood glucose tests were classified as daily testers, while those who reported any 

value of monthly blood glucose tests were classified as monthly testers. For 

these two questions, the response categories likely overlap to some degree. 

Responses to the questions about participation in diabetes management classes 

and regular exercise, and the occurrence of foot ulcerations were answered 

either yes or no, but some respondents either couldn't or refused to respond. The 

analyses of these questions are limited to only valid responses and the final form 

of the responses to these questions is dichotomies. 

Measurement of Covariates 

It is important to control for the possible confounding effects of several 

variables that could be related to either the outcome variables, depression status, 

or both. The covariates included in each model are diabetes type (Type 1 

diabetes vs. Type 2 diabetes) age in years, race/ethnic group (classified in one of 

five categories: White, Black, Hispanic, Multiracial, and Other), marital status 

(classified in one of six categories: married, divorced, widowed, separated, never 

married, or member of an unmarried couple), education (classified in one of four 

categories: less than high school, high school graduate, attended 

college/technical school, or graduated from college/technical school), and income 
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(classified in one of six categories ranging from less than $15,000/year to more 

than $50,000/year, and unreported). 

Statistical Analysis and Models 

The data was analyzed using Statistical Analysis Software (SAS), 

Surveylogistic module, a program specifically developed to work with complex 

survey designs. This study required a series of five separate multivariable logistic 

regression models with the four specific self-care behavior questions and the 

question about foot ulceration occurrence as outcome variables. The predictor 

variable in each model is level of depression (no depression-minor depressive 

episode-major depressive episode). 
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Results 

The initial goal of this study was to determine the impact of depression on 

adherence to diabetes self-care in adults between the ages of 18 and 99. Two 

hypotheses were analyzed: (1) depression is negatively associated with diabetes 

self -care behavior; (2) major depressive episodes have a greater negative 

association on self- care than minor depressive episodes. This study required a 

series of five separate multivariable logistic regression models as described in 

Methods. The results of each analysis are presented in the sections that follow. 

Exercise 

The BRFSS (2006) question pertaining to exercise asks During the past 

month, other than your regular job, did you participate in any physical activities or 

exercises such as running, calisthenics, golf, gardening, or walking for exercise? 

Type 3 Analysis of Effects for exercise are presented in Table 1 and report a 

significant effect for depression (Wald x2 = 45.9, p<.0001) Odds ratio estimates 

for exercise are represented in Table 2. Results indicate that participants 

experiencing no depression and a minor depressive episode are more likely to 

report exercise than those experiencing a major depressive episode (No 

depression OR= 0.6, 95% Cl, 0.4 - 0.8; Minor depressive episode OR= 0.4, 

95% Cl, 0.3 - 0.5). Table 3 indicates that over half of participants (57%) 

experiencing a major depressive episode report no exercise, as opposed to 

those experiencing no depression (33%) or a minor depressive episode (44%). 

These findings support the study's hypotheses that depression is negatively 

associated with diabetes self -care behavior of regular exercise, and that major 
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depressive episodes have a greater negative association on exercise than minor 

depressive episodes. 

Table 1 indicates that marital status (Wald x2 = 6.5, p = 04) and level of 

education (Wald x2 = 47.0, p <.0001) covariates are significantly related to self

reported exercise participation. Unmarried participants are more likely to report 

no exercise than married participants (OR= 1.3, 95% Cl, 1.1-1.7). Regarding 

level of education, participants who report not graduating from high school (OR = 

2.6, 95% Cl, 1.9 - 3.5), graduating only high school (OR= 1.7 95% Cl, 1.4 - 2.0) 

or attending some college (OR = 1.5, 95% Cl, 1.2 - 1.9), are more likely than 

college graduates to report no exercise. 

Table 1: Summary Type 3 Analysis of Effect for Exercise 

Effect OF Wald p 
Chi- Square 

Exercise 
Diabetes Type 1 0.8 0.4 
Age 1 2.1 0.1 
Race 5 4.4 0.5 
Sex 1 0.7 0.4 
Depression 2 45.9 <.0001 
Marital Status 2 6.5 .04 
Education 4 47.0 <.0001 
Income 5 10.7 0.1 
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Table 2: Odds Ratio Estimates for Exercise 

Variable Adjusted Odds 95% Confidence 
Ratio Interval 

Diabetes Type 
Type 2 -- --
Type 1 1.2 0.8 -1 .7 

Age 1.0 1.0-1 .0 
Race/Ethnic Background 

White -- --
Hispanic/Latino 0.9 0.7 -1.2 
African-American 0.9 0.7-1.1 
Multiracial 0.7 0.5-1 .1 
Other 1.0 0.7-1 .5 
Unknown 0.7 0.4-1.1 

Sex 
Women -- --
Men 0.9 0.8-1.1 

Depression Category 
Major Depression -- --
Minor Depression 0.4 0.3 - 0.5 
No Depression 0.6 0.4-0.8 

Marital Status Category 
Married -- --
Not Married 1.2 0.9-1.4 
Unknown 1.3 1.1-1 .7 

Education 
Graduated College -- --
Attended College/TS 1.5 1.2-1.9 
Graduated High School 1.7 1.4-2.0 
Did not graduate HS 2.6 1.9-3.5 
Unknown 0.5 0.1 -2.0 

Income 
$50,000 + -- --
$35,000 - $49,999 1.2 0.9 - 1.6 
$25,000 - $34,999 1.2 1.0-1 .8 
$15,000 - $24,999 1.3 1.0-1 .8 
Less Than $15,000 1.6 1.1 - 2.3 
Unknown 1.6 1.2 - 2.1 
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Table 3: Exercise Percents Table 

Variable Exercise No Exercise 

Diabetes Type 
Type 2 64.4 35.6 
Type 1 62.8 37.3 

Race/Ethnic Backqround 
White 63.4 36 .6 
Hispanic/Latino 58.7 41.3 
African-American 59.1 40.8 
Multiracial 67.4 32 .6 
Other 65 .3 34.7 
Unknown 65.6 34.4 

Sex 
Women 57.8 42.2 
Men 66.2 33.8 

Depression Cateqory 
Major Depression 42.8 57.2 
Minor Depression 56.1 43.9 
No Depression 67.5 32.5 

Marital Status Cateqor✓ 

Married 66.2 33.8 
Not Married 55.7 44.3 
Unknown 55.1 44 .9 

Education 
Colleqe Grad 75.2 24.3 
Attend Colleqe/TS 64.4 35.6 
Graduated HS 59.6 40.4 
Did not Grad HS 48.1 51.9 
Unknown 78.4 21 ,7 

Income 
$50K 75.6 24.4 
$35K- $49,999 67.7 32 .3 
$25K- $34,999 61 .2 38.9 
$15K- $24,999 57.7 42.3 
<$15K 48.1 51 .9 
Unknown 57.8 42 .2 

Diabetes Education 

The BRFSS (2006) question pertaining to diabetes education asks Have 

you ever taken a course or class in how to manage your diabetes yourself? Type 
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3 Analysis of Effects for depression presented in Table 4 report a significant 

effect for depression (Wald x,2 = 6.4, p=04). Odds ratio estimates for diabetes 

education are represented in Table 5 and indicate that participants with no 

depression are more likely to report attending diabetes education classes than 

those experiencing a major depressive episode (OR= 1.3, 95% Cl, 1.01 - 1.7). 

Table 6 indicates that nearly half of participants experiencing a major and minor 

depressive episodes (47%) report not attending diabetes education classes. 

These findings support the study's first hypothesis that depression is negatively 

associated with attending diabetes education classes. Hypothesis two is not 

supported because there are no significant differences in attending diabetes 

education classes between participants experiencing major and minor depressive 

episodes. 

Table 4 indicates that diabetes type (Wald x2 = 15.7, p = <.0001), sex 

(Wald x,2 = 12.3, p =.0005), and level of education (Wald X2 = 45.9, p<.0001) 

covariates are significantly related to self-reported attendance to diabetes 

education classes. Odds Ratio Estimates (Table 5) indicate that participants with 

Type 1 diabetes are more likely to report attending diabetes education than those 

with Type 2 (OR = 2.1, 95% Cl, 1.5 - 3.1 ). Men are less likely to report attending 

diabetes education classes than women (OR= 0.8, 95% Cl, 0.6 - 0.9). And 

participants who report not graduating from high school (OR= 0.5, 95% Cl, 0.4 -

0.7) and graduating from only high school (OR= 0.7, 95% Cl, 0.6 - 0.8) are less 

likely than college graduates to report attending diabetes education classes. 
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Table 4: Summary Type 3 Analysis of Effect for Diabetes Education 

Effect DF Wald p 
Chi- Square 

Diabetes Education 1 5.2 0.02 
Race 5 2.1 0.8 
Sex 1 12.3 0.0005 
Depression 2 6.4 0.04 
Marital Status 2 6.8 0.03 
Education 4 45.9 <.0001 
Income 5 3.6 0.6 
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Table 5: Odds Ratio Estimates for Diabetes Education 

Adjusted Odds 95% Confidence 
Variable Ratio Interval 

Diabetes Type 
Type 2 -- --
Type 1 2.1 1.5-3.1 

Age 1.0 1.0-1 .0 
Race/Ethnic Background 

White -- --
Hispanic/Latino 0.9 0.7-1.2 
African-American 1 0.8-1 .3 
Multiracial 1.1 0.6-1.8 
Other 0.8 0.5-1 .2 
Unknown 1.1 0.5-2.1 

Sex 
Women -- --
Men 0.8 0.6 - 0.9 

Depression Category 
Major Depression -- --
Minor Depression 1.1 0.8 - 1.4 
No Depression 1.3 1.01-1 .7 

Marital Status Category 
Married -- --
Not Married 0.9 0.7-1 .1 
Refused to answer 0.8 0.7 - 1.0 

Education 
Graduated College -- --
Attended College/TS 1.0 0.9 - 1.3 
Graduated High School 0.7 0.6 - 0.8 
Did not graduate HS 0.5 0.4 - 0.7 
Unknown 3.9 1.0-15.0 

Income 
$50,000 + -- --
$35,000 - $49,999 1.0 0.8 - 1.3 
$25 ,000 - $34,999 0.9 0.7 - 1.2 
$15 ,000 - $24,999 0.9 0.7 - 1.2 
Less Than $15,000 1.0 0.7 - 1.4 
Unknown 0.8 0.6-1 .0 
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Table 6: Diabetes Education Percents 

Variable Took Class Did not take class 

Diabetes Type 
Type 2 51 .8 48 .2 
Type 1 74.5 25.6 

Race/Ethnic Background 
White 57.4 42.6 
Hispanic/Latino 49.1 50.9 
African-American 59.2 40.8 
Multiracial 59.0 41 .0 
Other 51 .9 48.1 
Unknown 54.6 45.2 

Sex 
Women 57.5 42.5 
Men 54.2 45.8 

Depression Category 
Major Depression 53.0 47.0 
Minor Depression 52.8 47.2 
No Depression 57.2 42.8 

Marital Status Categor 1 

Married 57.6 42 ,4 
Not Married 52.8 47.1 
Unknown 52.8 47.1 

Education 
College Grad 62 .0 38.0 
Attend College/TS 63.0 37.0 
Graduated HS 53.8 46.2 
Did not Grad HS 42,5 57.5 
Unknown 81.2 18.8 

Income 
$50,000 + 62.7 37.3 
$35,000 - $49,999 58.7 41 .3 
$25,000 - $34,999 55.3 44.6 
$15,000 - $24,999 53.4 46.6 
< $15,000 49.6 50 .1 
Unknown 52.5 47.5 
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Foot Sores 

The BRFSS (2006) question pertaining to foot sores asks Have you ever 

had any sores or irritation on your feet that took more than four weeks to heal? 

Type 3 Analysis of Effects for foot sores are presented in Table 7 and indicate 

significance for depression (Wald x,2 = 32.3, p<.0001). Odds Ratio Estimates 

(Table 8) indicate that respondents experiencing no depression (OR= 2.8, 95% 

Cl, 2.0 - 4.0) or a minor depressive episode (OR= 2.1, 95% Cl, 1.5 - 2.9) are 

more likely to report no foot sores than participants experiencing a major 

depressive episode. Table 9 indicates that over one quarter of participants 

experiencing a major depressive episode (26%) and nearly one quarter 

experiencing a minor depressive episode (22%) report having foot sores. These 

findings support the study's two hypotheses that depression is negatively 

associated with the occurrence foot sores, and major depressive episodes have 

a greater negative association on the occurrence of foot sores than minor 

depressive episodes. 

Table 7 indicates that the race (Wald x2 = 12.4, p = .03) and income (Wald 

x2 = 24.7, p=.0002) covariates are significantly related to the occurrence of 

diabetes related foot sores. Odds Ratio Estimates (Table 8) indicate that African 

American participants are more likely to report foot sores than white participants. 

And participants who have an annual income: <$15,000 (95% Cl, 0.2 - 0.5); 

$15,000 - $24, 999 (95% Cl, 0.3 - 0.8); $25,000 - $34,999 (95% Cl, 0.4 - 0.9) -

are less likely to report no foot sores than participants whose annual income is 

$50,000 +. 
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Table 7: Summary Type 3 Analysis of Effect for Foot Sores 

Effect OF Wald p 
Chi- Square 

Foot Sores 1 9.6 0.002 
Race 5 12.4 0.03 
Sex 1 4.0 0.05 
Depression 2 32.3 <.0001 
Marital Status 2 1.0 0.6 
Education 4 28.7 <.0001 
Income 5 24.7 0.0002 
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Table 8: Odds Ratio Estimates for Foot Sores 

Variable Adjusted Odds 95% Confidence 
Ratio Interval 

Diabetes Type 
Type 2 -- --
Type 1 0.7 0.4-1 .3 

Age 1.0 1.0-1 .0 
Race/Ethnic Background 

White -- --
Hispanic/Latino 1.0 0.7 - 1.5 
African-American 2.0 1.3 - 2.9 
Multiracial 1.0 0.6 - 1.6 
Other 1.2 0.7 -2.2 
.Unknown 1.3 0.6 -2.6 

Sex 
Women -- --
Men 0.7 0.5 - 1.0 

Depression Category 
Major Depression -- --
Minor Depression 2.1 1.5 - 2.9 
No Depression 2.8 2.0-4.0 

Marital Status Category 
Married -- --
Not Married 1.0 0.7-1.4 
Unknown 0.8 0.6-1 .2 

Education 
Graduated College -- --
Attend College/TS 0.9 0.6- 1.3 
Graduated HS 1.4 1.0-1 .9 
Did not Graduate HS 1.1 0.7 - 1.7 
Unknown 215.0 24.0-1000 

Income 
$50,000 + -- --
$35 ,000 - $49,999 0.9 0.6-1 .3 
$25,000 - $34,999 0.6 0.4 - 0.9 
$15,000 - $24,999 0.5 0.3 - 0.8 
Less Than $15,000 0.3 0.2 - 0.5 
Unknown 0.5 0.3 - 0.7 
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Table 9: Foot Sores Percents 

Variable Foot Sores No Foot Sores 

Diabetes Type 
Type 2 9.5 90.5 
Type 1 21 .6 78.4 

Race/Ethnic BackQround 
White 12.1 87.9 
Hispanic/Latino 13.9 86.1 
African-American 9.0 91.0 
Multiracial 16.5 83.5 
Other 12.3 87.7 
Unknown 11.8 88.2 

Sex 
Women 57.5 42.5 
Men 12.2 87.8 

Depression Category 
Major Depression 26.3 74.7 
Minor Depression 22.3 85.3 
No Depression 8.9 91 .1 

Marital Status Categor11 
Married 10.8 89.2 
Not Married 14.4 85.6 
Unknown 5.9 94.1 

Education 
College Grad 10.2 89.8 
Attend College/TS 14.0 86.0 
Graduated HS 10.8 89.2 
Did not Grad HS 14.6 85.5 
Unknown 0.1 99.9 

Income 
$50k 7.1 92.9 
$35K - $49,999 9.3 90.7 
$25K - $34,999 10.6 89.4 
$15K - $24,999 12.9 87.1 
<$15,000 21 .5 78.5 
Unknown 12.3 87.4 

Foot Check 

The BRFSS (2006) question pertaining to foot checks asks About how 

often do you check your feet for any sores or irritations? Education and marital 
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status were omitted from the foot check covariate model because each contained 

one cell with zero frequency. Removing this variable did not result in an improved 

goodness of fit model for an ordinal outcome variable, so the multi - category 

outcome variable was retained. Type 3 Analysis of Effects for foot checks are 

presented in Table 10 and do not support the study's two hypotheses that (1) 

depression is associated with foot checks, and (2) major depression has a 

greater association to foot checks than minor depression. 

Table 10 indicates that diabetes type (Wald x2 = 17.9, p = .0001) is 

significantly related to foot check adherence. All comparisons were made with 

daily foot checks as the reference condition. Odds Ratio Estimates {Table 11) 

indicate that participants with Type 1 diabetes are less to report never checking 

their feet than participants with Type 2 diabetes (OR= .24, 95% Cl, 0.1 - 0.5). 

Table 5 indicates that race (Wald x2 = 39.2, p = .01) is significantly related to foot 

check adherence, and Odds Ratio Estimates indicate significance in the-other

and -unknown-categories. Although these categories are within the race 

covariate, they are too ambiguous for interpretation because it is not possible to 

specify the actual racial/ethnic backgrounds of these particular survey 

respondents. 
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Table 10: Summary Type 3 Analysis of Effects for Foot Checks 

Effect OF Wald Pr>ChiSq 
Chi- Square 

Foot Checks 
Diabetes Type 4 17.9 0.001 
Age 4 2.7 0.6 
Race 20 39.2 0.01 
Sex 4 8.2 0.1 
Depression 8 4.8 0.7 
Income 20 28.9 0.1 

Table 11: Odds Ratio Estimate for Foot Check 

Daily vs. Daily vs. Daily vs. Daily vs. 
Variable Weekly Monthly Yearly Never 

Checks Checks Checks Checks 
Diabetes Type 

Type2 -- -- -- --
Type 1 1.25 (.8- 2) 1.1 (.6-2.3) 1.1 (.4-2.8) .24 (.1 - .5) 

Age 1.0(1.0-1.0) 1.0(1.0-1.0) 1.0(1.0-1.0) 1.0(1.0-1.0) 
Race 

White -- -- -- --
Hispanic 1.2 (.8-1.8) .98 (.5-1.9) 1.4 (.7-2.6) 1.2 (.8-1.9) 
AA .7 (.5-1) .6 (.4-1) .6 (.3-1.4) . 7 (.5-1.1) 
Multiracial 1 (.6 - 1.7) .6 (.3-1.2) .7 (.2-2.2) 1.1 (.5-2.5) 
Other .5 (.3 -.9) 1 . 5 (. 7 -3 .4) .5 (.2 -1.2) 1.2 (.7-2) 
Unknown .45 (.2 - .9) .6 (.2-1.6) .32 (.06-1.7) .34 (.2 - .8) 

Sex 
Women -- -- -- --
Men 1.2 (1-1.5) 1.3 (.95-1.9) 1.2 (.7-1.8) 1.2 (.9-1.6) 

Depression 
Major -- -- -- --
Minor 1.2 (.8-1.7) .8 (.5-1.5) 1 . 6 (. 7 -3 .4) 1 (.6 - 1.5) 
None 1 (.7-1.4) .75 (.5-1.2) 1.3 (. 7-2.5) 1 (.7-1.5) 

Income 
SOK+ -- -- -- --
35K-49,999 .9(.6-1.1) 1.2 (.7-2.2) .8 (.4-1.6) 1 (.7 - 1.7) 
25K-34,999 .9 (.6-1.3) .9 (.5-1.6) .5(.25-1.1) 1.3 (.9-1.9) 
15K-24,999 .8(.6-1.1) .8 (.5-1.2) .5 (.3 - .99) .8 (.6-1.2) 
<15K .8 (.6-1.3) .8 (.4-1.6) .6 (.3-1.1) 1 . 1 (. 7 -1 . 7) 
Unknown .6 (.5 - .95) .5 (.3 - .9) .5 (.3 -1) 1.5 (.96-2.2) 
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Blood Glucose Check 

The BRFSS (2006) question pertaining to blood glucose checks asks 

About how often do you check your blood for glucose or sugar? Education was 

omitted as a covariate from the blood glucose check covariate model because it 

contained one cell with zero frequency. Removing this variable did not result in 

an improved goodness of fit model for an ordinal outcome variable, so the multi -

category outcome variable was retained. Type 3 Analysis of Effects for blood 

sugar checks are presented in Table 12 and do not support the study's two 

hypotheses that (1) depression impacts foot checks, and (2) major depression 

has a greater impact on self-care than minor or depression. 

Table 12 indicates that diabetes type (Wald x2 = 77.6, p= <.0001), race 

(Wald x2 = 39.5, p=.01), and sex (Wald x2 = 19.6, p = .001) are significantly 

related to blood glucose checks. The reference category for the Odds Ratio was 

daily blood glucose checks. The categories compared to the reference were self 

- reported as weekly, monthly, yearly, and neverfor blood glucose check 

frequency. Odds ratio estimates (Table 13) indicate that Type 1 diabetics are less 

likely than Type 2 diabetics to report: never checking blood glucose (OR= 0.1, 

95% Cl, .04 - 0.3); yearly blood glucose checks (OR=0.06, 95% Cl, .02 - 0.2); 

monthly blood sugar checks (OR= 0.2, 95% Cl, .07 - 0.5); weekly blood sugar 

checks (OR= 0.2, 95% Cl, 0.1- 0.3). For race, Hispanic participants are more 

likely than whites to report daily vs. never checking their blood glucose (OR = 

1.5, 95% Cl, 1.1 - 2.6), and daily vs. monthly checks (OR= 2.1, 95% Cl, 1.2 -

3. 7). Men are more likely than women to report: never checking blood glucose 
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OR= 1.5 , 95% Cl, 1.1 - 2.0); yearly blood glucose checks (OR=1.6, 95% Cl, 1.1 

- 2.5); and weekly checks (OR=1.4, 95% Cl, 1.1 - 1.7). 

Table 12: Summary Type 3 Analysis of Effects for Blood Glucose Checks 

Effect OF Wald Chi - Square p 

Blood Glucose Checks 
Diabetes Type 4 77.6 <.0001 
AQe 4 1.2 0.9 
Race 20 39.5 0.01 
Sex 4 19.6 0.001 
Depression 8 5.2 0.7 
Marital Status 8 12.4 0.13 
Income 20 20.6 0.4 
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Table 13: Odds Ratio Estimates for Blood Glucose Checks 

Daily vs. Daily vs. Daily vs. Daily vs. 
Variable Weekly Monthly Yearly Never 

Checks Checks Checks Checks 
Diabetes Type 

Type 2 -- -- -- --
Type 1 .2 (.1-.3) .2 (.07-.5) .06 (.02-.2) .11 (.04-.3) 

AQe 1.0(1.0-1.0) 1.0(1.0-1.0) 1.0(1.0-1.0) 1,0(1.0-1.0) 
Race 

White -- -- -- --
Hispanic 1.4 (1-2) 2. 1 (1.2-3. 7) .5(.2-1.1) 1. 7 (1.1-2.6) 
AA 1 (.8-1.3) 1 (.6-1.7) .7(.3-1.2) .7(.4-1.1) 
Multiracial 1.1 (.6-2.2) .7 (.3-1.3) .4 (.2-1) .8 (.4-1.6) 
Other 1.4 (.9-2.2) .5(.2-1.1) .9 (.2-3.4) 1.2(.7-2.1) 
Unknown .6 (.3- 1.2) .4 (.15-1.2) .6 (.2 - 2.1) .8 (.4 -1.9) 

Sex 
Women -- -- -- --
Men 1.4 (1.1-1. 7) 1.3(.9-1.9) 1.6 (1.1-2.5) 1.5 (1.1-2) 

Depression 
Major -- -- -- --
Minor 1.1 (.8-1.6) 1.1 (.7-1.9) 1.4 (.6-3.1) .8 (.5-1.3) 
None 1 (.7-1.4) 1.3 (.8-2.1) .8 (.5-1.4) .9 (.6-1.3) 

Marital Status 
Married -- -- -- --
Not Married .9(.7-1.1) . 7 (.5- 1.0) .9 (.6-1.4) 1.3 (1.0-1.7) 
Unknown .4(.08-1.8) .2 (.03-1.8) 1.6 (.2-13.8) 1 . 7 ( .4-7. 1 ) 

Income 
SOK -- -- -- --
35K-49,999 1 (.7-1.3) .9 (.6-1.5) .5 (.3-1.1) 1 (.6-1.6) 
25K-34,999 1.2 (.8-1.6) 1.1 (.6-2) 1.1 (.5-2.3) 1.1 (.7-1.5) 
15K-24,999 .8 (.6-1.1) 1 (.6 - 1.7) .6 (.3-1.2) .9 (.6-1.3) 
<15K .9 (.6-1.2) 1 (.5 - 2) .5 (.3- 1) 1 (.6 - 1.5) 

Unknown 1.2 (.8-1.7) . 7 (.4-1.1) .9(.4-2) 1.2 (.8-1.8) 
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Discussion 

This study provides a population - based estimate of the association 

between depression and diabetes self-care behaviors among diabetic adults 

between the ages of 18 and 99 in the United States. An additional purpose of the 

study was to determine if impact on self-care behaviors would be related to level 

of depression defined as major and minor depressive episodes as determined by 

PHQ-8 score. The relationship between depressive episode and diabetes self

care behavior was evaluated while controlling for the effects of variables that 

could potentially influence the association. Significant associations were found 

between participants experiencing a major depressive episode and the diabetes 

self-care behaviors of regular physical exercise, attending diabetes education 

classes, and occurrence of foot sores. Depression was not related to the self

care behaviors of regular foot checks and frequency of blood sugar self

monitoring. 

The current study substantially broadens understanding of the relationship 

between depression and diabetes and supports the hypothesis that depressive 

episode is associated with patient adherence to some diabetes self-care 

behaviors. After controlling for the effects of race/ethnicity, income, sex, marital 

status, education, and diabetes type respondents with no depression and those 

experiencing a minor depressive episode were significantly more likely to report 

adhering to self - care than participants experiencing a major depressive 

episode. These findings are consistent with findings from clinical samples 

(Ciechanowsky et al 2003; Lin et al, 2004; Wells et al, 1989; Ciechanowski, 

Katon, and Russo, 2000; Gonzalez et al, 2007; Norris et al, 2001; Rickheim et al 
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2002; Herber, Schnepp and Rieger, 2007; Marjolein et al, 2009), and signify that 

not only does comorbid diabetes and depressive symptoms negatively impact 

adherence to diabetes self-care behaviors, but there is a dose-response 

relationship between depressive symptoms and non-adherence. Diabetics 

experiencing a major depressive episode are less likely to adhere to exercise 

and diabetes education recommendations than diabetics experiencing a minor 

depressive episode. Likewise, diabetics experiencing a minor depressive episode 

are less likely to conform to these behavioral recommendations than diabetics 

with no depression. 

Participants with no depression and those experiencing a minor 

depressive episode are more likely to report not having foot sores than those 

experiencing a major depressive episode. Previous studies have documented the 

impact of depression and Health Related Quality of Life (HRQOL) and foot sores. 

Past research also indicates that along with other quality of life factors, having a 

history of foot sores is significantly associated with poor psychological well-being 

and a low perception of health (Herber, Schnepp and Rieger, 2007) Interestingly, 

according to findings from the current study depressive symptoms do not impact 

frequency of foot checks, so unraveling factors associated with depressive 

symptoms and foot sores is critical for understanding this relationship. One 

possibility is that people who have depression are more likely to report that they 

have had foot sores due to recall bias. Research indicates that negative life 

events are remembered more frequently among depressed people (Pyszczynski, 

Hamilton and Herring, 1989). For example, diabetics who are currently 
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depressed might be more likely to recall and report foot sores because they are a 

perceived negative life event. 

Results for foot and blood glucose check categories do not support the 

study's two hypotheses that (1) depression would negatively impact frequency of 

foot and blood glucose checks, and (2) major depression has a greater impact on 

these self-care behaviors than minor or major depression, because no significant 

effects for depression were found. These findings support prior research findings 

that indicate depression does not impact checking behaviors individuals conduct 

themselves, such as foot and blood glucose checks (Lin et al, 2004; Egede, Ellis, 

and Grubaugh, 2009). 

A recent study evaluating the relationship between depression and 

diabetes self-care using the same BRFSS (2006) data found that depression 

impacts the self-care behaviors of leisure activities and smoking. Egede, Ellis, 

and Grubaugh (2009) examined the association between depression and 

diabetes self-care and the quality of care received. Four self-care behaviors were 

measured: leisure activities, smoking, blood glucose checks, and foot checks. 

The authors determined that both minor and major depression negatively impact 

diabetes self care. Their findings indicate that diabetics with depression are more 

likely to smoke tobacco and less likely to engage in leisure activity. Findings from 

the current study partially confirm Egede, Ellis, and Grubaugh (2009) in that 

major depression was found to impact the diabetes self-care exercise. Also, no 

significant effects for foot and blood glucose checks were found. In their analysis, 

Egede, Ellis, and Grubaugh (2009) modified the response options from daily, 
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weekly, monthly, and yearly to daily and other. Although treatment of the 

response options in their study and the current study are open to criticism, both 

studies found no relationship between depression and either frequency of foot 

and blood glucose checks. One criticism of the Egede, Ellis, and Grubaugh 

(2009) study is that the authors do not state that they weighted their analyses to 

population values. This would mean that estimates of depression and diabetes 

would not be representative of the U.S. adult population. Also, estimates of the 

relationship between levels of depression and diabetes would not be 

representative values if the models were not weighted. In addition, Egede, Ellis, 

and Grubaugh (2009) did not consider the occurrence of foot sores or diabetes 

type in their analyses. 

Implications of findings 

The current study findings have implications for clinicians who treat 

patients with diabetes and depression. Depression and diabetes self-care clinical 

screening instruments exist and are presently used by clinicians (Toobert and 

Hampson, 2000). Neglected self-care may indicate the presence of additional 

problems that need to appropriately evaluated ant treated. Depression may be 

indicative of poor self-care, and poor self-care may be indicative of depression 

(Anderson et al, 2001 ). Clinicians must pay closer attention to patients with 

diabetes and depression beyond screening. Primary-care physicians should 

ensure that patients with diabetes and depression are effectively treated for their 

depression Clinicians should also take in to account the impact of the differing 

forms of depression. Major depression has a greater impact on diabetes self-care 
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than minor or no depression. Although important for all diabetes patients, 

clinicians should recognize that adherence to self-care is a potential additional 

issue when treating diabetics with comorbid depression. 

Health care providers such as nurses, social workers, and diabetes 

educators will also benefit from the current study's findings because diabetes 

education classes are often taught by these professionals. Findings may also 

benefit organizations that support and provide diabetes education classes - who 

can promote services through public service announcements or other forms of 

advertising to educate and motivate diabetics with comorbid depression to attend 

diabetes education classes. 

Relationship of Covariates on Self-care 

For the outcome variables of exercise participation, diabetes education, 

and foot sore occurrence, several covariates were related to the outcome

variables. Marital status and level of education were significantly related to the 

diabetes self-care behavior of exercise. Unmarried participants were more likely 

to report no exercise than married participants, and participants who did not 

graduate from high school were more likely than college graduates to report no 

exercise. Diabetes type, sex, and level of education were related to attendance 

at diabetes education classes. Participants with Type 1 diabetes were more likely 

to report attending diabetes education than those with Type 2 diabetes. Men 

were less likely to report attending classes than women, and participants who did 

not graduate from high school and graduated from high school only were less 

likely than college graduates to report attending diabetes education classes. With 
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foot sore-occurrence, African American participants were more likely to report 

foot sores than white participants. And participants who reported an annual 

income< $50,000 are less likely to report no foot sores than participants whose 

annual income is $50,000 +. 

Limitations 

The current study is limited in a few important areas. One problem is the 

lack of relationship between depression and the five-category foot and blood 

sugar monitoring variables. Research supports the current study's findings that 

depression does not impact these self - monitoring activities (Lin et al, 2004). 

However, possibility still remains that depression impacts foot and blood glucose 

checks, but cannot be determined using the particular five category models that 

were used in this study. Questions about frequency of blood sugar and foot 

checks admitted a variety of responses (frequency could be reported in days, 

weeks, months, years, or never). Rather than equating all responses on a single 

unit of measure, the responses were regarded as reflecting differences in 

perceived frequency. Therefore participants who reported any number of daily 

blood glucose tests were classified as daily testers, while those who reported any 

number of monthly blood glucose tests were classified as monthly testers, and so 

on. This strategy did no permit the construction of non-overlapping categories. 

For instance, participants who reported checking their feet four times per month 

were placed in the monthly check category. Obviously checking four times per 

month is roughly the same as checking once per week. This creates an overlap 

in the classification scheme of reported frequency of blood sugar and foot 
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checks, leading to the possibility that the failure to relate depression to these 

outcome variables may be an artifact of these overlapping categories. As stated, 

Egede, Ellis, and Grubaugh, (2009) also failed to find a relationship between 

these variables and depression. 

Correcting the problem would require converting all responses to a 

common scale of measure (i.e., days, weeks, or months), and constructing non

overlapping categories. At the time that the study was proposed, it was decided 

to determine if a relationship existed between the outcome variables and the unit 

of measurement that the respondent chose to use in reporting. Determining the 

relationship between actual frequency of blood sugar and foot checking and 

depression would require a more refined approach to creating the outcome 

categories. 

Other limitations have to do with the restricted data available through the 

PHQ-8 and the BRFSS (2006) as a telephone survey. The PHQ-8 is an effective 

tool for identifying episodes of depression, but without a clinical interview or a 

more detailed list of questions it is not possible to separate cases of depression 

from cases of other mental illnesses that share similar symptomatology (e.g. 

bipolar disorder, generalized anxiety, schizophrenia, etc.). The PHQ-8 is also 

unable to discriminate between a depressive episode and transient states of 

negative emotion (LoBello & Zachar, 2009). It is important to recognize that when 

using the PHQ-8 the possibility exists that patients with a chronic medical illness 

like diabetes answer questions based on the physically-oriented symptoms of 

depression. This may cause participant scores to add up to a diagnosis of 
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depression (5 :5 PHQ-8 :5 9) in the absence of one of the required emotional 

symptoms (i.e., sadness and feelings of worthlessness) (APA, 2000). In such 

cases, the physical discomforts associated with diabetes (e.g. abdominal pain, 

increased hunger, and altered states of consciousness) are captured, but neglect 

emotional aspects associated with depression (American Diabetes Association, 

2009). The BRFSS does not ask participants if they are currently undergoing any 

form of treatment for depression (LoBello & Zachar, 2009). 

The nature of the BRFSS (2006) as a telephone survey creates 

limitations. Telephone surveys can lead to biased outcomes because they 

exclude households without telephones. Also, a segment of the population may 

have been excluded because they have abandoned the land-line telephone in 

favor of the cell phone. This is especially true for the 18 - 25 year old 

demographic and because the study is a cross-sectional design, the 

determination of causal relationships is precluded. Specifically, it is impossible to 

determine if depression precedes or follows problems in managing self-care 

among diabetics. 

Additional Research 

Methods for the current study made it impossible to analyze some self

care behaviors that may be of interest when researching the impact of 

depression on diabetes self-care. Prior studies indicate that diabetes self-care 

behaviors such as medication and vaccination adherence may also be affected 

by depression, while other studies have looked at depressions impact on 

diabetes self-care of healthy HbA 1 C levels, with varied results (Egede, Ellis, and 
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Grubaugh, 2009; Lin et al, 2004; Ciechanowski, 2003). The BRFSS (2006) does 

not ask about medication adherence, but additional studies using the BRFSS 

(2006) could measure depressions impact on other diabetes self-care behaviors 

that are not necessarily behaviors patients conduct themselves. Potential 

categories with corresponding BRFSS (2006) questions include: vaccinations, 

eye exams, and HbA1C. 

Conclusion 

In summary, the current study expands understanding of the relationship 

between depression and diabetes, and confirms that depression is associated 

with patient adherence to diabetes self-care behaviors. It provides a population -

based estimate of the impact of depression on diabetes self-care behaviors 

among diabetic adults in the United States, and determined that major 

depressive episodes have a greater impact than minor depressive episodes or 

no depression on diabetes self-care behaviors. Significant associations were 

found between depressive symptoms and the diabetes self-care behaviors of 

regular physical exercise, attending diabetes education classes, and occurrence 

of foot sores. 

Taking into account the links between diabetes and depression, the 

potential impact of depression on diabetes self-care should not be dismissed. 

Misconceptions regarding this relationship may prevent the recognition of 

depressions impact on diabetes self-care. Health care providers treating diabetes 

are directed to routinely employ screening measures to identify patients who may 

meet the criteria for depression. These screening measures should incorporate 
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questions regarding patient's perception of health related quality of life, the 

amount of emotional support they receive, and their mental health history. 

Increased awareness of depressions impact on diabetes will hopefully encourage 

more mental - health intervention and lead to better diabetes health outcomes. 
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