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Abstract

Objectives—To examine the relationship between depression and glycemic control in the Strong 

Heart Study (SHS), a longitudinal study of cardiovascular disease in American Indians.

Methods—This cross sectional analysis focused on the relationship between depression, 

diabetes, and glycemic control among 2,832 individuals ≥age 15. Depression was measured by the 

CES-D scale and diabetes by American Diabetes Association criteria. An ordered logit regression 

model was used to assess whether diabetes was related to level of depression (none, mild, 

moderate, severe). Multiple logistic regression was used to explore the relationship between A1c 

and severe depression in participants with diabetes.

Results—Rates of depression were higher in men and women with diabetes when compared to 

those without diabetes, respectively (p<.05). For every 1-unit increase in A1c, the odds of severe 

depression increased by 22% (OR 1.22, 95% CI: 1.05–1.42). Female gender (OR 2.97, 95% CI: 

1.32–6.69) and BMI (OR 1.04, 95% CI: 1.00–1.08) also were significantly associated with 

increased risk for severe depression. Although BMI appears to be significantly associated with 

increased risk for severe depression, the magnitude of this effect was small.

Conclusions—Individuals with diabetes have higher rates of depression than those without 

diabetes, consistent with other populations. There is a positive relationship between severity of 

depression and A1c levels; men and women with severe depression have higher A1c levels than 

those with moderate-to-no depression.
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INTRODUCTION

Diabetes is a chronic disease that becomes increasingly difficult to manage when it is 

accompanied by depression (Anderson et al., 2001). Those with diabetes and depression are 

at increased risk of hyperglycemia and long-term diabetes complications. Additionally, 

improvements in depression have been shown to lead to improvements in glycemic control 

in several separate trials (Lustman et al., 1997; Lustman et al., 1998; Lustman et al., 2000). 

Because these two conditions may exacerbate one another, simultaneous treatment of both 

may become standard care in management of diabetes (Lustman & Clouse, 2002).

American Indian populations have been shown to have a diabetes prevalence of more than 

three times that of the general U.S. population, with mortality rates approximately four times 

those of whites and twice those of African Americans (Gohdes & Bennet, 1993). The 

findings regarding depression are more mixed, with indications of the importance of cultural 

considerations in the assessment of major depression (Beals et al., 2005; Manson & 

Kleinman, 1998). Nevertheless, depression is also a significant problem in many American 

Indian communities (Finkbonner, 2002).

The examination of psychosocial factors, which play a major role in diabetes management, 

has been of recent interest; however, published articles in this area are limited. Depression 

has been associated with an increased risk for diabetes in specific American Indian 

communities (Jian et al., 2007). Additional preliminary support has been found for an 

inverse relationship between glycemic control and depression among those with diabetes in 

an American Indian community (Sahota et al., in press). A small study suggested that co-

morbid depression may have a similar impact on the treatment and management of diabetes 

among American Indian populations as among non-American Indian populations (Singh et 

al., 2004). However, to date there has been no large-scale investigation of the relationship 

between glycemic control and depression in a broad group of American Indians with or 

without diabetes. The Strong Heart Study (SHS) provides an opportunity to examine the 

relationship between depression and glycemic control in a large geographically and age-

diverse population of American Indians.

METHODS

The SHS is a longitudinal study of cardiovascular disease and its risk factors in American 

Indians in three geographic areas. During the fourth exam (2001–2003) of the SHS, data 

were collected on a range of psychosocial characteristics. This cross sectional analysis 

focused on the relationship between depression and glycemic control among men and 

women ages 15 years and older.

Participants

SHS included 13 American Indian communities in three distinct geographic areas. The study 

has recruited and examined members of 95 families ranging in size from 5 to 110 examined 

individuals. These include 32 families from Arizona with 9 to 66 members, 27 families from 

the Dakotas with 5 to 110 members, and 36 from Oklahoma with 20 to 61 members. For the 

fourth exam, 3665 participants completed a personal interview, physical examination, and 
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laboratory tests. Of these, 819 were missing data for depression and 14 were missing data 

for diabetes. The final sample with complete data included 2,832 participants (Table I).

Assessment of Depression

The Center for Epidemiologic Studies of Depression Scale (CES-D) scale is a screening tool 

for depression (Radloff, 1977). It is composed of 20-items, administered as a self-report 

instrument (Radloff, 1977). The CES-D has been used in several published studies with 

American Indian participants (Baron et al., 1990; Manson et al., 1990; Somervell et al., 

1993; Beals et al., 1991; Dick et al., 1994). The CES-D is described in previous SHS 

publications as a “non clinical measure of depressive symptomatology” (Plaud et al., 1997). 

The CES-D is designed to measure current level of depressive symptoms and depressive 

affect. The items were chosen (from five previously used depression scales) to represent all 

major components of depressive symptoms, including depressed mood, feelings of guilt and 

worthlessness, feelings of helplessness and hopelessness, loss of appetite, sleep disturbance, 

and psychomotor retardation. Items are rated on a 4-point scale indicating the degree of their 

occurrence during the last week. The ratings range from “rarely or not at all” to “most of the 

time.” The CES-D has been used as a standard measure of depression for many large-scale 

studies, including the Honolulu Heart Program, the Inter-Tribal Heart Project (Menominee, 

Red Lake, and White Earth), CARDIA, and the Stanford Coronary Prevention Project (SHS 

Family Study Phase IV Operations Manual).

Reliability and Validity—The CES-D has been found to be adequate in both test-retest 

reliability and internal consistency, with a Cronbach’s alpha of .89 (Radloff, 1977). Its 

internal consistency also has been tested in American Indians and is reported as .86 

(Somervell et al., 1993). The scale has been shown to distinguish between clinically 

depressed and general community groups (Radloff, 1977). Although it is usually scored 

continuously, there are various cut-off scores, with reasonable associations between cut-off 

scores and severity of depression (Radloff, 1977).

Administration—The CES-D is designed for self-administration or to be given in an 

interview format.

Scoring—Twenty items are rated on a 4-point Likert scale, ranging from “rarely, or not at 

all,” scored as 0, to “most of the time,” scored as 3. Four positively worded items are 

reversed when scored. Item scores are then summed for a total depression score (the higher 

the score, the greater the depressive symptoms). Four categories of depressive symptoms 

were created based on the following cut-off points of the CES-D score: none = < 10; mild = 

10–15; moderate = 16–24; severe > 24 (Radloff, 1977; Greden & Schwenk, 1997; 

Weissman et al., 1977).

Diagnosis of Diabetes

Given the high prevalence rates of diabetes in American Indians, all participants were asked 

to provide fasting blood samples for measurement of glucose and insulin. Diabetes was 

diagnosed using fasting glucose measures in accordance with American Diabetes 

Association criteria (Lee et al., 1990). In addition, participants were included as having 
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diabetes if they had ever been told they had diabetes by their doctor, were currently taking 

diabetes medications, or had a fasting glucose level of > 126mg/dL.

Statistical Methods

Chi-square and Student’s t tests were used to examine differences in proportions and means 

between categorical and continuous variables, respectively. First, the differences between 

male and female participants were explored. Because the purpose of this report was to 

understand the relationship between diabetes and symptoms of depression in a cross-

sectional setting, further comparisons focused on differences between participants with 

diagnosed diabetes who did and did not have depressive symptoms. An ordered logit 

regression model was used to assess whether diabetes was related to categories of depressive 

symptoms (none, mild, moderate, severe) after adjusting for potential confounders. Multiple 

logistic regression was then used to explore the relationship between A1c and severe 

depressive symptoms in participants with diabetes. The Hosmer-Lemeshow goodness-of-fit 

test was used to determine whether the model assumptions were violated. All analyses were 

performed using SAS version 9.1.3.

RESULTS

Table I describes the demographic and health related characteristics of the sample. 

Comparisons by gender indicated statistically significant differences in age, body mass 

index (BMI), weight, alcohol use, normal fasting glucose, duration of diabetes, and form of 

diabetes treatment. Differences in A1c levels also showed a trend that approached 

significance.

Women with diabetes showed higher occurrence of depressive symptoms than those without 

diabetes (p < 0.05) (Figure 1). Among male participants, the pattern was similar as those 

with diabetes showed higher rates of depressive symptoms than those without diabetes (p < 

0.05). Results from the ordered logit regression model showed that diabetes was 

significantly related to odds of occurrence of depressive symptoms after adjusting for age, 

gender, BMI, alcohol use, and education (p < 0.05).

The relationship between severity of depressive symptoms and other variables in 

participants with diagnosed diabetes is shown in Table II. Individuals who reported severe 

depressive symptoms were younger (p < 0.05), more likely to be female (p < 0.05), and had 

significantly higher BMI scores (p < 0.05). In addition, participants with a severe level of 

depressive symptoms also had significantly higher A1c levels. There were no differences in 

types of diabetes treatment used between those with severe depressive symptoms and those 

without severe depressive symptoms.

A multiple logistic regression model in individuals with diagnosed diabetes is presented in 

Table III. The model, comparing 48 participants with severe depressive symptoms as 

measured by the CES-D and 445 without severe depressive symptoms who had complete 

data for all the covariates, was statistically significant (likelihood ratio χ2 = 25.36, p = 

0.0003). For every 1-unit increase in A1c, the odds of severe depression increased by 22% 

(OR 1.22, 95% CI: 1.05–1.42), after adjusting for the other covariates in the model. Female 
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gender (OR 2.97, 95% CI: 1.32–6.69) and BMI (OR 1.04, 95% CI: 1.00–1.08) were also 

significantly associated with increased risk for severe depression.

DISCUSSION

These findings present the first analyses of depression and its relation to glycemic control 

among diabetic individuals in a large geographically and age-diverse group of American 

Indians. The data showed higher rates of depressive symptoms among both men and women 

with diabetes compared to those without diabetes. A positive relationship was observed 

between depression severity and level of glycemic control among those with diabetes. Those 

with severe depressive symptoms had A1c levels almost a full point higher than those with 

moderate-to-no depression.

This finding is consistent with a large body of previous cross sectional studies within the 

general population demonstrating a relationship between depression and glycemic control. 

In a meta-analysis, support was found for a relationship between depression and 

hyperglycemia (Lustman et al., 2000). In a review of the 2006 Behavioral Risk Factor 

Surveillance System, Li et al. (2008) concluded that many of those with diabetes are at 

increased risk of depression and recommended screening patients with diabetes for 

depression. Lustman and Clouse (2005) found depression to be common in those with 

diabetes and that those with depression and diabetes have decreased adherence to treatment 

regimens, increased difficulty with glycemic control, and increased risk for retinopathy 

(Lustman & Clouse, 2005). The overall effect of comorbid diabetes and depression appears 

to increase the likelihood of negative outcomes in diabetes care.

In this sample of American Indians, we observed a positive relationship between glycemic 

control and depression. This relationship suggests that the interaction between glycemic 

control and depression may create additional challenges in managing each respective 

condition. Several factors probably contribute to the impact of comorbid diabetes and 

depression, including the length of illness, rate of complications, and degree of disability.

The relationship between A1c and depressive symptoms, in addition to being a statistically 

significant relationship, is a clinically relevant finding. A decrease in A1c of 1.0 has been 

reported to be associated with nearly a 33% reduction in the progression of retinopathy 

(Morisaki et al., 1994). For every 1 unit increase in A1c, the odds of severe depressive 

symptoms rise at an estimated rate of 22%; thus as A1c levels increase, the risk for severe 

depression increases and the treatment and management of both conditions become more 

difficult and complicated.

There may be several mechanisms for the relation between diabetes and symptoms of 

depression. Support for a bidirectional relationship between depression and diabetes was 

recently discovered in the Multi-Ethnic Study of Atherosclerosis (Golden et al., 2008). 

Depression could result as a reaction to a diagnosis of diabetes, although other studies have 

suggested that the temporal relationship does not support this premise (Talbot & Nouwen, 

2000). The co-morbidities and care requirements of diabetes may enhance depression, but 

Talbot and Nouwen concluded that evidence of major depression resulting from biochemical 
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changes directly due to type 2 diabetes or the treatment of type 2 diabetes (psychosocial 

demands) do not appear to be supported by the literature (Talbot & Nouwen, 2000). 

Alternatively, an interaction of factors, both biological and psychosocial, may increase the 

likelihood of development of type 2 diabetes in those who are depressed; also, incidence of 

diabetes has been shown in one study to be higher in those on antidepressant medications 

(Rubin et al., 2008).

This study has a number of strengths. The SHS is the largest epidemiological survey of 

American Indians, with participants from several culturally and geographically diverse 

tribes. Data were systematically collected using standardized methods and rigorous quality 

control. In addition, the instrument used to assess symptoms of depression has been shown 

to be useful in American Indian participants. The CES-D is a measure of depressive 

symptoms but does not equate with a clinical diagnosis of major depressive disorder. Such 

self-report instruments are widely used to quantify depressive symptoms in research and to 

identify patients in clinical setting who are in need of further mental health evaluation and 

treatment; however, there is not complete concordance between this instrument and the 

clinical diagnosis of depression (Beals et al., 2005). This study is limited because although it 

includes 13 communities, it may not be representative of the larger American Indian 

population. Finally, this study is cross sectional and, therefore, not able to confirm causal 

relations; a longitudinal analysis in this population will be possible after the completion of 

SHS Phase V.

In conclusion, this initial cross-sectional analysis of a large cohort of American Indians over 

a wide age range suggests a high rate of self-reported depressive symptoms in those with 

diabetes and an association with glycemic control. The current results suggest that screening 

for depression could be an important factor in diabetes care at initial onset and diagnosis. 

Furthermore, continued monitoring of diabetes patients’ level of depression is likely to be an 

essential aspect of comprehensive care.
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Figure 1. 
Occurrence of depressive symptoms, by gender and diabetes status, Strong Heart Study, n = 

2832

DM (diabetes mellitus) includes newly diagnosed and diagnosed cases.

None = Center for Epidemiologic Studies of Depression Scale (CES-D) score < 10; Mild = 

CES-D score 10–15; Moderate = CES-D 16–24; Severe = CES-D score > 24.

*p-value for differences in depressive symptoms in men = 0.0014.

ˆp-value for differences in depressive symptoms in women < 0.0001.
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Table I

Participant characteristics, N = 2832

Total
(N=2832)

Men
(n=1081)

Women
(n=1751)

p-value

Age (years) 39.55 (16.73) 38.42 (16.58) 40.26 (16.79) 0.0045

BMI (kg/m2) 32.24 (7.83) 31.37 (7.48) 32.78 (7.99) <0.0001

A1c (%) 6.73 (2.06) 6.59 (2.01) 6.81 (2.08) 0.0594

Education (years) 11.9 (2.3) 11.9 (2.3) 11.9 (2.4) 0.6074

Weight*

 Underweight 37 (1.3%) 20 (1.9%) 17 (1.0%) <0.0001

 Normal 451 (15.9%) 188 (17.4%) 263 (15.0%)

 Overweight 738 (26.1%) 321 (29.7%) 417 (23.8%)

 Obese 1606 (56.7%) 552 (51.1%) 1054 (60.2%)

Current alcohol use 1639 (58.0%) 717 (66.6%) 922 (52.7%) <0.0001

Diabetes 672 (23.7%) 244 (22.6%) 428 (24.4%) 0.2554

Mean fasting glucose

 Diabetes 178.7 (76.1) 174.1 (73.5) 181.4 (77.5) 0.2358

 IFG 115.7 (4.4) 115.6 (4.3) 115.9 (4.5) 0.6128

 NFG 91.8 (8.4) 93.5 (8.0) 90.8 (8.5) <0.0001

Duration of diabetes**

 Newly diagnosed 91 (13.5%) 43 (17.6%) 48 (11.2%) 0.0071

 < 5 years 257 (38.2%) 97 (39.8%) 160 (37.4%)

 5–10 years 95 (14.1%) 39 (16.0%) 56 (13.1%)

 10 + years 229 (34.1%) 65 (26.6%) 164 (38.3%)

Diabetes Treatmentˆ

 Lifestyle/No meds 112 (19.3%) 45 (22.4%) 67 (17.6%) 0.0123

 Oral agents 300 (51.6%) 114 (56.7%) 186 (49.0%)

 Insulin 83 (14.3%) 18 (9.0%) 65 (17.1%)

 Oral agents + insulin 86 (14.8%) 24 (11.9%) 62 (16.3%)

Abbreviations: BMI = body mass index; IFG = impaired fasting glucose; NFG = normal fasting glucose.

*
Underweight = BMI < 18.5; Normal = BMI 18.5–25; Overweight = BMI 25–30; Obese = BMI >30.

**
Out of 244 men and 428 women (672 total) with diabetes.

ˆ
Out of 201 men and 380 women (581 total) with an established diagnosis of diabetes.
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Table II

Relationship of severity of depression to other variables in participants with diagnosed diabetes, n = 581

Depression Level

None/Mild/Moderate CES-D ≤ 24
(n=520)

Severe CES-D > 24
(n=61)

p-value

Age 52.09 (14.23) 47.01 (13.33) *0.0082

Female (%) 63.65% 80.33% *0.0096

Weight (kg) 95.40 98.72 0.2980

BMI (kd/m2) 34.64 37.34 *0.0087

Diabetes duration 11.42 12.28 0.5575

A1c 8.32 9.27 *0.0026

Education 11.68 11.44 0.4622

Current Alcohol use 37.38% 45.90% 0.1952

Treatment Type

 Oral agents 52.31% 45.90%

0.4833 Insulin 14.42% 13.11%

 Oral agents + insulin 14.04% 21.31%

Abbreviations: BMI = body mass index; CES-D = Center for Epidemiologic Studies of Depression Scale.

*
p < 0.05.
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Table III

Logistic regression analysis of factors associated with severe depressive symptoms among participants with 

diagnosed diabetes

B-coefficient (SE) OR (95% CI) p-value

A1c 0.199 (0.078) 1.22 (1.05–1.42) 0.0101

Age (years) −0.015 (0.014) 0.99 (0.96–1.01) 0.2863

Gender (F v. M) 0.545 (0.207) 2.97 (1.32–6.69) 0.0085

BMI (kg/m2) 0.040 (0.020) 1.04 (1.00–1.08) 0.0403

Alcohol use (N v. Y) −1.389 (0.175) 0.76 (0.38–1.51) 0.4289

Education (years) 0.026 (0.069) 1.03 (0.90–1.17) 0.7075

Abbreviations: BMI = body mass index.

Hosmer-Lemeshow goodness of fit test: χ2 = 7.16, p = 0.5194.
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