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Studies have found an association between glycemic status and indices of health-related quality of
life in people with diabetes mellitus and comorbid depression. No study to date has examined the
relative strength of influences of glycemic status and health-related quality of life on depression in
people with diabetes mellitus, nor have important moderators in this relationship been examined.
This study examined the relative strength of correlations between glycemic status and health-related
quality of life and depressive symptoms and the degree to which those correlations were moderated
by sociodemographic variables in 146 people with type 2 diabetes. Depressive symptoms were
measured with the Centers for Epidemiological Studies—Depression (CES-D) scale. Health-related
quality of life was measured with the SF-36 Health Survey. Hemoglobin A1c (HbA1c) was used as
a measure of glycemic status and body mass index and waist–hip ratio were measured. Results
indicated that SF-36 scores accounted for a greater proportion of the variance in CES-D scores. The
association between CES-D and SF-36 scores was moderated by HbA1c, sex, education, marital
status, and social support. The implications and limitations of these results were discussed in the
context of past studies.
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Diabetes mellitus is a chronic metabolic disease that involves insulin secretion abnormalities,
resulting in hyperglycemia or elevated blood glucose levels (Expert Committee on the
Diagnosis and Classification of Diabetes Mellitus, 2001). In the United States, diabetes mellitus
is the seventh leading cause of death (U.S. Department of Health and Human Services,
2000). It is estimated that 10.5 million people have a diagnosis of diabetes mellitus, of which
80% have type 2 diabetes (Harris, 1998), and another 5.4 million people are estimated to have
been undiagnosed with diabetes mellitus (American Diabetes Association, 1998).
Hyperglycemia in people with diabetes mellitus is associated with microvascular (e.g., kidney
and eye disease) and macrovascular (e.g., stroke and ischemic heart disease) complications,
which can have additional medical sequelae such as amputation, physical disability, and
blindness (Klein and Klein, 1998). It is estimated that 50–75% of people with diabetes mellitus
develop serious long-term complications (Strowig and Raskin, 1992). Approximately 12% of
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all health care expenditures in the United States ($86 billion) can be attributed to diabetes
(Herman and Eastman, 1998) of which nearly half can be accounted for by diabetes-related
complications alone (Clark, 1998). However, many diabetes-related complications may be
prevented, or can be delayed, with proper control of blood glucose levels.

DEPRESSIVE SYMPTOMS AND DIABETES MELLITUS
An elevated prevalence of depression has been significantly associated with diabetes mellitus.
The mean prevalence of depression in people with diabetes mellitus has been reported to be as
high as 31.7% (Anderson et al., 2001). An increased prevalence of depression in people with
diabetes mellitus (26.1–29.8%) has been observed compared to first-degree relatives (9.5%;
Popkin et al., 1988), the general population (16%; Gavard et al., 1993), and people with other
chronic medical illnesses (15.2%; Grandinetti et al., 2000).
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Depressive symptoms in people with diabetes mellitus are of concern because of their
association with poor diabetes self-management (i.e., diet modification, physical activity,
insulin injections) and an increased risk for diabetes-related complications (Black, 1999; De
Groot et al., 2001). Furthermore, comorbid depression in people with diabetes mellitus is
associated with functional disability, low work productivity, and low health service use (Black,
1999; Black and Markides, 1998; Ciechanowski et al., 2000). As a result, increased attention
in recent years has been given to understanding the relationship between depressive symptoms
and diabetes mellitus (see Lustman et al., 2000; Talbot and Nouwen, 2000).
Despite the growing interest in the relationship between depressive symptoms and diabetes
mellitus, the causal mechanism underlying the association between the two has yet to be
elucidated (Talbot and Nouwen, 2000). However, two primary explanations for their
association have been postulated: (1) Depressive symptoms are associated with biochemical
changes (i.e., hyperglycemia) due to diabetes mellitus and (2) depressive symptoms are related
to psychosocial hardships (i.e., burden of illness on quality of life) associated with the illness
(Jacobson, 1993; Lustman et al., 1992). Given that depressive symptoms in people with
diabetes mellitus are often addressed by behavioral (e.g., cognitive–behavioral therapy;
Lustman et al., 1998) and/or medical (e.g., antidepressants; Goodnick, 2001) interventions,
our understanding of the relative influence of important biological and psychosocial variables
and their sociodemographic moderators has direct implications for the design and effectiveness
of treatment in this population.
Depressive Symptoms and Glycemic Status
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Several studies have reported a significant association between depressive symptoms and
glycemic status. A community-based study among Native Hawaiians, with and without
diabetes mellitus, found a significant association (odds ratio = 3.2) between prevalence of
depression and elevated hemoglobin A1c (HbA1c) levels (≥7%), after controlling for the
effects of age, sex, education, social support, and body mass index (BMI; Grandinetti et al.,
2000). Other studies have also found a significant association between depressive symptoms
and glycemic status among people with type 1 and type 2 diabetes, after controlling for such
variables as number of complications, smoking (Haire-Joshu et al., 1994), age, sex, education,
type of diabetes, and perceived health status (Von Dras and Lichty, 1990). Lloyd et al. 2000
investigated the effects of sex on the relationship between depressive symptoms and HbA1c
and found that the prevalence of moderate to severe depression was significantly associated
with elevated HbA1c (>9%) in men but not in women.
Lustman et al. 2000 conducted a meta-analytical review of studies that reported statistically
significant and nonsignificant findings on the relationship between depressive symptoms and
glycemic status. They reported small (0.11) to moderate (0.19) effect sizes for the relationship
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between depressive symptoms and glycemic status among 21 studies that included people with
type 1 and type 2 diabetes. A similar mean effect size (0.16) for the relationship between
depressive symptoms and glycemic status was reported among seven studies that included only
people with type 2 diabetes. The findings of this meta-analysis support a significant lowmoderate association between depressive symptoms and glycemic status.
Depressive Symptoms and Health-Related, Quality of Life
The degree to which diabetes mellitus affects health-related quality of life (e.g., physical, social,
and occupational functioning, and role obligations) has been found to be affected by severity
of depressive symptoms (e.g., Talbot and Nouwen, 2000). Connell et al. 1994 found that
physical functioning, perceived threats of diabetes on daily life activities, and perceived
availability of general social support were significantly associated with depressive symptoms
in people with type 1 and type 2 diabetes. Talbot et al. 1999 reported similar findings where
perceived intrusion of illness on work, social, and recreational activities was significantly
associated with depressive symptoms in people with type 2 diabetes. Other studies among
people with type 2 diabetes have also reported a significant association between depressive
symptoms and other indices of health-related quality of life, such as degree of difficulty in
leisure, work, and family functioning (Mayou et al., 1990).
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Further support for the impact of diabetes mellitus on health-related quality of life can be
extrapolated from studies that compared people who were previously diagnosed with diabetes
and, therefore, knew of their diagnosis (previously diagnosed) and people who were recently
diagnosed with diabetes and, therefore, were not aware of having the illness at the time of the
study (newly diagnosed). A population-based study reported the prevalence of depression to
be 3.7 times higher among people previously diagnosed with diabetes than among people newly
diagnosed (Palinkas et al., 1991). Another study of people with type 2 diabetes reported similar
findings where the people previously diagnosed with diabetes reported a higher prevalence of
depression (25%) than did people newly diagnosed (11.5%) and those with no diabetes
diagnosis (11.7%; Rajala et al., 1997). These studies suggest that knowledge of having a
diagnosis of diabetes may be associated with depressive symptoms.
Rationale and Goals of the Present Study

NIH-PA Author Manuscript

No study to date has compared the relative strengths of association between important
biological and psychosocial variables and their possible interaction on depressive symptoms
in persons with diabetes mellitus. Furthermore, many of the past studies did not examine
sociodemographic variables that may serve to moderate the relationship between depressive
symptoms and diabetes mellitus, such as age, sex, education, marital status, and social support.
Although studies statistically controlled (e.g., usually through analysis of covariance) for these
sociodemographic variables, they did not examine their interaction effects (moderator
variables) on the relationship between depressive symptoms and diabetes. The strength of the
relationship between depressive symptoms and diabetes may vary as a function of specific
sociodemographic variables. The relative importance of biological and psychosocial variables
as well as variables that moderate their impact has direct clinical implications for the treatment
of depressive symptoms in people with diabetes mellitus.
Second, many studies did not take into account possible differences between people with type
1 and type 2 diabetes. The relationship between depressive symptoms and glycemic status may
differ between types of diabetes because the severity of insulin deficiencies and the response
to glucose stimulation differ between these two types (Expert Committee on the Diagnosis and
Classification of Diabetes Mellitus, 2001). Therefore, the magnitude of correlation between
depressive symptoms and glycemic status may differ across types of diabetes mellitus.
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Third, many of the studies did not control for other biological variables that may have
influenced depressive symptoms in people with diabetes, such as obesity and central adiposity.
Studies have reported a significant statistical association between both obesity, measured by
body mass index (BMI), and central adiposity, measured by waist–hip ratio (WHR), and
depressive symptoms in people with diabetes (Lloyd et al., 1996; Viinamaki et al., 1995; Wing,
et al., 1990).
Finally, this study sought to examine the relationship between depressive symptoms and
diabetes among a diverse and unique Asian and Pacific Island population (e.g., Native
Hawaiians, Filipino Americans, and Japanese Americans). These are ethnic groups that have
been underrepresented in health behavior research, but who are at an increased risk for type 2
diabetes compared to the general population (Grandinetti et al., 1998; Ryan et al., 2000).
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Therefore, the goals of this study were (1) to examine the proportion of variance in depressive
symptoms accounted for by glycemic status while controlling for the effects of obesity and
central adiposity; (2) to examine the proportion of variance in depressive symptoms accounted
for by health-related quality if life while controlling for the effect of knowledge of diabetes
diagnosis; (3) to examine the proportion of variance in depressive symptoms accounted for by
both glycemic status and health-related quality of life as well as their interaction; and (4) to
examine the moderating effects of age, sex, education, marital status, and social support on the
association between depressive symptoms and type 2 diabetes.

METHODS
Participants
Cross-sectional data from the Native Hawaiian Health Research (NHHR) Project were used
for this study. The NHHR project is an ongoing multiethnic, epidemiological study of diabetes
and cardiovascular risk factors in North Kohala, Hawai‘i. Of the 1220 participants in the NHHR
database at the time of this study, 146 (67 males and 79 females) were identified as having
diabetes mellitus according to World Health Organization (WHO) criteria (fasting blood
glucose ≥125 mg/dL or 2-h postchallenge blood glucose ≥200 mg/dL; Puavilai et al., 1999).
All 146 participants were further identified as having type 2 diabetes on the basis of c-peptide
traces in their fasting blood samples (Expert Committee on the Diagnosis and Classification
of Diabetes Mellitus, 2001).
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The 146 participants were from various ethnic groups, which included Hawaiian/part-Hawaiian
(40.4%), Filipino American (17.1%), Japanese American (14.4%), Caucasian (6.8%), and
people of mixed ancestry (21.2%). The age of the participants ranged from 26 to 89 with a
mean age of 59.8 years (SD = 12.5). The mean educational attainment level was 11.79 (SD =
2.98). The marital status distribution was as follow: 12.3% never married, 64.4% were married,
and 23.4% were separated, divorced, or widowed. Sixty-eight of the participants (46.6%) were
previously diagnosed with diabetes prior to participation in the NHHR project (referred from
here on as previously diagnosed diabetes) and 78 (53.4%) were diagnosed with diabetes
mellitus by the NHHR project (referred from here on as newly diagnosed diabetes). The mean
HbA1c value was 7.33 (SD = 1.8). The mean BMI was 30.7 (SD = 7.1) and the mean WHR
was 1.0 (SD = 0.31).

ASSESSMENT INSTRUMENTS
Personal Information
The following data were collected using the Personal History Form designed by NHHR:
address and phone number, gender, marital status, education level, work history, annual
household income, and ethnic ancestry and identification. Ethnic ancestry information was
J Behav Med. Author manuscript; available in PMC 2006 February 13.
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based on participants’ self-report and, in addition to specific ethnic ancestries, percentage of
blood quantum (i.e., less than 25%, 25–49%, 50–74%, 75–99%, and 100%) for each ethnic
ancestry was asked. The Personal History Form was interviewer-administered.
Glycemic Status
Blood samples were collected from all participants after an overnight fasting of 10–14 h.
Participants not taking insulin or oral diabetic medication underwent a 2-h, 75-g Oral Glucose
Tolerance Test (OGTT; World Health Organization and Expert Committee on Diabetes,
1985). Fasting and 2-h post-OGTT blood samples were drawn from each participant, except
those taking insulin or oral diabetic medication (only fasting blood samples were collected
from these participants). Plasma glucose levels were assayed in the NHHR laboratory by using
the glucose oxidase method on a YSI autoanalyzer. Because fasting and 2-h post-OGTT plasma
glucose are subjected to daily fluctuations and may vary across ethnic groups (Gelding et al.,
1995), hemoglobin A1c (HbA1c) was used as a measure of glycemic status, which was assayed
by affinity chromatography using a minicolumn (BioRad, Hercule, CA.).
Anthropometrics
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Weight, height, and waist and hip circumferences were obtained from each participant, using
standardized protocols. Weight was measured using kilograms, height using meters, and waist
and hip circumferences using centimeters (Lohman et al., 1988). The average of three measures
for each was used for the final measurement. BMI was assessed by m/kg2 and a BMI ≥30 was
used as a measure of obesity (Najjar and Rowland, 1987). WHR was measured by dividing the
hip measurement from the waist measurement and a WHR ≥0.9 and 0.8 for women and men,
respectively, was used as a measure of central adiposity (Bray, 1992).
Center for Epidemiological Studies—Depression Scale (CES-D)
Depressive symptoms were measured using the 20-item CES-D, which was designed for use
among the general population (Radloff, 1977). It measures the frequency with which
participants have experienced a specific symptom of depression within the preceding week,
using a 4-point rating scale that ranged from 0 (“rarely to none of the time”) to 3 (“most or all
of the time”). Scores ranged from 0 to 60, where higher scores indicated greater frequency of
depressive symptoms (Radloff, 1977). Cronbach’s alpha coefficients have ranged from 0.63
to 0.93 with a test–retest coefficient of 0.61 (3-month lag) in past research (Devins et al.,
1988). Measures from the CES-D have been found to have strong criterion validity, when
compared to measures based on structured diagnostic interviews (Beekman et al., 1997;
Somervell et al., 1993). Its validity has also been established across various ethnic groups
(Devins et al., 1988; Hertzog et al., 1990).
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SF-36 Health Survey (SF-36)
Health-related quality of life was measured using the SF-36 Health Survey (SF-36; Ware et
al., 1993), which was designed to measure eight health domains on the basis of the participants’
perceived burden of their illness. Factor analysis of the SF-S6 has consistently reported a twofactor solution: physical and mental (Hays and Stewart, 1990; McHorney et al., 1993). To
avoid item contamination between the SF-36 and the CES-D, only the following subscales that
loaded on the physical dimension from factor analysis were used: (1) Physical Functioning,
(2) Role Limitations due to Physical Health Problems, (3) Bodily Pain, (4) General Health,
and (5) Social Functioning. The Physical Functioning subscale measured limitations in
behavioral performance of everyday physical activity. The Role Limitations due to Physical
Health Problems subscale measured the extent of disability in everyday activities due to
physical problems. The Bodily Pain subscale measured severity of bodily pain and resulting
limitations in activities. The Social Functioning subscale measured limitations in social
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activities due to physical and emotional problems. The General Health subscale measured the
participant’s perceived overall health and the degree to which he or she believed it will get
worse. In this study, a composite score of the SF-36 physical dimensions subscales was
calculated, using Z score transformation (score range of 0–100), and used as a measure of
participants’ overall health-related quality of life (higher scores indicated better health-related
quality of life). Cronbach’s alpha coefficients for the SF-36 among patients with diabetes have
ranged from 0.43 (Bodily Pain) to 0.90 (Physical Functioning; Nerenz et al., 1992). The
convergent validity of the SF-36 subscales has been demonstrated among people with various
medical conditions and severity, including type 2 diabetes (Ware et al., 1993). It has been
compared to the Diabetes Care Profile (Fitzgerald et al., 1996), a diabetes-specific measure of
quality of life, and found to be a comparable measure of health-related quality of life in people
with diabetes (Anderson et al., 1997).
Lubben Social Network Scale (LSNS)
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Social support was measured using a 6-item subscale of the 10-item LSNS (Lubben, 1988).
The six items were designed to measure social support received from family and friends. Using
a 5-point rating scale, participants’ were asked to rate the availability of assistance from family
and friends for various needs, ranging from 1 (“definitely true”) to 5 (“definitely false”). The
possible range of scores was from 6 to 30, where lower scores indicated greater social support.
The LSNS has been found to be significantly correlated with measures of other construct, such
as depression, life satisfaction, and other measures of social support (Newsom and Schulz,
1996). The entire LSNS was not examined because the NHHR project was only interested in
the subscale that measured social support from family and friends. The other four items of the
LSNS was not included because they measured social support received from confident
relationships and the items were focused on whether or not others turned to or relied on the
respondent for support and assistance.

PROCEDURE
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Native Hawaiian participants who had participated in a previous NHHR study were contacted
via telephone, mail, or a home visit for possible reparticipation with NHHR (see Grandinetti
et al., 1998). A participant was identified as Native Hawaiian if he or she had ancestors residing
in the islands of Hawai‘i prior to 1778. All other participants (both Native Hawaiian and nonNative Hawaiian) were solicited via telephone using a cross-reference directory, local public
television announcements, flyers posted at community centers and stores, and presentations
given to community organizations. Interested persons were asked to call the NHHR clinic to
receive more information about the study and to make an appointment. Eligibility criteria for
participation were as follows: (1) 18 years of age and older, (2) resident of North Kohala, and
(3), if female, not pregnant. For people who responded to the various solicitations, eligibility
was determined over the phone. If the prospective participant was determined to be eligible
and indicated a willingness to participate, an appointment was made at that time. Each
participant received a $20 gift certificate to a local grocery store for their participation.
Participants were told to fast (no eating or drinking, with the exception of water) for 10–14 h
prior to the appointment, and that the appointment would take approximately 2–3 h and involve
two blood draws, anthropometric measurement, an electrocardiogram (ECG), pulmonary
testing, and a battery of health behavior and psychosocial questionnaires. A day before the
appointment, each participant was given a reminder call or visit (for those without phones) and
reminded to fast. All appointments were made for the early morning hours (7–10) to make
fasting easier for participants.
The clinical examination was then done by a licensed nurse according to standardized
protocols. It consisted of fasting and post-OGTT blood draws, vital signs, and anthropometric
measurements, ECG testing, urine sampling, and pulmonary testing. During the clinical
J Behav Med. Author manuscript; available in PMC 2006 February 13.
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examinations but prior to the glucose challenge, participants were asked if they had a diagnosis
of diabetes and/or used diabetes medication and whether or not they had fasted the night before
and for how long. Participants not taking insulin or oral diabetic medication underwent a 2-h,
75-g oral glucose tolerance test and, after the participant interview, the second blood draw was
taken.
Following the clinical examination but before the second blood draw, interviews were done
by a trained NHHR staff member and consisted of a battery of sociodemographic and health
behavior questionnaires. They included a detailed diet and a physical activity questionnaire,
an alternative medicine use questionnaire, and a medical history questionnaire. Upon
completion of the interview, participants completed the CES-D, SF-36, and LSNS alone. After
completion of all questionnaires, the interviewers checked the questionnaires for missing data
while participants were waiting for second blood draw. Refreshments were offered to
participants after second blood draw and any questions the participants may have had were
addressed following the interview.
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Within a few weeks of the clinical examinations, participants were mailed a summary of their
clinical examination results with an explanation and possible medical conditions to follow up
with a physician. Participants’ clinical results were also sent to specified primary health care
providers for those who gave signed consent to do so. For Native Hawaiian participants, clinical
results were also sent to a Native Hawaiian health care agency (Hui Mālama Ola Nā ‘Ōiwi)
for those who gave signed consent to do so.

DATA REDUCTION
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Five participants did not complete the CES-D, SF-36, and LSNS, and were removed from
analyses. The resulting sample size was 141 people. Of these, two participants did not respond
to one item on the CES-D. Therefore, these missing data were replaced by taking the average
score across completed items in the same scale. Sociodemographic variables were intervalcoded for regression analyses, with the exception of marital status, which was dummy-coded.
The separated, divorced, and widowed marital statuses were aggregated because of small
sample size, and is referred from here on as “disrupted marital status.” Participants that scored
>8 on the LSNS were categorized as having “low social support” and those that scored ≤8 were
categorized as having “high social support.” These cut scores for the social support levels were
determined on the basis of median split. Participants that responded “yes” to the question of
their knowledge of a diabetes diagnosis were categorized as having “previously diagnosed
diabetes” (dummy code = 1) and those that responded “no” or “don’t know” but met WHO
criteria for diabetes diagnosis were categorized as having “newly diagnosed diabetes” (dummy
code = 0). HbA1c values were also categorized for interaction analysis into “low HbA1c
level” (HbA1c < 7%), “moderate HbA1c level” (HbA1c = 7–9%), and “high HbA1c
level” (HbA1c > 9.0%; see Lloyd et al., 2000). All analyses were done using SPSS Statistical
Software for Windows, release 7.5.1 (SPSS, Inc., 1996).

RESULTS
Internal Consistency of CES-D, SF-36, and LSNS
Internal consistency of Cronbach’s alpha was .80 for the CES-D and .70 for the LSNS. Because
the SF-36 subscales measured various aspects of health-related quality of life, which were
aggregated in this study into a single measure, each subscale was considered an item for internal
consistency analysis. The internal consistency coefficient was .74 for the SF-36 composite
measure.
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A summary of descriptive statistics for each variable is presented in Table I. One-way analysis
of variance (ANOVA) was used to examine between-group differences on the CES-D, SF-36,
and LSNS mean scores. Analyses were conducted to examine differences between means
within each categorical group using Tukey’s β. Significant differences between CES-D mean
scores were found for the categorical groups of education (F(3, 137) = 3.28, p < .05), marital
status F(2, 138) = 9.33, p < .001), and social support F(1, 139) = 4.90, p < .05. No significant
between-group differences were found for SF-36 and LSNS mean scores across all categorical
groups. The Pearson product–moment intercorrelations among measures are presented in Table
II.
The Relationship Between HbA1c Values and CES-D Scores
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A hierarchical regression analysis was conducted to examine the degree to which variance in
CES-D scores could be accounted for by HbA1c and indices of obesity above and beyond that
accounted for by indices of obesity alone. A regression model that included CES-D scores
predicted by HbA1c values, BMI, and WHR (Model 1) were compared to a regression model
with HbA1c values removed (Model 2). No statistically significant difference in R2s (R diff2 =
−.01, p > .05) was found between Model 1 (R2 = .02, F(3, 136) = .72, p > .05) and Model 2
[R2 = .01, F(2, 137) = .70, p > .05). The inclusion of HbA1c values in the regression model
did not significantly increase the variance accounted for in CES-D scores.
The Relationship Between SF-36 Scores and CES-D Scores
A hierarchical regression analysis was conducted to examine the degree to which variance in
CES-D scores could be accounted for by SF-36 scores and knowledge of diabetes diagnosis
above and beyond that accounted for by knowledge of diabetes diagnosis alone. A regression
model that included CES-D scores predicted by SF-36 scores and knowledge of diabetes
diagnosis (Model 1) were compared to a regression model with SF-36 scores removed (Model
2). A significant difference in R2s (R diff2 = −.16, p < .001) was found between Model 1 (R2
= .16, F(2, 138) = 13.01, p < .001) and Model 2 (R2 = .00, F(1, 139) = .00, p > .05). The
inclusion of SF-36 scores in the regression model significantly increased the variance
accounted for in CES-D scores.
The Relative Influence of HbA1c Levels and SF-36 Scores on CES-D Scores
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A hierarchical regression analysis was conducted to examine the relative contribution of
HbA1c levels and SF-36 scores in accounting for variance in CES-D scores. A regression model
that included CES-D scores predicted by HbA1c levels and SF-36 scores (Model 1) were
compared to a regression model with HbA1c removed (Model 2). No statistically significant
difference in R2s (R diff2 = −.02, p > .05) was found between Model 1 (R2 = .18, F(2, 138) =
14.63, p > .05] and Model 2 (R2 = .16, F(1, 139) = 26.17, p > .05). The inclusion of HbA1c in
the regression model did not significantly increase the variance accounted for in CES-D scores.
The Interaction Between HbA1c Levels and SF-36 Scores on CES-D Scores
A hierarchical regression analysis was conducted to examine an interaction between HbA1c
categorical levels and SF-36 scores in accounting for variance in CES-D scores. A regression
model that included HbA1c levels, SF-36 scores, and their interaction term as predictors of
CES-D scores (Model 1) were compared to a regression model with the interaction term
removed (Model 2). The interaction is graphed in Fig. 1. A statistically significant difference
in R2s (R diff2 = −.04, p < .01) was reported between Model 1 (R2 = .22, F(3, 137) = 12.56, p
< .001) and Model 2 (R2 = .18, F(2, 138) = 14.86, p < .001). The inclusion of the interaction
term of Hba1c levels and SF-36 scores significantly increased the variance accounted for in
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varied as a function of HbA1c levels.
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Examination of Sociodemographic Moderating Variables
Because SF-36 scores were a significantly stronger predictor of CES-D scores in the previous
analyses than was HbA1c, SF-36 scores were used to examine sociodemographic variables.
Two-way interaction terms between SF-36 scores and each sociodemographic variable were
examined separately to determine their independent contribution in accounting for variance in
CES-D scores. Model 1 of each analysis consisted of SF-36 scores and a sociodemographic
variable and their interaction variable and Model 2 of each analysis had the interaction variable
removed. As a result, sex, education, marital status, and social support were found to moderate
the relationship between SF-36 scores and CES-D scores. Age was not found to be an important
moderator in this relationship. The results of the significant moderators are summarized in
Table III. The strength of the correlation between SF-36 scores and CES-D scores varied as a
function of sex, education level, marital status, and social support level.

DISCUSSION
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This study examined the degree to which biological and psychosocial factors influence the
relationship between depressive symptoms and type 2 diabetes among a multiethnic,
community-based population. It was the first to examine the degree to which depressive
symptoms among people with type 2 diabetes could be accounted for by the interaction of
glycemic status and indices of health-related quality of life, and the degree to which this
relationship was moderated by sociodemographic variables. The methodological advantages
of this study were the inclusion of people from various ethnic groups and only those with type
2 diabetes. First, the sample in this study included unique ethnic groups (e.g., Native Hawaiians,
Filipino Americans, Japanese Americans, and those of mixed ancestries) who have been underrepresented in health behavior research, but who are at an increased risk for type 2 diabetes
compared to the general population (Grandinetti et al., 1998; Ryan et al., 2000). Although the
ability to generalize these findings across other populations in the United States is limited, the
ethnic representation in this study was comparable to the prevalence of type 2 diabetes by
ethnicity in the State of Hawai‘i (Papa Ola Lokahi, 1992). Second, the inclusion of only people
with type 2 diabetes reduced possible confounds due to differences in severity of insulin
deficiencies and response to glucose stimulation between type 1 and type 2 diabetes.
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The first goal of this study was to examine the proportion of variance in depressive symptoms
accounted for by glycemic status while controlling for obesity indices. The results indicated
that glycemic status did not account for a significant proportion of the variance in CES-D
scores, above that accounted for by BMI and WHR. Furthermore, neither BMI nor WHR
accounted for a significant proportion of the variance in CES-D scores as well. The
nonsignificant correlation observed in this study between depressive symptoms and glycemic
status was consistent with the results of several past studies (e.g., Gary et al., 2000; Padgett,
1993; Pibernik-Okanovic et al., 1993; Viiinamaki et al., 1995). However, many other studies
have reported a significant correlation between depressive symptoms and glycemic status as
presented earlier (e.g., Grandinetti et al., 2000; Haire-Joshu et al., 1994; Van der Does et al.,
1996; Von Dras and Litchy, 1990). In addition, the non-significant correlation observed in this
study between depressive symptoms and BMI and WHR was inconsistent with past studies,
which reported a significant association between depressive symptoms and indices of obesity
in people with diabetes (e.g., Lloyd et al., 1996; Viinamaki et al., 1995; Wing et al., 1990).
Some methodological issues may explain the nonsignificant correlations observed between
depressive symptoms and the biological variables in this study and those of other studies. First,
this study included a community-based population of people with diabetes mellitus whereas
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many other studies included a patient population (e.g., participants recruited from a hospital
or health clinic; e.g., Lloyd et al., 2000; Padgett, 1993). There may be differences between the
two populations on such variables as glycemic status, comorbidity with other medical illnesses,
duration of diabetes, and the presence of diabetes-related complications. Second, other studies
included both people with type 1 and people with type 2 diabetes. As noted earlier, these
diabetes types differ in the severity of insulin deficiencies and in response to glucose
stimulation. Third, there was very little variation in BMI and WHR in the participants of this
study. For example, half (51.4%) of the participants were considered obese (BMI ≥ 30) and
nearly all (96.9%) of the men and nearly three-fourths (70.1%) of the women had central
adiposity (WHR ≥ 9 for women; ≥ 8 for men). Therefore, the correlations between depressive
symptoms and BMI and WHR may have been attenuated because of the small variability in
BMI and WHR among this study’s participants.
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The second goal of this study was to examine the proportion of variance in depressive
symptoms accounted for by health-related quality of life while controlling for knowledge of
diabetes diagnosis. The results indicated that SF-36 scores accounted for a significant
proportion of the variance in CES-D scores, above that accounted for by knowledge of diabetes
diagnosis. The observed significant correlation between depressive symptoms and healthrelated quality of life in this study was consistent with the results of past studies (e.g., Connell
et al., 1990, 1994; Mayou et al., 1990; Talbot et al., 1999). Specifically, studies have reported
that restrictions in daily physical activities, an inability to fulfill role obligations, and a
disruption to social relationships and activities were associated with depressive symptoms in
people with diabetes (e.g., Connell et al., 1992; Talbot and Nouwen, 2000). However, the
nonsignificant correlation between depressive symptoms and knowledge of diabetes diagnosis
observed in this study was inconsistent with past studies, which reported a significantly higher
prevalence of depressive symptoms among people previously diagnosed with diabetes
compared to people newly diagnosed with the disorder (Palinkas et al., 1991; Rajala et al.,
1997).
The third goal of this study was to examine the proportion of variance in depressive symptoms
accounted for by a combination of glycemic status and health-related quality of life. The results
indicated that SF-36 scores accounted for a significant proportion of the variance in CES-D
scores compared to HbA1c values. HbA1c values did not significantly increase the proportion
of variance accounted for in CES-D scores above that accounted for by SF-36 scores. These
results were somewhat consistent with the results of Connell et al.’s study where indices of
quality of life accounted for a greater proportion of the variance in depressive symptoms than
glycated hemoglobin, 31 and 13% respectively (Connell et al., 1990).
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Another goal of this study was to examine the proportion of variance accounted for in
depressive symptoms by the interaction between glycemic status and health-related quality of
life. As the results indicated, a significant interaction between HbA1c levels and SF-36 scores
in accounting for variance in CES-D scores was observed. These findings suggested that the
strength of the relationship between depressive symptoms and health-related quality of life
differed across glycemic levels. The strength of the relationship was stronger for people with
elevated glycemic levels than for people with lower glycemic levels. Although glycemic status
was not significantly correlated with depressive symptoms in this study, it significantly
moderated the strength of the relationship between depressive symptoms and health-related
quality of life, which may explain the disparate findings among past studies that examined the
relationship between depressive symptoms and glycemic status.
Finally, the fourth goal of this study was to examine sex, age, education, marital status, and
social support as sociodemographic moderators of the association between depressive
symptoms and type 2 diabetes. The results indicated that the strength of the relationship
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between depressive symptoms and health-related quality of life varied as a function of sex,
education, marital status, and social support. The strength of the relationship between
depressive symptoms and health-related quality of life was stronger for females than for males;
stronger for people who were not high school graduates than for those with a high school degree
or higher; stronger for people who were either separated, divorced, or widowed than for married
and never-married people; and stronger for people with higher levels of social support than for
those with low levels of social support.
The findings of marital status and social support as moderators of the association between
depressive symptoms and type 2 diabetes are consistent with the results of past studies. For
example, Connell et al.’s study reported an association between marital status and depressive
symptoms in people with diabetes mellitus, which they attributed to differences in the
availability of social support across marital statuses (Connell et al., 1994). The present study
explored this possible explanation by using a one-way ANOVA to examine the association
between marital status and social support in this sample, but no significant statistical association
was observed. Studies have also reported associations between depressive symptoms and social
support among people with diabetes mellitus as those observed in this study (e.g., Connell et
al., 1994; Littlefield et al., 1990; Talbot and Nouwen, 2000).
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In summary, health-related quality of life had the greatest magnitude of effect on depressive
symptoms in people with type 2 diabetes compared to glycemic status and knowledge of
diabetes diagnosis. Furthermore, the relationship between depressive symptoms and healthrelated quality of life was directly influenced by glycemic status, sex, education, marital status,
and social support. The strength of the relationship between depressive symptoms and healthrelated quality of life was stronger for people with elevated HbA1c values, females, people
with low educational attainment, people with a disrupted marital status, and people with low
levels of social support.
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The overall findings of this study have several important implications for research, assessment,
and treatment of depression in people with type 2 diabetes. First, more studies examining
specific facets of health-related quality of life (i.e., restrictions on physical and social activities
and role obligations) and their moderators (i.e., sex and social support) are warranted, given
the findings of this study. This study aggregated the physical subscales of the SF-36 for an
overall measure of health-related quality of life. However, specific facets of this construct may
have had a greater magnitude of effect on depressive symptoms than others. Second,
assessment of depressive symptoms in people with diabetes often involves the identification
and specification of important modifiable variables that are implicated in the cause or
maintenance of the depressive symptoms. Therefore, the findings of this study can provide
clinicians with focal points for their assessments. For example, assessing a client’s perceived
physical and social limitations resulting from the illness may provide useful data for
understanding his or her depression. Finally, the findings of this study support therapeutic
approaches that focus on facets of health-related quality of life in addressing depressive
symptoms in people with type 2 diabetes. Such approaches may focus on client’s perceived
burden of diabetes on daily functioning, client’s ability to elicit needed social support from
family and friends, and time management skills needed to monitor blood glucose levels, for
diet modification, and for scheduling of activities.
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The relationship between SF-36 scores and CES-D scores across HbA1c levels.
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Table I

Participants’ Characteristics and Descriptive Statistics of CES-D, SF-36, and LSNS Across Groups
CES-D scores
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Characteristics
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Total
Sex
Male
Female
Age group
29–39
40–49
50–59
60–69
70 and over
Education group
Non-high school graduate
High school graduate
Some college/tech training
College graduate
Ethnicity
Hawaiian/part–Hawaiian
Filipino American
Japanese American
Caucasian
Mixed ethnicity
Marital status
Never married
Currently married
Disrupted marital status
Diabetes diagnosis history
Knowledge of diabetes
No knowledge of diabetes
Social support
High
Low
HbA1c (%)
Low HbA1c <7%
Moderate HbA1c 7–9%
High HbA1c >9.0%
BMI
≥30
<30
WHR
Women ≥0.9
<0.9
Men ≥0.8
<0.8

n

%

146

M

SF-36 Scores

SD

LSNS Scores

M

SD

M

SD

9.5

7.3

73.6

19.2

9.0

3.5

67
79

45.9
54.1

9.1
9.9

7.0
7.5

73.0
74.2

19.3
19.3

9.4
8.7

3.5
3.4

5
23
41
37
40

3.4
15.8
28.1
25.3
27.4

6.8
9.4
9.8
9.2
10.0

4.7
5.4
7.5
6.8
8.8

73.7
78.2
78.0
70.9
69.2

15.5
11.8
17.0
21.7
22.0

10.0
9.3
9.3
7.9
9.6

4.2
3.4
3.9
2.8
3.4

39
70
23
10

26.7
47.9
15.8
6.8

12.1a
8.0b
10.7c
7.7b

9.4
5.7
7.4
4.5

68.5
76.4
73.7
74.8

21.5
18.1
18.2
18.1

9.2
8.7
9.0
11.0

3.9
3.2
3.4
3.6

59
25
21
10
31

40.4
17.1
14.4
6.8
21.2

10.6
10.8
6.8
6.5
9.3

6.9
10.0
6.4
4.4
6.1

76.2
65.8
78.4
77.6
70.3

15.5
23.3
20.5
24.4
18.0

8.6
9.9
8.6
7.5
10.2

3.5
3.7
2.5
2.3
3.8

18
94
34

12.3
64.4
23.4

7.2a
8.3a
14.0b

5.2
6.4
8.7

75.8
74.8
69.4

19.0
18.2
21.8

9.1
9.0
9.2

4.0
3.4
3.4

68
78

46.6
53.4

9.5
9.5

8.0
6.6

74.2
73.0

19.3
19.3

9.2
8.9

3.4
3.6

91
50

64.5
35.5

8.5a
11.3b

7.1
7.3

75.4
70.5

19.3
18.8

6.9a
13.0b

1.2
2.8

71
46
29

48.6
31.5
19.9

8.6
10.3
9.5

6.6
7.7
8.1

73.8
71.9
76.4

19.7
18.9
19.1

9.4
9.0
8.3

3.5
3.8
2.6

75
63

51.4
43.2

10.6
8.6

6.8
7.6

76.4
71.0

22.0
15.6

9.0
9.3

3.5
3.3

54
23
62
2

70.1
29.9
96.9
3.1

10.3
9.0
9.3
4.0

7.8
1.4
7.1
0.0

72.6
77.9
72.9
77.2

20.3
16.8
19.4
17.3

9.1
8.0
9.4
12.0

3.7
2.6
3.4
8.5

Note. Means with different subscripts differ significantly at p < .05 by Tukey’s β significant difference comparison. N = 141 for all ANOVA analysis due
to missing data, except for BMI and WHR. N = 134 for BMI and WHR was N = 77 for women and N = 64 for men. CES-D = Center for Epidemiological
Studies—Depression Scale; SF-36 = SF-36 Health Survey; and LSNS = Lubben Social Network Scale.
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1.0

1

3
0.19*
−0.07
1.0

2
−0.40**
1.0
0.09
0.09
−0.10
1.0

4
0.08
0.08
−0.02
0.14
1.0

5
−0.06
0.02
0.01
−0.04
−0.004
1.0

6

−0.01
−0.30**
−0.46**
−0.04
1.0

0.06
−0.22**
0.03
0.05
0.08
0.02
−0.36**
1.0

−0.18*
0.17*

8

−0.02
−0.04
1.0

0.05
0.03
−0.10
−0.01
0.04
−0.17*

9
−0.12
0.04
0.01
0.15
0.06
−0.02
−0.21*
−0.08
−0.03
1.0

10
−0.22**
0.08
−0.02
−0.12
−0.01
−0.07
−0.05
0.26**
−0.14
—
1.0

11
−0.001
0.03
−0.06
0.38**
0.11
0.13
−0.15
−0.01
0.06
−0.02
0.04
1.0

12

p < .01.

p < .05,

**

*

Note. Age and education were included as continuous variables for intercorrelation analyses. Point-biserial correlation coefficients are reported for the dummy coded marital statuses of never married
and married, with disrupted marital status as the comparison group.

1. CES-D
2. SF-36
3. LSNS
4. HbA1c
5. BMI
6. WHR
7. Age
8. Education
9. Sex
10. Never married
11. Married
12. Diabetes history

Variables

7
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Table III

Summary of Hierarchical Regression Analysis of CES-D Scores Predicted by SF-36 Scores and Each Moderating
Variable (N = 140)

NIH-PA Author Manuscript

Variable

NIH-PA Author Manuscript

Sex moderator
Model 1
SF-36 scores
Sex (male = 1; female = 2)
2-way interaction
Model 2
SF-36 scores
Sex
Comparison of Model 1 and
Model 2
Education moderator
Model 1
SF-36 scores
Education
2-way interaction
Model 2
SF-36 scores
Education
Comparison of Model 1 and
Model 2
Marital status moderatora
Model 1
SF-36 scores
Never married
Married
Never married × SF-36 Scores
Married × SF-36 Scores
Model 2
SF-36 scores
Never married
Married
Comparison of Model 1 and
Model 2
Social support moderator
Model 1
SF-36 scores
Social support (low = 1; high
= 2)
2-way Interaction term
Model 2
SF-36 scores
Social support
Comparison of Model 1 and
Model 2

B

SE B

β

4.11
10.09
−0.12

0.10
4.45
0.06

0.11
0.69
−0.84

−0.15
0.95

0.03
1.13

−0.40
0.07

−0.30
−6.42
7.83

0.07
2.58
0.03

−0.78
−0.75
0.82

−0.15
−0.76

0.03
0.67

−0.39
−0.09

−0.25
−26.25
−14.81
0.28
0.14

0.05
7.34
4.58
0.10
0.06

−0.66
−1.18
−0.98
0.98
0.75

−0.14
−5.91
−4.93

0.03
1.91
1.31

−0.36
−0.27
−0.33

6.63
7.06

0.11
4.58

0.18
0.47

−0.13

0.06

−0.88

−0.14
−2.10

0.03
1.18

−0.38
−0.14

R2

F

0.19

10.67***

0.16

13.41***

0.20

11.18***

0.17

13.77***

0.30

11.45***

0.25

14.99***

0.20

11.58***

0.18

14.87***

Rdiff2

−0.03

4.51*

−0.03

5.17*

−0.05

4.86**

−0.02

4.28*

Note. HbA1c = hemoglobin A1c; SF-36 = SF-36 Health Survey and CES-D = Center for Epidemiological Studies—Depression Scale.
a

Marital Statuses were dummy coded (0 or 1), using disrupted marital status as the comparison group.
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*

p < .05,

**

p < .01,

***

p < .001.

J Behav Med. Author manuscript; available in PMC 2006 February 13.

Fcomp

