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Background: Depression is common among patients
with chronic medical illness. We explored the impact of
depressive symptoms in primary care patients with dia-
betes on diabetes self-care, adherence to medication regi-
mens, functioning, and health care costs.

Methods: We administered a questionnaire to 367 pa-
tients with types 1 and 2 diabetes from 2 health mainte-
nance organization primary care clinics to obtain data on
demographics, depressive symptoms, diabetes knowl-
edge, functioning, and diabetes self-care. On the basis of
automated data, we measured medical comorbidity, health
care costs, glycosylated hemoglobin (HbA1c) levels, and
oral hypoglycemic prescription refills. Using depressive
symptom severity tertiles (low, medium, or high), we per-
formed regression analyses to determine the impact of
depressive symptoms on adherence to diabetes self-care
and oral hypoglycemic regimens, HbA1c levels, func-
tional impairment, and health care costs.

Results: Compared with patients in the low-severity de-
pression symptom tertile, those in the medium- and high-

severity tertiles were significantly less adherent to di-
etary recommendations. Patients in the high-severity
tertile were significantly distinct from those in the low-
severity tertile by having a higher percentage of days in
nonadherence to oral hypoglycemic regimens (15% vs
7%); poorer physical and mental functioning; greater prob-
ability of having any emergency department, primary care,
specialty care, medical inpatient, and mental health costs;
and among users of health care within categories, higher
primary (51% higher), ambulatory (75% higher), and to-
tal health care costs (86% higher).

Conclusions: Depressive symptom severity is associ-
ated with poorer diet and medication regimen adher-
ence, functional impairment, and higher health care costs
in primary care diabetic patients. Further studies test-
ing the effectiveness and cost-effectiveness of enhanced
models of care of diabetic patients with depression are
needed.
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I DENTIFICATION and effective treat-
ment of comorbid depression
increasingly is considered an
essential component of high-
quality clinical care of patients

with chronic medical illness in the spe-
cialty medical setting. This is in response
to a number of studies in specialty set-
tings demonstrating the high prevalence
of depression in the medically ill1,2 and the
major adverse impact of affective illness
on symptom burden, functional impair-
ment, and self-management of illness.3-9

For example, it has been shown that, com-
pared with nondepressed medically ill pa-
tients, those who are depressed are more
likely to experience a higher burden of dis-
ease-specific symptoms10 and social and
vocational impairment when controlling
for severity of medical illness.9 Other re-
searchers have shown that depression is
associated with poorer adherence to medi-
cation and self-care regimens (eg, diet, ex-
ercise, and quitting smoking),11-14 poten-
tially leading to worse medical outcomes.

These factors and the propensity for de-
pressed medical patients to utilize more
health care lead to higher direct and in-
direct health care costs.15-17

Most patients with chronic medical
illness are treated in primary rather than
specialty care settings. However, few stud-
ies have examined the impact of depres-
sion on a specific medical illness in pri-
mary care–based populations. There are
likely important differences between these
2 populations, such as increased severity
of medical illness in specialty care pa-
tients. In ongoing development of health
care policies and clinical guidelines about
treatment of depression in medically ill pri-
mary care patients, it will be important to
have at hand research from primary care
settings. Research demonstrating that de-
pression is associated with additive
medical costs due to a specific chronic
medical illness and increased indirect
costs (eg, days off work) may lead to
pressure from national credentialing
committees such as the National Com-
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mittee for Quality Assurance and Health Plan Em-
ployer Data and Information Set, large insurers such as
the Health Care Financing Administration, and
employers to screen for depression in patients with
chronic medical illness and to improve clinical man-
agement of depression.

In this study, we explore the impact of depressive
symptoms on primary care patients with types 1 and 2
diabetes. Of all the major chronic medical illnesses, dia-
betes mellitus may be particularly affected by depres-
sion. Diabetes is considered one of the most psychologi-
cally and behaviorally demanding of the chronic medical

illnesses.18 Because 95% of diabetes management is con-
ducted by the patient,19 comorbid depression in diabe-
tes may lead to poorer outcomes and increased risk of
complications by lowering adherence to glucose moni-
toring, exercise, diet, and medication regimens. Depres-
sion may also cause additive functional impairment and
lead to increased costs and utilization of health care in
diabetic populations. These potential effects may be even
more significant from a population-based perspective
when one considers that diabetes is highly prevalent (par-
ticularly in older age groups), expensive (an estimated
$102 billion per year in total direct and indirect costs),20

PATIENTS AND METHODS

We conducted a secondary analysis of data obtained in 2
primary care clinics of the Group Health Cooperative
(GHC), a large staff-model health maintenance organiza-
tion (HMO) in Puget Sound, Wash. The clinics were staffed
by 22 board-certified family physicians. The GHC has de-
veloped a diabetes improvement program, the primary fea-
ture of which is an automated diabetes registry that tracks
diabetic patients and includes demographic, pharmacy, labo-
ratory, cost, and health care utilization data. All English-
speaking patients with types 1 and 2 diabetes older than
18 years and enrolled for at least 2 years at these primary
care clinics were eligible to participate in the study. Pa-
tients with severe cognitive or language deficits were ex-
cluded. In November 1998, using the GHC diabetes reg-
istry, we sent the population base of 588 study-eligible
diabetic patients an approach letter. The letter described
the primary study, which explored diabetes treatment ad-
herence and the quality of the patient-provider relation-
ship,22 and offered the option of declining further involve-
ment. Two weeks later, participating subjects were sent a
questionnaire, a request for consent to review their regis-
try data, and a compensation of $10 for their time in fill-
ing out the questionnaire. After a complete description of
the study to the subjects, written informed consent was ob-
tained. Mailed reminders were sent to nonrespondents 2
and 4 weeks after the initial questionnaire. This project was
reviewed by the institutional review boards of the Univer-
sity of Washington, Seattle, and GHC.

SELF-REPORT INSTRUMENTS
COMPLETED BY PATIENTS

The Hopkins Symptom Checklist-90, Revised (HSCL-
90-R) is a self-report instrument that has been validated
in previous studies with medical patients and has been found
to be highly reliable.23 The 20 items from the depression
and additional symptom subscales (HSCL-20) were used
as the main independent variable in these analyses, and each
item is scored on a 0-to-4 range of severity.

The Diabetes Knowledge Assessment is a valid and re-
liable 15-item instrument that assesses patient knowledge
about diabetes and its treatment. Scores were expressed as
a percentage of correct answers.24

The Summary of Diabetes Self-Care Activities is a 12-
item questionnaire that measures absolute levels of self-care
behavior and the percentage of activities recommended by

the physician that were actually performed. This question-
naire has been shown to be a valid and reliable measure of
diabetes self-management in multiple trials.25 In this study,
diet amount, diet type, exercise, and glucose testing were as-
sessed, and since items within each domain have different
scales, raw scores for each were converted to standard scores
having a mean of 0 and an SD of 1.25 Standardized scores were
averaged to form a composite z score for each regimen be-
havior. A higher z score indicates better adherence to the self-
care behavior.

General health and functional impairment were mea-
sured using the Short-Form 12 Health Survey (SF-12).26 The
SF-12 is a generic measure of health status that is a shorter
and valid alternative to the SF-36. The SF-12 measures func-
tioning in medical populations and assesses physical func-
tioning, role limitations due to physical health problems,
bodily pain, general health, and social functioning, which
are represented in mental and physical component scores.

A composite score of diabetes severity was derived for
use as a covariate in analyses. Raw data from the following 3
domains were transformed and combined with the use of z
scores: (1) a count of current diabetes complications includ-
ingnephropathy,neuropathy, andretinopathy,whichhasbeen
shown to be highly correlated with severity of diabetes from
independent physician raters (r=0.72; P,.001)27; (2) dura-
tion of diabetes in years; and (3) whether subjects were ini-
tially prescribed insulin around the time of diagnosis.

AUTOMATED DATA

Demographic and clinical data (eg, number of years with
diabetes, insulin use at diagnosis, number of diabetes com-
plications, type of diabetes treatment) were determined from
questionnaire responses and automated data. Also, the fol-
lowing variables were determined from automated data.

Ratings of medical comorbidity were derived from the
Chronic Disease Score (CDS), which is an index based on
medications used to treat chronic medical conditions de-
rived from automated pharmacy data. The CDS has been
shown to correlate with physician ratings of physical dis-
ease severity and to predict mortality and hospital utiliza-
tion.28 Diabetes medications were excluded in determina-
tion of the CDS in this study.

Health care costs were determined using data from the
GHC cost and utilization system. Costs were expressed as
1999 dollars and were assessed for a period of 6 months
after the time the research questionnaire was completed and

Continued on next page
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and the seventh leading cause of death in the United
States.21

This study will explore the impact of depressive
symptom severity on diabetic patients in the primary care
setting by addressing the following questions: (1) What
is the effect of depressive symptoms on health care costs
in diabetic patients? (2) Do depressive symptoms lead
to additive functional impairment in diabetic patients?
(3) What is the effect of depressive symptoms on adher-
ence to medication and self-care regimens in diabetic pa-
tients, and in turn, on a biological indicator of glucose
control, glycosylated hemoglobin (HbA1c) levels?

RESULTS

DEMOGRAPHIC AND CLINICAL
CHARACTERISTICS

Of 588 subjects receiving questionnaires, 367 (62%) re-
turned them and consented to the release of their auto-
mated data. There were no significant differences in age,
sex, HbA1c levels, or CDS between respondents and non-
respondents.

Demographic and clinical characteristics of respon-
dents by depressive symptom severity are shown in

included total, ambulatory (total costs less all inpatient
costs), primary care, specialty care, emergency depart-
ment, inpatient, mental health, and prescription costs. These
analyses assessed only direct costs from the perspective of
the HMO.

A measure of nonadherence to treatment regimens was
derived by determining interruptions of medication treat-
ment for the 200 patients using oral hypoglycemics (gly-
buride, metformin, glipizide [Glucotrol], tolazamide, and
tolbutamide sodium). Based on the methods of Unützer and
colleagues,29 we defined an interruption as an episode in
which a refill or subsequent prescription of oral hypogly-
cemics was overdue by more than 15 days and by more than
25% of the intended duration of use. For each subject, we
calculated the percentage of days in interruption by sum-
ming all days in interruption and dividing by the total
number of days of intended treatment with oral hypo-
glycemics in 12 months, including a period of 6 months
before until 6 months after administration of the study
questionnaire. Twelve months was used to allow a suffi-
cient number of refill events to occur given an upper
range of prescription duration of 120 days in the study
sample, with 43% of prescriptions written for 60 or more
days.

Mean HbA1c values for the same 12-month period were
obtained. Serum level of HbA1c is an objective measure of
glucose control. The GHC laboratory uses an immunoin-
hibition assay (Roche-Boehringer Mannheim, Hitachi-
Naka, Japan) performed on a blood chemistry analyzer (Hi-
tachi 917; Hitachi, San Jose, Calif) to analyze HbA1c level,
which is a method certified by the Diabetes Complica-
tions and Control Trial. This 12-month period was cho-
sen to optimize the number of patients undergoing at least
1 HbA1c blood test. In this naturalistic study, only 74% pa-
tients underwent at least 1 HbA1c test in a 6-month period,
compared with 92% of patients in a 12-month period.

STATISTICAL ANALYSIS

Data were analyzed with the use of commerically avail-
able software (SPSS 8.0 for Windows; SPSS Inc, Chicago,
Ill). Two-tailed t tests or x2 tests with corrections for con-
tinuity were used to compare respondents and nonrespon-
dents by age, sex, HbA1c level, and CDS. The total respon-
dent sample then was grouped into tertiles for all remaining
analyses based on HSCL-90-R depression subscale scores
(HSCL-20). The HSCL score ranges for depressive symp-
tom severity tertiles were as follows: less than 0.5 indi-
cates low severity; 0.5 to 1.0, medium severity; and greater

than 1.0, high severity. Demographic and clinical vari-
ables were compared between depressive symptom sever-
ity tertiles using analyses of variance or x2 tests with cor-
rections for continuity.

Given the large SDs of cost data, the relatively small
sample size, and the proportion of patients with no health
care costs in some cost categories, a 2-part model was used30

to determine if health care costs varied as a function of de-
pressive symptom severity. In the first part, logistic regres-
sion was used to derive odds ratios (ORs) of the probabil-
ity of having any health care costs, for those cost categories
in which some subjects may not have had costs. Subjects
in both the medium- and high-severity tertiles were com-
pared with subjects in the low-severity tertile. In the sec-
ond part, differences in the level of costs for users of health
care between tertiles were predicted based on ordinary least
squares regression using dummy variables31 (in which the
low-severity tertile was the reference group). To satisfy the
requirements of a normal distribution for the ordinary least
squares regression, health care cost data, which are highly
skewed to the right, were log-transformed. Tests for het-
eroscedasticity of log-transformed data were performed. Cost
ratios of estimated median health care costs (with 95% con-
fidence intervals [CIs]) between the high- or medium-
severity depression symptom tertile and the low-severity
tertile were obtained by exponentiating the regression co-
efficients for each dummy variable.32 This was performed
for those cost categories where at least 20% of patients had
at least some costs. Covariates for both parts of the model
(and for all subsequent regression analyses in this study)
included age, sex, diabetes severity (composite score), medi-
cal comorbidity (CDS), and diabetes knowledge.

To determine if HbA1c levels, functional status, and ad-
herence to diabetes self-care and oral hypoglycemic regi-
mens were associated with depressive symptom severity,
analysis of covariance was used to test for differences among
depressive symptom severity tertiles within each of these
domains. Dependent variables included self-reported stan-
dardized (z scores) adherence outcomes in the domains of
exercise, glucose monitoring, diet type, and diet amount;
interruptions in prescriptions of oral hypoglycemics as de-
termined from automated prescription data; mean HbA1c

values; and physical and mental component scores from
the SF-12. In the event of any significant main effects in-
volving depressive symptom severity tertiles, post hoc analy-
ses of covariance were used to determine which levels of
depressive symptom severity demonstrated significant dif-
ferences among the analyses involving self-care, adher-
ence, and functioning.
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Table 1. Age, diabetes knowledge, and diabetes com-
plications were significantly different between depres-
sive symptom severity tertiles and were included as co-
variates in subsequent analyses.

ADHERENCE TO TREATMENT

Diabetes self-care was shown to be significantly associ-
ated with depressive symptom severity in the domains
of diet amount and diet type (Table 2). Post hoc analy-

ses showed that for diet amount, high- and medium-
severity tertiles had significantly worse adherence than
did the low-severity tertile (F1,214=12.71 [P,.001] and
F1,208=10.99 [P=.001], respectively). Similarly, for diet
type, high- and medium-severity tertiles had signifi-
cantly worse adherence than did the low-severity tertile
(F1,212 = 4.01 [P = .046] and F1,217 = 6.69 [P = .01],
respectively). The medium- and high-severity tertiles did
not significantly differ from each other for diet type or
amount.

Table 2. Diabetes Adherence Variables by Depressive Symptom Severity Tertiles*

Adherence Domain

Depressive Symptom Severity Tertile, Mean (SD)

Analysis†Low Medium High

Self-care domains, (z scores)‡
Exercise 0.20 (0.90) −.02 (0.84) −0.15 (0.87) (2.69)
Glucose monitoring 0.14 (0.94) 0.08 (0.91) −0.02 (0.95) (1.05)
Diet amount 0.28 (0.74) −0.07 (0.87) −0.18 (0.93) (8.05)§
Diet type 0.14 (0.63) −0.03 (0.66) −0.15 (0.75) (4.36)\

Days in oral hypoglycemic
therapy interruption, % SD¶

7.1 (12.0) 9.3 (15.5) 14.9 (20.0) (4.33)#

Glycosylated hemoglobin, %** 7.4 (1.4) 7.6 (1.4) 7.9 (1.5) 2.05

*Adjusted for age, sex, medical comorbidity, diabetes severity and diabetes knowledge. A total of 356 subjects satisfactorily completed the Summary of
Diabetes Self-Care Activities.

†Range of df for F is 7,352 to 7,358; for percentage of days, df for analysis is 7,192; for glycosylated hemoglobin, df for analysis is 7,315.
‡For low-severity tertile, n = 118; medium-severity, n = 117; and high-severity, n = 121.
§Post hoc testing, P,.001 (high- and medium-severity tertiles are significantly greater than low-severity tertile).
\Post hoc testing, P,.05 (high- and medium-severity tertiles are significantly greater than low-severity tertile).
¶For low-severity tertile, n = 65; medium-severity, n = 67; and high-severity, n = 68.
#Post hoc testing, P,.05 (high-severity tertile is significantly greater than low-severity tertile).
**For low-severity tertile, n = 105; medium-severity, n = 108; and high-severity, n = 110.

Table 1. Baseline Characteristics of Subjects by Depressive Symptom Severity Tertiles*

Characteristic

Depressive Symptom Severity Tertiles

Statistical Test†Low (n = 119) Medium (n = 119) High (n = 121)

Age, mean (SD), y 63.5 (10.9) 61.4 (11.9) 59.0 (12.2) F, 4.30‡
Chronic Disease Score, mean (SD) 1985 (2381) 2175 (1528) 2294 (2501) F, 0.61
Years with diabetes mean (SD) 9.0 (7.9) 10.9 (8.4) 11.2 (10.7) F, 0.12
Diabetes Knowledge Score, mean (SD) 68.2 (19.0) 74.8 (17.4) 78.2 (16.1) F, 10.00§
HSCL-20 score, mean (SD) 0.24 (0.13) 75 (0.15) 1.65 (0.59) F, 469.61\

Female 60 (50) 71 (60) 70 (58) x2
2, 2.32

White race 104 (87) 106 (89) 100 (83) x2
2, 2.27

At least 1 y of college 78 (66) 81 (68) 81 (68) x2
2, 0.11

Married 82 (69) 78 (66) 87 (72) x2
2, 1.13

Type 1 diabetes 3 (3) 5 (4) 6 (5) x2
2, 1.00

One or more complications 41 (37) 59 (55) 67 (62) x2
2, 14.13¶

Diabetes treatment
Insulin only 26 (22) 17 (15) 14 (12) x2

2, 4.95
Oral hypoglycemics only 66 (56) 58 (50) 61 (52) x2

2, 1.03
Diet only 8 (7) 13 (11) 18 (15) x2

2, 4.22
Insulin and hypoglycemics 17 (15) 28 (24) 25 (21) x2

2, 3.54

*A total of 359 subjects satisfactorily completed the Hopkins Symptom Checklist (HSCL-20). Unless otherwise indicated, data are given as number (percentage)
of patients. Denominators for percentages vary due to missing data for some items.

†Range of df for F is 2,352 to 2,358.
‡Post hoc testing, P=.01 (high-severity tertile is significantly greater than low-severity tertile).
§Post hoc testing, P,.001 (high-severity tertile is significantly greater than low-severity tertile) and P=.01 (medium-severity tertile is significantly greater than

low-severity tertile).
\Post hoc testing, P,.001 (high- and medium-severity tertiles are both significantly greater than low-severity tertile; high-severity tertile is significantly greater

than medium-severity tertile).
¶Post hoc testing, P,.001 (high-severity tertile is significantly greater than low-severity tertile) and P=.01 (medium-severity tertile is significantly greater than

low-severity tertile).
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The percentage of days in oral hypoglycemic
therapy interruptions was significantly associated with
depressive symptom severity (Table 2). Post hoc
analyses showed that this association was accounted
for by patients in the high-severity tertile having a sig-
nificantly greater percentage of interruptions in their
use of oral hypoglycemics compared with the low-
severity tertile (F1,126=4.13 [P= .04]). The medium-
severity tertile did not significantly differ from the
other tertiles in this regard. Depressive symptom

severity was associated with a nonsignificant increase
in HbA1c level (Table 2).

FUNCTIONAL STATUS

Depressive symptom severity had a significant effect on
physical (F2,316=18.15 [P,.001]) and mental (F2,316=11.58
[P,.001]) functioning (Figure). For physical and men-
tal functioning, post hoc analyses demonstrated signifi-
cant differences between the low- and high-severity de-
pression symptoms tertiles (F1,211=28.50 [P,.001] and
F1,211= 7.62 [P = .006], respectively). The medium-
severity depression symptom tertile was significantly dif-
ferent from the low-severity tertile in the physical func-
tioning domain (F1,207=21.69 [P,.001]) and from the
high-severity tertile in the mental functioning domain
(F1,209=17.29 [P,.001]).

HEALTH CARE COSTS

Unadjusted mean 6-month health care costs are pre-
sented in Table 3. Health care costs increased as
depressive symptom severity increased. The probabil-
ity of having any health care costs for 6 of the 8 cost
categories (for 2 categories, total and ambulatory
costs, all subjects had some costs) was determined
after adjusting for covariates. Patients in the high-
severity depression symptom tertile were significantly
more likely than those in the low-severity tertile to
have costs in the following categories: primary care
(96% vs 84% [OR, 4.69; 95% CI, 1.59-13.85]), emer-
gency department (19% vs 13% [OR, 2.48; 95% CI,
1.08-5.73]), medical inpatient (17% vs 9% [OR, 2.70;
95% CI, 1.11-6.58]), and mental health (14% vs 6%
[OR, 3.63; 95% CI, 1.22-10.80]). No significant differ-
ences were found between the medium- and low-
severity depression symptom tertiles.

For specialty care, patients in the medium- and high-
severity depression symptom tertiles were significantly
more likely to have any health care costs compared with
those in the low-severity tertile (82% vs 64% [OR, 2.65;
95% CI, 1.36-5.16] and 79% vs 64% [OR, 2.38; 95% CI,
1.21-4.65], respectively). The probability of having any
pharmacy costs was not significantly different between
depressive symptom severity tertiles.

Cost ratios for health care utilizers were calcu-
lated for those cost categories where at least 20% of
patients had at least some costs (total, ambulatory,
primary care, and specialty care) and are presented
in Table 4. These ratios and significance tests are
based on log-transformed cost data. We observed no
significant heteroscedasticity that may have invali-
dated results of log-transformed analyses.33 Total and
ambulatory costs in patients among the high- and
medium-severity depression symptom tertiles were
51% to 86% higher than those of patients in the low-
severity tertile. Primary care costs were significantly
higher (51% higher; P= .002) only in patients in the
high-severity compared with the low-severity tertile.
Depressive symptom severity was not significantly
associated with specialty care costs among utilizers of
specialty care.
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Table 3. Unadjusted Six-month Health Care
Costs by Depressive Symptom Severity Tertiles*

Costs, $

Depressive Symptom Severity Tertiles

Low
(n = 115)

Medium
(n = 117)

High
(n = 118)

Total 2094 ± 3052 2653 ± 2684 3654 ± 4258
Primary care 356 ± 367 484 ± 444 641 ± 730
Specialty care 253 ± 686 386 ± 779 431 ± 954
Emergency department 81 ± 375 128 ± 479 185 ± 548
Prescription 561 ± 481 710 ± 453 918 ± 778
Inpatient 379 ± 1523 353 ± 1680 777 ± 2620
Ambulatory care 1638 ± 1682 2276 ± 1869 2830 ± 2439
Mental health 10 ± 70 15 ± 88 55 ± 187

*Data are given as mean ± SD.

Table 4. Adjusted Cost Ratios of 6-Month
Median Health Care Costs by Depressive
Symptom Severity Tertiles*

Costs, $

Depressive Symptom Severity Tertiles
Cost Ratio (95% Confidence Interval)†

Medium-Low High-Low

Total 1.54 (1.20-1.97) 1.88 (1.46-2.43)
Ambulatory 1.51 (1.21-1.89) 1.73 (1.37-2.18)
Primary care 1.23 (0.96-1.58) 1.51 (1.17-1.94)
Specialty care 1.32 (0.88-1.97) 1.26 (0.84-1.92)

*Adjusted for age, sex, medical comorbidity, diabetes severity, and
diabetes knowledge.

†At least 1.00, equivalent to P,.05.
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COMMENT

In a primary-care–based sample of patients with types 1
and 2 diabetes in a staff-model HMO, we found that de-
pressive symptom severity was significantly associated
with less adherence to dietary recommendations and ap-
proximately twice as many interruptions in refills of oral
hypoglycemics. Depressive symptom severity was asso-
ciated with a nonsignificant increase in HbA1c level. Af-
ter controlling for demographics, medical comorbidity,
and diabetes severity, higher levels of depressive symp-
tom severity were associated with significantly worse men-
tal and physical functioning and a significantly greater
probability of having any emergency department, pri-
mary care, specialty care, medical inpatient, and mental
health costs compared with patients with low-severity de-
pressive symptoms. Among those patients with health care
utilization among the various cost categories, depres-
sive symptom severity was associated with significantly
higher ambulatory, primary care, and total costs.

There was a significant association between depres-
sion severity and decreased age, which is consistent with
a higher reported prevalence of depression in younger
compared with older patients in the large Epidemiologi-
cal Catchment Area Study.34 There was also a signifi-
cant association between depression severity and greater
diabetes knowledge. We suspect that knowledge was re-
lated to depression through confounding by severity of
diabetes, ie, patients with more severe diabetes are more
knowledgeable about diabetes and more likely to be de-
pressed. In fact, after controlling for diabetes severity, we
found that the correlation between knowledge and de-
pression severity decreased from 0.16 (P=.004) to 0.09
(P=.08).

The medium-severity depressive symptom tertile
range in this study (HSCL-20 scores, 0.5-1.0) corre-
sponds to subdiagnostic ranges of depressive symptom
severity. Even in the high-severity depressive symptom
tertile, an HSCL-20 depression score of greater than 1.0
represents a mixture of patients with dysthymia and mi-
nor and major depression.35-37 For example, the mean
HSCL score of the highest severity tertile (1.65; SD, 0.59)
(Table 1) is higher than the mean HSCL score of 1.4 in a
recent large sample of 417 primary care patients with dys-
thymia and minor depression.37 It is impressive, there-
fore, that we had such robust results with respect to the
adverse impact of depressive symptom severity, given the
relatively low level of depressive symptom severity among
many of these primary care diabetic patients. However,
previous studies have shown that patients with minor de-
pression or dysthymia have significant functional im-
pairment and higher medical costs compared with non-
depressed control subjects.9,38 The major outcomes of this
study may be even more clinically relevant when one con-
siders the probable impact of more serious depressive epi-
sodes on adherence, functioning, and medical costs in
diabetic patients. An estimated 10% to 15% of patients
with diabetes have been found to have major depres-
sion.2

The finding of higher health care costs among more
depressed patients in this study corresponds with data
showing that, among aging primary care patients with

diverse medical illnesses, depression makes a signifi-
cant independent contribution to increased health care
utilization.17 We have shown increased health care costs
among depressed diabetic patients to be largely the re-
sult of increased medical, not mental health, utilization.
Lustman et al39 have shown that in diabetes, depression
is a better predictor of symptoms commonly associated
with worsening glucose control (ie, polyphagia and poly-
dipsia) than HbA1c levels. In addition, depressive symp-
toms have been shown to be associated with a percep-
tion of more impaired physical health3,10 and may mimic
worsening diabetes symptoms (eg, fatigue or appetite
change). It is possible that the perception of worse con-
trol of diabetes and general poor physical health by the
patient (and, in turn, by the provider) prompted in-
creases in health care utilization and subsequent medi-
cal testing in this study sample.

Medical utilization in depressed diabetic patients also
may be increased as a result of objective worsening of
glucose control, which may result from changes in the
autonomic nervous system, the hypothalamic-pituitary
adrenal axis, or neurotransmitters.40 Winokur et al40 have
shown that depressed patients have increased insulin re-
sistance after oral glucose testing compared with non-
depressed patients. Changes in glucose control may also
be related to poorer adherence to treatment among de-
pressed diabetic patients. In this study, we have shown
that depressive symptom severity was associated with sig-
nificantly worse adherence to type and amount of diet
(even in patients in the medium-severity tertile) and to
use of oral hypoglycemics. Although HbA1c level was not
associated significantly with depressive symptom sever-
ity, the trends were in a similar direction (eg, as depres-
sive symptom severity increased, HbA1c levels tended to
increase). Previous researchers have reported the effect
of depression on worsening adherence to various self-
care strategies (glucose monitoring, exercise, diet, or medi-
cations) in diabetes.41,42 The importance of improving ad-
herence to treatment of diabetes has been emphasized in
the Diabetes Control and Complications Trial43 and the
United Kingdom Prospective Diabetes Study,44 both of
which showed that strict adherence to diabetes treat-
ment regimens (and lowering of blood glucose levels) in
patients with types 1 and 2 diabetes, resulted in a de-
creased risk of long-term complications. Other studies
have shown that depression is directly associated with
an increased risk of diabetic complications, especially reti-
nopathy and macrovascular complications.45,46 The im-
plications of untreated depression on long-term compli-
cations are even more significant when one considers that
depression tends to be recurrent in diabetes, ie, 79% of
patients reporting a history of major depression re-
lapsed during a 5-year follow-up period, with a mean of
4 episodes per patient.47

There are several limitations of this study. Al-
though this was a population-based study of diabetic pa-
tients from 2 large primary care clinics, there was a rela-
tively small sample size, especially for assessing costs.
Despite this, our results remain relatively robust. Fur-
thermore, despite being a primary care sample, findings
of this predominantly white, educated, employed, and
insured HMO population may not be generalizable to
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other settings. Particularly at issue may be the smaller
degree of socioeconomic barriers to treatment in this
sample. Another possible limitation of this study is the
use of self-report questionnaires to derive levels of de-
pressive symptom severity rather than structured inter-
views to make a diagnosis of major depression. Because
this study reports cross-sectional observational data, causal
inferences about depressive symptoms on the reported
outcomes cannot be made. Alternative explanations, such
as the depressive symptoms resulting from poorer dia-
betes outcomes or the possibility that unmeasured third
factors may be responsible for this relationship, must be
considered. Clinically, causality may be in both direc-
tions, with possible interactions, and only further pro-
spective longitudinal studies will help resolve these
issues.

An implication of the findings of this study is that
because depressive symptom severity is associated with
increased costs, decreased adherence to treatment regi-
mens (potentially worsening the course of the illness),
and additional functional impairment in diabetic pa-
tients, it is highly probable that much of the adverse im-
pact of depressive symptoms may be reduced signifi-
cantly by effective treatment of depression. Although ours
is not a treatment study, 2 recent randomized control tri-
als48,49 have shown antidepressants and cognitive-
behavioral therapy to be more effective than placebo or
an educational group in reducing depressive symptoms
in diabetic patients from specialty clinics. The cognitive
behavioral trial also reported that patients in the cogni-
tive behavior therapy arm of the trial had improvement
in HbA1c levels during the course of the 6-month fol-
low-up compared with controls. However, studies have
also shown that roughly 2 of 3 depressed diabetic pa-
tients seen in primary care receive no specific antide-
pressant treatment.50 Our data suggest that studies are
needed to screen a population base of primary care pa-
tients with diabetes for depression and to test health ser-
vice interventions aimed at improving outcomes. Stepped
or collaborative care programs in which rigorous screen-
ing, proper identification, and effective multimodal treat-
ment of depression are performed have been shown to
improve symptom and functional outcomes of mixed age
groups of primary care patients51 but have not been tested
in a large group of patients with depression and the same
medical illness.

Although these collaborative care programs in pri-
mary care have not shown a cost offset effect, they have
been shown to be moderately cost-effective. For an ad-
ditional cost of $400 to $500 per patient per year, re-
sponse rates improved from approximately 40% recov-
ery in usual primary care to 70% response rates in
collaborative care.51 In this study, diabetic patients with
HSCL depressive symptom severity scores of at least 0.5
had total annual costs of greater than $2100 above those
with HSCL depressive symptom severity scores below
0.5 (mean±SD, $6382±$7232 vs $4208±$6178, respec-
tively). Intervention studies are needed to test the cost-
effectiveness (and possible cost offset) of models of care
that screen for depression and randomize primary care
diabetic patients to a collaborative care program of de-
pression treatment compared with usual care.
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