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BACKGROUND: Little information is available about the
association of depression with long-term control of
glycemia, blood pressure, or lipid levels in patients with
diabetes.
OBJECTIVE: To determine whether minor and major
depression at study enrollment compared with no
depression are associated with higher average HbA1c,
systolic blood pressure (SBP) and LDL cholesterol over
the long term in patients with an indication for or
receiving drug treatment.
DESIGN: Cohort study.
PATIENTS: A total of 3,762 patients with type 2
diabetes mellitus enrolled in the Pathways Epidemio-
logic Study in 2001–2002 and followed for 5 years.
MAIN MEASURES: Depression was assessed at study
enrollment using the Patient Health Questionnaire-9
(PHQ-9). SBP and information on cardiovascular co-
morbidity were abstracted from medical records, and
LDL cholesterol and HbA1c measured during clinical
care were obtained from computerized laboratory data
during a median of 4.8 years’ follow-up.
KEY RESULTS: Among those with an indication for or
receiving drug treatment, after adjustment for demo-
graphic and clinical characteristics, average long-term
HbA1c, SBP, and LDL cholesterol did not differ in
patients with comorbid diabetes and minor or major
depression compared with those with diabetes alone.
CONCLUSIONS: The adverse effect of depression on
outcomes in patients with diabetes may not be mediat-
ed in large part by poorer glycemic, blood pressure, or
lipid control. Further study is needed of the biologic
effects of depression on patients with diabetes and their
relation to adverse outcomes.
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INTRODUCTION

In patients with diabetes, comorbid depression is associated
with higher mortality and higher risk of major complications.1–5

As shown in Fig. 1, this association may be due to biologic
effects of depression on the hypothalamic-pituitary axis, platelet
adhesion, inflammation, or the autonomic nervous system,
resulting in less favorable cardiovascular outcomes. Alternative-
ly, the association may be due to non-adherence with medica-
tion leading to worse control of glycemia, systolic blood pressure
(SBP), and/or LDL cholesterol, resulting in higher cardiovascu-
lar disease rates (shaded boxes in Fig. 1).

The purpose of this analysis was to examine whether there is
an association of depression with worse long-term control of
glycemia, SBP, and LDL cholesterol in patients with diabetes.
Because depression is associated with poorer medication ad-
herence in patients with diabetes,6 we hypothesized that
inadequate adherence with medication would be an important
mediator in the proposed relationship between depression and
control of glycemia, SBP, and LDL cholesterol. We thus restrict-
ed our analyses to patients with indications for or receiving drug
treatment for these risk factors.

We used data from a prospective study of patients with type 2
diabetes with assessment of depression at study enrollment and
5-year follow-up of health outcomes. We tested the hypothesis
that during follow-up, major or minor depression at enrollment
compared with no depression would be associated with higher
average HbA1c, higher average SBP among patients with
hypertension, and higher average LDL cholesterol among those
ever treated with lipid-lowering agents.

METHODS

During 2001–2002, the Pathways Epidemiologic Study
enrolled 4,839 patients with diabetes at Group Health.7 An
aim of this study was to develop a risk-predictionmodel for poor
clinical risk factor control, including glycemic, blood pressure,
and lipid control. The study was approved by the Group Health
Human Subjects Review Committee. At study enrollment,
participants completed a self-administered questionnaire that
assessed demographic characteristics, diabetes duration and
treatment, and health behaviors. History of cardiovascular
disease (myocardial infarction or coronary revascularization),
cerebrovascular disease (stroke or carotid endarterectomy),
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and peripheral vascular disease (peripheral vascular disease
procedure or amputation) before enrollment were assessed by
review of the outpatient medical record. A physician diagnosis
of hypertension before enrollment and a new diagnosis of
hypertension during follow-up were also ascertained by medi-
cal record review. In 50 duplicate medical record reviews, the
observed agreement for the occurrence of a myocardial infarc-
tion or stroke was 93% (95% CI 88–96%), and the kappa
statistic was 0.82 (95% CI 0.72–0.91), indicating excellent
agreement.

Measurement of Depression

The Patient Health Questionnaire-9 (PHQ-9) was used to
screen for depression at study enrollment. A recent meta-
analysis of 14 studies reported a sensitivity of 0.80 (95% CI
0.71 to 0.87) and specificity of 0.92 (95% CI 0.88 to 0.95) for a
diagnosis of probable major depression by PHQ-9, compared
with a structured psychiatric interview.8 A diagnosis of
probable major depression on the PHQ-9 requires a report
of five or more symptoms for more than half the days in the
preceding 2 weeks, including either depressed mood or
anhedonia.9,10 A diagnosis of probable minor depression
requires a report of two to four symptoms for more than half
the days in the preceding 2 weeks, including either depressed
mood or anhedonia.

Measurement of Risk Factor Control at Study
Enrollment and During Follow-up

SBP was abstracted from the medical record from ambulatory
visit notes, not including emergency room visits. Abstractors
recorded the SBP taken closest in time to study enrollment
and to the first through fifth anniversaries of the study
enrollment date (a maximum of six values). The average
(standard deviation, SD) number of SBP values available per
person was 3.9 (1.3). All values for LDL cholesterol and
HbA1c measured during clinical care were obtained from
computerized laboratory data during the period from study
enrollment through a maximum of 5 years’ follow-up. The
average (SD) number of values available during follow-up was
5.1 (2.9) for LDL cholesterol and 9.7 (4.7) for HbA1c. Data
availability was similar across depression status groups at
study enrollment.

Selection of Patients for Analysis

In the final sample for this analysis, there were 3,762 patients
(Fig. 2) who consented to medical record review or for whom we
had a waiver of consent (those who had died, were too ill to be
contacted, or were unreachable by phone). Patients with type 1
diabetes (n=186) were excluded. Each analysis included only
those patients whose clinical outcomes could plausibly be
affected by adherence with prescribed medications, that is,
patients who had an indication for or were receiving drug
treatment for each of the risk factors. For the analysis of
glycemic control, all patients with at least one HbA1c value
were included (n=3,762). Patients entered the SBP analysis at
study enrollment if they had a physician diagnosis of hyper-
tension before enrollment or entered the analysis during
follow-up (n=355) at the time of a new diagnosis of hyperten-
sion during follow-up (total n=2,731 in the SBP analysis).
Patients entered the LDL cholesterol analysis at enrollment if
they had ever been treated with a lipid-lowering drug before
enrollment or entered the analysis during follow-up (n=1,543)
when newly started on lipid-lowering medication (total n=
2,980 in the LDL analysis).

Statistical Analysis

Patient characteristics were compared across the three de-
pression groups using the chi-square and ANOVA tests. We
compared adjusted mean HbA1c, SBP, and LDL cholesterol
over follow-up time across the three depression groups: minor
depression, major depression, and no depression (the refer-
ence group). First, we created figures using cubic splines to
display unadjusted smoothed mean levels of HbA1c, SBP, and
LDL cholesterol over time and to explore the functional form of
these three risk factor control measures over time. These
exploratory analyses demonstrated linear changes in risk
factors over time. Next, we estimated depression group-level
averages using marginal regression models, estimated using
generalized estimating equations, to adjust for correlation due
to repeated measurement of each individual. Initial regression
models included interactions between depression at study
enrollment and time to allow different mean rates of change
(slope) across the three depression groups. We found no

Figure 2. Flow diagram for inclusion in the analysis.

Figure 1. Causal diagram for the association of depression with
poor risk factor control and cardiovascular disease morbidity and
mortality in patients with diabetes. DM = diabetes mellitus, CVD =

cardiovascular disease.
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evidence of differences in the rate of change in risk factor
control measures by the Wald test and did not include this
interaction in the models we present.

Regression models were also used to adjust for potential
confounders. We fit two models to each risk factor control
measure, with the secondmodel including additional covariates.
Model 1 was adjusted only for demographic characteristics (age,
gender, race, education, and marital status), follow-up time,
and the interaction of age with follow-up time. The interaction
term for age by follow-up time was included in the model to
allow change in risk factor levels to depend upon age at study
enrollment, more thoroughly controlling for confounding by age.
This interaction term was significant with p<0.001 and thus
was retained in the model. Model 2 was additionally adjusted for
clinical characteristics, including diabetes duration, diabetes
treatment at study enrollment (diet vs. oral hypoglycemic vs.
insulin with or without oral agents), hypertension diagnosis,
and clinically evident cardiovascular disease (coronary disease,
cerebrovascular disease, or peripheral vascular disease) before
study enrollment.

RESULTS

A total of 3,762 patients were available for analysis. Compared
with those not included in the analysis, those included were
slightly older, and fewer were women. They had a longer
average duration of diabetes, slightly higher HbA1c and LDL
cholesterol at enrollment, and a larger proportion had hyper-
tension, but the proportion with major and minor depression
at enrollment was similar. Among the patients included in the
analysis, compared with the no depression group, those with
major depression at study enrollment were younger, heavier,
and more sedentary, and included more women, current
smokers, and patients with a history of cardiovascular disease
(Table 1). Characteristics of those with minor depression were

generally intermediate between those with no depression and
those with major depression.

Figure 3 shows smoothed unadjusted mean levels of HbA1c,
SBP, and LDL cholesterol over a median of 4.8 years’ follow-up
by depression status at study enrollment. Among all partici-
pants, in analyses adjusted only for depression, there was a
slight increase in mean HbA1c levels over time (+0.03% per
year, p<0.001). Conversely, both SBP and LDL cholesterol level
declined on average over time (−0.7 mmHg per year, p<0.001,
and −4.3 mg/dl per year, p<0.001, respectively).

Table 2 shows the adjusted mean difference and 95% CI for
HbA1c, SBP, and LDL cholesterol during follow-up for the
minor depression and major depression groups compared with
the no depression group. Differences are sequentially adjusted
for demographic characteristics and for clinical characteris-
tics. After adjustment for demographic variables, patients with
minor and major depression had slightly higher average
HbA1c over follow-up than those with no depression
(+0.19%, 95% CI 0.06–0.31, and +0.22%, 95% CI 0.08–0.35,
respectively). These differences became non-significant after
further adjustment for clinical characteristics. For SBP and
LDL cholesterol levels, there were no differences in mean level
during follow-up, either before or after adjustment for patient
characteristics.

DISCUSSION

In this population-based study of patients with type 2
diabetes, we found that compared with no depression, major
depression and minor depression were associated with slightly
higher average HbA1c levels during follow-up after adjustment
for demographic characteristics. However, these associations
were attenuated and became non-significant after adjustment
for clinical characteristics including diabetes duration and
treatment and cardiovascular disease. There was no difference

Table 1. Characteristics of the Study Cohort by Depression Status at Study Enrollment

Characteristic Overall No depression Minor depression Major depression p-value*

N=3762 N=2995 N=319 N=448

Age, mean (SD), years 64.2 (12.6) 64.8 (12.3) 64.6 (13.3) 60.0 (13.1) <0.001
Women, N (%) 1800 (47.9) 1384 (46.2) 153 (48.0) 263 (58.7) <0.001
Non-white, N (%) 737 (19.6) 564 (18.8) 82 (25.7) 91 (20.3) 0.01
Some college or more, N (%) 2833 (75.3) 2293 (76.6) 217 (68.0) 323 (72.1) <0.001
Single marital status, N (%) 1261 (33.5) 953 (31.8) 112 (35.1) 196 (43.8) <0.001
Duration of diabetes, mean (SD), years 8.8 (8.4) 8.7 (8.4) 10.2 (9.1) 8.9 (7.4) 0.01
Diabetes treatment, N (%)
None or diet 988 (26.3) 832 (27.8) 73 (22.9) 83 (18.5) <0.001
Oral hypoglycemic 1742 (46.3) 1416 (47.3) 145 (45.5) 181 (40.4)
Any insulin 1032 (27.4) 747 (24.9) 101 (31.7) 184 (41.1)

Hypertension, N (%) 2411 (64.1) 1902 (63.5) 219 (68.7) 290 (64.7) 0.18
Cardiovascular disease, N (%) 910 (24.2) 686 (22.9) 94 (29.5) 130 (29.0) 0.001
Cerebrovascular disease, N (%) 256 (6.8) 188 (6.3) 28 (8.8) 40 (8.9) 0.04
Peripheral vascular disease, N (%) 96 (2.6) 78 (2.6) 10 (3.1) 8 (1.8) 0.32
Body mass index, mean (SD), kg/m2 31.8 (7.2) 31.2 (6.8) 32.2 (7.0) 35.2 (9.3) <0.001
Current smoking, N (%) 313 (8.3) 215 (7.2) 34 (10.7) 64 (14.3) <0.001
Physical activity ≤1 day/week, N (%) 1236 (32.9) 877 (29.3) 144 (45.1) 215 (48.0) <0.001
HbA1c at enrollment, mean (SD), % 7.8 (1.6) 7.7 (1.5) 7.9 (1.6) 8.1 (1.7) <0.001
SBP at enrollment, mmHg 136.0 (20.2) 136.1 (19.7) 136.8 (22.9) 134.3 (20.9) 0.20
LDL cholesterol at enrollment, mean (SD), mg/dl 111.5 (34.7) 111.6 (34.5) 108.5 (32.3) 112.8 (37.0) 0.33

*p-value for test of differences between depression groups
Cardiovascular disease = myocardial infarction or coronary revascularization before study enrollment
Cerebrovascular disease = stroke or carotid endarterectomy before study enrollment
Peripheral vascular disease = peripheral vascular procedure or amputation before study enrollment
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by depression status in average SBP or LDL cholesterol level
during follow-up.

The strengths of our study include the population-based
design, the careful assessment of depression status at study
enrollment, the availability of detailed information on patient
characteristics that may be related both to depression and to
risk factor control measures, and access to automated data on
all measurements of HbA1c and LDL cholesterol conducted at
Group Health during follow-up. We did not find strong
evidence of differential risk factor measurement across the
depression groups, possibly because all individuals under
study were members of the same health plan. Regarding study
power, the width of the confidence intervals in Table 2 provides
an indication of the differences in risk factor levels detectable
with this sample size. Considering the estimates adjusted for
demographic and clinical characteristics, the study was able to
exclude a difference between those with major depression vs.
no depression greater than 0.24% for HbA1c, greater than
1.1 mmHg for SBP, and greater than 4.4 mg/dl for LDL
cholesterol. Thus, this study had adequate power to detect
clinically important differences in risk factor control.

Limitations of this study include the assessment of depres-
sion at only one point in time, the possible misclassification of
depression status by the PHQ-9, the possibility of unknown or
unmeasured confounding factors, and the study of only three
risk factors: glycemia, blood pressure, and lipid levels. Further,
the study included only patients enrolled at Group Health and
only those who gave permission to use medical information
during follow-up. These patients may have received medical
care that differs from care available in other settings, and those
who gave permission may have differed from those who
declined permission in unmeasured ways. Finally, the associ-
ation between diabetes and depression is thought to be
bidirectional,11 with diabetes increasing risks of depressive
illness as well as depression increasing the risk of diabetes
onset. Therefore, it is possible that declines in health prior to
study enrollment led to differences in depression status at
enrollment, so that the observed differences represent a
continuation of a process that began prior to our study of
these individuals.

Figure 3. Smoothed unadjusted mean HbA1c, systolic blood
pressure (SBP), and LDL cholesterol over follow-up according to
depression status at study enrollment. Solid line is for patients

without depression, long dashed line for those with minor depres-
sion, and short dashed line for those with major depression.

Table 2. Mean Difference (95% CI) in HbA1c, Systolic Blood Pressure (SBP), and LDL Cholesterol Over 5-year Follow-up in the Minor Depression
and Major Depression Groups vs. the no Depression Groupa

Minor depression (n=319) Major depression (n=448)
HbA1c, %
Adjusted for demographic variablesb 0.19 (0.06, 0.31) 0.22 (0.08, 0.35)
Adjusted for demographic and clinical characteristicsc 0.12 (0.00, 0.24) 0.10 (-0.03, 0.24)

Minor depression (n=246) Major depression (n=333)
SBP, mmHg
Adjusted for demographic variablesb 0.7 (−1.2, 2.6) −0.5 (−2.1, 1.2)
Adjusted for demographic and clinical characteristicsc 0.4 (−1.4, 2.3) −0.5 (−2.1, 1.1)

Minor depression (n=246) Major depression (n=326)
LDL cholesterol, mg/dl
Adjusted for demographic variablesb 0.2 (−3.5, 4.0) −0.5 (−4.3, 3.2)
Adjusted for demographic and clinical characteristicsc 0.5 (−3.2, 4.2) 0.7 (−3.0, 4.4)

aThe HbA1c analysis included all 3,762 patients (2,995 with no depression); the SBP analysis included 2,731 patients with a physician diagnosis of
hypertension (2,152 patients with no depression); the LDL cholesterol analysis included 2,980 patients who received lipid-lowering treatment (2,408
patients with no depression)
bDemographic characteristics: age, gender, race, education, and marital status; all models also adjusted for follow-up time and interaction of age with
follow-up time
cClinical characteristics: diabetes duration, diabetes treatment (diet vs. oral hypoglycemic vs. insulin with or without oral agents), clinical cardiovascular
disease, and hypertension diagnosis
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Few studies have examined the association of depression
with long-term risk factor control in individuals with diabetes.
A small study of 110 African-American patients with diabetes
reported no association of depression with glycemic, blood
pressure, or lipid control over a 3-year period.12 A recent study
in US veterans with type 2 diabetes reported a slightly higher
average adjusted HbA1c (+0.13%, 95% CI 0.03–0.22) in
patients with depression compared with those without depres-
sion during an average 4.1 years’ follow-up.13 In that study,
diabetes and depression diagnoses and cardiovascular co-
morbidity were all identified using International Classification
of Diseases, 9th revision (ICD-9) codes only. The prevalence of
depression in the VA study was only 6%, compared with 12%
with major depression and 20% with either major or minor
depression in our study. This difference in depression preva-
lence is consistent with the finding that physicians make an
accurate diagnosis in only 40% to 50% of patients with
comorbid major depression and diabetes.7 In the VA study,
adjustment for clinical characteristics had relatively little effect
on the strength of the association between depression and
glycemic control, while in our study, which included medical
record review to assess cardiovascular co-morbidity, adjust-
ment for these characteristics attenuated the association.
These findings suggest that careful measurement of confound-
ing factors is critical in studies of patients with co-morbid
diabetes and depression, and that after thorough adjustment
for confounding, an association of depression with long-term
glycemic control is weak or absent.

Depression in individuals with diabetes is associated with
higher mortality,1–4 higher risk of major complications,1,5 and
less favorable functional outcomes.14 Prior publications sug-
gest that compared with patients without depression, patients
with comorbid diabetes and depression have poorer self-
reported diabetes self-management15 and specifically report a
lower frequency of checking blood glucose levels, less physical
activity, a less healthy diet, and lower adherence to oral
hypoglycemic, antihypertensive, and lipid-lowering medica-
tions.6 However, no or few differences have been found
between depressed and nondepressed patients with diabetes
on physician-ordered tests such as number of HbA1c or lipid
panels drawn per year or the percent of patients receiving an
annual retinal exam.6 Because depressed patients with diabe-
tes have a significantly higher number of primary care visits
per year,16 physicians may have more opportunity to order
tests and specialist examinations and to increase treatment
intensity. Such increased attention could potentially improve
risk factor control.

The findings of no association of depression with long-term
risk factor control in the present study, and the relatively weak
association of depression with HbA1c in the study by Richard-
son et al., are surprising. These results suggest that an
adverse effect of depression on outcomes in patients with
diabetes may not be mediated in large part by poorer control of
these risk factors and that biologic factors need further study.
In studies of both community respondents and those with
cardiovascular disease, depression has been associated with
adverse biologic effects,17 including dysregulation of the
hypothalamic-pituitary axis, increases in platelet adhesive-
ness18 and other pro-inflammatory markers19,20 such as
interleukin-6 and C-reactive protein, and abnormalities in
the autonomic nervous system such as decreased heart rate
variability.21 Further study is needed in patients with diabetes

of the biologic sequelae of depression and their relationship
with adverse outcomes.
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