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Abstract
OBJECTIVES—To determine whether depression status is associated with an increased risk of
coronary heart disease (CHD) events, defined as CHD death or nonfatal acute myocardial
infarction (MI).

DESIGN—Prospective cohort study.

SETTING—An urban primary care practice.

PARTICIPANTS—2728 adults (71.4% women, 65.5% Black) aged 60 years and older who were
screened for depression between 1991 and 1993.

MEASUREMENTS—Depressive symptom severity at baseline was assessed by the Center for
Epidemiological Studies Depression Scale (CES-D). Data regarding baseline demographic and
clinical variables, as well as laboratory evidence of acute MI, were obtained from an electronic
medical record system. All-cause mortality and CHD death were determined from the National
Death Index through 2006.

RESULTS—A total of 423 (15.5%) participants reported elevated symptoms of depression (CES-
D ≥ 16). During the 13 to 16 years of follow-up, 1646 (60.3%) individuals died from any cause,
and 727 (26.6%) died from CHD or suffered an acute MI. Cox proportional hazards models
revealed that individuals with elevated depressive symptoms were more likely to experience a
CHD event, even after adjustment for demographics and comorbid health conditions (Relative
Risk [RR] = 1.46, 95% CI: 1.20–1.77). Depression status was also a significant predictor of all-
cause mortality in adjusted models.

CONCLUSIONS—We report the longest prospective study to date to examine depression status
as an independent risk factor for CHD among a cohort of older adults including large numbers of
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women and underrepresented minorities. The present findings underscore the need to consider
depression as a common and modifiable risk factor for CHD events among older adults.

Keywords
cardiovascular disease; coronary heart disease; myocardial infarction mortality; depression;
elderly; primary care; prospective study

INTRODUCTION
Both coronary heart disease (CHD) and depression are common and expensive health
conditions among older adults.(1) Despite major public health efforts over the past 50 years,
CHD remains the single leading cause of death among men and women in the U.S, and 82%
of all CHD deaths occur in adults over the age of 65.(1) The cornerstone of public health
interventions to reduce CHD mortality has been treatment of traditional cardiovascular risk
factors, such as hypertension, hyperlipidemia, and diabetes.(2) Interestingly, accumulating
epidemiologic evidence suggests that depression may also be an independent risk factor for
CHD.(3–9) To date, three systematic reviews of prospective observational studies
examining the association between depression and CHD have been published.(10–12) Each
of these meta-analyses concluded that depression predicts the onset of CHD in individuals
free of cardiovascular disease at baseline. Importantly, the reported effect size of depression
is comparable to that of many traditional cardiovascular risk factors.(13)

Unfortunately, no prior studies have been published demonstrating experimental evidence
that treatment of depression reduces the risk of CHD. In addition, as revealed by the prior
meta-analyses, the extant observational literature is limited by a number of key
methodological concerns. First, only two prior studies have enrolled a cohort of older adults
larger than 1,000 individuals and achieved a follow-up period approaching 10 or more years,
despite the fact that most CHD deaths occur among older adults.(3,8) Second, most prior
studies have enrolled limited numbers of women or minorities. For example, in the most
recent meta analysis,(11) three of 28 studies included men only(14–16) and only a single
study focused on women.(17) Notably, CHD is the leading cause of death among women
and African Americans yet they are frequently under-represented in the literature.(18–19)
Among the two largest prior studies with the longest follow-up periods, neither included
under-represented minorities.(3,8) Third, to identify nonfatal CHD events and comorbid
medical conditions, most past studies have relied on self-reports or hospital claims data
alone which have limited sensitivity, particularly for myocardial infarction.(20)

In this article, we report the results of a cohort study that addresses the aforementioned
methodological concerns. The present cohort consists of the largest numbers reported to date
of African-Americans and women as well as a follow-up period ranging from 13–16 years.
For presentation purposes, we refer to this follow-up period as 15 years. In addition, our
primary outcomes are both incident nonfatal acute myocardial infarction (MI), as
determined by cardiac enzyme testing, and CHD death, as determined by National Death
Index data. Rather than relying on patient reports, we also had access to physician diagnoses
and reports of traditional cardiovascular risk factors. Our hypothesis was that elderly adults
with elevated depressive symptoms at baseline would be more likely to experience a CHD
event during the follow-up interval than those who reported minimal or no depressive
symptoms.
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METHODS
Sample

The cohort was composed of 2728 elderly primary care patients who were screened for
depression during regularly scheduled primary care appointments in an urban public health
system. The full details of the screening program have previously been reported.(21–24)
Briefly, from 1991 to 1993, all patients attending the primary care practice aged 60 years
and older were screened for depression using the Center for Epidemiological Studies
Depression Scale (CES-D)(25). Research assistants administered the CES-D face-to-face
during office visits. A total of 4413 primary care patients were contacted, of which 115
refused screening, 57 were not able to complete the testing due to severe cognitive
impairment, and 284 were not eligible because they did not speak English, were in prison or
a nursing home, or had a hearing impairment. Of the remaining 3957, 190 were unable to
answer more than four of the CES-D items, which left a baseline cohort of 3,767
individuals. For this study, we excluded the 1,039 participants who had an existing diagnosis
of CHD, cerebrovascular accident, congestive heart failure, or arteriosclerotic vascular
disease at baseline, leaving a final sample of 2728 individuals. Patients were then followed
through December 2006, which constituted 13–16 years of follow-up.(26)

Measurements
The CES-D is a 20-item self-report scale commonly used in epidemiological studies to
assess depressive symptom severity; however, it does not provide a clinical diagnosis.(25)
The CES-D has been reported to have an internal consistency of .90 in patient samples and .
85 in community samples, an average test-retest reliability of .54, a high correlation with
other self-report depression scales, and strong construct validity.(25) Respondents are asked
how often (rarely, sometimes, occasionally, or most of the time) they have experienced the
listed symptom during the past week.(23) Total scores range from 0–60. Consistent with
past epidemiologic studies,(6,23,25,27) participants with a CES-D total score ≥ 16 were
classified as “depressed” in this report; however, this classification is not equivalent to a
clinical diagnosis of major depressive disorder or dysthymic disorder. Those with a CES-D
total score < 16 were classified as “non-depressed.”

Data regarding baseline demographic variables and traditional cardiovascular risk factors –
i.e., age, gender, race, a history of smoking, cholesterol level, body weight, and history of
diabetes or hypertension – were extracted from the Regenstrief Medical Record System
(RMRS)(28) at the time of screening (see Table 1). At all of the sites of care in the targeted
health system, providers electronically record all diagnoses, laboratory test results,
procedures, and prescribed medications. This information is routinely collected and stored in
a searchable database (i.e., the RMRS) that has been used extensively for epidemiologic
studies of the process and outcomes of care.(22) Hyperlipidemia was defined as a
cholesterol level > 200 mg/dl, and we defined obesity as those subjects with an ideal body
weight in the highest quartile of our subject population. For this population, this equated to
any subject with an ideal body weight greater than 137%. We also determined the presence
or absence of the following six chronic conditions as diagnosed by the patient’s physician:
diabetes, hypertension, atherosclerotic vascular disease, CHD, congestive heart failure, and
cerebrovascular disease.(22) If patients were ever reported by their physician to have a
history of smoking, they were considered to have a positive history of smoking.

All-cause mortality and CHD death were determined using data from the National Death
Index (NDI). After identifying all of the deaths in the cohort, we classified those deaths for
which ischemic heart disease (ICD-9 codes 410–414 and ICD-10 codes 120–125) was listed
as the cause of death on the death certificate as CHD deaths. Nonfatal acute MI was defined
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as a serum creatinine kinase myocardial band isoenzyme (CK-MB) test value of > 3.0 ng/ml
or a serum troponin test value > 0.3 mcg/L as recorded in the electronic medical record.
Survival time was calculated as the number of months from the baseline assessment to the
event. If an event did not occur, patients were censored at the end of the observation period,
which was December 31, 2006. For CHD-related events, patients were also censored at the
time of death if it occurred before the end of observation period. Because screening began in
January 1991 and ended in May 1993, patients had approximately 13 to 16 years of follow-
up. Our primary outcome was time to first CHD event, defined as acute MI or CHD death.
The secondary outcomes were CHD death alone, acute MI alone, and all-cause mortality.

Analysis
Chi-square tests (for categorical variables) and independent samples t tests (for continuous
variable) were performed to compare the depression groups on the baseline characteristics.
To examine the relationship between baseline depression status and the four outcomes of
interest (i.e., acute MI or CHD death, CHD death alone, acute MI alone, and all-cause
mortality), we first constructed a series of Kaplan-Meier survival curves to illustrate the time
to events of depressed and non-depressed individuals over the follow-up period. We then
used Cox proportional hazards regression models to assess the independent risk of depressed
status after adjustment for demographic variables and traditional cardiovascular risk factors.
Because depressive symptoms were measured only at baseline, we investigated the violation
of the proportional hazards assumption by including an interaction term between the
depression indicator (CES-D score >=16 vs. <16) and log (time) in each final Cox
proportional hazard model. Results for each interaction term are as follows: (1) acute MI or
CHD death, Wald chi-square = 0.63, df = 1, p = .4289; (2) CHD death, Wald chi-square =
0.13, df = 1, p = .7170;(3) acute MI, Wald chi-square = 1.27, df = 1, p = .2602; (4) all-cause
mortality, Wald chi-square = 2.21, df = 1, p = .1368. Given that no interaction term was
significant, we could not find evidence of violation of the proportional hazards assumption.
Because our sample consisted of large numbers of women and minorities, we also explored
whether the relationship between baseline depression status and time to CHD event was
moderated by race or gender.

RESULTS
The baseline characteristics of participants with and without depressive symptoms can be
found in Table 1. Among the 2,728 patients who were screened at baseline and who did not
have a current diagnosis of CHD, 423 (15.5%) were identified as having significant
symptoms of depression (CES-D ≥ 16). As was expected, the mean CES-D total score was
higher among elderly adults in the depressed group (24.1 vs. 5.2, t = 52.2, df = 476, p < .
0001). Depressed individuals also were younger and were more likely to be female.
Participants with low levels of baseline depressive symptoms were more likely to be Black
and to have a diagnosis of hypertension at baseline. During this follow-up interval, 1,646
(60.3%) participants died. The mean time to death was 125.0 months ± 59.3 months.

Figure 1 shows the Kaplan-Meier survival curves for time to events of depressed and non-
depressed individuals over the follow-up period for the four outcomes of interest: acute MI
or CHD death, CHD death, acute MI, and all-cause mortality. Our primary endpoint of
either an acute MI or CHD death, which occurred in 26.6% of the cohort (n = 727).
Depressed individuals were more likely to experience the primary endpoint than those
without depressive symptoms (31.9% vs. 25.7%, log-rank chi-square = 10.3, df = 1, p value
= 0.0014). There were 269 (9.9%) CHD deaths; the rate of CHD mortality was not
significantly different between the two groups (12.1% vs. 9.5%, log rank chi-square = 3.09,
df = 1, p value = 0.0788). A total of 517 (19.0%) participants experienced an acute MI
diagnosed by cardiac enzyme testing. Those in the depressed group were more likely to have
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had an acute MI (24.3% vs. 18.0%, log rank chi-square = 13.18, df = 1, p value = 0.0003).
The depressed group and non-depressed group did not differ with respect to all-cause
mortality (62.9% vs. 59.9%, log rank chi-square = 1.40, df = 1, p value = 0.2365).

Table 2 presents the unadjusted and adjusted relative risk ratios obtained from Cox
proportional hazards models. As can be seen, depression status remained a predictor of time
to CHD event, defined as acute MI or CHD death, after adjustment for demographics only
(RR = 1.50) and after adjustment for demographics and traditional cardiovascular risk
factors (RR = 1.46). Cox proportional hazards models that examined CHD death and acute
MI as separate outcomes revealed that depressed individuals were not more likely to die
from CHD in an unadjusted model (RR = 1.31); however, after controlling for demographics
(RR = 1.51) and both demographics and cardiovascular risk factors (RR = 1.48), the risk
ratio was significant. Those in the depressed group remained more likely to experience an
acute MI after adjustment for demographics only (RR = 1.59) and for demographics and
cardiovascular risk factors (RR = 1.55). With respect to all-cause mortality, depression status
was also a significant predictor in the demographics adjusted model (RR = 1.20) and in the
model adjusting for both demographics and cardiovascular risk factors (RR = 1.16).

In the models described above, the baseline CES-D score is treated as a dichotomous
variable using the common cut-off score of ≥ 16 to indicate those subjects with significant
symptoms of depression. To explore the possibility of a dose-response relationship between
CES-D score and CHD risk, we repeated the Cox proportional hazard models using the
following cut-points: CESD score < 16, CESD score 16–23, and CES-D score ≥ 24. In this
model, we did find evidence of a dose-response relationship. After adjustment for
demographics and cardiovascular risk factors, participants with CES-D score ≥ 24 (RR =
1.61, 95% CI: 1.22–2.11) and those with CES-D score between 16–23 (RR = 1.36, 95% CI:
1.06–1.74) had a higher risk ratio than participants with a CES-D score < 16.

Because our sample consisted of large numbers of women and minorities, it provided an
opportunity to examine whether the increased CHD risk associated with depression (CES-D
≥ 16) is comparable across race-gender groups. Thus, we conducted a series of exploratory
analyses in which we entered depression status × gender (Wald chi-square = 1.68, df = 1, p
= .1953), depression status × race (Wald chi-square = 0.81, df = 1, p = .3692), and
depression status × gender × race (Wald chi-square = 0.12, df = 1, p = .7267) interactions
into the adjusted Cox proportional hazards model predicting time to acute MI or CHD death.
None of these interaction terms was significant, indicating that the excess CHD risk
conferred by depression was similar across race-gender groups. To illustrate, the depression
status risk ratio was 1.36 for women versus 1.80 for men and was 1.35 for black adults
versus 1.61 for white adults.

CONCLUSION
Elderly adults with significant depressive symptoms at baseline and without a current
diagnosis of CHD at baseline were more likely to experience a CHD event over a 15-year
follow-up period. We found that individuals in the depressed group were approximately 1.5
times more likely to suffer a CHD event (i.e., acute MI or CHD death), even after
controlling for demographics and known cardiovascular risk factors. The effect was also
observed in the all-cause mortality models adjusted for cardiovascular risk factors. Our
exploratory analyses revealed that the excess CHD risk conferred by depression is
comparable across race-gender groups, suggesting that elevated depressive symptom
severity is a predictor of CHD events among older women and men as well as older white
and black adults.
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The present study contributes to the growing body of literature indicating that depression is
an independent risk factor for CHD. To our knowledge, this investigation is the longest
prospective cohort study to date examining the depression-CHD relationship in a large
sample of older adults (see Table 3). In addition, our study is the first to include large
numbers of both women and minorities. Although Ahto et al.(3) also observed that more
severe depressive symptoms were predictive of an increased risk of CHD death over a 12-
year period for both men and women, that study did not include minority participants. The
findings that we report are generally consistent with those of existing studies of older adults,
which have found that depression is associated with an increased risk of CHD death and
nonfatal CHD events.(3,8) Our results, however, are not completely congruent with those of
studies in which separate risk ratios for men and women were calculated. For example,
Mendes de Leon and colleagues (8) reported that depressive symptoms were positively
associated with risk of CHD events in elderly women but not in elderly men. In contrast,
Ferketich et al.(6) found that elevated depressive symptom severity was associated with an
increased risk of CHD death only among men. In addition, our findings are generally
consistent with prior studies that report an association between depression and all-cause
mortality although the present study is again among the longest in terms of follow-up.(29–
30)

Given the size and composition of our sample and the quality of our outcome measures, the
risk ratios that we report for depression status may be considered to be a reasonably stable
estimate of the population risk ratios. Notably, it is likely that the observed risk ratio is
clinically meaningful, given that its magnitude is comparable to that of traditional
cardiovascular risk factors. To illustrate, in our fully adjusted model examining predictors of
time to CHD event, only the risk ratio for diabetes (RR = 1.94) – but not those for
hypertension (RR = 1.17), hypercholesterolemia (RR = 1.01), and smoking (RR = 1.40) –
exceeded that for depression status (RR = 1.46). In addition, the risk ratio for depression
status is similar in size to those observed for traditional risk factors in the Framingham Heart
Study. (31)

Although the evidence linking depression to future CHD is substantial, the mechanisms
underlying this association remain poorly understood.(32) In most past studies, depression
remained a predictor of incident CHD after adjustment for traditional risk factors(10–12),
which suggests that other mechanisms are responsible. Among the leading candidate
mediators of the depression-CHD relationship are poor health behaviors associated with
depression, including smoking,(33) physical inactivity,(34) and non-adherence to medical
regimens.(35) Other plausible mechanisms are depression-related physiological changes that
are thought to contribute to CHD, such as autonomic nervous system dysfunction,(36)
hypothalamic-pituitary-adrenal axis dysregulation,(37) augmented inflammation,(38) and
altered platelet function.(39) It is also possible that a third factor – e.g., genetic
influences(40) or subclinical cerebrovascular disease(41)– could cause an elevation in
depressive symptoms and an increase in the risk of subsequent CHD events. Using data from
the National Diet and Nutrition Survey, investigators recently explored possible mediating
variables in the association between baseline depressive symptoms and mortality for up to 9
years.(42) While these potential mediators, many of which were also associated with
cardiovascular risk, explained 54% of the association between late life depression and
mortality, depression remained an independent risk factor for mortality. Declining physical
function has also been reported to mediate the association between depression and mortality.
However, even controlling for physical function and a host of other comorbid conditions, the
association between depression and mortality remain.(43–44)

There are several limitations of our study. First, because the CES-D does not provide a
diagnosis of major depressive disorder or dysthymic disorder, we cannot equate elevated
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depressive symptom severity with a clinical diagnosis of depression. Second, the present
analysis relies on depression status measured at a single point in time. A patient’s level of
depressive symptoms is known to vary over time but our study, like many in the field(45)
[e.g. Lesperance 2002] assumes that the effect of depressive symptoms at baseline will be
constant over the many years of follow-up. This assumption is inherent in the choice of a
Cox proportional hazard model as the analytic method. Model diagnostics supported the
validity of this assumption but reliance on a depression status measure at a single point in
time is a limitation of this study. Measuring symptoms at a single point in time rather than
relying on formal diagnostic criteria at multiple points in time would tend to result in
misspecification, which should reduce the likelihood of observing differences between study
groups. Nonetheless, obtaining only a single assessment of depressive symptom severity did
limit the analytic options available to us. Third, we did not have access to data regarding
non-fatal MI’s that occurred outside the targeted health care system. For this shortcoming to
influence the study findings, however, one would have to hypothesize that non-depressed
individuals were systematically more likely to seek care outside of this system.

In summary, our investigation makes a significant contribution to the literature indicating
that depression is an independent risk factor for CHD, given that it is the longest prospective
study of older adults and is the first to include large numbers of both women and minorities.
It is the lack of experimental evidence, however, that prevents one from reaching a
definitive causal inference. Specifically, past clinical trials, although few in number, have
failed to demonstrate that the treatment for depression reduces the likelihood of subsequent
CHD events.(46–49) Despite these disappointing results, there is suggestive evidence that
depression treatment has the potential to improve cardiovascular outcomes, as
pharmacologic and psychological interventions for depression have been associated with
improved endothelial(50–51) and autonomic function (52) and decreased systemic
inflammation(53) and smoking rates.(54) Furthermore, because all the aforementioned
negative trials involved patients who had already experienced a cardiovascular event, it is
possible that the depression interventions were delivered too late in the natural history of
CHD. For traditional cardiovascular risk factors, public health efforts stress primary
prevention in addition to secondary prevention (2). In a primary prevention approach,
clinicians would screen for and treat depression in much the same manner as is currently
recommended for hypertension, hyperlipidemia, or diabetes. Because evidence suggests that
atherosclerosis may be more reversible(55) and that some treatment effects may be
larger(56) before the development of advanced atherosclerotic lesions, future research
should explore whether treatment of depression, delivered prior to the onset of clinical CHD,
reduces cardiovascular risk.
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Figure 1.
Kaplan Meier survival curves (unadjusted) for time to acute myocardial infarction (MI) or
coronary heart disease (CHD) death (panel A), CHD death (panel B), acute MI (panel C),
and all-cause mortality (panel D) of depressed (dashed line) and non-depressed (solid line)
individuals over the 15-year follow-up period.
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Table 1

Baseline Characteristics (N=2728).

Characteristic Depression Status†

Non-Depressed (n=2305) Depressed (n=423) P value‡

Demographics

   Age, mean (SD) (range=60 to 102) 67.7 (7.0) 66.1 (6.5) <.0001

   Female, % 70.4 77.1 .0051

   Black, % 68.1 51.5 <.0001

Cardiovascular Risk Factors

   Diabetes, % 20.3 22.5 .3041

   Hypertension, % 61.5 55.6 .0220

   History of smoking, % 27.6 32.2 .0582

   Cholesterol level > 200, % 48.5 50.6 .4202

   Ideal body weight in highest quartile, % 25.5 23.7 .4377

†
Individuals with a CES-D score of ≥16 were classified as depressed, and those with a CES-D score <16 were classified as non-depressed.

‡
An independent samples t test with 2726 degrees of freedom was used to compare the depressed and non-depressed groups on age. All other

comparisons were based upon a chi-square test with 1 degree of freedom.
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