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Effect of Collaborative Care for Depression on Risk of Cardiovascular Events:
Data From the IMPACT Randomized Controlled Trial
JESSE C. STEWART, PHD, ANTHONY J. PERKINS, MS, AND CHRISTOPHER M. CALLAHAN, MD

Objective: Although depression is a risk and prognostic factor for cardiovascular disease (CVD), depression trials involving cardiac
patients have not observed the anticipated cardiovascular benefits. To test our hypothesis that depression treatment delivered before
clinical CVD onset reduces risk of CVD events, we conducted an 8-year follow-up study of the Indiana sites of the Improving Mood-
Promoting Access to Collaborative Treatment (IMPACT) randomized controlled trial. Methods: Participants were 235 primary care
patients 60 years or older with major depression or dysthymia who were randomized to a 12-month collaborative care program
involving antidepressants and psychotherapy (85 without and 35 with baseline CVD) or usual care (83 without and 32 with baseline
CVD). Hard CVD events (fatal/nonfatal) were identified using electronic medical record andMedicare/Medicaid data.Results: A total
of 119 patients (51%) had a hard CVD event. As hypothesized, the treatment � baseline CVD interaction was significant ( p = .021).
IMPACT patients without baseline CVD had a 48% lower risk of an event than did usual care patients (28% versus 47%, hazard ratio =
0.52, 95% confidence interval = 0.31Y0.86). The number needed to treat to prevent one event for 5 years was 6.1. The likelihood of an
event did not differ between IMPACT and usual care patients with baseline CVD (86% versus 81%, hazard ratio = 1.19, 95%
confidence interval, 0.70Y2.03). Conclusions: Collaborative depression care delivered before CVD onset halved the excess risk of
hard CVD events among older, depressed patients. Our findings raise the possibility that the IMPACT intervention could be used as a
CVD primary prevention strategy. Trial Registration: clinicaltrials.gov Identifier: NCT01561105. Key words: depression, coronary
disease, cerebrovascular disorders, follow-up studies, prevention.

CVD = cardiovascular disease;CAD = coronary artery disease;CBV =
cerebrovascular disease; IMPACT = Improving Mood-Promoting
Access to Collaborative Treatment; ICD-9 = International Classifica-
tion of Diseases, Ninth Revision; CPT = current procedural
terminology; MI = myocardial infarction; DCS = depression clinical
specialist; SSRI = selective serotonin reuptake inhibitor; SCL-20 =
Symptom Checklist-20.

INTRODUCTION

Thirty years of epidemiologic evidence indicates that de-
pression is an independent risk and prognostic factor for

cardiovascular disease (CVD), including coronary artery dis-
ease (CAD) and cerebrovascular disease (CBV) (1,2). Despite
this evidence, few clinical trials have evaluated whether phar-
macological or psychological depression treatments reduce the
likelihood of CVD events (3Y7). In general, these trials have not
observed the anticipated cardiovascular benefits. Although
other potential reasons for these null results have been offered
(8), a novel and unexplored explanation is that the late timing of
depression treatment in the natural history of CVD may have
also played a role. Critically, all of the past trials involved pa-
tients with preexisting CVD. We previously hypothesized that
treating depression before, versus after, the onset of clinical
CVD could reduce the risk of CVD events (9) because of the
following: a) evidence suggests that earlier treatment of another
CVD risk factor, hypercholesterolemia, yieldsmore pronounced
benefits (10Y13); b) depression begins to exert a deleterious
influence early in the pathogenesis of CVD (14Y17); c) the

prevalence of vascular depression (18), which tends to respond
poorly to treatment (19,20), is likely to be lower in depressed
patients free of CVD; and d) conventional prognostic factors
may override the effect of depression during the later stages of
CVD (21,22).

To test this hypothesis, we conducted an 8-year follow-up
study of patients from the Indiana sites of the Improving Mood-
Promoting Access to Collaborative Treatment (IMPACT) ran-
domized controlled trial (23,24). In that multisite trial, 1801
depressed primary care patients 60 years or older were ran-
domly assigned to either a 12-month collaborative stepped care
program for late-life depression involving antidepressants and
brief psychotherapy or usual care. Because the IMPACT trial
was positive for the depression outcomes (23), it provides a
good opportunity to evaluate the long-term health effects of
successful depression treatment. For the 235 patients from the
Indiana sites, we leveraged a unique set of resourcesVthat is,
local electronic medical record data (including death certificate
data) linked with Medicare and Medicaid claimsVto identify
hard CVD events. This set of resources is not currently available
at the other IMPACT sites.

METHODS
Participants
Participants were 235 depressed patients recruited between July 1999 and

August 2001 from two primary care clinics in an academic group practice in
Indianapolis, Indiana. Recruitment details are available elsewhere (23,24).
Potential participants underwent a depression screen (25), followed by an eli-
gibility interview (26) (Fig. 1). Inclusion criteria were age at least 60 years and a
current major depressive disorder or dysthymia diagnosis. Patients were ex-
cluded if they had a drinking problem (27), had bipolar disorder/psychosis, were
in psychiatric treatment, had severe cognitive impairment (28), or were at acute
risk for suicide. Our follow-up study was approved by the Indiana UniversityY
Purdue University Indianapolis Institutional Review Board and the Centers for
Medicare and Medicaid Services Privacy Board. Participants provided written
informed consent to the IMPACT procedures, and a waiver of consent was
obtained to link electronic medical record and Medicare/Medicaid data.

To identify participants with baseline CVD, we merged data from Regenstrief
Medical Record System (29), one of the largest and longest operating electronic
medical records (earliest data from 1978), with data fromMedicare and Medicaid
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claims (earliest data from 1999). Baseline CVD was defined as the occurrence of
any event listed in categories b, c, or e (see ‘‘Outcome Measures’’) or any of the
following procedures before the IMPACTenrollment date: percutaneous coronary
intervention (International Classification of Diseases, Ninth Revision [ICD-9]
codes 00.66, 36.03, 36.06, 36.07, 36.09; current procedural terminology [CPT]
codes 92980-92984, 92995, 92996), coronary artery bypass graft (ICD-9 codes
36.10-36.19; CPT codes 33510-33536), or thrombolytic therapy (CPT code
37195). Of note, we used this definition of baseline CVDVthat is, a history of
myocardial infarction (MI), stroke, revascularization, or thrombolytic therapyVso
that our participants with baseline CVD resembled those of past trials examining
the effect of depression treatment onCVDevents (e.g., post-MI infarction patients)
(3,7). In a sensitivity analysis, we used a broader definition of baseline CVD,which
likely had higher sensitivity but lower specificity for clinical CVD.Among patients
with baseline CVD, the median time from initial CVD event to IMPACT enroll-
mentwas 2.6 years (interquartile range, 1.5Y7.5 years). Patientswith baseline CVD
were almost equally distributed across the IMPACTand usual care groups, and no
significant differences in the baseline characteristics were detected between the
treatment groups (Table 1).

Treatment Groups
Patients were randomized to treatment groups (stratified by clinic) using

computer-generated random number sequences (23,24). This information was
then enclosed in a set of numbered, sealed envelopes for each clinic that were
opened sequentially when a new patient was enrolled. Personnel who conducted
the assessment interviews and the datamanager who computed theCVDoutcomes
were blind to treatment assignment.

IMPACT Intervention
This intervention has been described elsewhere (23,24,30). Collaborating with

the patients and their primary care providers, the depression clinical specialists

(DCSs) developed a treatment plan following the IMPACTalgorithm (30), which
was based on guidelines thatwere currentwhen the trialwas designed (31,32). This
algorithm recommends a Step 1 treatment of 8 to 12 weeks of an antidepressant
(usually a selective serotonin reuptake inhibitor; SSRI) or Problem-Solving
Treatment in Primary Care (a brief cognitive-behavioral therapy) (33), depending
on the patient’s preference. In addition to providing psychotherapy, DCSs en-
couraged patients to adhere to antidepressant medication regimens and referred
patients to other health/social services, as indicated. Patients were followed up for
up to 12 months, while treatment response was monitored (34). For patients who
achieved remission, the DCS developed a relapse prevention plan and followed up
on a monthly basis. Step 2 treatmentVwhich involved augmenting Step 1 treat-
ment with a second antidepressant or psychotherapy or switching to another an-
tidepressant or psychotherapyVwas delivered to patients who did not achieve
remission. A psychiatric consultation was initiated for patients with persistent de-
pression. If remission was not achieved in 6 to 10 additional weeks, Step 3 treatment
was initiated, which consisted of additional medications and psychotherapy, hospi-
talization, or other mental health services. DCSs discussed new cases and treatment
plan changes during supervision with a psychiatrist and a geriatrician.

Usual Care
Patients were informed of their diagnosis, were encouraged to follow-up

with their provider, and were followed up for 12 months while they received
services that were part of usual care. Providers received a letter indicating that
their patient has a depressive disorder and was randomized to usual care.

Outcome Measures
Ahard CVD event, the primary outcome, was defined as the occurrence of any

of the following events in the medical record or Medicare/Medicaid data between
IMPACT enrollment date and December 31, 2008: a) fatal MI (International
Classification of Diseases, 10th Revision codes I21-I22 the first-listed cause of

Figure 1. Flowchart of participants from the Indiana sites of the Improving Mood-Promoting Access to Collaborative Treatment (IMPACT) randomized controlled trial.
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death), b) laboratory evidence of acute MI (creatine kinaseYmyocardial band isoen-
zyme value 93.0 ng/ml or troponin value 90.3 Kg/l), c) acute MI diagnosis (ICD-9
code 410), d) fatal stroke (International Classification of Diseases, 10th Revision
codes I60-I64 the first-listed cause of death), or e) hemorrhagic (ICD-9 codes
430Y432) or nonhemorrhagic (ICD-9 codes 433.01, 433.11, 433.21, 433.31, 433.91,
434.01, 434.11, and 434.91) stroke diagnosis. Secondary outcomes were fatal/
nonfatal MI (categories a-c), fatal/nonfatalMIYcardiac enzyme confirmed (categories
a and b), fatal/nonfatal stroke (categories d and e), and all-causemortality. Death dates
were extracted from theMedicare data, and causes of death were obtained from death
certificates provided by the Indiana State Department of Health. Because the 2007 to
2008 death certificate data have not been released, cause of death is available only
through 2006, which includes 59 (65%) of the 91 deaths in our cohort. Patients who
diedbut did not fall into categories a-ewere coded as deaths not due to anMIor stroke,
including thosewithmissing causeof death. Patientswere followedup for amaximum
of 7.5 to 9.5 years (median = 8.1 years); however, for cause of death (categories a and
d), patientswere followed up for a maximum of 5.5 to 7.5 years (median = 6.2 years).

Other Variables
Baseline characteristics (except baseline CVD, smoking, and body mass

index) were assessed during the eligibility interview (24) (Table 1). Patients di-
agnosed with or treated for hypertension or diabetes in the past 3 years were
coded as having these conditions. Patients completed the 20 depression items of
the Symptom Checklist-90 (SCL-20) (35) to measure symptom severity and re-
ported their use of antidepressants during the preceding 3months. The SCL-20 is a
reliable and valid measure of depressive symptom severity that has been used as
outcomemeasure in several primary care trials (36Y40). In our sample, the SCL-20
exhibited good internal consistency at baseline and 12 months (Cronbach > = .81
and .91), which is consistent with previous findings (Cronbach > = .84-.86)
(41,42). Regarding validity, the SCL-20 has been found to be moderately corre-
lated (r = 0.54) with another established depression scale, the Patient Health

Questionnaire-9 (41). In addition, O’Connor et al. (43) observed that a 50%
reduction in SCL-20 score accurately identified 79% of patients who no longer
met the criteria for MDD after 12 weeks of collaborative care, concluding that this
cut point is a conservative measure of change in depression status. Medical record
data were used to compute baseline smoking and body mass index. At 3, 6, and
12 months, interviewers readministered the SCL-20 and inquired about antide-
pressant and psychotherapy use (24).

Data Analysis
We constructed Kaplan-Meier survival curves to illustrate the time from

enrollment to first CVD event in the Treatment (IMPACT, usual care) �
baseline CVD (yes, no) groups. Patients were censored at date of death or
December 31, 2008. We ran Cox proportional hazards models for the full
sample to test the treatment main effect (no covariates) and the treatment �
baseline CVD interaction (treatment and baseline CVD main effects were co-
variates). We then ran Cox models testing the treatment main effect separately
among patients with and without baseline CVD. We tested the proportional
hazards assumption by adding a time� randomization status interaction term to
the models. For all outcomes, the proportional hazards assumption was not
rejected. To illustrate clinical significance, we performed a number-needed-to-
treat analysis, which determined the number of depressed patients that would
need to be treated to prevent one hard CVD event over a 5-year period. This
analysis was based on the hazard ratio (HR) for the treatment main effect and
the event rates after 5 years among patients without baseline CVD. We also
conducted four sets of subgroup/sensitivity analyses: for men and women, for
the secondary outcomes, adjusted for baseline characteristics, and using a
broader definition of baseline CVD. Finally, we performed exploratory analyses
in which we coded the 8 patients who had missing cause of death data and were
also negative for all other CVD event markers as MI/stroke deaths. Reversing
the coding for these cases did not alter the results (see Table 2).

TABLE 1. Participant Characteristics by Treatment Group and Baseline Cardiovascular (CVD) Status (N = 235)

No Baseline CVD Baseline CVD

Characteristic IMPACT (n = 85) Usual Care (n = 83) p IMPACT (n = 35) Usual Care (n = 32) p

Demographic factors

Age, M (SD), y 66.8 (6.3) 67.8 (6.6) .33 67.9 (6.9) 67.8 (7.8) .97

Men, % 18.8 22.9 .52 31.4 31.2 .99

African Americana, % 42.4 53.0 .17 45.7 46.9 .92

Baseline cardiovascular risk factors

Hypertension, % 68.2 75.9 .27 91.4 78.1 .13

Diabetes, % 34.1 34.9 .91 40.0 43.8 .76

Smoker, % 29.4 41.0 .12 28.6 31.2 .81

Body mass index, M (SD), kg/m2 33.2 (10.0) 30.5 (9.5) .066 31.2 (9.1) 30.3 (8.2) .67

Baseline depression variables

MDD only, % 12.9 10.8 .67 17.1 6.2 .17

Dysthymia only, % 36.5 38.6 .78 37.1 37.5 .98

MDD and dysthymia, % 50.6 50.6 .99 45.7 56.3 .39

SCL-20 score, M (SD) (range, 0-4) 1.4 (0.5) 1.5 (0.5) .17 1.5 (0.5) 1.8 (0.5) .070

Antidepressant use in past 3 mo, % 51.8 48.2 .64 48.6 59.4 .38

Depression outcomes and care

SCL-20 change, M (SD) j0.4 (0.7) 0.1 (0.6) G.001 j0.2 (0.6) j0.1 (0.8) .83

Antidepressants during the trial, % 75.3 60.2 .037 79.4 83.9 .64

Psychotherapy during the trial, % 62.4 14.5 G.001 58.8 25.8 .007

IMPACT = Improving Mood-Promoting Access to Collaborative Treatment; M = mean; SD = standard deviation; MDD = major depressive disorder; SCL-20 =
Symptom Checklist-20.
Independent-samples t tests were used to compare groups on age, baseline SCL-20, and SCL-20 change (12-month score j baseline score). All other group
comparisons were made using W

2 tests.
a Because only 6 (3%) patients and 4 (2%) patients fell into the Hispanic and other categories, respectively, we created a dichotomous race variable (0, white, Hispanic,
and other; 1, African American).
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To evaluate whether treatment effects were mediated by depression outcome
or care variables, SCL-20 change, trial antidepressant use (yes, no), and trial
psychotherapy (yes, no) were added to Cox models that included the treatment
main effect. Change in the treatment effect after adding each variable was
computed as (BT+M j BT)/BT � 100, where BT + M is the unstandardized
coefficient for the treatment main effect in the presence of the potential medi-
ator, and BT is the unstandardized coefficient for the same variable alone. Sobel
tests were performed to determine whether the potential mediators statistically
mediated treatment effects. Analyses were performed using SAS statistical
software, version 9.3 (SAS Institute, Cary, NC).

RESULTS
Effect of the IMPACT Intervention on Depression
Outcomes and Care
Among patients without baseline CVD, the IMPACT group

exhibited a greater reduction in SCL-20 score than did the usual
care group ( p G .001, d = 0.69; Table 1), and 35% of the IM-
PACT patients versus 10% of the usual care patients achieved a
50% reduction in SCL-20 score ( p G .001). In contrast, among
patients with baseline CVD, there was no group difference in
SCL-20 change ( p = .83, d = 0.06; Table 1) or the percentage,
achieving a 50% reduction in SCL-20 score (IMPACT: 16%,
usual care: 17%, p = .91). Similarly, IMPACT patients without
but not with baseline CVD were more likely to have taken an-
tidepressants during the trial than usual care patients. Among
those with and without baseline CVD, IMPACT patients were
more likely to have received psychotherapy. These results are
comparable with those of the entire IMPACT trial (23).

Effect of the IMPACT Intervention on Hard CVD Events
A total of 119 patients experienced a hard CVD event during

the 8-year follow-up period (first event: 93 nonfatal MIs, 25
nonfatal strokes [6 hemorrhagic, 18 nonhemorrhagic, 1 both],
and 1 fatal MI). CVD event rates were high over the follow-up
period (Table 2), likely because of the use of a combined CAD
and CBV outcome, the high prevalence of major CVD risk
factors at baseline, and the elevated severity of depression at
baseline (950% had both major depressive disorder and dys-
thymia; see Table 1 for participant characteristics). Not sur-
prisingly, events were concentrated in patients with preexisting
CVD; the mean annual event rate was 22.8% and 6.2% for
those with and without baseline CVD, respectively. These event
rates are consistent with those from past studies of elderly de-
pressed patients with (44) and without (9) baseline CVD.

Survival curves indicated that the time to CVD event varied
across the treatment� baseline CVD groups (Fig. 2A). Among
patients without baseline CVD, the CVD event rate was 28%
(24/85) for the IMPACT group versus 47% (39/83) for the usual
care group (log-rank W

2 = 6.71, p = .010), yielding an absolute
risk reduction at the end of the follow-up period of 19%. In
contrast, among patients with baseline CVD, the CVD event
rate was 86% (30/35) for IMPACT versus 81% (26/32) for
usual care (log-rank W

2 = 0.41, p = .52).
Cox models involving the full sample revealed that the

treatment main effect fell short of significance for hard CVD
events ( p = .092); IMPACT patients had a 27% lower risk of a

TABLE 2. Cox Proportional Hazards Models Predicting Hard Cardiovascular Disease (CVD) Events, Fatal or Nonfatal Myocardial Infarction (MI), Fatal
or Nonfatal Stroke, and All-Cause Mortality

Outcome
Events
(%)

Treatment
Treatment �
Baseline CVD

Treatment: No
Baseline CVD
(n = 168)

Treatment:
Baseline CVD

(n = 67)

HR 95% CI p HR 95% CI HR 95% CI

Hard CVD events 119 (51) 0.73 0.51Y1.05 .021 0.52* 0.31Y0.86 1.19 0.70Y2.03

Men only 35 (63) 0.61 0.31Y1.21 .062 0.30* 0.10Y0.93 1.12 0.43Y2.92

Women only 84 (47) 0.81 0.53Y1.25 .10 0.63 0.35Y1.12 1.23 0.64Y2.35

Adjusteda 119 (51) 0.86 0.59Y1.25 .033 0.58* 0.35Y0.99 1.24 0.68Y2.25

Broad baseline CVDb 119 (51) 0.73 0.51Y1.05 .20 0.60 0.30Y1.21 1.01 0.66Y1.55

Missing cause of deathc 127 (54) 0.71 0.50Y1.01 .031 0.53* 0.32Y0.86 1.12 0.67Y1.86

Fatal or nonfatal MI 103 (44) 0.82 0.56Y1.20 .083 0.61 0.35Y1.06 1.26 0.73Y2.18

Fatal or nonfatal MIYenzyme confirmed 73 (31) 0.79 0.50Y1.25 .022 0.47* 0.24Y0.93 1.49 0.76Y2.90

Fatal or nonfatal stroke 37 (16) 0.56 0.29Y1.08 .038 0.25** 0.08Y0.75 1.10 0.45Y2.71

All-cause mortality 91 (39) 0.95 0.63Y1.44 .14 0.76 0.45Y1.29 1.44 0.74Y2.80

HR = hazard ratio; CI = confidence interval. N = 235 (179 women, 56 men).
* p G .05, ** p G .01.
a Adjusted for age, sex, race, hypertension, diabetes, smoking status, body mass index, baseline Symptom Checklist-20 (SCL-20), and baseline antidepressant use.
Sex (HR = 1.81, 95% CI = 1.21Y2.72, p = .004), diabetes (HR = 1.49, 95% CI = 1.02Y2.18, p = .04), and baseline SCL-20 (HR = 1.64, 95% CI = 1.14Y2.35, p = .01)
were independent predictors of hard CVD events in the expected directions.
b Baseline CVD (no: n = 112, yes: n = 123) defined as the occurrence of any of the following before IMPACT enrollment: a) ischemic heart disease diagnosis
(International Classification of Diseases, Ninth Revision [ICD-9] codes 410Y414, 429.2), b) laboratory evidence of an acute MI (creatine kinaseYmyocardial band
isoenzyme value 93.0 ng/ml or troponin value 90.3 Kg/l), c) percutaneous coronary intervention (ICD-9 codes 00.66, 36.03, 36.06, 36.07, 36.09; current procedural
terminology [CPT] codes 92980Y92984, 92995, 92996), d) coronary artery bypass graft (ICD-9 codes 36.10Y36.19; CPT codes 33510Y33536), e) cerebrovascular
disease diagnosis (ICD-9 codes 430Y434, 436Y438), or f ) thrombolytic therapy (CPT code 37195).
c Exploratory analyses in which the eight patients who had missing cause of death data and were negative for all other CVD event markers were coded as MI/stroke
deaths.
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CVD event than did the usual care patients (Table 2). As was
hypothesized, there was evidence of moderation by baseline
CVD because the treatment � baseline CVD interaction was
significant ( p = .021). Separate Cox models for patients with
and without baseline CVD indicated that treatment main effect
was driven by the patients without baseline CVD (Table 2).
IMPACT patients without baseline CVD had a 48% lower risk
of a CVD event ( p = .011), whereas the likelihood of a CVD
event did not differ between IMPACT and usual care patients
with baseline CVD ( p = .52). The number-needed-to-treat
analysis indicated that 6.1 depressed patients need to be treated
to prevent one hard CVD event over a 5-year period.

As is shown in Table 2, similar results were obtained in the
subgroup/sensitivity analyses, although some effects did not
achieve significance, in part, because of reduced statistical
power caused by a drop in CVD events. First, the IMPACT
intervention was associated with a significant CVD risk re-
duction for men without baseline CVD (70%, p = .037);
however, this risk reduction for women (37%, p = .12) fell short
of significance. Second, IMPACT patients without baseline CVD
had a significantly reduced risk of fatal/nonfatal MIYcardiac
enzyme confirmed (53%, p = .030) and fatal/nonfatal stroke
(75%, p = .014), although the reduced risk of fatal/nonfatal MI

fell short of significance (39%, p = .081; Fig. 2B and C). The
treatment main effect was not significant for all-cause mortality
among patients without baseline CVD (p = .30; Fig. 2D), but
IMPACT patients did have a numerically lower risk. Third,
adjusting for baseline characteristics did not alter the results;
IMPACT patients without baseline CVD had a 42% lower risk
of a CVD event (p = .044). Fourth, we observed a similar pattern
of results when we used a broader definition of baseline CVD
(no: n= 112, yes: n= 123); however, the lower risk ofCVD events
among patients without baseline CVD fell short of significance
(40%, p = .16). When the broad definition was used, only 32 of
the 119 events occurred in the cohort without baseline CVD.
Across the subgroup/sensitivity analyses, the treatment main
effect was not significant among patients with baseline CVD
(all p values 9 .26).

Mediation Analyses
As is shown in Table 1, we observed a treatment effect on the

three candidate mediators among patients without baseline CVD.
IMPACT patients exhibited greater SCL-20 reductions and were
more likely to have taken antidepressants and received psycho-
therapy. Adding SCL-20 change to the models predicting hard
CVD events decreased the treatment effect by only 8% (HR= 0.55,

Figure 2. Kaplan-Meier survival curves for time to hard CVD events (A), fatal or nonfatal MI (B), fatal or nonfatal stroke (C), and all-cause mortality (D). CVD =
cardiovascular disease. MI = myocardial infarction. IMPACT = Improving Mood-Promoting Access to Collaborative Treatment.
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95% confidence interval [CI], 0.32Y0.94, p = .028), and SCL-20
change did not predict CVD events (HR = 1.12, 95% CI =
0.75Y1.66, p = .58). Similarly, adding trial antidepressants de-
creased the treatment effect by only 2% (HR = 0.52, 95% CI =
0.31Y0.88, p = .014), and trial antidepressants was not a predictor
of CVD events (HR = 0.90, 95% CI = 0.54Y1.53, p = .71). In
contrast, adding trial psychotherapy increased the treatment effect
by 17% (HR = 0.46, 95% CI = 0.26.Y0.82, p = .009), but trial
psychotherapy also did not predict CVD events (HR = 1.27, 95%
CI = 0.71Y2.27, p = .42). Sobel tests revealed that there was
no evidence of statistical mediation by any of the candidate me-
diators (all p values 9 .42).

DISCUSSION
The present findings a) support our novel hypothesis that

depression treatment delivered before the onset of clinical CVD
reduces the risk of CVD events and b) suggest an alternative or
complement to the current paradigm of initiating depression
treatment after clinical CVD onset to improve cardiovascular
prognosis. In this long-term follow-up study of the IMPACT
trial, depressed patients without baseline CVD who received
collaborative care for depression had a 48% lower risk of a hard
CVD event than did patients who received usual care (19%
absolute risk reduction). This degree of risk reduction is com-
parable to that of major CVD prevention approaches (45,46).
Further highlighting the clinical significance of our findings, we
determined that approximately six depressed patients 60 years
or older need to be treated with the IMPACT intervention to
prevent one fatal/nonfatal MI or stroke over 5 years. In contrast,
among depressed patients with baseline CVD, the risk of a hard
CVD event was comparable in both treatment groups. Our
findings are robust; a similar pattern of results was found for
men and women, for fatal/nonfatal MI and stroke, after ad-
justment for potential confounders, and when a broader defi-
nition of baseline CVD was used. We did, however, observe
evidence that the cardioprotective effect of the IMPACT inter-
vention may be greater for men and for fatal/nonfatal stroke.
Although our study is by no means definitive because of its post
hoc nature, we do report unique results that strengthen the case
that depression is a risk factor for CVD. Moreover, our findings
suggest that evidence-based depression treatment can bring about
a clinically meaningful reduction in incident CVD events.

Previous trials, in particular the adequately powered
ENRICHD trial (3) and Myocardial Infarction and Depression-
Intervention Trial (7), have not detected a cardioprotective ef-
fect of depression treatment. The Coronary Psychosocial
Evaluation Studies trial (4) is an intriguing exception; however,
the number of cardiovascular events was low. Of relevance, all
of these trials involved patients with preexisting CVD. Here, we
propose and report evidence suggesting that the late timing of
depression treatment in the natural history of CVD may have
contributed to the null results of past trials. In other words, the
cardiovascular benefits of depression treatment may be larger in
magnitude earlier in the natural history of CVD. Gallo and
colleagues (47) found that collaborative care for depression
reduced all-cause mortality, but not CVD deaths, among older,

depressed patients. Although their findings may seem at odds
with ours, nearly half of their patients had CVD at baseline, and
analyses stratified by baseline CVD were not reported. Con-
sequently, it is unknown whether collaborative depression care
exerted a cardioprotective effect among patients without base-
line CVD in that trial.

There are several reasons why depression treatment may
exert a cardioprotective effect before versus after the onset of
clinically manifest CVD. First, emerging evidence suggests that
earlier versus later treatment of another CVD risk factor, hy-
percholesterolemia, yields more pronounced benefits (10Y12),
possibly by slowing atherosclerotic progression (13). Com-
bining data from prospective studies, Law and colleagues (11)
estimated that the risk reduction in CAD events of a 1.8-mmol/l
decrease in low-density lipoprotein cholesterol was greater for
patients in their 50s (77%) than those in their 60s (61%) and 70s
(49%). Other evidence suggests that earlier treatment is asso-
ciated with slower atherosclerotic progression, as younger age
at initiation of statin treatment predicted smaller increases in
carotid intima-media thickness over 4.5 years among children
with familial hypercholesterolemia (13). A recent meta-analysis
of genetic studies also bolsters the earlier treatment rationale; it
was found that lower low-density lipoprotein cholesterol be-
ginning early in life (due to a mutation) confers a three times
greater decrease in CAD risk than the same cholesterol re-
duction later in life (due to statin treatment) (10). Collectively,
these findings raise the possibility that earlier treatment of other
modifiable CVD risk factors, including depression, may also
retard atherosclerotic progression to a greater extent, which
should translate into a lower rate of CVD events.

Second, depression treatment may have a cardioprotective
effect before clinical CVD onset because depression begins to
exert a deleterious influence early in the pathogenesis of CVD.
Depression has been associated with endothelial dysfunction
(14) and more rapid atherosclerotic progression (15,16) in
humans free of CVD and predicts early atherogenesis in pri-
mates (17). Therefore, intervening on depression earlier would
minimize the duration of exposure to this risk factor. Third,
vascular depression (18), which has been associated with poor
treatment response (19,20), is likely to be less prevalent among
depressed patients free of clinical CVD. Consistent with this
notion, the antidepressive efficacy of the IMPACT intervention
in our study was greater among patients without versus with
baseline CVD (d = 0.69 versus 0.06). Similar to our study, most
trials of depressed patients with CVD have observed relatively
small treatment effect sizes for depression outcomes (d =
0.20Y0.38) (48), which highlights the need for more effective
interventions for these patients. It is worth noting that two re-
cent trials of stepped depression care have reported more
promising (moderate) effect sizes in patients with acute coro-
nary syndrome (4,49). Fourth, conventional prognostic factors
such as disease severity or medical treatment may override the
effect of depression during the later stages (21,22). Due to their
speculative nature, future studies are needed to evaluate these
four potential reasons for why depression treatment may exert a
cardioprotective effect before clinical CVD onset.
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A key next step is elucidating the mechanisms underlying
the cardioprotective effect of collaborative care for depression
among patients without baseline CVD. We found that symp-
tomatic improvement during the 12-month treatment phase
explained only 8% of the cardioprotective effect of the IM-
PACT intervention, and this variable was not a significant me-
diator. However, because depression data during the follow-up
period are not available, it remains an open question as to
whether the cardioprotective effect is depression dependent. We
also found that antidepressant and psychotherapy use during the
trial did not appreciably reduce the treatment effect and were not
significant mediators. Unfortunately, we do not have long-term
data for depression care, and the yes-no questions assessing
treatment received may have failed to capture important aspects
such as dose and duration of antidepressant treatment and
number of psychotherapy sessions. Because depression has
been linked with atherogenic physiologic (e.g., autonomic
dysfunction and systemic inflammation) and behavioral (e.g.,
smoking, physical inactivity, and poor medication adherence)
factors (50), successful treatment of depression could lead to
improvements in these factors, thereby reducing CVD risk. Of
relevance here, receiving problem-solving therapy, a cognitive-
behavioral therapy, may have decreased the likelihood of de-
pression relapse during the follow-up period (51). The direct
inhibitory influence of SSRIs on platelet reactivity (52) could
also be responsible for the cardioprotective effect of the IM-
PACT intervention. Moreover, among patients with baseline
CVD, the lack of a treatment group difference in antidepressant
use during the trial, possibly due to the high rate of treatment,
may have contributed to the absence of a cardioprotective effect
of the intervention. Indeed, a secondary analysis of the
ENRICHD trial revealed that SSRI use was associated with a
lower likelihood of CVD events among post-MI patients (53).
Finally, given that IMPACT patients were referred for other
health/social services when indicated, these services may have
resulted in improvements in CVD risk profiles. Furthermore, the
effect of these additional services on incident CVD events may
have been greater among patients without baseline CVD be-
cause it is likely that these patients were not being monitored as
closely and receiving asmuchmedical care at the start of the trial
as patients with baseline CVD. To determine the relative con-
tribution of depression-dependent and depression-independent
pathways and to identify the underlying mechanisms, future
trials should obtain measures of depression outcomes and care
and of other services throughout the follow-up period, as well
as repeatedly assess the atherogenic physiological and be-
havioral factors.

Our follow-up study has limitations. First, the IMPACT trial
was not designed to test our hypothesis, and our analyses are
post hoc in nature and should be interpreted with caution.
Consequently, randomization was not stratified by CVD status,
and hard CVD events were not a prespecified end point of the
trial. Even so, patients with baseline CVD were almost equally
distributed across the treatment groups, no group differences
in potential confounders were detected, and analyses adjusted
for potential confounders yielded similar results. Second, the

cohort of patients with baseline CVD was small, and the
dividing line between groups with and without baseline CVD
was not sharp. Thus, our finding that the IMPACT intervention
did not reduce the likelihood of CVD events among patients
with preexisting CVD should be interpreted cautiously, espe-
cially considering the almost nil effect of the intervention on
depressive symptoms. Of relevance, a sensitivity analysis using
a broader definition of baseline CVD, which increased the size
of the baseline CVD cohort to 123, yielded similar findings. In
addition, the absence of a depression intervention effect on
cardiovascular outcomes among patients with CVD is consis-
tent with results of much larger trials (3,7). Third, we were able
to identify incident CVD events only in a subgroup of patients
from the multisite IMPACT trial. We were restricted to patients
from the Indiana sites because we took advantage of existing
data sourcesVnamely, a local electronic medical record system
and Medicare/Medicaid claims data obtained for a large group
of older adults in Indianapolis area (including IMPACT
patients) as part of another project. Scientifically, our approach
is reasonable, given that the methodological features of a ran-
domized controlled trial were in place at each site (23,24).
However, replicating our project at other IMPACT sites where
similar data sources are available or could be obtained is an
important next step that would increase statistical power, as
well as the external validity of our findings. Fourth, we did not
have cause of death data for the 32 deaths that occurred from
2007 to 2008, which may have led us to misclassify some
deaths as not due to MI or stroke. However, it is unlikely that
this affected our results, given that 24 (75%) of these patients
were positive for a nonfatal event marker, thereby correctly
establishing their time to first CVD event. In addition, coding
the 8 patients who had missing cause of death data and were
negative for all nonfatal event markers as MI/stroke deaths did
not alter the results. Fifth, although we were adequately
powered to detect a treatment � baseline CVD interaction and
an intervention effect for our primary outcome, clinically
meaningful effects in the subgroup/sensitivity analyses (e.g., in
women and when we used the broader baseline CVD definition)
fell short of significance, indicating that statistical power was
likely low or inadequate in these analyses. Future trials could
use our effect size estimates to ensure that they are adequately
powered for the subgroups or outcomes of interest. Sixth, the
use of the SCL-20 to assess depressive symptom severity is a
potential limitation, given that its specificity may not be as high
as other depression scales (41) and its utility in predicting CVD
outcomes has not been demonstrated (1).

In summary, we found that collaborative care for depression
delivered before the onset of CVD halved the excess risk
of hard CVD events among depressed primary care patients
60 years or older. Although our results raise the possibility that
the IMPACT intervention could be used as a primary prevention
strategy for CAD and CBV, there is now a need to conduct a
well-powered randomized controlled trial designed to defini-
tively test our hypothesis that treating depression earlier in the
natural history of CVD reduces the risk of CVD events. If this
trial confirms our hypothesis, it would support providers using
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the IMPACT intervention as both a depression intervention and
a cardiovascular risk reduction strategy among older, depressed
patients without clinically manifest CVD.
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Kesterson, MA, Regenstrief Institute, Inc, Indianapolis, IN.
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