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Abstract
Background—In observational studies, clinical outcomes for black patients with coronary disease
have been worse than for white patients. There are few data from randomized trials comparing the
outcomes of coronary revascularization between black patients and white patients.

Methods and Results—We analyzed data from the Bypass Angioplasty Revascularization
Investigation (BARI) randomized trial. At study entry, the 113 black patients had significantly higher
rates of diabetes, hypertension, smoking, heart failure, and abnormal left ventricular function than
the 1,653 white patients. Black patients had significantly higher mortality than white patients (hazard
ratio 2.16, p=<0.001), which remained significant after statistical adjustment for differences in
baseline clinical characteristics (hazard ratio 1.59, p=0.003). In a substudy of economic and quality
of life outcomes, the 67 black patients had similar frequency of physician visits and use of evidence-
based cardiac medications, but significantly worse physical function scores than the 885 white
patients. The effect of random assignment to either surgery or angioplasty on clinical outcomes was
not significantly modified by race (interaction p-values ≥0.18).

Conclusions—Clinical outcomes of black patients after coronary revascularization were worse
than those of white patients in a clinical trial setting with similar treatment and access to care. The
differences in outcome between black and white patients were not completely attributable to the
greater levels of co-morbidity among black patients at study entry.
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Recent studies performed in clinical registries suggest that black patients with coronary disease
have worse clinical outcomes than white patients (1–4), but these studies may have been
affected by multiple confounding factors, such as patient clinical history, access to care, and
quality of care received (5). No clinical trial of coronary angioplasty versus coronary bypass
surgery has reported detailed clinical outcomes according to race. We therefore examined the
effect of race upon clinical outcomes in the controlled environment of the randomized Bypass
Angioplasty Revascularization Investigation (BARI) study in order to 1) test whether overall
clinical outcomes were different in black patients than in white patients, and 2) assess whether
the comparative efficacy of PCI and CABG was affected by the patient’s race.
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Methods
As described in detail previously (6,7), patients were enrolled into the BARI trial between 1988
and 1991 from 18 clinical sites in the United States and Canada and randomized to receive
either coronary balloon angioplasty (PCI) or bypass surgery (CABG). Patients were eligible
for randomization if they had multivessel coronary disease technically suitable for PCI and
CABG, and ischemic symptoms or objective evidence of myocardial ischemia sufficient to
warrant revascularization. Patients with left main disease or single-vessel disease were
excluded. Baseline clinical data were collected by study personnel following standardized
procedures based on the study protocol (8). Patients were followed at annual clinic visits, and
the presence of angina was assessed by study personnel. The primary endpoint of the study
was total mortality five years after randomization (8), with extended follow-up to ten years
(7).

Patients enrolled in seven of the 18 BARI clinical sites were invited to participate in a
prospective Substudy of Economic and Quality Of Life (SEQOL) (9,10). Consenting patients
provided data on quality of life at study entry and at annual intervals thereafter. The Duke
Activity Status Index (DASI) was used to assess physical functioning (11) and the RAND
Mental Health Index (MHI-5) was used to assess emotional status. Cumulative costs after study
entry were measured in 2002 dollars and discounted 3% annually as described in detail
previously (10).

Patient race was classified as either white, black, Asian, Hispanic, mixed or other by study
nurse coordinators during a face-to-face interview with the participants at the time of study
entry. For purposes of this analysis, black patients were compared with white patients, and the
small number of Asian, Hispanic and mixed or other race patients were excluded. Statistical
analyses of categorical variables were conducted using chi-square tests and tests of continuous
variables were performed using non-parametric methods routinely because of the likelihood
of non-normal data distributions. Multiple linear regression models were used to compare
DASI and MHI-5 scores in follow-up. Survival and survival-free of myocardial infarction were
analyzed using the Cox proportional hazards model. Tests for interaction between treatment
assignment and race were used to assess whether comparative outcomes of PCI versus CABG
differed by race.

In a secondary analysis, propensity score methods were applied to predict the patient’s race
using other baseline clinical variables. The resulting propensity score was used to match each
black patient with a white patient who had an equivalent propensity score, and Cox proportional
hazards survival models were then applied to the subset of matched patients.

Analyses were conducted using SAS Version 9.1 (SAS Institute, Cary, NC) and R Version
2.4.0.

Results
Overall Study Population

Of 1,829 patients randomized in the overall BARI trial, 1,653 were white, 113 were black, 12
were Asian, 26 were Hispanic and 25 were other or mixed race. Compared with white patients,
black patients were significantly younger and more likely to have a history of diabetes,
hypertension, current smoking, and heart failure, as well as evidence of reduced left ventricular
function (Table 1). Slightly more black patients (60%) than white patients (49%) by chance
were randomly assigned to CABG (p=0.03).
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Black patients had significantly higher rates of mortality (Figure 1) than white patients.
Unadjusted Kaplan-Meier overall survival at five years was 77.9% in black patients compared
with 88.6% in white patients. The significantly worse survival among black patients (hazard
ratio 2.16, 95% confidence limits 1.63 to 2.86, p<0.001) was attenuated but still significant
after statistical adjustment for baseline characteristics including age, sex, diabetes,
hypertension, smoking, prior MI, three-vessel disease, abnormal left ventricular function, heart
failure, and randomized treatment assignment (Table 2). Black patients had worse survival
than white patients in both the PCI-assigned and CABG-assigned groups (Figure 1). The test
for interaction between randomized treatment assignment and race upon subsequent mortality
was not significant (p=0.64).

In a secondary analysis, 106 black patients were matched to 106 white patients using a
propensity score. In this subset of 212 patients, black race remained a significant predictor of
survival in both the univariable analysis (hazard ratio 1.65, p=0.023) and in a multivariable
analysis that included baseline clinical factors (hazard ratio 1.79, p=0.012).

Black patients also had significantly worse survival free of myocardial infarction and higher
rates of angina than white patients (Table 3).

SEQOL Substudy
Of the 934 patients enrolled in the SEQOL substudy, 855 were white, 67 were black, one was
Asian, two were Hispanic, and nine were other or mixed race. The baseline characteristics of
black and white patients in the SEQOL substudy showed the same general patterns as in the
overall trial population, albeit with fewer statistical significant differences in the smaller
substudy population (Table 1). Black patients had less adequate health insurance (p=0.001),
but did not differ significantly in employment or in quality of life scores at study entry (Table
1).

The use of beta-blockers, ACE-inhibitors, aspirin and statins in follow-up was similar in black
and white patients, whether assessed as single drugs or as the number of evidence-based
medications prescribed (Table 4). The annual rate of follow-up visits to specialist and generalist
physicians in follow-up was also similar between black and white patients, but black patients
had a higher rate of visits to emergency departments (Table 4).

Physical function as assessed by DASI was lower in black patients at baseline and throughout
follow-up. While DASI improved after coronary revascularization in white patients, it did not
improve significantly in black patients (Figure 2), regardless of whether the patient was
randomized to PCI or to CABG (Figure 3). In a multivariable model that adjusted for treatment
assignment and clinical site, black patients had significantly lower DASI scores than white
patients at years one, two, three, four, six and seven of follow-up. After further adjustment for
the covariates in Table 1, the adverse effect of race upon DASI was significant only in years
one and three. There was no significant interaction between race and treatment on follow-up
DASI scores at any point in follow-up (0.18 ≤p ≤0.88)

MHI-5 scores of emotional function did not differ between black and white patients in follow-
up (Table 4). Follow-up medical costs were similar based on1 five years and ten years of follow-
up (Table 4). The percentage of patients employed at baseline who returned to work after
revascularization was not significantly different between black and white patients (Table 4).

Discussion
We found that black patients had significantly higher rates of cardiac events and of angina and
significantly lower physical function than white patients after coronary revascularization. Since
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both black and white patients enrolled in the BARI trial received coronary revascularization
in the same centers, had similar levels of follow-up care, and received equivalent numbers of
evidence-based medications, these differences between the black and white patients cannot be
attributed to differences in the level of medical care provided. The higher prevalence of co-
morbid conditions, such as prior MI and heart failure, among black patients at study entry
contributed to the worse clinical outcomes after coronary revascularization in this study, but
did not completely account for the observed differences in outcome between black patients
and white patients.

Previous studies have documented lower use of coronary angiography and coronary
revascularization procedures in black patients compared with white patients (12–14). Some of
this racial disparity in the use of cardiac procedures may be the result of geographic variation
and of differences in referral patterns, as black patients tend to receive health care from different
physicians (15) and at different hospitals than white patients (16,17). Reduced access to
coronary revascularization procedures in general, or to centers of excellence for CABG and
PCI in particular, might lead to higher rates of angina and worse health status of black patients
seen in routine clinical practice. All patients in the BARI trial, however, received coronary
angiography and revascularization in major referral centers with excellent clinical results. We
do not have data on the referral patterns of patients to the BARI centers, and can not directly
assess whether black patients were less likely to have been referred for coronary
revascularization.

Another potential explanation for worse outcomes in black patients is that they may have less
complete health insurance coverage and maybe less able to afford medications and follow-up
visits to physicians (18). In the TACTICS-TIMI-18 study, for instance, black patients received
fewer evidence-based therapies and had poorer overall survival (4). While black patients in
BARI did have less adequate health insurance, they received evidence-based cardiac
medications to the same extent as white patients, and had equivalent numbers of office visits
to generalist and specialist physicians in follow-up. Thus, while differences in health insurance
may contribute to disparities in access to care in the general population, they do not appear to
explain our findings.

A more plausible explanation of our results is that the higher prevalence of left ventricular
dysfunction, heart failure and prior myocardial infarction among black patients may have
limited their survival and functional recovery after coronary revascularization compared with
white patients. This hypothesis is supported by the attenuation of the association of race with
survival and DASI scores after statistical adjustment for the greater extent of co-morbidity and
disease found among black patients at study entry. It is possible that black patients were referred
for coronary revascularization later in the course of their disease than white patients, thereby
limiting their potential to improve clinical outcomes in response to coronary revascularization.
We did not collect data on the duration of symptoms prior to study entry, so this hypothesis
can only be tested in other populations.

The randomized design of the BARI trial provided the opportunity to test whether the
comparative outcomes of PCI and CABG differed between black patients and white patients.
We found no evidence that the effect of PCI and CABG on mortality or quality of life outcomes
was significantly modified by the patient’s race. Since the treatment effects seen in the overall
population enrolled in randomized trials generally hold within most subgroups, this result is
not unexpected. The smaller sample size of any subgroup in a clinical trial provides much lower
statistical power, however, to document variation in comparative efficacy.

This study was conducted as part of a randomized trial, which provides several strengths as
discussed earlier. Nevertheless, the study is limited by the relatively small sample size and the
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selection of all patients by strict inclusion and exclusion criteria. The generalizability of these
results to more general practice settings and less selected populations needs to be established
by additional studies. Another limitation is that race was classified by study nurse coordinators
during a face-to-face enrollment interview, which may have differed in some instances from
patient self-described race.

In conclusion, this study documents higher rates of mortality and angina and worse physical
function among black patients than white patients, despite similar access to high quality care.
The mechanism for this disparity in outcomes remains to be established.

Concise Summary: Race and Outcomes After Coronary Revascularization
What is Known

• Black patients have higher cardiovascular mortality than white patients, yet have
lower rates of coronary revascularization

• It is uncertain whether clinical outcomes after revascularization are equivalent for
black and white patients

What this Article Adds
• Despite similar medical care, black patients in the BARI trial had higher mortality

and worse functional outcomes

• While black patients had more diabetes, hypertension, heart failure, and left
ventricular dysfunction than white patients, the difference in clinical outcomes by
race remained after adjustment for these factors

• The BARI trial did not collect data on whether black patients were referred for
revascularization later in the course of disease than white patients

• Further investigation is needed to elucidate the reasons for these differences in clinical
outcomes after revascularization between black and white patients
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Figure 1.
Overall survival over ten years of follow-up according to race (top panel), and according to
race and treatment assignment (bottom panel).
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Figure 2.
Mean Duke Activity Status Index (DASI) scores (top panel) and mean change from baseline
DASI scores (bottom panel) over ten years of follow-up, according to race. The data points
represent the mean and the bars represent +/− one standard error of the mean.
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Figure 3.
Mean DASI scores (top panel) and mean change from baseline DASI scores (bottom panel)
over ten years of follow-up, according to race and treatment assignment.
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Table 2

Multivariable Predictors of Overall Survival

Hazard Ratio 95% Confidence Limits P

Black Race 1.59 1.17 to 2.15 0.003

Age < 55 Years 0.63 0.47 to 0.83 0.001

Age >= 65 Years 1.99 1.99 to 2.43 0.001

Female 0.77 0.63 to 0.95 0.02

Diabetes 2.35 1.92 to 2.88 0.001

Hypertension 1.29 1.06 to 1.56 0.01

Smoking 1.63 1.32 to 2.01 0.001

Prior Myocardial Infarction 1.05 0.87 to 1.27 0.62

Three-vessel disease 1.13 0.95 to 1.36 0.17

Abnormal LV Function 1.62 1.32 to 2.00 0.001

Congestive Heart Failure 1.97 1.53 to 2.54 0.001

Assignment to PCI 1.12 0.93 to 1.34 0.23
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Table 3

Clinical Outcomes by Race in the Overall BARI Trial

Black Patients White Patients P

(n=113) (n=1653)

Survival (%) 0.001

 One Year 90.3 96.5

 Five Years 77.9 88.6

 Ten Years 53.6 74.0

Survival free of MI (%) 0.001

 One Year 77.0 89.2

 Five Years 64.6 77.4

 Ten Years 40.9 60.1

Angina at Follow-Up (%)

 One Year 33 18 0.001

 Five Years 30 18 0.004

 Ten Years 24 16 0.17
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Table 4

Medical Utilization and Economic Outcomes by Race in the SEQOL Substudy

Black Patients White Patients P

(n=67) (n=855)

Outpatient Visits/Year

 Generalist Physicians 3.3 3.4 0.85

 Specialist Physicians 1.7 1.8 0.45

 Emergency Department 0.3 0.4 0.006

Cardiac Medications

 One Year 1.4 1.3 0.33

 Five Years 1.7 1.6 0.31

 Ten Years 2.2 2.1 0.21

Medical Costs

 Five Years 74,800 76,600 0.79

 Ten Years 107,600 109,800 0.88

Return to Work 48% 33% 0.12

Mental Health Inventory Scores

 One Year 74.5 75.1 0.62

 Five Years 75.7 74.3 0.31

 Ten Years 78.9 80.3 0.89
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