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Buckground Some studies suggest that black patients may have worse outcomes after drug-eluting stent (DES)
placement. There are limited data characterizing longterm outcomes by race. The objective was to compare long-ferm
outcomes between black and white patients after percutaneous coronary intervention (PCI) with DES implantation.

Methods We analyzed 915 black and 3,559 white (n = 4,474) consecutive patients who underwent DES placement at
Duke University Medical Center from 2005 through 2013. Over é-year follow up, we compared rates of myocardial infarction
(M), allcause mortality, revascularization, and major bleeding between black and white patients. A multivariable Cox
regression model was fit to adjust for potentially confounding variables. Dual-antiplatelet therapy use over time was determined
by patient follow-up surveys and compared by race.

Results Black patients were younger; were more often female; had higher body mass indexes; had more diabetes mellitus,
hypertension, and renal disease; and had lower median household incomes than white patients (P < .001). At 6 years after DES
placement, black relative to white patients had higher unadjusted rates of MI (12.1% vs 10.1%, hazard ratio 1.25, 95% Cl 1.00-
1.57, P=.05) and major bleeding (17.8% vs 14.3%, hazard ratio 1.28, 95% Cl 1.07-1.54, P=.01), but there were no significant
differences in other outcomes. After multivariable adjustment, there were no statistically significant racial differences in any of these
outcomes at 6 years. Similarly, dual-antiplatelet therapy use was comparable between racial groups.

Conclusions Unadjusted rates of MI and major bleeding over long-erm follow up were higher among black patients compared
to white patients, but these differences may be explained by racial differences in comorbid disease. (Am Heart ) 2019;214:46-53.)

Patients with symptomatic coronary artery disease
(CAD) often require percutaneous coronary intervention
(PCD with drug-eluting stent (DES) implantation. The
superiority of DES over bare metal stents (BMSs) for
preventing vessel restenosis is well established; however,
prior studies report racial differences in the utilization of
DES and outcomes following DES implantation. Patients
who self-identify as black are less likely than their white
counterparts to undergo PCI and other invasive cardiac
procedures.'® Black relative to white patients who
undergo PCI for symptomatic CAD are less likely to
receive a DES.*7 Several explanations for these disparities
have been proposed including socioeconomic factors and
patient refusal driven by minority mistrust of the medical
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system.”®® There is a growing body of data, however,

that suggests race can influence outcomes following PCI
when interventions are equivalent.

Some studies examining the association between race and
outcomes after PCI with DES deployment found that black
patients are more likely to develop stent thrombosis,
experience myocardial infarction (MI), and have an increased
mortality than white patients who undergo PCI”"", whereas
other studies have found no differences by race after
adjusting for confounders.'*'® What is not well understood
are how outcomes differ between black and white patients
with DES over an extended follow-up period. The aim of this
study is to determine if outcomes between black and white
patients who underwent PCI with DES implantation at Duke
University Medical Center differ over long-term follow up.

Methods
Data sources and definitions

The study population included individuals from the Duke
Databank for Cardiovascular Disease (DDCD), a database of
patients who have undergone cardiac catheterization at
Duke University Medical Center. The DDCD methods have
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86,981 patients who underwent
PCI at Duke were identified in the
DDCD

v

26,623 patients had PCI within
date range

Sullivan et ol 47

\ 4

4,474 patients were included in
the final study population
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22,149 patients were excluded:
who did not havea DES
(n=21,837), who were not black
or white (n=312), or who were
<18 years old (n=0)

Flow diagram of pafient identification and selection. This flow diagram details how patients were identified from the DDCD and were included in the final analysis.

been described previously.l/“15 Briefly, the databank
includes baseline demographics, medical history, physical
examination, and angiographic and procedural data. Follow-
up information was obtained from Duke University Health
System records and by routine DDCD follow-up question-
naires at 6 and 12 months postprocedure and annually
thereafter. Nonresponders to self-administered question-
naires were contacted by phone.

Medication use was collected at the time of PCI and from
follow-up surveys. Clinical outcomes of interest included
all-cause death, MI, revascularization (PCI or coronary
artery bypass graft), and major bleeding (defined as a
bleeding diagnosis that led to hospital admission). A
composite outcome of all-cause death, MI, or revascular-
ization termed major adverse cardiovascular events
(MACE) was also analyzed among the prespecified
outcomes. Deaths were determined from Duke hospital
system records and from follow-up surveys. Vital status for
patients lost to follow-up was assessed via the National
Death Index. ' Follow-up MI and revascularization events
were based on clinical diagnoses assigned by the patient's
physician and electronic operative and angiographic
results recorded in the DDCD. When these events occurred
outside of Duke and were reported via follow-up surveys,
records were requested from the patient's medical
provider and adjudicated by 2 members of the DDCD team.

Bleeding events were determined from primary and
secondary International Classification of Diseases, Ninth
Revision, diagnosis codes used in prior studies'’?!
(supplemental materials). Median household income was
determined by linking individual patient data at the census
block group level using current patient addresses with data
from the American Community Survey (2011). Dual-

antiplatelet therapy (DAPT) was defined as reported use
of aspirin and concomitant use of a P2Y;, inhibitor
(clopidogrel, ticagrelor, ticlopidine, or prasugrel). DAPT
use at discharge was determined from health system
medication records on the day of or within 7 days after PCI.
Adherence to DAPT was determined using patient's self-
reported follow up surveys supplemented with health
system medication records. Because information from
DDCD follow-up was last collected in January 2015,
medication use and follow-up for clinical events were
censored after January 2015.

Patient population

Patients for this analysis were identified from 86,981
unique patients who underwent cardiac catheterization at
Duke University Medical Center from 1985 through 2015.
Patients were excluded from this cohort if they did not
undergo PCI between January 1, 2005, and June 30, 2013,
(n = 60,358), did not receive a DES (n = 21,837), were <18
years old (n = 0), or did not self-identify as either black or
white (n = 312). This left 4,474 patients meeting inclusion
criteria for our study population (Figure 1).

Statistical methods

Characteristics of the patient population were stratified
by race. Continuous variables were presented as median
(25th-75th percentiles) and categorical variables as count
(percent). Comparisons between races were performed
using Wilcoxon rank sum and  ? tests for continuous and
categorical variables, respectively.

x? tests were used to compare DAPT use between
races at each point during follow-up (discharge, 6
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Table I. Patient characteristics

Characteristics Black patients White patients P values
(n = 915) (n = 3559)

Demographics
Age 60 (52-68) 64 (55-72) <.001
Female 418 (45.7%) 1054 (29.6%) <001
Median household income, $ 36,800 (29,700-48,200) 44,900 (35,200-59,000) <.001
Medical history
BMI 29.9 (26.0-34.0) 29.0 (25.6-32.7) <.001
Diabetes mellitus 413 (45.1%) 1011 (28.4%) <.001
Hypertension 714 (78.0%) 2495 (70.1%) <.001
Hyperlipidemia 545 (59.6%) 2378 (66.8%) <.001
History of renal disease* 89 (9.7%) 107 (3.0%) <.001
Previous or current smoker 357 (39.0%) 1572 (44.2%) .005
History of atrial fibrillation 59 (6.4%) 354 (9.9%) .001
History of cerebrovascular disease 77 (8.4%) 302 (8.5%) 946
History of congestive heart failure 174 (19.2%) 598 (16.9%) 107
NYHA class (CHF severity) 027

None 788 (87.2%) 3136 (89.2%)

| 16 (1.8%) 44 (1.3%)

Il 39 (4.3%) 123 (3.5%)

1l 37 (4.1%) 165 (4.7%)

v 24 (2.7%) 48 (1.4%)
History of peripheral vascular disease 82 (9.0%) 305 (8.6%) 707
Charlson Comorbidity Indext <.001

0 422 (46.1%) 2091 (58.8%)

1 310 (33.9%) 987 (27.7%)

2 90 (9.8%) 326 (9.2%)

3+ 93 (10.2%) 155 (4.4%)
Ejection fraction (n) 578 2305

Median (Q1-Q3) 54.4 (43.4-60.4) 55.0 (45.8-63.0) <.001
Previous PCl 216 (23.6%) 898 (25.2%) 311
Previous CABG 178 (19.5%) 990 (27.8%) <.001
Previous MI 449 (49.1%) 1628 (45.7%) .072
Previous BMS Placement 165 (16.5%) 645 (16.7%) .892
Discharge medications
Aspirin 881 (96.3%) 3442 (96.7%) 522
ACE inhibitors 680 (74.3%) 2567 (72.1%) .185
B-Blockers 835 (91.3%) 3151 (88.5%) .019
Statins 831 (90.8%) 3215 (90.3%) .656
Oral anticoagulantst 32 (3.5%) 136 (3.8%) .646

BMI, body mass index; NYHA, New York Heart Association.

*Renal disease is defined as serum creatinine >3.0, use of dialysis, or renal transplant.

t Charlson Comorbidity Index is an index that predicts the risk of mortality for a given patient based on number of comorbidities

1+ Oral anticoagulants include warfarin, apixaban, rivaroxaban, and dabigatran.

months, 1 year, etc). Outcomes including MI, revascular-
ization, all-cause death, and major bleeding were assessed
from time of index PCI using cause-specific Cox
proportional-hazards models, considering the competing
risk of death for nonfatal events. Follow-up was censored
at the earliest of death, end of follow-up, or median
follow-up time of the cohort (approximately 6 years).
Kaplan-Meier and cumulative incidence rates were
presented for each outcome by race, and cause-specific
hazard ratios (HRs) (with 95% CIS) comparing the risk of
events between black and white race were estimated by
Cox regression. Potentially confounding baseline comor-
bidities and demographic characteristics including medi-
an household income were prespecified adjustment

covariates and fit in a multivariable Cox regression
model to adjust for potential imbalances between race
groups (Appendix A).

Model assumptions and the extent of missing data were
evaluated. Linearity of the continuous variables was
assessed and eventually fit with natural cubic splines. The
proportional-hazards assumption was evaluated using
weighted Schoenfeld residuals for the main comparison
groups and determined to be a reasonable approximation.
The extent of missing data was negligible for a majority of
the variables used in the adjusted analyses (<1.10%), except
for the number of diseased vessels (~6.8%). Descriptive
summaries were reported excluding missing values. For
regression models, patients missing information on
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Table Il. Angiographic and procedural characteristics
Characteristics Black patients White patients P values
(n=915) (n = 3559)
Indication for PCI .003
Stable angina 277 (30.3%) 1278 (35.9%)
Unstable angina 294 (32.1%) 1137 (31.9%)
STEMI 151 (16.5%) 556 (15.6%)
NSTEMI 190 (20.8%) 581 (16.3%)
MI unspecified* 3(0.3%) 7 (0.2%)
Year of PCl 919
2005-2007 531 (58.0%) 2063 (58.0%)
2008-2010 178 (19.5%) 711 (20.0%)
2011-2013 206 (22.5%) 785 (22.1%)
Vascular access .842
Femoral 957 (95.7%) 3684 (95.3%)
Radial 40 (4.0%) 171 (4.4%)
Other 3(0.3%) 12 (0.3%)
Intraprocedural anticoagulationt
Heparin 377 (37.7%) 1418 (36.7%) 547
Direct thrombin inhibitor 419 (41.9%) 1618 (41.8%) 973
Vessel treated with stent
Left anterior descending artery 385 (42.1%) 1581 (44.4%) .202
Left circumflex artery 327 (35.7%) 1137 (31.9%) .029
Left main coronary artery 33 (3.6%) 169 (4.7%) 138
Right coronary artery 334 (36.5%) 1367 (38.4%) .289
Total stent length, mm 23.0 (16.0-39.0) 24.0 (16.0-40.0) 122
Minimum stent diameter 321
<3 mm 772 (84.4%) 3049 (85.7%)
>3 mm 143 (15.6%) 510 (14.3%)
Number of diseased vessels .358
0 8 (0.9%) 41 (1.2%)
1 416 (48.8%) 1541 (46.4%)
2 246 (28.9%) 947 (28.5%)
3 182 (21.4%) 793 (23.9%)
Multiple stents placedt 365 (39.9%) 1538 (43.3%) 065

*“MI unspecified” refers to patients who experienced an Ml but STEMI or NSTEMI was undocumented.
1 The heparin subgroup includes patients who received heparin or enoxaparin during PCI. The direct thrombin inhibitor group includes patients who received argatroban, bivalirudin,

or lepirudin during PCl.
1 Represents patients that had more than 1 stent placed during their index PCI.

number of diseased vessels were coded using a separate
categorical level for this covariate; for other covariates,
missing values were imputed using the cohort median and
mode for continuous and categorical variables, respective-
ly. All statistical analyses were performed using SAS v9.4
(SAS Institute, Cary, NC). A 2-tailed P value < .05 was
considered statistically significant.

Funding sources and contributions

No extramural funding was used to support this work.
The authors are solely responsible for the design and
conduct of this study, all study analyses, the drafting and
editing of the paper, and its final contents.

Results
Patient and procedural characteristics

Among 4,474 patients who underwent PCI with DES
implantation between January 1, 2005, and June 30, 2013,
915 (20.5%) were black and 3,559 (79.5%) were white.

Compared to white patients, black patients were younger
and more likely to be female (P <.001). Black patients had a
median household income of $36,800, whereas white
patients had a median household income of $44,900.
Comorbid conditions including diabetes mellitus, hyper-
tension, and renal disease were more common among
black patients as compared to white patients. Furthermore,
black patients had more symptomatic heart failure (P =
.027) with a slightly lower median ejection fraction and
worse Charlson Comorbidity Index scores at baseline (P <
.001). White patients had more hyperlipidemia (P < .001)
and atrial fibrillation (P = .001), and were more likely to
smoke (P = .005) and to have had a prior coronary artery
bypass graft (P < .001) than black patients (Table D).
Indications for PCI differed as a function of race. Black
patients were less likely to undergo PCI for stable angina
than white patients but were more likely to have PCI for
ST-elevation MI (STEMI), non-ST-elevation MI (NSTEMI),
and unstable angina (P = .003). The left anterior
descending artery was the most commonly treated vessel
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among all patients. Black patients were more likely than
white patients to undergo PCI of the left circumflex
artery (P = .029). Other angiographic and procedural data
including year of PCI, vascular access, intraprocedural
anticoagulation used, stent dimensions, the number of
stents deployed, and discharge medications did not vary
significantly by race (Table II).

Outcomes

Kaplan-Meier curves comparing G-year outcomes be-
tween black and white patients are shown in Figure 2.
Median (25th-75th) length of follow-up was 6.0 (2.9-6.0)
years for black patients and 6.0 (3.1-6.0) years for white
patients. At 6 years, both the unadjusted and adjusted
rates of MACE did not differ significantly between black
and white patients (45.5% vs 44.4%, aHR 1.00, 95% CI
0.89-1.13, P = .99). Black relative to white patients had

significantly higher unadjusted rates of MI (12.1% vs
10.1%, HR 1.25, 95% CI 1.00-1.57, P = .05) and major
bleeding (17.8% vs 14.3%, HR 1.28, 95% CI 1.07-1.54, P =
.01), but there were no significant differences in mortality
(24.9% vs 22.5%, P = .07) or revascularization (23.5% vs
24.4%, P = .80). After adjustments for relevant clinical
factors, all racial differences in outcomes were no longer
statistically significant, although the black-white
difference in bleeding trended toward statistical signifi-
cance (17.8% vs 14.3%, aHR 1.19, 95% CI 0.98-1.46, P =
.08) (Table III). Even when excluding household income
as an adjustment variable, outcomes did not differ by race
(supplemental materials).

DAPT use

At discharge, 96.1% of black versus 96.6% of white
patients were started on DAPT (P = .41). Use of DAPT
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Table IlI. Outcomes at 6 years stratified by race
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Outcomes Black patients White patients Unadijusted HR Unadijusted P value Adjusted HR* Adjusted P value
(n=915) (n = 3559) (95% Cl) (95% Cl)

MACE 381 (45.54%) 1425 (44.39%) 1.06 (0.95-1.19) .32 1.00 (0.89-1.13) .99

All-cause mortality 199 (24.85%) 688 (22.52%) 1.15(0.99-1.35) .07 1.10(0.93-1.31) .28

Ml 101 (12.08%) 324 (10.11%) 1.25(1.00-1.57) .05 1.04 (0.82-1.32) .76

Revascularization 199 (23.51%) 801 (24.44%) 0.98 (0.84-1.14) .80 0.94 (0.80-1.11) .48

Maior bleeding 152(17.80%)  475(14.26%)  1.28(1.07-1.54) o1 1.19 (0.98-1.46) 08

The number of patients with an event through 6 years after index PCl and the cumulative % of patients with an event through 6 years are reported by race. HRs are reported for black

patients versus white patients.

Revascularization represents patients requiring PC or coronary artery bypass grafting after index PCI.
* Adjustment variables include age, BMI, year of PCl, indication for PCI, Charlson Comorbidity Index, gender, previous CABG, history of M, hypertension, hyperlipidemia, rendl
disease, smoking status, number of diseased vessels, congestive heart failure severity, diabetes, and median household income.

decreased over time: by 12 months, 75.9% of black versus
76.9% of white patients remained on DAPT (P = .58), and
at the end of 36 months, 61.5% of black and 64.6% of
white patients remained on DAPT (P = .17). There were
no significant racial differences in DAPT utilization at any
point over the follow-up period (Figure 3). Clopidogrel
was the most commonly used P2Y;, inhibitor (supple-
mental materials).

Discussion

This study of 4,474 black and white patients who
underwent PCI with DES implantation found that long-
term outcomes following PCI do not differ significantly
by black versus white race. Among the growing body of
data comparing racial variations in outcomes following
PCI, this study has the longest follow-up to date with a
sizeable number of black patients for comparison. An
additional strength of this study was our ability to adjust
for median household income and compare DAPT use
over time by race. These data have been notable
exclusions from some prior research.

Through 6 years of follow-up, the rates of MACE, death,
MI, revascularization, and major bleeding were similar
between black and white patients after adjusting for medical
history. Black patients did, however, have higher unadjusted
rates of MI and major bleeding than white patients. Black
relative to white patients in our study had a greater burden of
comorbid diseases at baseline including diabetes mellitus,
hypertension, and renal disease. Furthermore, black patients
had a lower socioeconomic status as evidenced by their
overall lower median household income. The higher
unadjusted rate of MI observed among black patients may
be largely explained by black patients having more
cardiovascular disease risk factors at baseline.

Although nonsignificant, there remained a trend toward
more bleeding in blacks relative to whites after adjustment.
Oral anticoagulant and DAPT use were comparable between
racial groups. Angiographic and procedural data did not
differ significantly between patient groups, so this is unlikely
to have contributed to these observed differences. One

potential explanation for this difference in bleeding risk is
the significantly higher rate of renal dysfunction among
black patients as compared to white patients (9.7% vs 3.0%).
It is estimated that 50% of patients with renal dysfunction
will experience a bleeding complication related to uremic
bleeding, thrombocytopenia, or complications of dialysis.*>
Given the retrospective nature of this analysis, it is
impossible to delineate all factors that contributed to each
adverse bleeding event for each patient. Renal dysfunction
may have contributed to the increased risk of bleeding
among black patients; however, there are likely other
unmeasured factors that were not captured in our analysis
that may contribute as well.

Our findings should be contextualized in the setting of
other studies that have examined racial disparities in DES-
related outcomes. Several prior studies had similar
findings to our study. A large, 2017 analysis of black
and white VA patients who underwent PCI with either
DES or BMS placement found that the adjusted rates of
mortality and readmissions for MI at 1 year were similar
by race, although the unadjusted rate of 1-year mortality
was higher among blacks.'®> Much like our study, black
patients had more comorbidities at baseline, and this
largely accounted for the higher unadjusted rate of
mortality at 1 year. Black relative to white patients from
the TAXUS IV, TAXUS V, and ATLAS trials had signifi-
cantly higher adjusted rates of MI, yet there were no
significant racial differences in MACE, cardiac death, all-
cause mortality, or target-vessel revascularization at 5
years.'® Our study provides additional data beyond the
aforementioned study in that we had a larger sample size
and accounted for median household income, which has
been shown to impact adjusted outcomes in prior
research. ' These differences may explain the differential
findings in these 2 analyses.

Not all prior studies have found that racial differences
in outcomes resolve after adjusting for confounders. A
study of 423,965 patients from the CathPCI registry found
that black relative to white patients following PCI had
higher adjusted rates of death and MI at 30 months. "' It is
unclear why these finding differ from ours, but there are
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differences between our study and the CathPCI registry
to take into consideration. The CathPCI registry includes
data from patients analyzed across multiple sites. It is
possible that there are factors at the site level that
influence outcomes that were not present in our single-
center analysis. Lastly, this study included patients who
received either a BMS or DES, whereas all patients in our
study had a DES. They found that compared to patients
who received a DES, patients who only received a BMS
had worse outcomes. Consequently, the overutilization
of BMS among black patients in this study may have
impacted outcomes.

Percutaneous coronary intervention with DES implan-
tation remains the gold standard for treating symptomatic
CAD. Amidst a growing uncertainty of how race
influences long-term outcomes following PCI, the results
of our study add to the body of data addressing this topic.
Nevertheless, more work is required to understand how
socioeconomic factors and risk factor modification may
influence outcomes after PCI and DES placement among
racially and socioeconomically diverse populations.

Limitations

This study has the following notable limitations. There
are potential confounders inherent to retrospective
analyses that may be present that are not currently
accounted for in our multivariable models. Secondly, all
patients included in this study underwent PCI at a single

center; therefore, it is unknown if outcomes between
black and white patients are generalizable to other
settings. Data regarding DAPT adherence were primarily
based on patient's self-report. This form of data collection
is subject to recall bias and thus may have some degree of
error. Lastly, the precise household income for each
individual patient was unknown, but we were able to
approximate by linking patient zip codes to census data.

Conclusions

Black patients 6 years after index PCI with DES
implantation have higher unadjusted rates of MI and
major bleeding events relative to white patients, but there
are no significant differences in MACE or other outcomes
after adjusting for confounders. Racial variations in
outcomes are in part explained by differences in baseline
comorbidities.
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Appendix A. Multivariable Cox regression

model adjustment variables
* Demographic: age, female gender
e Medical history: body mass index, diabetes mellitus,
hypertension, hyperlipidemia, history of renal disease,
previous or current smoker, previous CABG, previous
MI, history of heart failure, Charlson Comorbidity
Index (noncardiac factors)
e Angiographic/procedural information: year of PCI,
indication for PCI, extent of CAD (number of diseased

vessels)
¢ Socioeconomic information: median household income

Appendix B. Supplementary data
Supplementary data to this article can be found online
at https://doi.org/10.1016/j.ahj.2019.04.005.

References

1. Ayanian JZ, Udvarhelyi IS, Gatsonis CA, et al. Racial differences in
the use of revascularization procedures affer coronary angiography.
JAMA 1993,269:2642-6.

2. Peferson ED, Shaw LK, Delong ER, et al. Racial variation in the use of
coronary-revascularization procedures. Are the differences real? Do
they matter2 N Engl J Med 1997;336:480-6.

3. Chen J, Rathore SS, Radford MJ, et al. Racial differences in the use of
cardiac catheterization after acute myocardial infarction. N Engl J
Med 2001;344:1443-9.

4. Rao SV, Shaw RE, Brindis RG, et al. Patterns and outcomes of drug-eluting
coronary stent use in clinical practice. Am Heart J 2006;152:321-6.

5. Hannan EL, Racz M, Walford G, et al. Differences in utilization of
drug-eluting stents by race and payer. Am J Cardiol 2007;100:
1192-8.

6. Gaglia Jr MA, Shavelle DM, Tun H, et al. African-American
patients are less likely to receive drug-eluting stents during

20.

22.

Sullivan et al 53

percutaneous coronary intervention. Cardiovasc Revasc Med
2014;15:214-8.

. Hannan EL, Racz MJ, Walford G, et al. Disparities in the use of drug-

eluting coronary stents by race, ethnicity, payer, and hospital. Can J

Cardiol 2016;32:987.25-31.

. Schecter AD, Goldschmidt-Clermont PJ, McKee G, et al. Influence of

gender, race, and education on patient preferences and receipt of
cardiac catheterizations among coronary care unit patients. Am J
Cardiol 1996;78:996-1001.

. Collins SD, Torguson R, Gaglia Jr MA, et al. Does black ethnicity

influence the development of stent thrombosis in the drug-eluting stent
era? Circulation 2010;122:1085-90.

. Batchelor WB, Ellis SG, Ormiston JA, et al. Racial differences in long-

term outcomes after percutaneous coronary intervention with
paclitaxel-eluting coronary stents. J Interv Cardiol 2013;26:49-57.

. Kumar RS, Douglas PS, Peterson ED, et al. Effect of race and ethnicity

on outcomes with drug-eluting and bare metal stents: results in 423
965 patients in the linked National Cardiovascular Data Registry and
centers for Medicare & Medicaid services payer databases.
Circulation 2013;127:1395-403.

. Gaglia Jr MA, Steinberg DH, Pinto Slottow TL, et al. Racial disparities

in outcomes following percutaneous coronary intervention with drug-
eluting stenfs. Am J Cardiol 2009;103:653-8.

. Kobayashi T, Glorioso TJ, Armstrong EJ, et al. Comparative outcomes

after percutaneous coronary intervention among black and white
patients treated at US Veterans Affairs hospitals. JAMA Cardiol
2017;2:967-75.

. Rosati RA, McNeer JF, Starmer CF, et al. A new information system for

medical practice. Arch Intern Med 1975;135:1017-24.

. Eisenstein EL, Anstrom KJ, Kong DF, et al. Clopidogrel use and long-

term clinical outcomes after drug-eluting stent implantation. JAMA
2007,297:159-68.

. Statistics NCfH. National death index user's guide. Hyattsville, MD:

US Department of Health and Human Services, Centers for Disease
Control and Prevention. 2013.

. Fang MC, Go AS, Chang Y, et al. A new risk scheme to predict

warfarin-associated hemorrhage: the ATRIA (Anticoagulation and
Risk Factors in Atrial Fibrillation) study. J Am Coll Cardiol 2011;58:
395-401.

. Fosbol EL, Wang TY, Li S, et al. Safety and effectiveness of

antithrombotic strategies in older adult patients with atrial fibrillation
and non-ST elevation myocardial infarction. Am Heart J 2012;163:
720-8.

. Rao SV, Dai D, Subherwal S, et al. Association between periproce-

dural bleeding and long-term outcomes following percutaneous
coronary infervention in older patients. JACC Cardiovasc Interv
2012;5:958-65.

Brennan JM, Edwards FH, Zhao Y, et al. Long-term safety and
effectiveness of mechanical versus biologic cortic valve prostheses in
older patients: results from the Society of Thoracic Surgeons Adult
Cardiac Surgery National Database. Circulation 2013;127:
1647-55.

. Hess CN, Peterson ED, Peng SA, et al. Use and outcomes of triple

therapy among older patients with acute myocardial infarction and
atrial fibrillation. J Am Coll Cardiol 2015;66:616-27.

Pavord S, Myers B. Bleeding and thrombotic complications of kidney
disease. Blood Rev 2011;25:271-8.


https://doi.org/
http://refhub.elsevier.com/S0002-8703(19)30091-2/rf0005
http://refhub.elsevier.com/S0002-8703(19)30091-2/rf0005
http://refhub.elsevier.com/S0002-8703(19)30091-2/rf0005
http://refhub.elsevier.com/S0002-8703(19)30091-2/rf0010
http://refhub.elsevier.com/S0002-8703(19)30091-2/rf0010
http://refhub.elsevier.com/S0002-8703(19)30091-2/rf0010
http://refhub.elsevier.com/S0002-8703(19)30091-2/rf0015
http://refhub.elsevier.com/S0002-8703(19)30091-2/rf0015
http://refhub.elsevier.com/S0002-8703(19)30091-2/rf0015
http://refhub.elsevier.com/S0002-8703(19)30091-2/rf0020
http://refhub.elsevier.com/S0002-8703(19)30091-2/rf0020
http://refhub.elsevier.com/S0002-8703(19)30091-2/rf0025
http://refhub.elsevier.com/S0002-8703(19)30091-2/rf0025
http://refhub.elsevier.com/S0002-8703(19)30091-2/rf0025
http://refhub.elsevier.com/S0002-8703(19)30091-2/rf0030
http://refhub.elsevier.com/S0002-8703(19)30091-2/rf0030
http://refhub.elsevier.com/S0002-8703(19)30091-2/rf0030
http://refhub.elsevier.com/S0002-8703(19)30091-2/rf0030
http://refhub.elsevier.com/S0002-8703(19)30091-2/rf0035
http://refhub.elsevier.com/S0002-8703(19)30091-2/rf0035
http://refhub.elsevier.com/S0002-8703(19)30091-2/rf0035
http://refhub.elsevier.com/S0002-8703(19)30091-2/rf0040
http://refhub.elsevier.com/S0002-8703(19)30091-2/rf0040
http://refhub.elsevier.com/S0002-8703(19)30091-2/rf0040
http://refhub.elsevier.com/S0002-8703(19)30091-2/rf0040
http://refhub.elsevier.com/S0002-8703(19)30091-2/rf0045
http://refhub.elsevier.com/S0002-8703(19)30091-2/rf0045
http://refhub.elsevier.com/S0002-8703(19)30091-2/rf0045
http://refhub.elsevier.com/S0002-8703(19)30091-2/rf0050
http://refhub.elsevier.com/S0002-8703(19)30091-2/rf0050
http://refhub.elsevier.com/S0002-8703(19)30091-2/rf0050
http://refhub.elsevier.com/S0002-8703(19)30091-2/rf0055
http://refhub.elsevier.com/S0002-8703(19)30091-2/rf0055
http://refhub.elsevier.com/S0002-8703(19)30091-2/rf0055
http://refhub.elsevier.com/S0002-8703(19)30091-2/rf0055
http://refhub.elsevier.com/S0002-8703(19)30091-2/rf0055
http://refhub.elsevier.com/S0002-8703(19)30091-2/rf0060
http://refhub.elsevier.com/S0002-8703(19)30091-2/rf0060
http://refhub.elsevier.com/S0002-8703(19)30091-2/rf0060
http://refhub.elsevier.com/S0002-8703(19)30091-2/rf0065
http://refhub.elsevier.com/S0002-8703(19)30091-2/rf0065
http://refhub.elsevier.com/S0002-8703(19)30091-2/rf0065
http://refhub.elsevier.com/S0002-8703(19)30091-2/rf0065
http://refhub.elsevier.com/S0002-8703(19)30091-2/rf0070
http://refhub.elsevier.com/S0002-8703(19)30091-2/rf0070
http://refhub.elsevier.com/S0002-8703(19)30091-2/rf0075
http://refhub.elsevier.com/S0002-8703(19)30091-2/rf0075
http://refhub.elsevier.com/S0002-8703(19)30091-2/rf0075
http://refhub.elsevier.com/S0002-8703(19)30091-2/rf0080
http://refhub.elsevier.com/S0002-8703(19)30091-2/rf0080
http://refhub.elsevier.com/S0002-8703(19)30091-2/rf0080
http://refhub.elsevier.com/S0002-8703(19)30091-2/rf0085
http://refhub.elsevier.com/S0002-8703(19)30091-2/rf0085
http://refhub.elsevier.com/S0002-8703(19)30091-2/rf0085
http://refhub.elsevier.com/S0002-8703(19)30091-2/rf0085
http://refhub.elsevier.com/S0002-8703(19)30091-2/rf0090
http://refhub.elsevier.com/S0002-8703(19)30091-2/rf0090
http://refhub.elsevier.com/S0002-8703(19)30091-2/rf0090
http://refhub.elsevier.com/S0002-8703(19)30091-2/rf0090
http://refhub.elsevier.com/S0002-8703(19)30091-2/rf0095
http://refhub.elsevier.com/S0002-8703(19)30091-2/rf0095
http://refhub.elsevier.com/S0002-8703(19)30091-2/rf0095
http://refhub.elsevier.com/S0002-8703(19)30091-2/rf0095
http://refhub.elsevier.com/S0002-8703(19)30091-2/rf0100
http://refhub.elsevier.com/S0002-8703(19)30091-2/rf0100
http://refhub.elsevier.com/S0002-8703(19)30091-2/rf0100
http://refhub.elsevier.com/S0002-8703(19)30091-2/rf0100
http://refhub.elsevier.com/S0002-8703(19)30091-2/rf0100
http://refhub.elsevier.com/S0002-8703(19)30091-2/rf0105
http://refhub.elsevier.com/S0002-8703(19)30091-2/rf0105
http://refhub.elsevier.com/S0002-8703(19)30091-2/rf0105
http://refhub.elsevier.com/S0002-8703(19)30091-2/rf0110
http://refhub.elsevier.com/S0002-8703(19)30091-2/rf0110

	Racial differences in long-term outcomes among black and white patients with drug-eluting stents
	Methods
	Data sources and definitions
	Patient population
	Statistical methods
	Funding sources and contributions

	Results
	Patient and procedural characteristics
	Outcomes
	DAPT use

	Discussion
	Limitations
	Conclusions
	CRediT authorship contribution statement
	Acknowledgements
	Appendix A. Multivariable Cox regression model adjustment variables
	Appendix B. Supplementary data
	References


