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Abstract

Background Several ethnic minorities have an in-
creased risk of cardiovascular events, but previous
European trials that investigated clinical outcome
after coronary stenting did not assess the patients’
ethnic background.

Aims To compare ethnic minority and Western Euro-
pean trial participants in terms of both cardiovascular
risk profile and 1-year clinical outcome after percuta-
neous coronary intervention.

Methods In the BIO-RESORT and BIONYX ran-
domised trials, which assessed new-generation drug-
eluting stents, information on patients’ self-reported
ethnic background was prospectively collected. Pooled
patient-level data of 5803 patients, enrolled in the Ne-
therlands and Belgium, were analysed in this prespec-
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ified analysis. The main endpoint was target vessel
failure after 1 year.

Results Patients were classified as belonging to an eth-
nic minority (n=293, 5%) or of Western European ori-
gin (n=5510, 95%). Follow-up data were available in
5772 of 5803 (99.5%) patients. Ethnic minority pa-
tients were younger, less often female, more often
current smokers, more often medically treated for di-
abetes, and more often had a positive family history
of coronary artery disease. The main endpoint target
vessel failure did not differ between ethnic minority
and Western European patients (3.5% vs 4.9%, hazard
ratio 0.71, 95% confidence interval 0.38-1.33; p=10.28).
There was also no difference in mortality, myocardial
infarction, and repeat revascularisation rates.
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Fig. 1 Infographic: Ethnic minority patients were younger,
less often female, and more often current smokers. They
also more often had medically treated diabetes. Despite their
unfavourable cardiovascular risk profile, their short-term out-

Conclusions Despite the unfavourable cardiovascu-
lar risk profile of ethnic minority patients, short-
term clinical outcome after treatment with contem-
porary drug-eluting stents was highly similar to that
in Western European patients. Further efforts should
be made to ensure the enrolment of more ethnic
minority patients in future coronary stent trials.

Keywords Ethnic minority - Race - Randomised
clinical trial - Coronary artery disease - Percutaneous
coronary intervention - Drug-eluting stent

Background

Global migration trends have prompted heightened
consideration towards the health and medical care of
ethnic minorities in various regions of the world. Dis-
parities in health status have been identified among
ethnic groups, emphasising the need to optimise risk
factor management and medical treatment, tailored
to specific subpopulations. Consequently, research
involving substantial ethnic minority representation
[1, 2] is imperative in order to thoroughly evaluate the
efficacy of medical care in routine clinical practice.
While the United States has a tradition of report-
ing trial results for subgroups of patients with dif-
ferent ethnic backgrounds [3-5], most previous Eu-
ropean cardiovascular clinical studies failed to report
outcomes related to ethnic background. European
studies—assessed until 2018—reported such data in

come was highly similar to that of Western European patients.
Cl confidence interval, HR hazard ratio, PCI percutaneous
coronary intervention

<5% [6], including clinical trials that investigated the
treatment of obstructive coronary artery disease with
percutaneous coronary intervention (PCI) using drug-
eluting stents (DES). Consequently, in Europe, poten-
tial differences in PCI outcome of ethnic minority pa-
tients remain largely unknown. This remains an im-
portant knowledge gap, given that many ethnic mi-
norities are known to have an elevated risk of rapid
progression of coronary artery disease, subsequent
hospitalisation, and finally cardiovascular death [7, 8].

The BIO-RESORT and BIONYX trials [9, 10], two
large-scale randomised multicentre studies that eval-
uated the safety and efficacy of new-generation DES
in broad populations of ‘all-comer patients’, prospec-
tively collected information on the self-reported eth-
nic background of trial participants. We assessed
pooled patient-level data from seven study centres in
the Netherlands and Belgium and compared ethnic
minority patients with Western European patients in
terms of cardiovascular risk profile and 1-year clinical
outcome (Fig. 1). The aim of the study was to evaluate
whether ethnic minority trial participants have an el-
evated cardiovascular risk profile that might translate
into unfavourable clinical outcome.
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Fig. 2 The study flow di-
agram displays patient en-
rolled in the two clinical tri-

BIO-RESORT trial
3545 patients enrolled
and randomised
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2516 patients enrolled
and randomised
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Methods

Study design and participants

The study design and details of the BIO-RESORT
(NCT01674803) and BIONYX (NCT02508714) trials
have been reported previously [9, 10]. BIO-RESORT
was performed in four Dutch centres [9], and BIONYX
in four Dutch centres, two Belgian centres, and one
centre in Israel [10]. Due to the research question ad-
dressed, the current study was restricted to data from
Western European centres (Fig. 2). The trials complied
with the Declaration of Helsinki and were approved
by the Medical Ethics Committee Twente and the in-
stitutional review boards of all participating centres.
All patients provided written informed consent. Pro-
cedures and details of follow-up and monitoring are
described in the Electronic Supplementary Material.

Definitions and clinical endpoints

Prior to randomisation, patients were invited to report
their ethnic background. This self-reported informa-
tion was entered into the database and only acces-
sible to the core study team as part of a coded data
set. We report subgroup analyses that were prespeci-
fied in both individual study protocols. Western Euro-
pean patients were defined as patients with a self-re-
ported Western European ethnic background. Ethnic
minority patients were defined as patients with a self-
reported non-Western European ethnic background,
such as Eastern or Southern European, Asian, African,
or Caribbean (Tab. 1).

Clinical endpoints were prespecified and in accor-
dance with common definitions [11, 12]. The main
composite endpoint was target vessel failure (TVF):
cardiac death, target-vessel-related myocardial infarc-
tion (MD), or target vessel revascularisation. Secondary
endpoints are described in the Electronic Supplemen-
tary Material.

Statistical analysis

Categorical variables were compared using Pearson’s
y?> or Fisher’s exact test, as appropriate, and con-
tinuous variables using a t-test. Time to endpoints
was assessed with Kaplan-Meier methods, and a log-
rank test was applied for between-group compar-
isons. Hazard ratios (HR) with two-sided confidence
intervals (CI) were computed by Cox proportional
hazards analysis. A multivariate analysis considered
variables with significant between-group differences
(p<0.15 in univariate analysis) and variables expected
to be confounders based on the literature (body mass
index, sex, smoking), using stepwise backward se-
lection for variable exclusion. The final multivariate
model included: age, renal insufficiency, diabetes,
previous coronary artery bypass grafting, multi-vessel
treatment, and graft treatment. p-values <0.05 were
considered significant. Analyses were performed with
SPSS version 27 (IBM Corporation, Armonk, NY, USA).
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Table 1  Ethnic background of 5803 study patients who
had a percutaneous coronary intervention
Number of patients (n=5803)

Western European 5510 (95.0)
Ethnic minorities 293 (5.0)
— European, non-Western 32(0.6)
— Turkish 46 (0.8)
— Asian 84 (1.4)
— Caribbean and Surinam 81(1.4)
— Moroccan 24 (0.4)
— Other minorities 26 (0.4)

Numbers are n (%). Ethnic background was self-reported by study patients.
Ethnic minority patients were defined as patients with a self-reported non-
native Western European ethnic background. Western European patients
were defined as study patients with a Western European ethnic background:
e.g. the Netherlands, Belgium, Germany, France, Luxembourg, Switzerland,
and Austria. Non-Western European patients were patients from all other Eu-
ropean countries, with most patients having a Southern or Eastern European
ethnic background

Results
Baseline patient characteristics

Of all 5803 trial participants, 293 (5%) were classified
as ethnic minority patients and 5510 (95%) as West-
ern European patients. Ethnic minority patients were
younger (55.3 vs 64.5 years; p<0.001), less often fe-
male (18.4% vs 26.9%; p<0.001), and more often cur-
rent smokers (46.1% vs 29.3%; p<0.001; Table S2, Elec-
tronic Supplementary Material). They more often had
medically treated diabetes (27.2% vs 17.5%; p<0.001)
and a family history of coronary artery disease (51.4%
vs 45.0%; p=0.03). There was no significant between-
group difference in the rate of multivessel treatment

Table 2 Clinical outcomes

and lesion complexity (Table S2, Electronic Supple-
mentary Material).

Clinical outcome

Follow-up data were available in 5772 (99.5%) pa-
tients. Five of 293 (1.7%) ethnic minority patients and
26 of 5510 (0.5%) Western European patients were ei-
ther lost to follow-up or withdrew their consent (HR:
3.63, 95% CI:1.39-9.44; p=0.005). There was no sig-
nificant difference in the main endpoint TVF between
ethnic minority and Western European patients (3.5%
vs 4.9%, HR:0.71, 95% CI:0.38-1.33; prog-rank=0.28,
Tab. 2). There was also no between-group difference
in its individual components cardiac mortality, target
vessel revascularisation, and target vessel MI (Fig. 3;
Tab. 2). The incidence of definite stent thrombosis
was significantly higher in the ethnic minority group
(1.0% vs 0.3%, HR: 3.56, 95% CI: 1.04-12.21; piog-rank=
0.03). Composite endpoints target lesion failure and
major adverse cardiovascular events (MACE) showed
no statistically significant difference (Tab. 2). Use
of dual antiplatelet therapy or oral anticoagulants
differed between groups at 1-year follow-up: ethnic
minority patients more often used dual antiplatelet
therapy but less often used oral anticoagulants (Table
S1, Electronic Supplementary Material).

After adjustment for potential confounders, ethnic
minority background was not independently associ-
ated with TVF (adjusted HR: 0.86, 95% CI: 0.45-1.64;
Plog-rank = 0.65) or other clinical outcomes (Tab. 2). In
particular, ethnic minority background was no longer
significantly associated with definite stent thrombosis
(adjusted HR: 3.39, 95% CI: 0.91-12.61; Plog rank=0.07).

Ethnic Western Pog-rank  HR Pog-rank  Adjusted HR? (95% Cl)

minority patients European patients (95% ClI)

(n=293) (n=5510)
Target vessel failure 10 (3.5) 266 (4.9) 0.28 0.71(0.38-1.33) 0.65 0.86 (0.45-1.64)
Any death 2(0.7) 102 (1.9) 0.15 0.37 (0.09-1.50) 0.46 0.59 (0.14-2.41)
— Cardiac death 1(0.4) 49 (0.9) 0.33 0.39 (0.05-2.80) 0.73 0.70 (0.9-5.22)
Any MI 5(1.7) 117 (2.1) 0.63 0.80 (0.33-1.97) 0.96 1.02 (0.41-2.55)
— Target vessel MI 4(1.4) 111 (2.0) 0.44 0.68 (0.25-1.84) 0.78 0.87 (0.32-2.39)
Any revascularisation 13 (4.5) 224 (4.5) 0.96 1.01 (0.58-1.77) 0.88 0.96 (0.54-1.69)
— Target vessel revascularisation 7(2.5) 139 (2.6) 0.91 0.96 (0.45-2.05) 0.95 0.98 (0.45-2.12)
— Target lesion revascularisation 4(1.4) 97 (1.8) 0.63 0.78 (0.29-2.12) 0.75 0.85 (0.31-2.35)
— Non-target vessel revascularisation 6(2.1) 105 (1.9) 0.85 1.08 (0.48-2.47) 0.86 0.93 (0.40-2.15)
Target lesion failure 7(2.4) 227 (4.1) 0.15 0.58 (0.27-1.23) 0.46 0.75 (0.35-1.61)
MACE 9(3.1) 281 (5.1) 0.13 0.60 (0.31-1.17) 0.48 0.79 (0.40-1.54)
POCE 17 (5.9) 414 (7.5) 0.30 0.78 (0.48-1.26) 0.57 0.87 (0.53-1.42)
Definite or probable stent thrombosis 3(1.0) 23 (0.4) 0.13 2.48 (0.74-8.25) 0.25 2.09 (0.59-7.44)
— Definite stent thrombosis 3(1.0 16 (0.3) 0.03 3.56 (1.04-12.21) 0.07 3.39 (0.91-12.61)

Numbers are n (%) representing 1-year clinical outcomes

Cl confidence interval, HR hazard ratio, MACE major adverse cardiac events, M/ myocardial infarction, POCE patient-oriented composite endpoint
@ Adjusted HR: adjustments were made for confounders for the main composite endpoint TVF, i.e. age, renal insufficiency, diabetes, previous coronary artery

bypass grafting, multivessel treatment, and graft treatment
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Fig. 3 Kaplan-Meier event curves showing the 1-year clinical
outcome of Ethnic Minority and Western European patients.
There was no difference in target vessel failure (a), cardiac

Discussion

Ethnic minority patients represented 5% of the over-
all 5803 patients. They differed in cardiovascular risk
profile from Western European patients, and although
ethnic minority patients were much younger (55 vs
65 years), they had a higher prevalence of diabetes
(27% vs 18%). Furthermore, they were less often fe-
male and more often current smokers. Treatment
of multivessel disease was performed in 14% of eth-
nic minority and 19% of Western European patients.
While this may suggest a somewhat lower disease bur-
den in the trial participants with an ethnic minority
background, the rate of patients with complex (i.e.
calcified or bifurcated) target lesions did not differ be-
tween groups. The 1-year rate of the main endpoint
TVF did not differ between groups (3.5% vs 4.9%), and
multivariate analysis with adjustment for confounders
did not change this finding. In addition, there was
no between-group difference in mortality, M1, and re-

. Cardiac death
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death (b), target vessel myocardial infarction (c), and target
vessel revascularisation (d). C/ confidence interval, HR hazard
ratio, Ml myocardial infarction

peated revascularisation rates. While ethnic minor-
ity patients had a higher definite stent thrombosis
rate (1.0% vs 0.3%), multivariate analysis revealed that
ethnic background was not independently associated
with stent thrombosis.

Cardiovascular risk profile of ethnic minority patients

Earlier studies, assessing health disparities in coun-
tries with a Western lifestyle, have shown that ethnic
minorities have an increased burden of cardiovascular
risk factors such as diabetes and hypertension [13, 14].
The present study demonstrates that ethnic minority
patients presenting with obstructive coronary artery
disease were on average younger and had more risk
factors, including diabetes, smoking, and a family his-
tory of coronary disease. This is in line with previous
reports [15-17]. Our analysis shows that after adjust-
ment for these potential confounding factors, in eth-
nic minority patients the event risk of our main clin-
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ical endpoint TVF was even lower (HR closer to 1.0).
This suggests that not the ethnic background but the
patient’s risk profile determines the incidence of ad-
verse events. Despite differences in cardiovascular risk
profile, 1-year clinical outcome was similar in ethnic
minority and Western European patients. Neverthe-
less, intensifying secondary prevention measures will
be of great importance in preventing adverse events in
the long term [18], as patients of various ethnic back-
grounds can benefit from optimising cardiovascular
risk profiles [19].

Clinical outcome of ethnic minority patients with
different stents

Most previous studies that assessed ethnical back-
ground in the context of coronary stenting were con-
ducted in the eras of bare metal stents and first-gener-
ation DES. These studies suggested an increased ad-
verse event risk in ethnic minority patients as com-
pared to non-immigrants [7, 13]. Meanwhile, there
has been substantial progress in DES design, PCI tech-
niques, and concomitant medication [20, 21].

The present study in ethnic minority patients
treated with new-generation DES did not show an
elevated event risk, which is in line with a recent
study from the United States [15]. That study pooled
4182 patients, treated with new-generation DES, from
two observational studies and found no impact of
ethnic background on 1-year risks of MACE, mor-
tality, and target vessel revascularisation. Yet, when
the individual components of MACE were separately
assessed, ethnic minorities encountered a higher risk
of recurrent MI, primarily driven by non-stent-related
MI [15]. This may reflect their less favourable car-
diovascular risk profile. In addition, differences in
health politics (e.g. general access to healthcare) may
also account for a higher risk in patients with low
socioeconomic status from the United States, who
may have difficulties with medication adherence due
to financial restrictions. In the present study, we did
not encounter a higher risk of recurrent MI in the
ethnic minority group.

Another analysis of pooled data from two obser-
vational studies, conducted in Europe and Asia, as-
sessed potential differences between ethnic groups in
risk profile and clinical outcome after PCI with poly-
mer-free drug-coated stents [22]. The event rates in
that study were similar to the event rates in our anal-
ysis with contemporary DES. Another study that eval-
uated use of a biodegradable polymer DES with anti-
CD34+ antibody coating in Asian and European pa-
tients found a higher incidence of diabetes in Asian
patients, similar to our ethnic minority population.
In addition, our study findings are in line with their
results that showed no short-term difference in ad-
justed clinical outcomes between Asian and European
patients [23]. Furthermore, a nationwide cohort study
in the United Kingdom assessed ethnic disparities in

care and clinical outcome of patients who were treated
with PCI or coronary artery bypass grafting for non-
ST-segment elevation MI [17]. Ethnic minorities more
often underwent repeated revascularisation, but they
had rates of in-hospital mortality, MACE, and major
bleeding that were similar to those of White patients.

Stent thrombosis

In the present study, the ethnic minority patients had
a higher incidence of definite stent thrombosis, but
there was no independent association with ethnic
background. This finding is in contrast to earlier
studies from the United States, which found that eth-
nic (particularly African American) background was
an independent risk factor for thrombus formation in
first-generation DES [24]. Others explained inferior
outcome in ethnic minority patients by different stent
choices and the fact that African Americans were
more likely to be treated with bare metal stents than
White patients [25, 26]. Yet, the stent choice alone is
unlikely to explain a higher rate of stent thrombosis.

In current clinical practice in the Netherlands and
Belgium, discriminating stent use is highly unlikely,
as DES implantation is the standard of care and new-
generation DES are widely available [20, 21]. Like-
wise, in our present study, trial participants of all
ethnic backgrounds were treated with randomly al-
located new-generation DES, which precludes any
stent choice. We can only speculate that our ob-
servation of a higher definite stent thrombosis rate
in the unadjusted analysis is likely related to the
higher cardiovascular risk profile that we observed in
ethnic minority patients. The fact that the associa-
tion between stent thrombosis and ethnic minority
status was no longer significant after multivariate ad-
justment supports this notion. However, the overall
incidence of stent thrombosis was low, and these
results should be interpreted with caution.

Limitations

All findings should be considered hypothesis generat-
ing. As the number of patients with an ethnic minor-
ity background was modest, we pooled data from two
similar trials. Most randomised trials fail to represent
the full spectrum of patients with an ethnic minority
background treated in routine clinical practice. Pa-
tients unable to (adequately) speak the local language,
required for informed consent, are generally not con-
sidered for randomised trials, resulting in enrolment
of fewer ethnic minority patients; this also applies to
the present study. Data regarding self-reported eth-
nicity of non-enrolled patients was not available, so it
is not known how many ethnic minority patients did
not participate. The possible language barrier could
also lead to enrolment of younger patients in the eth-
nic minority group, as they are generally more pro-
ficient in the local language. Although we adjusted

2
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for age in the multivariate model, this could poten-
tially still impact clinical outcomes. Health disparities
between ethnic minority and Western European pa-
tients encompass not only cardiovascular risk profiles,
but also social determinants of health [27, 28], which
are difficult to measure and were not documented in
this study. A particular challenge in studying ethnic
disparities is the heterogeneity and genetic diversity
within ethnic minority groups. Given the small size
of most ethnic subgroups, we chose a straightforward
approach that categorised trial participants as ethnic
minority or Western European patients. Yet, we ac-
knowledge that allocating all patients with an ethnic
minority background to a single group combines eth-
nic subgroups with varying cardiovascular risk profiles
and social health determinants. Nevertheless, we felt
that the chosen pragmatic approach was sound and
perhaps the only way to obtain meaningful results.

Conclusions

Despite the unfavourable cardiovascular risk profile
of the ethnic minority trial participants, 1-year clini-
cal outcome after treatment with contemporary drug-
eluting stents was highly similar to that of Western Eu-
ropean patients. After adjustment for dissimilarities in
baseline cardiovascular risk factors, the adverse event
risk of both groups was even more similar, suggest-
ing that the cardiovascular risk profile—rather than
the ethnic background itself—determines the event
risk. Further efforts should be made to ensure the
enrolment of more ethnic minority patients in future
coronary stent trials.
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