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Background-—Ethnicity is an important predictor of coronary artery bypass graft surgery (CABG) outcomes. South Asians (SA), one
of the largest ethnic groups with a high burden of cardiovascular disease, are hypothesized to have inferior outcomes after CABG
compared to other ethnic groups. Given the paucity and controversy of literature in this area, the objective of this study was to
examine the impact of SA versus the general population (GP) on long-term outcomes following CABG.

Method and Results-—Using administrative databases and a surname algorithm, 83 850 patients (SA: 2653, GP: 81 197) who
underwent isolated CABG in Ontario, Canada from 1996 to 2007 were identified; mean follow-up was 9.1�3.9 years. SA were
younger (SA: 61.7�9.4, GP: 64.1�10.0 years, standardized difference=0.25) with more cardiac risk factors, including diabetes
(SA: 54.1%, GP: 34.9%, standardized difference =0.40). Propensity-score matching resulted in 2473 matched pairs between SA and
GP with all baseline covariates being balanced (standardized difference <0.1). Being a SA compared to the GP was protective
against freedom from major adverse cardiac and cerebrovascular events, defined by all-cause death, myocardial infarction, stroke,
or coronary reintervention: Adjusted Cox-proportional hazard ratio 0.91, 95% CI (0.83–0.99), adjusted-P=0.04; this was also true
for freedom from all-cause mortality: hazard ratio 0.81, 95% CI (0.72–0.91), adjusted P=0.0004. The adjusted proportion of major
adverse cardiac and cerebrovascular events was lower in the SA (SA: 34.7%, GP: 37.8%, McNemar P=0.03), driven largely by all-
cause mortality (SA: 20.4%, GA: 24.3%, McNemar P=0.001).

Conclusions-—Contrary to existing notions, our study finds that being a SA is protective with respect to freedom from long-term
major adverse cardiac and cerebrovascular events and mortality after CABG. More studies are required to corroborate and explore
causal factors of these findings. ( J Am Heart Assoc. 2016;5: e003941 doi: 10.1161/JAHA.116.003941)
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I schemic heart disease is one of the leading causes of
death worldwide.1,2 In North America, coronary revascu-

larizations including coronary artery bypass graft (CABG)
surgery or percutaneous coronary intervention (PCI) are
among the most common medical procedures performed.3

South Asians (SA), comprising people originating from India,
Pakistan, Sri Lanka, Nepal, and Bangladesh, represent one of
the largest ethnic groups in the world4; migration has resulted

in a significant number of this ethnic group settling in the
Western hemisphere, including Canada, the United States,
and the United Kingdom. In Canada, SA are the largest and
most rapidly growing visible ethnic group5; it is projected that
by 2031, SA will continue to be the largest visible minority in
Canada, growing to an estimated 3.2 to 4.1 million.6

Several studies have shown that SA in North America have
a higher burden of cardiovascular disease and cardiovascular
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deaths compared to whites and other ethnic groups.5,7,8

Similar findings also exist in other developed regions of the
world such as the United Kingdom, where deaths related to
coronary disease are higher in SA compared to whites.9 Many
factors have been postulated to be linked to these findings
including a higher prevalence of diabetes, hypertension,
increased small-size low-density lipoproteins, increased
abdominal visceral fat, and increased prevalence of metabolic
syndrome in SA compared to whites.5,7,8,10 Moreover, it has
also been shown that SA compared to other ethnic groups
tend to have more extensive coronary disease, including
higher prevalence of 3-vessel and left main disease along with
systolic dysfunction at time of initial angiography11; there is
also widespread belief that SA have smaller-caliber coronary
arteries.12

CABG has become the standard of care for revascularizing
patients with advanced severe coronary disease, especially in
diabetics.2,13 A large study involving the Society of Thoracic
Surgeons (STS) database showed that ethnicity (whites versus
nonwhites) was an independent predictor of operative mor-
tality after CABG.14 Quan et al11 investigated the use of
invasive cardiac procedures and suggested that physicians
may consider patient ethnicity when recommending proce-
dures including CABG or PCI. With respect to PCI, a recent
large retrospective study in the United Kingdom (n=279 256)
showed that ethnicity (SA versus whites) was not an
independent predictor of mortality (adjusted hazard ratio
[HR] 0.99; 95% CI 0.94–1.05, median follow-up 2.8 years)15;
in CABG, however, the evidence has been controversial with
regard to whether being SA is an independent predictor of
adverse outcomes after CABG.12,16–18 These studies are
limited by small numbers, lack of adjustment of baseline
differences, or absence of long-term follow-up. Given that
ethnicity may be an important determinant of which proce-
dure is recommended and the notion that SA may have worse
outcomes after CABG given the size of their coronary arteries,
it would be prudent to conduct a large robust study with long-
term outcomes to determine whether SA ethnicity is truly
associated with worse outcomes compared to whites and
other ethnic groups. Such evidence can further empower the
multidisciplinary heart team to decide whether PCI or CABG
would be ideal particularly for individual SA patients.

The primary objective of this article was therefore to
determine whether SA compared to the GP is an independent
predictor of freedom from long-term major adverse cardiac
and cerebrovascular events (MACCE) after undergoing iso-
lated CABG. The secondary objective was to determine
whether being a SA is a predictor of all-cause mortality.
Additional objectives included determining predictors of
MACCE in both SAs and the GP along with comparing
individual components of MACCE in the unadjusted and the
matched cohorts.

Methods
This is a multicenter retrospective propensity-score matched
study using large administrative databases that prospectively
collect patient data. These databases are held securely at the
Institute of Clinical and Evaluative Sciences, which is a
“prescribed entity” under Ontario’s health information privacy
legislation, which permits this study to be conducted under a
waiver of informed consent. The study was approved by the
institutional review boards of Sunnybrook Health Sciences
Centre and the University of Toronto.

Study Population
All adult patients >20 years of age who underwent isolated
CABG across Ontario, Canada between April 1, 1996 and
March 31, 2007 were included using the Cardiac Care
Network Registry. The time period chosen was based on the
earliest complete records of pertinent covariates in the
Cardiac Care Network database and permitted acquisition of
at least 5 years of follow-up for each patient. The data of the
patients identified were then linked to 3 administrative
databases through a unique encrypted patient identifier.
These databases included the Ontario Registered Persons
Database, used to identify deaths; Office of the Registrar
General, Deaths database, used to identify cause of death;
and the Canadian Institutes for Health Information Discharge
Abstract Database, used in concert with the Cardiac Care
Network Registry to determine patient demographic details at
time of index CABG and patient outcomes including readmis-
sion for a myocardial infarction, re-intervention, or stroke
following the index surgery until June 2012.

Ethnicity
Each patient included in this study was categorized as being a
member of the SA population or of the GP (composed of non-
SA, predominantly whites) using the Visible Minority surname
list derived by Shah et al.19 Briefly, building on a previously
derived SA surname list using Canadian death certificate
data,20 surnames from the community telephone directory and
encyclopedia of surnames published by the Indian government
were added.21 Each name was then reviewed by at least 2
researchers of SA origin. Surnames were excluded if they did
not uniquely belong to SA (ie, surnames common to both SA
and other ethnic groups, such as “Fernandes”). Disagreements
between the 2 researchers were reviewed by a panel of 5
reviewers with SA origin to reach an agreement. The final list
included only surnames that were uniquely SA. This list was
applied to all members of the Registered Persons Database, a
registry of all current and former residents of Ontario. This list
was validated against the “gold-standard” self-reported eth-
nicity from the Canadian Community Health Survey, a cross-
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sectional national telephone survey conducted by Statistics
Canada. The specificity of the Visible Minority surname list for
identifying SA ethnicity is 99.7%, sensitivity 50.4%, positive
predictive value 89.3%, and negative predictive value 97.2%.
The lower sensitivity is primarily a result of excluding surnames
that may be common to multiple ethnic groups.19

Statistical Analysis

Propensity-score analysis

A propensity-score matched analysis was used to adjust for
anticipated baseline confounding variables. A propensity score
was calculated for each patient using a logistic regression
model to estimate the probability of being a SA. The variables
included in this model were time of surgery (stratified into 3
periods of approximately equal intervals: April 1, 1996 to
December 31, 1999; January 1, 2000 to December 31, 2003;
and January 1, 2004 to March 31, 2007), age (years), creatinine
(lmol/L), sex, Canadian Cardiovascular Society Class, left
ventricular ejection fraction grade (grade 1: ≥50%, grade 2: 35%
to 49%, grade 3: 20% to 34%, grade 4: <20%), left main or
multivessel disease (defined as left main disease with or
without additional coronary disease, double or triple vessel
coronary artery disease including the proximal left anterior
descending or 3-vessel disease without proximal left anterior
descending), history of diabetes mellitus, hypertension, acute
myocardial infarction (within 30 days prior to operation), any
myocardial infarction, hyperlipidemia, smoking, cerebrovascu-
lar disease, congestive heart failure, chronic obstructive sleep
apnea, dialysis, peripheral vascular disease, previous CABG,
and previous PCI. Once the propensity scores were estimated
for each patient, each SA patient wasmatched to 1 patient from
the GP cohort in the institution at which the surgery was
performed and on the logit of the propensity score using a
caliper equal to 0.2 of the SD of the logit of the propensity
score.22,23 Matching was done without replacement, so that
each patient occurred at most once in the matched sample.

Baseline demographics

Balance of baseline characteristics between the SA and GP
cohort was assessed using standardized differences (STD) of
each covariate where a STD <0.1 was considered a negligible
difference in the mean or prevalence of a covariate between
SA and the GP.24,25

Outcomes analysis

The primary objective was to determine whether SA patients,
following CABG, were at increased risk of long-term MACCE
compared to the GP (MACCE defined by the following: all-
cause mortality, myocardial infarction, coronary reintervention
[PCI or re-CABG], or stroke). The secondary objective was to

determine whether SA patients had worse survival (time to all-
cause mortality) compared to GP patients after CABG.

For both of the above objectives, Cox proportional hazards
models were fitted using a robust variance estimator in order to
account for the matched nature of the sample.26 Effect
estimates were presented using HRs and their associated 95%
CIs. Kaplan–Meier curves were also estimated for both of the
primary objectives. Differences between the survival curves for
SA and the GP were tested using a stratified log-rank test
accounting for the matched design; this analysis was also used
to generate 30-day, 1-year, 5-year, and 10-year estimates of
freedom fromMACCE and all-cause death stratified by ethnicity.

Given the lack of long-term data after CABG according to
ethnic background, tertiary objectives were to determine the
unadjusted crude proportions of MACCE between the SA and
GP in addition to determining the predictors of MACCE for each
of the original cohorts. For each cohort, a Cox proportional
hazards model was used to identify significant predictors. The
clinically relevant covariates selected a priori for the models
were those included in the propensity model in addition to
urgency rating score (a calculated score ranging from 0 to 6,
with 0 being the most urgent and 6 being the least).27

Continuous variables were reported as mean�SD. Cate-
gorical variables were reported as frequencies and percent-
ages. A 2-tailed P-value <0.05 was considered statistically
significant. All analyses were performed using SAS version 9.2
(SAS Institute, Cary, NC).

Results

Baseline Demographics
Between 1996 and 2006, 83 850 patients underwent isolated
CABG across the province of Ontario. Of this cohort, 2653
(3.2%) were SA and 81 197 (96.8%) were part of the GP. As
anticipated, these 2 groups were significantly different from
each other with respect to many of the baseline covariates at
time of the index CABG (Table 1). SA were younger (SA:
61.7�9.4, GP: 64.1�10.0), and had a higher prevalence of
cardiac risk factors including diabetes (SA: 1435 [54.1%], GP:
28 332 [34.9%], STD=0.40). The prevalence of smoking,
however, was lower in the SA group (SA: 718 [27.1%], GP:
48 138 [59.3%], STD=0.66). The use of propensity-score
matching resulted in the formation of 2473 matched pairs,
each comprising 1 SA patient and 1 GP patient (Table 1).
Good balance was observed for all the pertinent covariates,
with the resulting STD being less than 0.10 for each variable.

Outcomes
The mean duration of follow-up was 9.1�3.9 years for the
overall unmatched cohort, and 9.3�3.5 years for the
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matched cohort. There were no significant differences with
respect to follow-up duration between the 2 ethnicity groups.

Primary outcome

SA patients, compared to the GP, had a decreased rate of
occurrence of MACCE (HR 0.91, 95% CI 0.83–0.99, P=0.04)
(Table 2). The Kaplan–Meier curves were also statistically
different, with freedom from MACCE being higher in SA: 1

year—SA: 93.9%, GP: 93.8%; 5 years—SA: 84.0%, GP: 83.5%;
10 years—SA: 67.6%, GP: 64.4%; stratified log-rank P=0.02
(Figure 1A).

Secondary outcome

Being a SA was strongly associated with a decreased risk of
all-cause mortality compared to the GP (HR 0.81, 95% CI
0.72–0.91, adjusted P=0.0004) (Table 3). The adjusted

Table 1. Baseline Demographics

Covariates

Unmatched Cohort Matched Cohort

General Population
(N=81 197)

South Asians
(N=2653) St. Diff

General Population
(N=2473)

South Asians
(N=2473) St. Diff

Age, y 64.1�10.0 61.7�9.4 0.25 61.8�10.2 61.6�9.5 0.02

Creatinine 97.3�56.0 95.2�55.3 0.04 95.6�51.5 95.0�55.5 0.01

Urgency rating score 4.6�1.2 4.7�1.1 0.08 4.6�1.1 4.7�1.1 0.07

Male, n (%) 63 186 (77.8) 2054 (77.4) 0.01 1894 (76.6) 1910 (77.2) 0.02

Diabetes mellitus, n (%) 28 332 (34.9) 1435 (54.1) 0.40 1334 (53.9) 1327 (53.7) 0.01

HTN, n (%) 58 772 (72.4) 2063 (77.8) 0.12 1982 (80.1) 1919 (77.6) 0.06

History of smoking, n (%) 48 138 (59.3) 718 (27.1) 0.66 695 (28.1) 673 (27.2) 0.02

Hyperlipidemia, n (%) 42 369 (52.2) 1547 (58.3) 0.12 1525 (61.7) 1438 (58.1) 0.07

Previous MI, n (%) 36 570 (45.0) 1181 (44.5) 0.01 1068 (43.2) 1108 (44.8) 0.03

Acute MI, n (%) 18 730 (23.1) 662 (25.0) 0.04 619 (25.0) 623 (25.2) 0

CHF, n (%) 11 517 (14.2) 352 (13.3) 0.03 334 (13.5) 326 (13.2) 0.01

CVD, n (%) 9457 (11.6) 229 (8.6) 0.09 221 (8.9) 206 (8.3) 0.02

PVD, n (%) 12 110 (14.9) 205 (7.7) 0.20 185 (7.5) 189 (7.6) 0.01

COPD, n (%) 5821 (7.2) 97 (3.7) 0.14 81 (3.3) 87 (3.5) 0.01

Dialysis, n (%) 943 (1.2) 31 (1.2) 0 30 (1.2) 24 (1.0) 0.02

Previous PCI, n (%) 7268 (9.0) 193 (7.3) 0.06 174 (7.0) 186 (7.5) 0.02

Previous CABG, n (%) 2359 (2.9) 40 (1.5) 0.08 37 (1.5) 34 (1.4) 0.01

Left main disease, n (%) 19 745 (24.3) 486 (18.3) 0.14 532 (21.5) 458 (18.5) 0.07

MVD, n (%)* 62 922 (77.5) 2085 (78.6) 0.03 1945 (78.6) 1954 (79.0) 0.01

CCS class, n (%) 0.03 0.02

1 3604 (4.4) 139 (5.2) 131 (5.3) 130 (5.3)

2 12 365 (15.2) 451 (17.0) 432 (17.5) 428 (17.3)

3 25 600 (31.5) 754 (28.4) 642 (26.0) 705 (28.5)

4 38 325 (47.2) 1283 (48.4) 1268 (51.3) 1210 (48.9)

LVEF grade, n (%) 0 0.05

1 36 442 (44.9) 1164 (43.9) 1038 (42.0) 1106 (44.7)

2 26 453 (32.6) 945 (35.6) 941 (38.1) 901 (36.4)

3 12 868 (15.8) 448 (16.9) 434 (17.9) 419 (16.9)

4 2734 (3.4) 53 (2.0) 51 (2.1) 47 (1.9)

Acute MI indicates any myocardial infarction within 30 days prior to index coronary artery bypass graft (CABG); CCS, Canadian Cardiovascular Society Class; CHF, congestive heart failure;
COPD, chronic obstructive pulmonary disease; CVD, cerebrovascular disease; HTN, hypertension; LVEF, left ventricular ejection fraction; previous MI, previous myocardial infarction (any MI
within 15 years prior to index CABG); PCI, percutaneous coronary intervention; PVD, peripheral vascular disease; St. Diff, standardized difference (less than 0.1 is negligible).
*MVD, multivessel disease (defined as left main disease, double or triple vessel disease including the proximal left anterior descending artery [LAD], or 3-vessel disease without proximal
LAD). Hyperlipidemia is defined as documented history of dyslipidemia diagnosed and/or treated by a physician.
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Kaplan–Meier curves were strongly significantly different
between the 2 groups: 1 year, SA—97.3%, GP—97.2%; 5
years, SA—92.9%, GP—92.2%; 10 years, SA—83.0%, GP—
78.7%; stratified P=0.003 (Figure 2A). Freedom from cardiac
mortality between SA and GP was similar (HR 0.82, 95% CI
0.68–1.00, P=0.05).

Predictors

Predictors of freedom from MACCE (determined from the full
unmatched cohort) were similar for both the SA and GP
(Table 4). Being male was strongly protective in both cohorts
(SA: HR 0.80, P=0.007; GP: HR 0.90, P<0.0001). Having
diabetes (SA: HR 1.34, P<0.0001; GP: HR 1.36, P<0.0001)
and peripheral vascular disease (SA: HR 1.50, P=0.0002; GP:

Table 2. Time to Event Analysis for Freedom From MACCE

Freedom From
MACCE for
South Asians
Compared to the
General Population

Hazard Ratio: 0.91, 95% CI ;(0.83–0.99),
Adjusted P-Value for Paired Cox Proportional
Hazard Model=0.04

Freedom
From MACCE

General Population
% (95% CI)

South Asians
% (95% CI)

30 day 98.1 (97.6–98.6) 97.5 (96.8–98.0) Stratified
log-rank
P=0.02

1 –y 93.8 (92.8–94.7) 93.9 (92.9–94.8)

5 –y 83.5 (82.0–84.9) 84.0 (82.5–85.4)

10 –y 64.4 (62.3–66.5) 67.6 (65.5–70.0)

MACCE indicates Major Adverse Cardiac and Cerebrovascular Events.

Number at 
Risk

30-days 1-year 5-years 10-years

South Asians 2411 2324 2078 854
General 

Population
2429 2321 2067 828
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Figure 1. A, Freedom from major adverse cardiac and cere-
brovascular events (MACCE). MACCE is defined by all-cause
mortality, myocardial infarction, stroke, or coronary re-interven-
tion. B, Freedom from MACCE, scale adjusted to highlight the first
year. MACCE is defined by all-cause mortality, myocardial
infarction, stroke, or re-intervention.

Table 3. Time to Event Analysis for Freedom From All-Cause
Mortality After Adjustment Using Propensity Match Analysis

Freedom From
All-Cause Mortality
for South Asians
Compared to the
General Population

Hazard Ratio: 0.81, 95% CI (0.72–0.91),
Adjusted P-Value for Paired Cox
Proportional Hazard Model 0.0004

Freedom From
All-Cause
Mortality

General Population
% (95% CI)

South Asians
% (95% CI)

30 day 98.6 (98.1–99.0) 98.3 (97.7–98.7) Stratified
log-rank
P=0.003

1 –y 97.2 (96.5–97.8) 97.3 (96.7–97.9)

5 –y 92.2 (91.0–93.1) 92.9 (91.8–93.8)

10 –y 78.7 (76.8–80.5) 83.0 (81.3–84.6)

A

B

Figure 2. A, Freedom from all-cause mortality. B, Freedom from
all-cause mortality, scale adjusted to highlight the first year.
MACCE is defined by all-cause mortality, myocardial infarction,
stroke, or re-intervention. MACCE indicates major adverse cardiac
and cerebrovascular events.
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HR 1.39, P<0.0001) were among the strongest risk factors in
both cohorts.

Additional outcomes

Overall MACCE was substantially higher in the GP compared
to SA in the unmatched cohorts (unmatched SA: 942 [35.5%],
GP: 38 288 [47.2%], P<0.001; matched SA: 859 [34.7%], GP:
934 [37.8%], P=0.03) (Table 5). The relationship was similar
for all-cause and cardiac mortality (all-cause mortality—
unmatched SA: 562 [21.2%], GP: 28 338 [34.9%], P<0.001;
matched SA: 505 [20.4%], GP: 600 [24.3%], P=0.001; cardiac
mortality—unmatched SA: 193 [7.3%], GP: 10 059 [12.4%],
P<0.001; matched SA: 172 [7.0%], GP: 207 [8.4%], P=0.06).
Proportion of re-intervention and stroke were similar between
the 2 matched groups.

Discussion
It has been suggested that physicians consider ethnicity when
recommending interventions.11 To our knowledge, the current
study is one of the largest multicenter administrative

database studies to report long-term results (mean of 9 years)
after CABG, comparing SA, an ethnicity with a high burden of
cardiovascular disease, to the GP in Canada. We report that
SA patients had better long-term outcomes than the GP,
including higher freedom from MACCE, which was driven
predominantly by lower all-cause mortality.

We wanted to determine whether outcomes in SA patients
were worse than those in the GP. Indeed, using the crude
populations, they are better in the SA than the GP, which is
probably the most important result in terms of public policy
and heathcare decision making. To reduce inherent biases
due to baseline differences in the SA and GP, we performed
propensity matching. Using the propensity-matched patient
groups, the SA still had lower MACCE, all-cause mortality, and
cardiac mortality. A limitation of this study in terms of
generalizability is that the propensity-matched sample con-
sisted of patients who resembled SA; however, they had much
better outcomes than the crude GP patients, which further
reinforces our conclusion.

The currently available evidence in this high-risk group
following CABG is scarce, controversial, and mostly reports

Table 4. Predictors of Freedom From MACCE After CABG in South Asians and the General Population

Covariates

General Population (n=81 197) South Asians (n=2653)

Hazard Ratio 95% CI P-value Hazard Ratio 95% CI P-Value

Age, y 1.03 1.03 to 1.04 <0.0001 1.03 1.02 to 1.03 <0.0001

Creatinine, lmol/L 1.00 1.00 to 1.00 <0.0001 1.00 1.00 to 1.01 <0.0001

URS 0.97 0.96 to 0.98 <0.0001 0.92 0.85 to 0.99 0.031

Male 0.90 0.88 to 0.93 <0.0001 0.80 0.68 to 0.94 0.007

Diabetes 1.36 1.33 to 1.39 <0.0001 1.34 1.16 to 1.54 <0.0001

HTN 1.17 1.14 to 1.20 <0.0001 1.36 1.13 to 1.63 0.001

History of smoking 1.16 1.13 to 1.19 <0.0001 1.13 0.97 to 1.32 0.123

Hyperlipidemia 0.91 0.89 to 0.93 <0.0001 0.95 0.82 to 1.09 0.445

Previous MI 1.17 1.14 to 1.20 <0.0001 1.01 0.85 to 1.21 0.916

Acute MI 0.99 0.96 to 1.02 0.463 1.07 0.87 to 1.32 0.506

CHF 1.40 1.36 to 1.44 <0.0001 1.47 1.22 to 1.76 <0.0001

CVD 1.46 1.41 to 1.50 <0.0001 1.43 1.16 to 1.76 0.0009

PVD 1.39 1.35 to 1.43 <0.0001 1.50 1.22 to 1.86 0.0002

COPD 1.37 1.32 to 1.42 <0.0001 1.46 1.07 to 1.98 0.017

Dialysis 1.23 1.10 to 1.37 0.0003 0.95 0.42 to 2.14 0.899

Previous PCI 1.19 1.14 to 1.23 <0.0001 1.31 1.02 to 1.69 0.035

Previous CABG 1.30 1.23 to 1.37 <0.0001 1.21 0.72 to 2.03 0.484

Left main disease 1.08 1.05 to 1.11 <0.0001 1.08 0.89 to 1.30 0.435

MVD 0.99 0.97 to 1.02 0.693 0.93 0.79 to 1.11 0.418

Acute MI indicates any myocardial infarction within 30 days prior to index coronary artery bypass graft (CABG); CHF, congestive heart failure; COPD, chronic obstructive pulmonary
disease; CVD, cerebrovascular disease; HTN, hypertension; MACCE, Major Adverse Cardiac and Cerebrovascular Events; MVD, multivessel disease (defined as left main disease or proximal
left anterior descending artery [LAD] and 1 or both circumflex and right coronary or 3-vessel disease without proximal LAD); previous MI, previous myocardial infarction (any MI within
15 years prior to index CABG); PCI, percutaneous coronary intervention; PVD, peripheral vascular disease; URS, urgency rating score.
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early outcomes following surgery and not long-term out-
comes, which was our primary objective. Brister et al16

performed a single-center propensity score–matched analysis
of 917 SA and whites and reported that operative mortality
was higher in the SA group (SA: 2.5%, whites: 1.1%, P=0.02)
and suggested that being a SA was an independent predictor
of early mortality (odds ratio [OR] 3.1, 95% CI 1.4–6.8, P-value
not reported). This study was performed from 1994 to 2003 in
a single center in Ontario; as such, we performed a sensitivity
analysis, which showed that the HR changed only slightly
when excluding the center in Brister’s study for mortality (HR
0.83, P=0.01). While some patients did overlap between our
current study and that of Brister, our study reports a longer
follow-up.

A study similar to that of Brister was performed in the
United Kingdom by Zindrou et al28 (SA: n=436, whites:
n=1458), which reported that SA patients had almost twice
the 30-day mortality rate as that of whites. Another UK study
by Goldsmith et al17 (SA: n=194, whites: n=190) showed
similar in-hospital morbidity but higher in-hospital mortality in
SA (SA: 6.7%, whites: 2.6%, P=0.06). This study, however, had
a higher proportion of SA patients undergoing nonelective
surgery, and no difference in mortality was found when
stratified by this covariate; in our study, urgency of surgery
(defined by an urgency rating score) was similar between the
SA and GP cohort (Table 1). In contrast, another study by
Elahi and colleagues12 (SA: n=650, whites: n=7226) found
similar 30-day mortality (OR 1.07, P=0.59) and 6-month
mortality (OR 1.1, P=0.31) and concluded that SA ethnicity
did not appear to be a strong risk factor for adverse outcomes
following CABG compared to whites. The controversial results
of early excess mortality in SA patients demonstrated in the
previous studies may have resulted due to limited sample size,
biases associated with single-centered practices, or lack of

adjustment for baseline differences. In our present study,
while the main objective was to assess long-term outcomes,
we found that adjusted freedom from 30-day mortality was
slightly worse with a strong overall P-value between SA and
the GP in the matched cohorts (SA: 1.7%, GP: 1.4%, stratified
log-rank P=0.003). A scale-adjusted magnified view of the
time to event analysis of event-free survival curve (Figure 1B)
and all-cause mortality (Figure 2B) shows that SA do slightly
worse in the early period. We performed a meta-analysis using
the random effects model, adding our crude nonadjusted data
to the available literature (excluding Brister’s study to prevent
double counting since it was a center that was also included
in our study) for 30-day mortality data and found that the
odds of mortality was higher being a SA compared to the GP
(OR 1.36, 95% CI 0.92–2.04, P=0.13, [Figure S1] for early
mortality); although this did not reach statistical significance,
the directionality of the OR seems to be consistent with that
of our matched cohort (Table 3, 30-day mortality) and that of
Brister’s study for the early period after CABG.

In addition to all-cause mortality, for the first time, we were
able to assess cause of mortality (cardiac versus all-cause
mortality). The proportion of cardiac-related deaths compared
to all-cause mortality was 34% to 35% in both the unmatched
and matched GP and the unmatched and matched SA patient
groups (Table 5). Cardiac mortality was greater in the
unmatched (P<0.001) GP compared to the SA population.
Although freedom from cardiac mortality had a protective HR
for SA (HR 0.82), its 95% CI crossed 1 (0.68–1.00); while we
cannot conclude that cardiac mortality is lower in the SA in
the propensity-matched groups, we can conclude that cardiac
mortality is certainly not higher in the SA.

While we have shown that SA patients do well following
CABG in the long term, we do not yet know the underlying
reasons for these findings. It has been suggested that SA

Table 5. Overall Outcomes for Duration of Follow-Up

Unmatched Matched

General Population
(N=81 197)

South Asians
(N=2653) P-value*

General Population
(N=2473)

South Asians
(N=2473) P-value†

Mean follow-up, y 9.1�3.9 9.3�3.5

MACCE‡ 38 288 (47.2%) 942 (35.5%) <0.001 934 (37.8%) 859 (34.7%) 0.03

All-cause mortality 28 338 (34.9%) 562 (21.2%) <0.001 600 (24.3%) 505 (20.4%) 0.001

Cardiac-cause mortality 10 059 (12.4%) 193 (7.3%) <0.001 207 (8.4%) 172 (7.0%) 0.06

Myocardial infarction 7275 (9.0%) 235 (8.9%) 0.86 173 (7.0%) 216 (8.7%) 0.02

Stroke 6080 (7.5%) 167 (6.3%) 0.02 163 (6.6%) 155 (6.3%) 0.63

Re-intervention§ 8280 (10.2%) 306 (11.5%) 0.03 263 (10.7%) 283 (11.4%) 0.36

*P-value from a v2 statistic for independent data.
†P-value from a McNemar statistic for matched data.
‡MACCE is major adverse cardiac and cerebrovascular events defined by all-cause mortality, myocardial infarction, stroke, or re-intervention following the index coronary artery bypass
surgery (CABG).
§Re-intervention is composed of repeat CABG and/or repeat percutaneous intervention.
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compared to whites have smaller coronary arteries, therefore
potentially resulting in poorer outcomes after CABG.9,29

However, a recent study using quantitative coronary angiog-
raphy comparing SA and whites contradicted this hypothesis
by reporting similar proximal coronary artery sizes and
severity of coronary disease.9 These findings could explain
why, in our study, SA did not perform poorly after CABG
compared to the GP. Alternatively, given the pre-existing
notion that SA patients do poorly because of reduced caliber
of coronary arteries, it is possible that SA patients in our study
who were accepted for coronary surgery in Ontario were
highly selected, and considered to be surgical candidates only
if the target artery sizes were suitably large, resulting in better
outcomes.

While the above factors are speculative, there are several
other factors that could potentially explain why long-term
post-CABG outcomes for SA patients were better than those
for the GP in our study. It has been reported that SAs tend to
smoke tobacco less than whites; females of SA origin seldom
have a smoking history.5,7 A long-term study with a median
follow-up of 20 years showed that persistent smokers had
higher risks of all-cause death and repeat revascularization
after CABG.30 While in our study, the higher proportion of
smokers present in the GP cohort were adjusted for through
matching, it may be possible that following CABG, more
patients in the GP continued to smoke, explaining the better
outcomes associated with SA patients. Medication adherence
is another important factor for secondary prevention of
cardiac events after CABG.31 In patients following an acute
myocardial infarction, it was reported that SA were as or more
likely than Non-Asians to get prescription of evidence-based
therapies. whites, and Chinese ethnicities.32 Adherence was
similar between SA and non-SA for statins and calcium-
channel blockers; SA were more likely to adhere to b-blockers
and less likely to adhere to angiotensin-converting enzyme
inhibitors compared to their non-SA counterparts.32 Given the
gap in the literature in medication practices specifically
following CABG with respect to ethnicity, we can speculate
that perhaps a higher medication adherence may be present
in the SA compared to the GP following CABG. A third factor is
cardiac rehabilitation, which has been associated with early
physiologic benefits,33 decreased long-term mortality,34 and
reduced need for hospitalization following CABG.35 While
literature investigating cultural influences in cardiac rehabil-
itation is scarce, a study by Banerjee et al36 showed that
while SA patients were less likely to complete the entire 6-
month rehabilitation program compared to whites, they
trended to a greater change in maximum metabolic equiva-
lents, and more often reached at least 85% of their target
heart rate. While important research has been recently
published in this area using qualitative studies identifying
enabling and reinforcing factors such as flexible rehabilitation

programs and closer physician and family support,37 studies
specifically evaluating cardiac rehabilitation practices follow-
ing CABG are still lacking. Finally, dietary modifications have
been shown to be effective, at least in the short term, after
CABG.38 While Chiu and colleagues,39 in a large cross-
sectional study of Ontario residents, reported an increased
prevalence in inadequate fruit and vegetable consumption
along with obesity in SA, to our knowledge there are no
studies specifically examining dietary changes following CABG
in the context of ethnic differences. We can only speculate
that, in parallel with medication adherence, SA patients may
also be following a more heart-healthy diet following CABG.

The major strengths of this study are that it is multicen-
tered, the largest to date on this subject, and statistically
robust. We performed a matched analysis using propensity
scores that emulates, as closely as possible, a randomized
controlled study design with the design phase being the
matching process separated by the analysis phase.24 This
method of propensity scoring compared to other propensity
techniques has been shown to reduce a greater degree of bias
due to observed confounding variables40; the matching
process was also ideal for this study as there were a large
number of control subjects (GP), allowing us to match nearly
all (93.2%) of the identified SA cohort.

There were also pertinent limitations in this study. This was
an observational study using provincial and national admin-
istrative databases. Intraoperative data were largely unavail-
able in these databases and represents an important
limitation. The single-centered study by Brister et al16 using
propensity analysis neutralized many of these factors, includ-
ing cross-clamp time, pump time, and mean distal grafts.
While we know that our match worked well, as the STD for all
measured baseline variables were negligible (including pro-
portion of left main and multivessel disease), we still cannot
be certain that intraoperative factors were balanced. Further-
more, while propensity matching performs well in balancing
known confounders, it does not account for unknown
confounders and treatment-selection bias, which are inherent
in observational studies.22 Similarly, these databases cannot
accurately capture lifestyle factors including exercise, diet,
smoking habits, and medication compliance. As mentioned
above, these components may help to explain why SA
patients had better long-term outcomes than the GP, and
therefore dedicated prospective studies in these areas are
encouraged. Lastly, we used an ethnic surname list to
differentiate SA patients from the GP. One limitation of such a
list is surnames obtained through marriage; however, it has
been reported that SA are least likely to marry outside their
ethnic group.19 Furthermore, while this list is highly specific, it
has a moderate sensitivity due to exclusion of surnames that
may be common to many ethnicities. While this may have
resulted in some names that were misclassified as the GP,
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this does bias the results conservatively to the null, and
therefore the outcome differences may actually be underes-
timated.

Conclusions
Contrary to the notion that SA have worse outcomes after
CABG compared to other ethnic groups, our large propensity-
matched study finds that SA actually do better than the GP in
the long-term after CABG with respect to freedom from
MACCE and all-cause mortality in Ontario. The causes for
these findings are likely multifactorial and warrant further
investigation. Given that ethnicity may influence physician
recommendation for medical procedures, our study, while
hypothesis generating, will contribute in this regard; however,
further studies are required to corroborate our findings.
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Study name Publication Year Statistics for each study Odds ratio and 95% CI
Odds Lower Upper 
ratio limit limit Z-Value p-Value

Goldsmith 1999 2.657 0.928 7.606 1.822 0.069
Zindrou 2001 2.013 1.202 3.371 2.660 0.008
Elahi 2006 1.072 0.705 1.629 0.324 0.746
Hadjinikolaou 2010 2.619 1.126 6.090 2.235 0.025
Gasevic 2013 0.522 0.162 1.685 -1.088 0.277
Deb 2016 0.963 0.728 1.272 -0.268 0.789

1.364 0.915 2.035 1.524 0.128
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Figure S1: Meta-analysis of in-hospital or 30-day mortality of South Asians and the General 
Population after coronary artery bypass grafting surgery excluding study by Brister et al.1-6 
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