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Abstract

Background

Coronary artery disease (CAD) is a global problem with increasing incidence in Asia. Prior

studies reported inter-ethnic differences in the prevalence of CAD rather than the severity of

CAD. The angiographic “synergy between percutaneous coronary intervention (PCI) with

taxus and cardiac surgery” (SYNTAX) score quantifies CAD severity and predicts out-

comes. We studied CAD severity and all-cause mortality in four globally populous ethnic

groups: Caucasians, Chinese, Indians and Malays.

Methods

We quantified SYNTAX scores of 1,000 multi-ethnic patients undergoing PCI in two tertiary

hospitals in the Netherlands (Caucasians) and Singapore (Chinese, Indians and Malays).

Within each ethnicity we studied 150 patients with stable CAD and 100 with ST-elevated

myocardial infarction (STEMI). We made inter-ethnic comparisons of SYNTAX scores and

all-cause mortality.
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Results

Despite having a younger age (mean age Indians: 56.8 and Malays: 57.7 vs. Caucasians:

63.7 years), multivariable adjusted SYNTAX scores were significantly higher in Indians and

Malays than Caucasians with stable CAD: 13.4 [11.9-14.9] and 13.4 [12.0-14.8] vs. 9.4 [8.1-

10.8], p<0.001. Among STEMI patients, SYNTAX scores were highest in Chinese and

Malays: 17.7 [15.9-19.5] and 18.8 [17.1-20.6] vs. 15.5 [13.5-17.4] and 12.7 [10.9-14.6] in

Indians and Caucasians, p<0.001.

Over a median follow-up of 709 days, 67 deaths (stable CAD: 37, STEMI: 30) occurred.

Among STEMI patients, the SYNTAX score independently predicted all-cause mortality:

HR 2.5 [1.7-3.8], p<0.001 for every 10-point increase. All-cause mortality was higher in

Indian and Malay STEMI patients than Caucasians, independent of SYNTAX score

(adjusted HR 7.2 [1.5-34.7], p=0.01 and 5.8 [1.2-27.2], p=0.02).

Conclusion

Among stable CAD and STEMI patients requiring PCI, CAD is more severe in Indians and

Malays than in Caucasians, despite having a younger age. Moreover, Indian and Malay

STEMI patients had a greater adjusted risk of all-cause mortality than Caucasians, indepen-

dent of SYNTAX score.

Background
Inter-ethnic differences in the prevalence of coronary artery disease (CAD) and cardiovascular
risk factors such as diabetes [1] and dyslipidemia [2] are known. People of Indian (or South
Asian) descent have been reported to have an unfavorable risk factor profile (e.g. higher preva-
lence of diabetes and dyslipidemia [3,4]) and a higher prevalence of CAD (as reported by the
World Health Organization [5]) compared with Caucasians. Individuals of Chinese descent,
on the other hand, have been reported to have a more favorable risk factor profile (e.g. low C-
reactive protein levels [2] and low insulin levels [6]) and lower prevalence of CAD (as assessed
by coronary artery calcium (CAC) scoring).[7]

TheWorld Health Organization has projected that the majority of the global population of
patients with CAD will be of Asian descent by 2030.[5] Yet, data on differences in the CAD bur-
den among the individual Asian ethnic groups are sparse and predominantly based onWestern
(European) literature on Asian immigrants.[8] As such, the American Heart Association has
assigned a high priority to multi-ethnic research on the burden and outcomes of CAD.[9]

Studies assessing CAC scores have shown that CAC scores are higher among community-
dwelling individuals of Indian descent as compared with those of Chinese descent.[6,10,11]
But, despite its sensitivity in detecting CAD, CAC scoring remains a screening tool that has
limited specificity for the presence of underlying CAD. Coronary angiography remains the
gold standard for assessing the presence and severity of CAD. Angiographic studies quantify-
ing the severity of CAD are sparse; one study compared mainland Chinese with Australian
Caucasians, showing less severe CAD in Chinese than in Caucasian coronary angiography
patients as quantified by the Gensini score.[12]

In the context of significant multi-vessel CAD the angiographic synergy between percutane-
ous coronary intervention (PCI) with taxus and cardiac surgery (SYNTAX) score has been
developed.[13] This score quantifies the anatomic extent and complexity of CAD over 16
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anatomically defined coronary segments on coronary angiography. The SYNTAX score has
been validated for predicting outcomes of patients undergoing PCI.[14] Based on the available
literature on inter-ethnic differences in risk factor burden and CAD prevalence, we hypothe-
sized that the severity of angiographic CAD, as quantitatively measured by SYNTAX score, dif-
fers among Caucasians, Chinese, Indians and Malays, who constitute four of the largest ethnic
groups in the world [15]. For this purpose we investigated PCI patients from two tertiary hos-
pitals: the University Medical Center Utrecht, the Netherlands (enrolling Caucasian patients)
and the National University Hospital, Singapore (enrolling Chinese, Indian and Malay
patients). In two well-circumscribed cardiologic patient groups: stable CAD and STEMI
patients undergoing PCI, we investigated inter-ethnic differences in the severity of angio-
graphic CAD by means of the SYNTAX score. Furthermore, we evaluated inter-ethnic differ-
ences in all-cause mortality, adjusted for SYNTAX score.

Methods

Study population
Patients were retrospectively, consecutively selected from the coronary angiography databases
of two hospitals: the University Medical Center Utrecht (UMCU) in the Netherlands and the
National University Hospital (NUH) in Singapore between December 2007 and October 2013.
From the two sites, four ethnic groups were included in this study: Caucasians from the
UMCU and Chinese, Indians and Malays from the NUH.

From a power calculation on a preliminary cohort of 20 stable CAD and 20 STEMI patients
per ethnic group we concluded that 150 stable CAD and 100 STEMI patients per ethnic group
were needed for the current study in order to give us 80% power to detect a difference in SYN-
TAX score of 2.4–5.7 points (SD 1.5–1.6) between ethnic groups, considering a Bonferroni
post-hoc α of 0.0125.

For the current study, we selected 150 patients from each ethnic group who were diagnosed
with stable CAD, defined as stable angina or angina equivalent, exertional dyspnea relieved
either by rest or by nitroglycerin or silent myocardial ischemia.[16] Only patients with stable
CAD requiring PCI as a treatment [16] were selected for the current study. Additionally, we
selected 100 patients from each ethnic group with a clinical diagnosis of ST-elevated myocar-
dial infarction (STEMI) [17] and who underwent primary PCI. We selected patients from
October 2013 backwards and went as far back as necessary (December 2007), to allow us to
obtain the desired number of patients. Patients with a history of coronary artery bypass grafting
(CABG) surgery were excluded, as the regular SYNTAX score [13] which was used in this
study is only applicable to the native coronary system.

Ethics statement
The institutional review boards of both participating hospitals exempted this retrospective
database study from approval. The exempts are registered at the NUH (Domain Specific
Review Board, DSRB) under: 2012/00971 and at the UMCU (Medical Ethics Committee,
METC) under: 13/222. This study conforms to the declaration of Helsinki.

No informed consent was necessary as data were analyzed anonymously.

Ethnicity documentation
In Singapore, trained staff recorded self-reported ethnicity as documented on state-issued iden-
tification cards using one of the following categories: Chinese, Malay, Indian and other. All
Dutch patients were assumed to be Caucasian for this study (from a questionnaire among a
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group of 1,429 angiography study patients>94% were confirmed as Caucasian and only 2%
were of Asian descent).

Risk factors
Diabetes was defined as any type of diabetes (fasting glucose>7mmol/L) [18] in the medical
history or during index admission requiring medical treatment by means of oral glucose regu-
lating medication or insulin injections (impaired glucose tolerance is not considered to be dia-
betes in this study). Hypertension is considered when mentioned in the patient’s medical
history or when diagnosed during the index admission (systolic blood pressure >140 mmHg
or diastolic blood pressure>90 mmHg) and/or the use of one or more antihypertensiva.[19]

Dyslipidemia was defined by any dyslipidemia requiring treatment in the medical history or
during index admission as recommended by the ESC/EAS [20] guidelines. Smoking status was
divided into three groups; current smoker, ex smoker (> 1 year since last smoke) and non-
smoker. Advanced renal failure was defined as any renal disease requiring treatment with oral
medication (phosphate-binding medications) or any type of renal replacement therapy in the
medical history.[21]

Body mass index (BMI) was calculated by dividing weight (in kilograms) by squared height
(in meters).

Medication use
The use of cardiovascular drugs known to lower cardiovascular risk [22,23]: anti-platelet medica-
tion, statins, beta-blockers and renin-angiotensin-aldosterone system (RAAS) inhibitors was
assessed at the moment of admission for PCI. Anti-platelet medication comprises aspirin and all
types of P2Y12 inhibitors. RAAS inhibiting medication comprises all types of angiotensin-
converting enzyme (ACE) inhibitors, angiotensin receptor blockers and aldosterone antagonists.

SYNTAX scoring
The previously validated [14,24] SYNTAX score considers stenotic lesions reducing the lumi-
nal diameter>50% in vessels of>1.5mm.[13] In the total SYNTAX score, lesions are weighted
depending on the anatomical position of the segment in which they occur. The more proximal
in the coronary tree, the more points are assigned to a lesion. A SYNTAX score of>18 points
corresponds to severe CAD and has been reported to be related to higher rates of adverse car-
diac events.[24]

The SYNTAX score was measured by two independent observers (CG and AS), using SYN-
TAX score calculator [25] version 2.11. The observers were blinded to ethnicity and other
patient characteristics. The two observers employed quantitative coronary angiography [26]
(QCA) software (CAAS, Siemens) to measure the percentage of stenosis or the dimension of
the vessel whenever they were uncertain about the angiographic significance of a lesion by
visual estimation. QCA was performed for 95 cases in total (CG 67 cases, AS 47 cases). When
the two observers were more than 5 SYNTAX points apart (60 cases), the case was discussed in
order to reach consensus and QCA was performed to assess lesion significance. The average of
the SYNTAX scores of each patient measured by both observers was used as a continuous out-
come measure for the current analysis.

All-cause mortality
The vital status (alive or deceased) of the Singaporean patients was extracted from state mortal-
ity registration and matched with individual patient data. In the Netherlands, follow-up was
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performed through annual patient follow-up questionnaires. When the patient did not
respond, the general practitioner was contacted to obtain the patient’s vital status, which was
subsequently added to the hospital registration. An extraction of the completed hospital regis-
tration was used for the current analysis.

Statistical analysis
Continuous baseline variables are displayed as means with standard deviations (or confidence
intervals for SYNTAX scores), and categorical variables are presented as percentages. The base-
line characteristics were compared among the ethnic groups using ANOVA for continuous
and chi-square testing for categorical data, respectively.

Baseline characteristics that differed significantly across the four ethnic groups or that were
significantly associated with SYNTAX score on univariable analysis, were added to the multi-
variable model. Covariates in the multivariable model included: age, BMI, diabetes, dyslipide-
mia, smoking, previous PCI, previous ACS, peripheral arterial disease, use of platelet inhibitor,
use of statin and use of beta blocker.

Inter-ethnic differences in crude SYNTAX scores were tested using ANOVA with Bonfer-
roni post-hoc testing. Age-adjusted SYNTAX scores and SYNTAX scores adjusted for the
covariates listed above were calculated with ANCOVA analysis. Differences in adjusted SYN-
TAX scores between the ethnic groups were tested using Tukey post-hoc testing.

Inter-ethnic differences in all-cause mortality were analyzed using Kaplan Meier analysis
and Cox regression analysis with adjustment for age, sex, SYNTAX score and diabetes. Also,
we tested for interaction between ethnicity and SYNTAX score for all-cause mortality in the
multivariable Cox model.

The statistical analyses were performed using the R software package [27] for statistical
computing, version 3.1.2. The data used for the purpose of this study are provided in S1 File.

Results

Patient characteristics
The characteristics of the stable CAD and STEMI patients are presented in Table 1.

Among the stable CAD patients (n = 600) Indian patients were the youngest (mean age 56.8
±9.5 years) and Caucasians were the oldest (63.7±10.5, p-value for difference across all ethnic
groups<0.001). There was no significant difference in the proportion of men versus women
among the different ethnic groups. Diabetes was significantly more common among Indians
and Malays (58.0% and 52.7%, respectively) than in Caucasians and Chinese (23.5% and
36.0%, respectively), p<0.001. Dyslipidemia was more prevalent in all Asian ethnic groups
(Chinese 77.3%, Indians 78.0%, Malays 75.3%) than among Caucasians (57.2%, p<0.001), and
smoking was more common among Indians and Malays (40.0% and 47.0% vs. 24.6% in Cauca-
sians, p = 0.013). A history of previous PCI or ACS was significantly more common among
Caucasians (p<0.001 and p = 0.002), as was the use of medications recommended by interna-
tional guidelines for the treatment of CAD (p<0.001).

Among STEMI patients (n = 400), Indians and Malays were younger (52.6±11.1 and 54.5
±10.4 years) than Chinese and Caucasians (60.0±12.6 and 61.1±10.6), p-value for difference
across all ethnic groups<0.001). A high proportion of males was observed among Malays
(88% as compared to 79%, 82% and 85% in Caucasians, Chinese and Indians, respectively).
This difference was not statistically significant (p = 0.35). The prevalence of diabetes was two
to three times higher among Chinese (35%), Indians (46%) and Malays (41%) than in Cauca-
sians (13%), p-value overall<0.001. A history of PCI (7–12% across the ethnic groups) and
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Table 1. Baseline characteristics and SYNTAX scores of stable CAD and STEMI patients.

Caucasian Chinese Indian Malay p-value

Stable CAD patients

N 150 150 150 150

Males (%) 83.3 81.3 77.3 78.0 0.52

Age (years, mean ± sd) 63.7±10.5 62.0±8.8 56.8±9.5 57.7±10.0 <0.001

BMI (kg/m2, mean ± sd) 28.0±4.4 26.5±4.8 27.4±5.1 29.2±4.9 <0.001

Diabetes (%) 23.5 36.0 58.0 52.7 <0.001

Hypertension (%) 64.0 78.0 69.3 71.3 0.06

Dyslipidemia (%) 57.2 77.3 78.0 75.3 <0.001

Current smoker (%) 24.6 28.8 40.0 47.0 0.013*

Ex smoker (%) 29.2 27.9 27.4 22.0 -

Non-smoker (%) 46.2 43.3 32.6 31.0 -

Previous PCI (%) 46.7 20.7 30.7 20.1 <0.001

Previous ACS (%) 33.3 17.4 26.8 18.0 0.002

CVA/TIA (%) 8.1 10.0 8.0 8.7 0.92

Peripheral arterial disease (%) 10.7 2.7 3.3 2.0 <0.001

Renal failure (%) 4.7 7.3 6.7 6.7 0.80

Anti platelet (%) 94.0 68.0 54.0 59.3 <0.001

Statin (%) 86.0 73.3 65.3 60.7 <0.001

Beta blocker (%) 74.7 40.0 47.3 52.7 <0.001

RAAS (%) 54.7 42.7 41.3 42.7 0.07

SYNTAX score (mean, 95% CI) 10.2 (9.1–11.3) 11.2 (10.2–12.1) 13.2 (12.0–14.4) 13.5 (12.4–14.6) <0.001

Age adjusted SYNTAX score (mean, 95% CI) 10.1 (8.9–11.2) 11.1 (10.0–12.2) 13.3 (12.2–14.4) 13.6 (12.5–14.7) <0.001

Fully adjusted SYNTAX score (mean, 95% CI) 9.4 (8.1–10.8) 11.8 (10.4–13.1) 13.4 (11.9–14.9) 13.4 (12.0–14.8) <0.001

Median FU time (days) 575 575 1,243 1,169

All-cause mortality (N) 9 6 8 14

1-year mortality estimate (%) 4.7 4.0 2.0 4.1 0.43

STEMI patients

N 100 100 100 100

Males (%) 79.0 82.0 85.0 88.0 0.35

Age (years, mean ± sd) 61.1±10.6 60.0±12.6 52.6±11.1 54.5±10.4 <0.001

BMI (kg/m2, mean ± sd) 27.2±4.1 25.1±5.3 26.0±5.0 26.9±4.1 0.009

Diabetes (%) 13.0 35.0 46.0 41.0 <0.001

Hypertension (%) 39.4 54.0 42.0 47.0 0.17

Dyslipidemia (%) 32.3 57.0 66.0 64.6 <0.001

Current smoker (%) 44.7 53.2 69.1 79.5 <0.001*

Ex smoker (%) 22.3 14.3 10.3 8.4 -

Non-smoker (%) 33.0 32.5 20.6 12.0 -

Previous PCI (%) 7.0 7.0 12.0 10.0 0.53

Previous ACS (%) 6.0 10.0 11.1 10.0 0.62

CVA/TIA (%) 3.0 4.0 7.0 5.0 n/a

Peripheral arterial disease (%) 2.0 0.0 1.0 0.0 n/a

Renal failure (%) 0.0 0.0 3.0 2.0 n/a

Anti platelet (%) 42.0 9.0 11.0 9.0 <0.001

Statin (%) 27.0 21.0 23.0 21.0 0.71

Beta blocker (%) 27.0 13.0 10.0 11.0 0.002

RAAS (%) 25.0 18.0 18.0 11.0 0.08

SYNTAX score (mean, 95% CI) 14.0 (12.5–15.6) 18.5 (17.0–20.0) 16.1 (14.6–17.6) 18.6 (16.8–20.4) <0.001

(Continued)
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history of ACS (6–11% across the ethnic groups) were equally common among the ethnic
groups.

SYNTAX scores in patients with stable CAD
The crude and adjusted SYNTAX scores are depicted in Fig 1A. Crude SYNTAX scores (with
95% confidence intervals) were highest for Indians and Malays: 13.2 (12.0–14.4) and 13.5
(12.4–14.6), respectively. Age-adjusted mean SYNTAX scores for Caucasians, Chinese, Indians

Table 1. (Continued)

Caucasian Chinese Indian Malay p-value

Age adjusted SYNTAX score (mean, 95% CI) 13.4 (11.8–15.0) 18.0 (16.5–19.6) 16.8 (15.3–18.4) 19.0 (17.4–20.5) <0.001

Fully adjusted SYNTAX score (mean, 95% CI) 12.7 (10.9–14.6) 17.7 (159–19.5) 15.5 (13.5–17.4) 18.8 (17.1–20.6) <0.001

Median FU time (days) 689 589 1,050 696

All-cause mortality (N) 2 6 11 11

1-year mortality estimate (%) 2 5 9 11 0.05

Figures represent percentages or means ± standard deviation. SYNTAX scores are presented as means with confidence intervals. Fully adjusted

SYNTAX scores are adjusted for age, BMI, diabetes, dyslipidemia, smoking, previous PCI, previous ACS, peripheral arterial disease, use of platelet

inhibitor, use of statin and use of beta blocker.

* p-value for difference across all smoking groups, across all ethnic groups. n/a: chi-square test results are not robust due to <5 observations in a group.

SD = standard deviation, CI = confidence interval. Significance of differences was tested with ANOVA for continuous measures, ANCOVA for adjusted

SYNTAX scores and chi-square testing for proportional measures.

doi:10.1371/journal.pone.0131977.t001

Fig 1. SYNTAX scores of stable CAD and STEMI patients, stratified by ethnicity. Panel A: SYNTAX scores of stable CAD patients (n = 150 per ethnic
group). Panel B: SYNTAX scores of STEMI patients (n = 100 per ethnic group). Point estimates and error bars show the mean SYNTAX scores with 95%
confidence intervals. Different transparencies present: crude mean SYNTAX scores (highly transparent), mean SYNTAX scores adjusted for age (lightly
transparent) and multivariable adjusted mean SYNTAX scores (solid). P-values displayed in the figure are derived frommultivariable (full model) ANCOVA,
followed by Tukey post-hoc testing. The full model contains: age, body mass index, diabetes, dyslipidemia, smoking, previous PCI, previous acute coronary
syndrome, peripheral arterial disease, platelet inhibitor, statin and beta-blocker use.

doi:10.1371/journal.pone.0131977.g001
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and Malays were 10.1 (8.9–11.2), 11.1 (10.0–12.2), 13.3 (12.2–14.4) and 13.6 (12.5–14.7). Even
after multivariable adjustment, these ethnic differences in SYNTAX scores persisted: 9.4 (8.1–
10.8), 11.8 (10.4–13.1), 13.4 (11.9–14.9) and 13.4 (12.0–14.8). Post-hoc testing revealed signifi-
cantly lower SYNTAX scores in Caucasians when comparing with Indians (p = 0.001) or with
Malays (p<0.001) in the multivariable model. Other comparisons did not reveal significant dif-
ferences. The crude and adjusted SYNTAX scores are presented in Table 1.

SYNTAX scores in STEMI patients
The crude and adjusted SYNTAX scores are depicted in Fig 1B. Crude SYNTAX scores for
STEMI patients were highest in Chinese and Malays: 18.5 (17.0–20.0) and 18.6 (16.8–20.4),
respectively, lower in Indians: 16.1 (14.6–17.6) and lowest in Caucasians: 14.0 (12.5–15.6).
After adjustment for age, the scores of Caucasians and Chinese decreased to 13.4 (11.8–15.0)
and 18.0 (16.5–19.6), respectively and the scores of Indians and Malays increased to 16.8
(15.3–18.4) and 19.0 (17.4–20.5). SYNTAX scores, fully adjusted for differences in baseline
characteristics were: Malays 18.8 (17.1–20.6), Chinese 17.7 (15.9–19.5), Indians 15.5 (13.5–
17.4) and Caucasians 12.7 (10.9–14.6).

Post-hoc testing revealed that the fully adjusted SYNTAX scores of Caucasians differed
from the scores of Chinese and Malays (p = 0.002 and p<0.001). And the scores of Indians dif-
fered from the scores of Malays (p = 0.046). Other post-hoc comparisons between ethnic
groups did not yield a significant difference.

Mortality
In patients with stable CAD, unadjusted all-cause mortality rates did not significantly differ
between the four ethnic groups (Fig 2, left panel). Among STEMI patients, however, all-cause
mortality was highest in Malays, reaching 11% at one year (p = 0.053 for difference among the
four ethnic groups).

Among stable CAD patients, the multivariable Cox regression model including age, sex,
SYNTAX score and diabetes as covariates, neither SYNTAX score nor ethnicity independently
predicted all-cause mortality; whilst diabetes (HR 3.4, 1.6 to 7.3, p = 0.001) and age (HR 1.6,
1.1 to 2.2, p = 0.005) remained independent predictors of all-cause mortality. There was no
interaction between SYNTAX score and ethnicity in the regression with all-cause mortality as
the outcome.

In STEMI patients (Fig 2, right panel), however, Indian and Malay ethnicity as compared to
Caucasian ethnicity appeared to be significant independent predictors of all-cause mortality
(HR 7.2, 1.5 to 34.7, p = 0.01 and HR 5.8, 1.2 to 27.2, p = 0.03, respectively) when adjusted for
age, sex and diabetes. The SYNTAX score was an independent predictor of all-cause mortality
(HR 2.5, 1.7 to 3.8, p<0.001 for every 10 to point increase) among STEMI patients, irrespective
of ethnicity. There was no significant interaction between ethnicity and SYNTAX score for all-
cause mortality in STEMI patients, indicating an equal predictive value of SYNTAX score
across the ethnic groups.

Discussion
In this comparison of CAD severity among four of the world’s most populous ethnic groups
using a well-validated quantitative score of angiographic CAD severity (SYNTAX score), we
observed clear ethnic differences in the severity of angiographic CAD among stable CAD and
STEMI patients undergoing PCI. Indians and Malays with stable CAD had higher SYNTAX
scores (reflecting more severe CAD) than Caucasians and Chinese. These differences were not
attenuated when adjusting for confounders, indicating that ethnic differences in the prevalence
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of known traditional risk factors could not entirely explain the observed differences in CAD
severity as quantified by the SYNTAX score.

Indian and Malay ethnicity (in comparison to Caucasian ethnicity) were significantly asso-
ciated with higher all-cause mortality in STEMI patients undergoing PCI. This remained so,
after adjusting for age, SYNTAX score and diabetes. Among stable CAD patients undergoing
PCI, no significant differences in mortality rates were found among the ethnic groups. No
interactions were found between ethnicity and SYNTAX score for stable CAD and STEMI
patients in the prediction of all-cause mortality, indicating that SYNTAX score has similar pre-
dictive properties among the ethnic groups.

Ethnicity and the severity of CAD
The association of Chinese ethnicity with higher SYNTAX scores among STEMI patients is
intriguing, as Chinese ethnicity is often associated with a more favorable risk factor profile (e.g.
lower cholesterol levels [11]) and lower cardiovascular mortality (2-year adjusted cardiovascu-
lar mortality rate of 1.8% vs. 4.5% among Whites [28]) than other ethnic groups. This pattern
is also observed in Singapore.[29] A lower angiographic burden of CAD has been described by

Fig 2. Cox regression survival curves for up to 900 days of follow-up stratified by ethnicity.Cox regression survival curves for up to 900 days of follow-
up stratified by ethnicity. The survival curves are adjusted for age, sex, SYNTAX score and diabetes. The left panel displays the stable CAD patients, the right
panel the STEMI patients. No significant ethnic differences were found among stable CAD patients. Among the STEMI patients, mortality was significantly
higher in Malays (HR 5.8) and Indians (HR 7.2) as compared to Caucasians.

doi:10.1371/journal.pone.0131977.g002
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Jiang et al.[12] for Chinese (China) as compared to Caucasians (Australia), in a population
with suspected CAD, in whom subsequent treatment was not specified. In contrast, a compara-
ble burden of CAD between Chinese (China) and Caucasians (Germany) was reported by
Zheng et al.[30] They described patients with myocardial infarction or chest pain with a signifi-
cant lesion upon coronary angiography. But, only part of this study population required revas-
cularization, with more revascularization required in the Caucasian group than in the Chinese
group, implying already a more diseased patient group in Caucasians than in Chinese. Our
results could imply that at the point of developing symptoms of STEMI, Chinese patients have
more advanced CAD than their Caucasian counterparts, as evidenced by significantly higher
SYNTAX scores in the STEMI group (p = 0.001).

Indians (or South Asians) have repeatedly been described as a high risk group for early
onset and severe CAD.[31] For example, Vallapuri et al.[32] described a coronary angiography
cohort of patients with significant CAD, and found a higher prevalence of triple vessel disease
in Asian Indians (India) as compared to Caucasians (USA) with an associated higher Gensini
[33] score. Compared with Caucasians, we observed high SYNTAX scores only in Indian
patients with stable CAD but not in Indians presenting with STEMI.

A key finding in our study is that patients of Malay descent have more severe CAD as com-
pared to the other ethnic groups, regardless of whether they suffer from stable CAD or STEMI.
Higher all-cause mortality in Malay STEMI patients has been described [34] and our finding of
greater CAD severity in patients of Malay descent may in part explain their poorer outcomes.

Ethnicity, CAD severity and mortality
For Indians, all-cause mortality from acute coronary syndromes has been described to be lower
as compared to Caucasians [35], which is in contrast with our results. However, in the study by
Zaman et al.[35] only 36% of the study population was comprised of STEMI patients, and an
even lower percentage received primary PCI. Within the STEMI patients of their study, the
mortality in Indians was higher compared to the Caucasians, which is in agreement with our
findings.

Chinese are known to have lower CAD-attributable mortality rates than Caucasians in the
general population.[36] However, the literature is inconclusive about mortality among Chi-
nese CAD patients. Gasevic et al. [37] and Khan et al. [38] reported that after myocardial
infarction Chinese are at higher risk of dying in the first 30 days after PCI than Caucasians.
Long-term all-cause mortality did not differ significantly between Chinese and Caucasians in
the analysis by Khan et al. [38] In contrast, Qian et al. [39] reported that Asian Americans (of
whom the largest proportion is Chinese [40]) show better survival after myocardial infarction
than Caucasians. In our current study with a median follow-up duration of 709 days, we did
not find a difference between survival in Chinese and Caucasian patients. Due to the chance
of a type II error and possible under-powering of the current study, we cannot exclude the
possibility of an actual difference in all-cause mortality between Chinese and Caucasians,
however our data indicate no striking numerical differences in mortality between Chinese and
Caucasians.

To date, no comparison between Caucasians and Malays has been reported in the literature.
However, ten years ago, Mak et al. [34] reported Malays to have a poorer prognosis after myo-
cardial infarction than Chinese and Indians in Singapore (HR 1.26 as compared to Chinese
ethnicity), supporting the results of high SYNTAX scores and high rates of all-cause mortality
among Malays in the current study.

Klomp et al. [3] reported better survival in Asian patients undergoing PCI, mostly of Malay
descent, than in Western Europeans undergoing PCI. This important earlier study, however,
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encompassed all indications for PCI, and elective PCI was significantly more common in the
Asian ethnic group than in the Western European group; while survival analysis was not
adjusted for PCI indication.

In our study we find differences in all-cause mortality among STEMI patients, but not
among stable patients. The STEMI patient group is a very homogeneous patient group with a
clear phenotype. The stable CAD patient group, on the other hand, might encompass a wider
range of patients, thereby masking a possible effect of ethnicity by subtle differences in stable
indications for angiography among the ethnic groups.

Possible mechanisms of inter-ethnic differences in CAD severity
The association of ethnicity with SYNTAX score is likely to be of a multifactorial origin. It is
conceivable that there are cultural lifestyle or country-dependent primary prevention strategies
differences among the ethnic groups, which are not completely reflected by the cardiovascular
risk factor profile. Reports suggest that CAD outcomes are strongly linked to a country’s eco-
nomic prosperity.[41] Remarkably, Singapore has a per capita GDP of US$ 55,182, higher than
the Dutch GDP of US$ 50,793 (data for 2010–2014 from data.worldbank.org).

On the other hand, there might be true genetic [42,43] and biological differences among the
ethnic groups of which only the tip of the iceberg is known. For example, a stronger association
of cholesterol and diabetes with carotid intima-media thickness has been shown for Asian Indi-
ans as compared to Caucasians, suggesting higher susceptibility of the arterial vasculature to
cholesterol and glucose levels.[44] In our study we were only able to take the absence or pres-
ence of dyslipidemia and diabetes into account, and not the actual biomarker levels reporting
on these diseases. It is possible that the actual cholesterol levels or glycated hemoglobin levels
associate with SYNTAX score in different ways across the ethnic groups and thus explain part
of the association of ethnicity with SYNTAX score that we find.

Unraveling the underlying causes of these ethnic differences in CAD severity is critical
when tackling the epidemic of CAD in Asia. When biological [45] and epidemiological connec-
tions between ethnicity and CAD become more delineated, ethnicity-specific prevention and
treatment strategies can be developed to improve survival in the ethnic groups with poorest
prognoses.

Limitations
In this study we were unable to correct for lifestyle factors beyond those that were described in
the baseline table. It is possible that dietary, socioeconomic factors obscure the true association
of ethnicity with the angiographic severity of CAD into some extent. Furthermore, lifestyle and
medication adherence may also explain differences in mortality following PCI.

By specifically including PCI patients we created a homogenous patient group; however the
choice for PCI might have been steered by patient preferences (refusing CABG). We were
unable to take patient preferences for revascularization strategy into account and it is possible
that patient preferences differ among ethnic groups.

While the SYNTAX score is the most widely used scoring method to quantify the angio-
graphic severity of CAD, it does have limitations. For example, SYNTAX score does not distin-
guish between a lesion of 50% and a lesion of 99% luminal stenosis.[13] Plus, the assessment of
significance of a lesion is performed by visual estimation and thus observer-dependent
(although inter-observer correlation in our study was high, r = 0.95).

Due to a limitation in statistical power we could not extend our multivariable survival analy-
ses with more covariates.
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Conclusion
In both stable CAD and STEMI patients undergoing PCI, SYNTAX scores were higher in
Malays and Indians as compared to Caucasians, also after adjustment for relevant covariates.
After STEMI, mortality was significantly higher among Indian and Malay patients as compared
to Caucasian patients, even after multivariable adjustment including for SYNTAX score.

Future research should focus on understanding underlying intrinsic biological and environ-
mental factors accounting for these differences in CAD severity and case-fatality, so as to iden-
tify better targets for early intervention.

Supporting Information
S1 File. Data. Data used for the purpose of this study.
(CSV)

Author Contributions
Conceived and designed the experiments: CMG AS PA SZHR DPVKMYC. Performed the
experiments: CMG AS. Analyzed the data: CMG. Contributed reagents/materials/analysis
tools: CMG PA SZHRMYC. Wrote the paper: CMG AS IEH PA SZHR GPMH LPC AMR
FWA DPVKMYC.

References
1. Chiu M, Austin PC, Manuel DG, Tu J V. Comparison of cardiovascular risk profiles among ethnic

groups using population health surveys between 1996 and 2007. CMAJ. 2010; 182: E301–10. doi: 10.
1503/cmaj.091676 PMID: 20403888

2. Gijsberts CM, den Ruijter HM, Asselbergs FW, Chan MY, de Kleijn DP V, Hoefer IE. Biomarkers of cor-
onary artery disease differ between Asians and Caucasians in the general population. Glob Heart.
2015;Epub ahead. doi: 10.1016/j.gheart.2014.11.004

3. Klomp M, Damman P, Beijk M a M, Tan KH, Balian V, de Luca G, et al. Differences in cardiovascular
risk factors and clinical outcomes betweenWestern European and Southeast Asian patients treated
with the Genous Bio-engineered R stent: an e-HEALINGworldwide registry substudy. Coron Artery
Dis. 2012; 23: 271–7. doi: 10.1097/MCA.0b013e328351aaed PMID: 22473083

4. Enas EA, Garg A, Davidson MA, Nair VM, Huet BA, Yusuf S. Coronary heart disease and its risk factors
in first-generation immigrant Asian Indians to the United States of America. Indian Heart J. 48: 343–353.
PMID: 8908818

5. Alwan A. Global status report on noncommunicable diseases 2010. 1st ed. Geneva, Switzerland;
2011.

6. Kanaya AM, Kandula NR, Ewing SK, Herrington D, Liu K, Blaha MJ, et al. Comparing coronary artery
calcium among U.S. South Asians with four racial/ethnic groups: the MASALA and MESA studies. Ath-
erosclerosis. 2014; 234: 102–7. doi: 10.1016/j.atherosclerosis.2014.02.017 PMID: 24632509

7. Anand SS, Yusuf S, Vuksan V, Devanesen S, Teo KK, Montague PA, et al. Differences in risk factors,
atherosclerosis, and cardiovascular disease between ethnic groups in Canada: the Study of Health
Assessment and Risk in Ethnic groups (SHARE). Lancet. 2000; 356: 279–84. PMID: 11071182

8. Shaw LJ, ShawRE, Merz CNB, Brindis RG, Klein LW, Nallamothu B, et al. Impact of ethnicity and gender
differences on angiographic coronary artery disease prevalence and in-hospital mortality in the American
College of Cardiology-National Cardiovascular Data Registry. Circulation. 2008; 117: 1787–801. doi: 10.
1161/CIRCULATIONAHA.107.726562 PMID: 18378615

9. Goff DC, Lloyd-Jones DM, Bennett G, Coady S, D’Agostino RB, Gibbons R, et al. 2013 ACC/AHA
Guideline on the Assessment of Cardiovascular Risk: A Report of the American College of Cardiology/
American Heart Association Task Force on Practice Guidelines. Circulation. 2013; doi: 10.1161/01.cir.
0000437741.48606.98

10. Koulaouzidis G, Nicoll R, Charisopoulou D, McArthur T, Jenkins PJ, Henein MY. Aggressive and dif-
fuse coronary calcification in South Asian angina patients compared to Caucasians with similar risk fac-
tors. Int J Cardiol. 2013; 167: 2472–6. doi: 10.1016/j.ijcard.2012.05.102 PMID: 22704877

Ethnic Differences in Coronary Artery Disease Severity and Mortality

PLOS ONE | DOI:10.1371/journal.pone.0131977 July 6, 2015 12 / 14

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0131977.s001
http://dx.doi.org/10.1503/cmaj.091676
http://dx.doi.org/10.1503/cmaj.091676
http://www.ncbi.nlm.nih.gov/pubmed/20403888
http://dx.doi.org/10.1016/j.gheart.2014.11.004
http://dx.doi.org/10.1097/MCA.0b013e328351aaed
http://www.ncbi.nlm.nih.gov/pubmed/22473083
http://www.ncbi.nlm.nih.gov/pubmed/8908818
http://dx.doi.org/10.1016/j.atherosclerosis.2014.02.017
http://www.ncbi.nlm.nih.gov/pubmed/24632509
http://www.ncbi.nlm.nih.gov/pubmed/11071182
http://dx.doi.org/10.1161/CIRCULATIONAHA.107.726562
http://dx.doi.org/10.1161/CIRCULATIONAHA.107.726562
http://www.ncbi.nlm.nih.gov/pubmed/18378615
http://dx.doi.org/10.1161/01.cir.0000437741.48606.98
http://dx.doi.org/10.1161/01.cir.0000437741.48606.98
http://dx.doi.org/10.1016/j.ijcard.2012.05.102
http://www.ncbi.nlm.nih.gov/pubmed/22704877


11. Bild DE, Detrano R, Peterson D, Guerci A, Liu K, Shahar E, et al. Ethnic differences in coronary calcifi-
cation: the Multi-Ethnic Study of Atherosclerosis (MESA). Circulation. 2005; 111: 1313–20. doi: 10.
1161/01.CIR.0000157730.94423.4B PMID: 15769774

12. Jiang S, Lv L, Juergens CP, Chen S, Xu D, Huang Z. Racial differences in coronary artery lesions: a
comparison of coronary artery lesions between mainland Chinese and Australian patients. Angiology.
2008; 59: 442–7. doi: 10.1177/0003319707306302 PMID: 18388092

13. Sianos G, Morel M, Kappetein AP, Morice M, Colombo A, Dawkins K, et al. The SYNTAX Score: an
angiographic tool grading the complexity of coronary artery disease. EuroIntervention. 2005; 1: 219–27.
PMID: 19758907

14. Serruys PW, Onuma Y, Garg S, Sarno G, van den Brand M, Kappetein A-P, et al. Assessment of the
SYNTAX score in the Syntax study. EuroIntervention. 2009; 5: 50–56. doi: 10.4244/EIJV5I1A9 PMID:
19577983

15. Thompson JH, Potok N. Population Clock [Internet]. 2014. Available: http://www.census.gov/popclock/

16. Montalescot G, Sechtem U, Achenbach S, Andreotti F, Arden C, Budaj A, et al. 2013 ESC guidelines
on the management of stable coronary artery disease: the Task Force on the management of stable
coronary artery disease of the European Society of Cardiology. Addenda. Eur Heart J. 2013; 34:
2949–3003. doi: 10.1093/eurheartj/eht296 PMID: 23996286

17. Thygesen K, Alpert JS, Jaffe AS, Simoons ML, Chaitman BR, White HD, et al. Third universal definition
of myocardial infarction. Circulation. 2012; 126: 2020–35. doi: 10.1161/CIR.0b013e31826e1058 PMID:
22923432

18. World Health Organization. Definition and diagnosis of diabetes mellitus and intermediate hyperglycae-
mia. Geneva, Switzerland: World Health Organization. Geneva, Switzerland; 2006.

19. McManus RJ, Caulfield M, Williams B. NICE hypertension guideline 2011: evidence based evolution.
BMJ. 2012; 344: e181. doi: 10.1136/bmj.e181 PMID: 22246269

20. Reiner Z, Catapano AL, De Backer G, Graham I, Taskinen M-R, Wiklund O, et al. ESC/EASGuidelines
for the management of dyslipidaemias: the Task Force for the management of dyslipidaemias of the
European Society of Cardiology (ESC) and the European Atherosclerosis Society (EAS). Eur Heart J.
2011; 32: 1769–818. doi: 10.1093/eurheartj/ehr158 PMID: 21712404

21. Inker LA, Astor BC, Fox CH, Isakova T, Lash JP, Peralta CA, et al. KDOQI US commentary on the 2012
KDIGO clinical practice guideline for the evaluation and management of CKD. Am J Kidney Dis. Else-
vier; 2014; 63: 713–35. doi: 10.1053/j.ajkd.2014.01.416

22. Law MR, Wald NJ, Rudnicka AR. Quantifying effect of statins on low density lipoprotein cholesterol,
ischaemic heart disease, and stroke: systematic review and meta-analysis. BMJ. 2003; 326: 1423. doi:
10.1136/bmj.326.7404.1423 PMID: 12829554

23. Law MR, Wald NJ, Morris JK, Jordan RE. Value of low dose combination treatment with blood pressure
lowering drugs: analysis of 354 randomised trials. BMJ. 2003; 326: 1427. doi: 10.1136/bmj.326.7404.
1427 PMID: 12829555

24. Capodanno D, Di Salvo ME, Cincotta G, Miano M, Tamburino C, Tamburino C. Usefulness of the SYN-
TAX score for predicting clinical outcome after percutaneous coronary intervention of unprotected left
main coronary artery disease. Circ Cardiovasc Interv. 2009; 2: 302–308. doi: 10.1161/
CIRCINTERVENTIONS.108.847137 PMID: 20031732

25. SYNTAX Steering Committee. SYNTAX Score Calculator [Internet]. 2012. Available: http://www.
syntaxscore.com/calc/start.htm

26. Généreux P, Palmerini T, Caixeta A, Cristea E, Mehran R, Sanchez R, et al. SYNTAX score reproduc-
ibility and variability between interventional cardiologists, core laboratory technicians, and quantitative
coronary measurements. Circ Cardiovasc Interv. 2011; 4: 553–61. doi: 10.1161/
CIRCINTERVENTIONS.111.961862 PMID: 22028472

27. R Core Team. R: A Language and Environment for Statistical Computing. Vienna, Austria; 2014.

28. Meadows T A, Bhatt DL, Cannon CP, Gersh BJ, Röther J, Goto S, et al. Ethnic Differences in Cardio-
vascular Risks and Mortality in Atherothrombotic Disease: Insights From the REduction of Atherothrom-
bosis for Continued Health (REACH) Registry. Mayo Clin Proc. 2011; 86: 960–967. doi: 10.4065/mcp.
2011.0010 PMID: 21964173

29. Ministry of Health: Epidemiology & Disease Control. National Health Surveillance Survey 2007. Health
(San Francisco). Singapore; 2007.

30. Zheng Y, MaW, Zeng Y, Liu J, Ye S, Chen S, et al. Comparative study of clinical characteristics
between Chinese Han and German Caucasian patients with coronary heart disease. Clin Res Cardiol.
2010; 99: 45–50. doi: 10.1007/s00392-009-0076-3 PMID: 19763659

Ethnic Differences in Coronary Artery Disease Severity and Mortality

PLOS ONE | DOI:10.1371/journal.pone.0131977 July 6, 2015 13 / 14

http://dx.doi.org/10.1161/01.CIR.0000157730.94423.4B
http://dx.doi.org/10.1161/01.CIR.0000157730.94423.4B
http://www.ncbi.nlm.nih.gov/pubmed/15769774
http://dx.doi.org/10.1177/0003319707306302
http://www.ncbi.nlm.nih.gov/pubmed/18388092
http://www.ncbi.nlm.nih.gov/pubmed/19758907
http://dx.doi.org/10.4244/EIJV5I1A9
http://www.ncbi.nlm.nih.gov/pubmed/19577983
http://www.census.gov/popclock/
http://dx.doi.org/10.1093/eurheartj/eht296
http://www.ncbi.nlm.nih.gov/pubmed/23996286
http://dx.doi.org/10.1161/CIR.0b013e31826e1058
http://www.ncbi.nlm.nih.gov/pubmed/22923432
http://dx.doi.org/10.1136/bmj.e181
http://www.ncbi.nlm.nih.gov/pubmed/22246269
http://dx.doi.org/10.1093/eurheartj/ehr158
http://www.ncbi.nlm.nih.gov/pubmed/21712404
http://dx.doi.org/10.1053/j.ajkd.2014.01.416
http://dx.doi.org/10.1136/bmj.326.7404.1423
http://www.ncbi.nlm.nih.gov/pubmed/12829554
http://dx.doi.org/10.1136/bmj.326.7404.1427
http://dx.doi.org/10.1136/bmj.326.7404.1427
http://www.ncbi.nlm.nih.gov/pubmed/12829555
http://dx.doi.org/10.1161/CIRCINTERVENTIONS.108.847137
http://dx.doi.org/10.1161/CIRCINTERVENTIONS.108.847137
http://www.ncbi.nlm.nih.gov/pubmed/20031732
http://www.syntaxscore.com/calc/start.htm
http://www.syntaxscore.com/calc/start.htm
http://dx.doi.org/10.1161/CIRCINTERVENTIONS.111.961862
http://dx.doi.org/10.1161/CIRCINTERVENTIONS.111.961862
http://www.ncbi.nlm.nih.gov/pubmed/22028472
http://dx.doi.org/10.4065/mcp.2011.0010
http://dx.doi.org/10.4065/mcp.2011.0010
http://www.ncbi.nlm.nih.gov/pubmed/21964173
http://dx.doi.org/10.1007/s00392-009-0076-3
http://www.ncbi.nlm.nih.gov/pubmed/19763659


31. Enas EA, Mehta J. Malignant coronary artery disease in young Asian Indians: thoughts on pathogene-
sis, prevention, and therapy. Coronary Artery Disease in Asian Indians (CADI) Study. Clin Cardiol.
1995; 18: 131–5. doi: 10.1002/clc.4960180305 PMID: 7743682

32. Vallapuri S, Gupta D, Talwar K, Billie M, Mehta MC, Morise AP, et al. Comparison of atherosclerotic risk
factors in Asian Indian and American Caucasian patients with angiographic coronary artery disease.
Am J Cardiol. 2002; 90: 1147–1150. doi: 10.1016/S0002-9149(02)02786-8 PMID: 12423722

33. AustenWG, Edwards JE, Frye RL, Gensini GG, Gott VL, Griffith LS, et al. A reporting system on
patients evaluated for coronary artery disease. Report of the Ad Hoc Committee for Grading of Coro-
nary Artery Disease, Council on Cardiovascular Surgery, American Heart Association. Circulation.
1975; 51: 5–40.

34. Mak K-H, Chia K-S, Kark JD, Chua T, Tan C, Foong B-H, et al. Ethnic differences in acute myocardial
infarction in Singapore. Eur Heart J. 2003; 24: 151–60. doi: 10.1016/S0195-668X(02)00423-2 PMID:
12573272

35. Zaman MJS, Philipson P, Chen R, Farag A, Shipley M, Marmot MG, et al. South Asians and coronary
disease: is there discordance between effects on incidence and prognosis? Heart. 2013; 99: 729–36.
doi: 10.1136/heartjnl-2012-302925 PMID: 23406688

36. Palaniappan L, Wang Y, Fortmann SP. Coronary heart disease mortality for six ethnic groups in Califor-
nia, 1990–2000. Ann Epidemiol. 2004; 14: 499–506. doi: 10.1016/j.annepidem.2003.12.001 PMID:
15310526

37. Gasevic D, Khan N A, Qian H, Karim S, Simkus G, Quan H, et al. Outcomes following percutaneous
coronary intervention and coronary artery bypass grafting surgery in Chinese, South Asian andWhite
patients with acute myocardial infarction: administrative data analysis. BMC Cardiovasc Disord. 2013;
13: 121. doi: 10.1186/1471-2261-13-121 PMID: 24369071

38. Khan N, Grubisic M, Hemmelgarn B, Humphries K, King KM, Quan H. Outcomes after acute myocardial
infarction in South Asian, Chinese, and white patients. Circulation. 2010; 122: 1570–1577. doi: 10.
1161/CIRCULATIONAHA.109.850297 PMID: 20921444

39. Qian F, Ling FS, Deedwania P, Hernandez AF, Fonarow GC, Cannon CP, et al. Care and outcomes of
Asian-American acute myocardial infarction patients: findings from the American Heart Association Get
With The Guidelines-Coronary Artery Disease program. Circ Cardiovasc Qual Outcomes. 2012; 5:
126–33. doi: 10.1161/CIRCOUTCOMES.111.961987 PMID: 22235068

40. Paisano E. We, the American Asians. 1st ed. Washington, DC: U.S. Government Printing Office;
1993.

41. Yusuf S, Rangarajan S, Teo K, Islam S, Li W, Liu L, et al. Cardiovascular Risk and Events in 17 Low-,
Middle-, and High-Income Countries. N Engl J Med. 2014; 371: 818–827. doi: 10.1056/
NEJMoa1311890 PMID: 25162888

42. Maitra A, Shanker J, Dash D, John S, Sannappa PR, Rao VS, et al. Polymorphisms in the IL6 gene in
Asian Indian families with premature coronary artery disease—the Indian Atherosclerosis Research
Study. Thromb Haemost. 2008; 99: 944–50. doi: 10.1160/TH07-11-0686 PMID: 18449426

43. Tan JH-H, Low P-S, Tan Y-S, Tong M-C, Saha N, Yang H, et al. ABCA1 gene polymorphisms and their
associations with coronary artery disease and plasma lipids in males from three ethnic populations in
Singapore. HumGenet. 2003; 113: 106–17. doi: 10.1007/s00439-003-0943-3 PMID: 12709788

44. Chow CK, McQuillan B, Raju PK, Iyengar S, Raju R, Harmer JA, et al. Greater adverse effects of cho-
lesterol and diabetes on carotid intima-media thickness in South Asian Indians: comparison of risk fac-
tor-IMT associations in two population-based surveys. Atherosclerosis. 2008; 199: 116–22. doi: 10.
1016/j.atherosclerosis.2007.10.008 PMID: 18083174

45. Wang JW, Gijsberts CM, Seneviratna A, de Hoog VC, Vrijenhoek JEP, Schoneveld A H, et al. Plasma
extracellular vesicle protein content for diagnosis and prognosis of global cardiovascular disease. Neth
Heart J. 2013; 21: 467–71. doi: 10.1007/s12471-013-0462-3 PMID: 23975618

Ethnic Differences in Coronary Artery Disease Severity and Mortality

PLOS ONE | DOI:10.1371/journal.pone.0131977 July 6, 2015 14 / 14

http://dx.doi.org/10.1002/clc.4960180305
http://www.ncbi.nlm.nih.gov/pubmed/7743682
http://dx.doi.org/10.1016/S0002-9149(02)02786-8
http://www.ncbi.nlm.nih.gov/pubmed/12423722
http://dx.doi.org/10.1016/S0195-668X(02)00423-2
http://www.ncbi.nlm.nih.gov/pubmed/12573272
http://dx.doi.org/10.1136/heartjnl-2012-302925
http://www.ncbi.nlm.nih.gov/pubmed/23406688
http://dx.doi.org/10.1016/j.annepidem.2003.12.001
http://www.ncbi.nlm.nih.gov/pubmed/15310526
http://dx.doi.org/10.1186/1471-2261-13-121
http://www.ncbi.nlm.nih.gov/pubmed/24369071
http://dx.doi.org/10.1161/CIRCULATIONAHA.109.850297
http://dx.doi.org/10.1161/CIRCULATIONAHA.109.850297
http://www.ncbi.nlm.nih.gov/pubmed/20921444
http://dx.doi.org/10.1161/CIRCOUTCOMES.111.961987
http://www.ncbi.nlm.nih.gov/pubmed/22235068
http://dx.doi.org/10.1056/NEJMoa1311890
http://dx.doi.org/10.1056/NEJMoa1311890
http://www.ncbi.nlm.nih.gov/pubmed/25162888
http://dx.doi.org/10.1160/TH07-11-0686
http://www.ncbi.nlm.nih.gov/pubmed/18449426
http://dx.doi.org/10.1007/s00439-003-0943-3
http://www.ncbi.nlm.nih.gov/pubmed/12709788
http://dx.doi.org/10.1016/j.atherosclerosis.2007.10.008
http://dx.doi.org/10.1016/j.atherosclerosis.2007.10.008
http://www.ncbi.nlm.nih.gov/pubmed/18083174
http://dx.doi.org/10.1007/s12471-013-0462-3
http://www.ncbi.nlm.nih.gov/pubmed/23975618

