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 Introduction 

 People of non-European origin form around 7% of the 
total UK population. Most of these are of Indo-Asian or 
Black African descent. For these migrants, as for   virtu-
ally all population groups living in the western world,  
 cardiovascular disease is the main cause of death. But  
 there are striking ethnic differences in the risk of cardio-
vascular disease. Disease presentation   may differ, chal-
lenging diagnostic skills, and therapeutic requirements  
 and responses may not be uniform either. The study of 
ethnic differences   in cardiovascular disease has provided 
valuable aetiological clues, not just for   ethnic minority 
groups, but also for the majority population. 

 Migrants of Indo-Asian (IA) descent worldwide have 
elevated risks of morbidity and mortality because of isch-
aemic heart disease   (IHD)  [1] . In the UK, mortality from 
IHD in both IA men   and women is 1.5 times that of the 
general population  [2] , and IAs have not benefi ted to the 
same extent from   the general decline in deaths caused by 
IHD over the last few   decades. 

 These ethnic differences have been extensively stud-
ied, and classical risk factors, such as smoking, blood pres-
sure, obesity and cholesterol, vary substantially between 
IA and Caucasian (CC) populations. Studies have also 
suggested that a non-CC ethnic group in general is associ-
ated with lower rates of cardiovascular procedure use, 
including coronary artery bypass grafting (CABG) with 
fewer reported complications postoperatively  [3, 4] . 
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 Abstract 
  Objectives:  To examine the impact of ethnicity on the 
outcome of coronary artery bypass grafting (CABG) for 
myocardial revascularization.  Subjects and Methods:  
We evaluated retrospectively 7,226 Caucasian (CC) and 
650 Indo-Asian (IA) patients who underwent isolated 
fi rst-time CABG surgery over 5 years. The relationship 
between ethnicity (IA vs. CC) and 30-day mortality, 6-
month mortality and complications were analysed.  Re-

sults:  After adjustment for baseline characteristics, IA 
and CC patients had similar 30-day [IA/CC odds ratio (OR) 
1.07; 95% confi dence interval (CI) 0.84–1.35; p = 0.59] and 
6-month mortality risk (IA/CC OR 1.10; 95% CI 0.91–1.34; 
p = 0.31). However, IA patients were more likely to expe-
rience complications following surgery (OR 1.28; 95% CI 
1.14–1.45; p  !  0.01).  Conclusion:  Ethnicity does not ap-
pear to be a strong risk factor for adverse outcomes fol-
lowing CABG surgery in the IA patients. However, future 
studies are needed to elucidate the specifi c reasons for 
higher complication rates in IA patients and to devise 
strategies to reduce complications following the opera-
tion for these patients. 
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 Though the infl uence of race on cardiovascular proce-
dure use and outcomes has been an area of extensive in-
vestigation, the impact of ethnicity on outcomes follow-
ing coronary revascularization is less clear. Hence, we 
aim to study 30-day and 6-month mortality and 30-day 
complication rates, following CABG for IA patients in 
comparison to CC patients. 

 Subjects and Methods 

 Study Population 
 A retrospective review of 7,876 charts was carried out in the fall 

of October 1999 to October 2004 for patients who underwent iso-
lated fi rst-time CABG surgery on cardiopulmonary bypass. All the 
patients operated as elective or urgent CABG were included. Pa-
tients who had undergone heart surgery previously and those with 
associated valvular disease were excluded. If a degree of valvular 
dysfunction was suspected before surgery, a peri-operative trans-
oesophageal echocardiogram was performed. Therefore, only pa-
tients with coronary artery disease and without signifi cant valvular 
disease were included in the study. Age, sex, ethnicity (IA vs. CC) 
and most recent weight, height, glucose, cholesterol and lipid pro-
fi les were obtained from the charts of 650 patients of IA descent 
and 7,226 CC patients. 

 Risk Stratifi cation 
 All patients were prospectively risk stratifi ed utilizing Euro-

SCORE pre-operatively. Using the calculated EuroSCORE values, 
the patients were thus classifi ed into three groups: low-risk group, 
 ̂  2; moderate-risk group,  1 2 but  ! 6; high-risk group,  6 6. 

 The mean EuroSCORE value was indicative of the overall ex-
pected mortality within the retrospective risk groups or the patient 
population as a whole. 

 Data Collection 
 Baseline demographic and clinical data were available for all 

the patients. The pre-operative medications, including  � -blockers, 
angiotensin-converting enzyme inhibitors and calcium antagonists, 
were continued up to the day of surgery, except acetylsalicylic acid 
that was discontinued at least 1 week before surgery. The outcomes 
of the IA CABG patients, namely total number of grafts performed, 
type of grafts used, duration of postoperative intensive-care unit 
stay and hospital stay and postoperative complications, were re-
corded and comparisons were made with respect to outcomes of 
the CC CABG patients. Patients were followed for a period of 6 
months after the procedure. Mortality was taken into account if it 
occurred within 30 days after the procedure. 

 Variables 
 The three outcome variables for this study were: 30-day all-

cause mortality, 6-month all-cause mortality and 30-day complica-
tion rates. Mortality assessments were done using a computerized 
patient record system shown to be comparable with the National 
Death Index for mortality assessment. Complications were as-
sessed by chart review that included reoperative bleeding, pulmo-
nary oedema, pulmonary effusion, pneumothorax, renal failure, 
renal impairment, dialysis, urinary retention, neuropraxia, tempo-

rary/permanent stroke, delirium, limb ischaemia, arrhythmias 
(atrial fl utter, atrial fi brillation, bradycardia), postoperative myo-
cardial infarction, sternal wound infection, leg wound infection, 
pyrexia and pneumonia. The primary predictor variable for this 
study was ethnicity (IA and CC). A wide array of pre-operative 
variables, including demographic, cardiac and non-cardiac factors, 
as well as intra-operative variables such as number and types of 
grafts used, were available for risk adjustment ( table 1 ). These vari-
ables included established risk variables for 30-day and 6-month 
mortality and 30-day complications  [5, 6] . 

 30-Day and 6-Month Mortality 
 The unadjusted association between IA versus CC ethnicity and 

both 30-day and 6-month mortality were evaluated using  �  2  tests. 
Multiple linear regression models were then developed to assess the 
impact of IA ethnicity on 30-day and 6-month mortality after ad-
justing for all of the variables listed in  table 1 . Interactions between  
 ethnicity and several risk factors shown to have different preva-
lences between ethnicities, including age, diabetes and renal insuf-
fi ciency, were added to the logistic regression models to determine 
their signifi cance. We chose to report the logistic regression results 
for comparability to the 30-day mortality models. Furthermore, 
given the relatively low risk of death and the lack of censoring in 
this study population (complete follow-up on all patients), Cox re-
gression is not more effi cient than logistic regression  [7] , and logis-
tic regression allows reporting of odds ratios (ORs) that are easily 
interpretable. 

 Statistical Analysis 
 The data collection and subsequent statistical analysis were per-

formed with MS Excel for Windows 2000 and SPSS for Windows. 
The objective of this study was to determine whether IA patients 
are at a different risk for adverse outcomes compared with CC pa-
tients following CABG surgery. Therefore, CC ethnicity was the 
referent group for all analyses, and comparisons were made. Base-
line characteristics of the study population were compared between 
IA and CC patients using t tests for continuous variables and  �  2  
tests for categorical variables. Statistical tests of signifi cance were 
performed, and a p value  ! 0.05 was assumed to be statistically sig-
nifi cant. 

 Results 

 Baseline Characteristics 
 Baseline characteristics of the study population com-

paring IA and CC patients are shown in  table 1 . Compared 
with CC patients, IA patients were more likely to have 
prior percutaneous coronary intervention, S–T segment  
 depression on pre-operative electrocardiogram, elevated 
serum creatinine, peripheral vascular disease, diabetes, to 
be current smokers and to receive pre-operative diuretics. 
Conversely, CC patients were more likely than IA patients 
to have prior heart surgery, chronic obstructive pulmo-
nary disease and to be classifi ed as having urgent or emer-
gent surgery. Overall, there was no signifi cant difference 
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in the estimated pre-operative mortality risk between IA 
and CC patients. There was little difference in the way the 
outcomes of the two ethnic groups differed between the 
three risk categories. However, IA patients were more like-
ly to have 1 or more complications within 30 days follow-
ing surgery in the moderate-risk category whereas in the 
high-risk category IA patients seemed to bleed more and 
had more pulmonary, vascular and cardiac related com-
plications as compared to CC patients ( table 2 ). 

 Risk-Adjusted Outcomes 
 In the regression models shown in  table 3 , there were 

no signifi cant differences in overall risk-adjusted 30-day 
[OR 1.07; 95% confi dence interval (CI) 0.84–1.35; p = 
0.59) or 6-month mortality (OR 1.10; 95% CI 0.91–1.34; 
p = 0.31) between IA and CC patients. There was no sig-
nifi cant interaction between IA ethnicity and age, diabe-
tes or serum creatinine in the regression models. How-
ever, IA patients were more likely to have 1 or more com-
plications within 30 days after the operation (OR 1.28; 
95% CI 1.14–1.45; p  !  0.01), after adjustment for baseline 
characteristics. 

 Discussion 

 The potential importance of the aetiology   of coronary 
heart disease in IA has prompted researchers   to explore 
clues as to the exact mechanisms of such an association.  
 Attention has focused on infl ammation, infection, haemo-
static   factors and endothelial dysfunction. C-reactive pro-
tein concentrations are elevated in IA, caused at least   in 
part by a greater degree of central adiposity which pro-
motes C-reactive protein expression  [8] . C-reactive protein 
is highly correlated with fasting and postload insulin and 
independently predicts the risk of IHD. PAI-1 and   homo-
cysteine concentrations are also raised in IAs, and endo-
thelial function is impaired; these may also contribute to 
the elevation in IHD risk, either related to or separately  
 from their associations with insulin resistance  [9, 10] . 

 Genetic predisposition   to insulin resistance could be 
postulated  [11, 12] , although no factor   has as yet been 
isolated. Poor in utero development, resulting   in low birth 
weight, in particular coupled with catch-up growth in ear-
ly childhood, has been associated with a greater preva-
lence   of insulin resistance in IAs  [13] . Other factors, sep-
arate from insulin resistance, which may further   account 
for the ethnic susceptibility to IHD include lipoprotein 
Lp(a), concentrations of which are thought to be largely 
genetically   determined. Circulating Lp(a) is substantially 

Variables Caucasian
(n = 7,226)

Indo-Asian
(n = 650)

p value

Demographics
Age (mean 8 SD), years 63.489.4 62.2810.0 <0.31
Gender, % male 92.3 93.1 <0.91
BSA (mean 8 SD), m2 2.0180.2 2.0080.2 <0.10

Cardiac, %
Prior MI 58.4 56.4 <0.05
Prior PCI 1.7 2.8 <0.01
Prior CABG 7.6 4.2 <0.01
Pre-op. IABP 5.4 4.9 <0.36
CCS III or IV 80.5 77.5 <0.01
NYHA III or IV 3.5 3.9 <0.21
LVEF <30% 11.5 12.7 <0.34
3-vessel CAD 71.8 73.3 <0.11
Pre-op. S–T segment 

depression 19.1 23.7 <0.01
Pre-op. diuretics 23.9 27.4 <0.01
Pre-op. intravenous 

nitroglycerin 14.9 12.9 <0.01

Surgery priority, %
Elective 82.4 86.5
Urgent 11.5 9.6
Emergent 6.1 3.9
ITA used 82.4 82.8 <0.67
Grafts (mean 8 SD) 3.1880.97 3.1081.01 <0.01

Non-cardiac
Serum creatinine 

(mean 8 SD), mg/dl 1.2280.7 1.4381.2 <0.01
PVD, % 23.5 22.4 <0.23
CVD, % 21.5 19.8 <0.05
Diabetes mellitus, % 31.4 38.1 <0.01
Current smoker, % 31.6 34.9 <0.01
COPD, % 25.9 19.6 <0.01
Hypertension, % 82.6 90.0 <0.01

Postop. stay (mean 8 SD), days
ICU 1.7481.32 1.3780.95 <0.31
Hospital 7.8883.84 7.0382.34 <0.09

Mortality, %
30-day 3.6 3.9 <0.48
6-month 5.8 6.3 <0.27

BSA = Body surface area; CAD = coronary artery disease; 
CCS = Canadian Cardiovascular Society; COPD = chronic obstruc-
tive pulmonary disease; CVD = cerebrovascular disease; IABP = 
intra-aortic balloon pump; ITA = internal thoracic artery; LVEF = 
left-ventricular ejection fraction; MI = myocardial infarction; 
NYHA = New York Heart Association; PCI = percutaneous coro-
nary intervention; PVD = peripheral vascular disease.

Table 1. Characteristics of the study  population
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raised in IA compared to CC individuals  [11] , and, sepa-
rately, raised Lp(a) has been shown to increase the risk of 
IHD events, especially   in the presence of raised low-den-
sity lipoprotein cholesterol. 

 However, this does not mean that conventional risk 
factors are   unimportant in IAs. The risk of IHD in cur-
rent smokers,   for example, is 4 times that of a never smok-
er in a given IA population, a similar elevation in risk to 
that   observed in CCs. Thus, within IAs, conventional   risk 
factors are of immense importance in predicting absolute 
risks of IHD, but factors accounting for differences be-
tween ethnic groups   (that is, relative risks) are quite dif-
ferent. Because   of the elevated absolute risk, and because 

Table 3. Multivariate risk models for 30-day mortality, 6-month 
mortality and 30-day complications

Variables OR  p value

30-day mortality
CC 1.0 <–
IA 1.07 (0.84–1.35) <0.59

6-month mortality
CC 1.0 <–
IA 1.10 (0.91–1.34) <0.31

30-day complications
CC 1.0 <–
IA 1.28 (1.14–1.45) <0.01

Figures in parentheses indicate confi dence intervals.

the interrelationships   between, for example, total choles-
terol, high-density lipoprotein cholesterol and   triglycer-
ide may differ in IAs, conventional risk calculations   may 
be misleading so that the threshold at which lipid-lower-
ing   therapy should be instituted may also be lower than 
current   guidelines would suggest. 

 There is a widespread belief that coronary arteries are 
smaller in IAs. If these as an ethnic group had generally 
smaller   coronary arteries, this may give the impression of 
severer disease and have clinical implications, especially 
for revascularization   procedures, such as CABG and 
atherectomy. This indicates that the cardiologist or car-
diothoracic surgeon contemplating revascularization 
should be prepared   to encounter generally smaller coro-
nary artery segments in IA subjects. CABG surgery would 
also be more diffi cult in view of the diffi culties in anasto-
moses   between saphenous vein grafts or internal mam-
mary conduits to small-calibre native coronary arteries 
as, for any intervention,   it is the real or absolute size of 
the coronary arteries that matters  [14, 15] . 

 Conclusion 

 The results of this study suggest that   ethnicity does not 
appear to be a strong risk factor for adverse outcomes fol-
lowing CABG surgery in the IA patients. However, future 
studies are needed to elucidate the specifi c reasons for 
higher complication rates in IA patients and to devise 
strategies to reduce complications following the opera-
tion for these patients. 

Table 2. Complications and mortality between CC and IA patients under different risk categories

Complications Low risk Moderate risk High risk

CC
(n = 2,123)

IA
(n = 279)

p value CC
(n = 2,683)

IA
(n = 258)

p value CC
(n = 2,420)

IA
(n = 113)

p value

Operative 34 (1.6) 5 (1.8) 0.37 67 (2.5) 4 (1.6) <0.45 34 (1.4) 5 (4.4) <0.05
Pulmonary 59 (2.8) 5 (1.6) 0.47 40 (1.5) 7 (2.7) <0.35 165 (6.8) 10 (8.9) <0.01
Renal 40 (1.9) 5 (1.7) 0.28 27 (1.0) 14 (5.4) <0.01 51 (2.1) 5 (4.1) <0.08
Neurological 25 (1.2) 4 (1.3) 0.31 24 (0.9) 2 (0.7) <0.56 68 (2.8) 2 (2.1) <0.23
Vascular 0 0 – 0 3 (1.2) – 41 (1.7) 9 (8.0) <0.01
Cardiac 59 (2.8) 9 (3.1) 0.35 212 (7.9) 32 (12.3) <0.01 377 (15.6) 11 (10.1) <0.05
Infections 51 (2.4) 8 (2.7) 0.33 91 (3.4) 7 (2.7) <0.21 70 (2.9) 3 (2.5) <0.18

Results are expressed as numbers of patients, with percentages in parentheses. Operative = reoperative bleeding; pulmonary = pul-
monary oedema, effusion, pneumothorax; renal = renal failure, renal impairment, dialysis, urinary retention; neurological = neuroprax-
ia, temporary/permanent stroke, delirium; vascular = limb ischaemia; cardiac = arrhythmias (atrial fl utter, atrial fi brillation, bradycardia), 
postoperative myocardial infarction; infections = sternal wound, leg wound, pyrexia, pneumonia.
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