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Abstract
Aims/hypothesis The aim of the study was to determine
whether the risk of ischaemic heart disease (IHD) associated
with diabetes mellitus differs between ethnic groups.
Methods Registry linkage was used to identify IHD events
in 5707 Chinese, Malay and Asian Indian participants from
three cross-sectional studies conducted in Singapore between
the years 1984 and 1995. The study provided a median of
10.2 years of follow-up with 240 IHD events experienced.
We assessed the interaction between diabetes mellitus and
ethnicity in relation to the risk of IHD events using Cox
proportional hazards regression.
Results Diabetes mellitus was more common in Asian
Indians. Furthermore, diabetes mellitus was associated with
a greater risk of IHD in Asian Indians. The hazard ratio
when comparing diabetes mellitus with non-diabetes mellitus
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was 6.41 (95% CI 5.77–7.12) in Asian Indians and 3.07
(95% CI 1.86–5.06) in Chinese (p=0.009 for interaction).
Differences in the levels of established IHD risk factors
among diabetics from the three ethnic groups did not appear
to explain the differences in IHD risk.
Conclusions/interpretation Asian Indians are more susceptible to the development of diabetes mellitus than Chinese
and Malays. When Asian Indians do develop diabetes
mellitus, the risk of IHD is higher than for Chinese and
Malays. Consequently, the prevention of diabetes mellitus
amongst this ethnic group is particularly important for the
prevention of IHD in Asia, especially given the size of the
population at risk. Elucidation of the reasons for these ethnic
differences may help us understand the pathogenesis of
IHD in those with diabetes mellitus.
Keywords Epidemiology . Cardiac complications .
Clinical sciences
Abbreviations
HDL-C high-density-lipoprotein cholesterol
IHD
ischaemic heart disease
LDL-C low-density-lipoprotein cholesterol

Introduction
Diabetes mellitus is a major risk factor for ischaemic heart
disease (IHD). It has been found that, among those with
diabetes mellitus, ethnicity affects the morbidity and
mortality associated with this condition. It has been found
that black people in both the USA [1, 2] and the UK [3] are
less likely to develop IHD than their white counterparts.
The elucidation of these ethnic differences may be
particularly relevant in Asia since this is the region where
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diabetes mellitus is likely to see the largest increase in
prevalence over the next 5–10 years [4]. It is also the region
where the burden of IHD is likely to increase the most over
the next several decades [5, 6]. Unfortunately, the data
among ethnic groups resident in Asia are limited. In the USA
it has been reported that Asians (comprising primarily
Chinese and Filipinos) with diabetes mellitus have a lower
risk of IHD compared with their white counterparts [2, 7]. In
the UK, Asian Indians with diabetes mellitus have been
reported to have a higher rate of IHD [8] than whites with
diabetes mellitus in one study and similar rates in another [9].
It is also unclear why these ethnic differences in
morbidity and mortality among individuals with diabetes
mellitus exist. They could result from a difference in the
baseline risk of IHD in the various ethnic groups which
persist even in the presence of diabetes mellitus. Alternatively, ethnicity could modify the risk of IHD associated with
diabetes mellitus. In other words, diabetes mellitus could
have a greater effect on IHD risk in some ethnic groups than
in others. Because most of the studies examining this issue
have included only individuals with diabetes mellitus,
without normal individuals for comparison, no conclusions
can be drawn as to which of these mechanisms is operating
in these populations. The aim of this study was to determine
whether or not ethnicity modifies the risk of IHD associated
with diabetes mellitus in Chinese, Malays and Asian Indians
living in Singapore.

Subjects and methods
For this study we used data from the Singapore Cardiovascular Cohort Study. This study has been described previously [10, 11]. The cohort was composed of participants from
three previous cross-sectional surveys: the Thyroid and
Heart Study 1982–1984 [12], the National Health Survey
1992 [13] and the National University of Singapore Heart
Study 1993–1995 [14]. Details of the methods used in these
three surveys have been described elsewhere [12–14]. The
characteristics of the subjects from each of the original study
populations are shown in the Electronic supplementary
material, Table 1. Informed consent was obtained for all
participants and the Study was approved by the Institutional
Review Board of the National University of Singapore.
All subjects were examined in the morning following a
10-h overnight fast. Plasma glucose and serum lipid
concentrations (total cholesterol, triacylglycerol and highdensity-lipoprotein cholesterol [HDL-C]) were measured.
Low-density-lipoprotein cholesterol (LDL-C) was calculated
using the Friedewald formula. Ninety-eight subjects (1.7%)
had a fasting triacylglycerol concentration above 4.5 mmol/l
and LDL-C was therefore not calculated in these individuals.
Diabetes mellitus was defined as a known history of diabetes
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mellitus on medication or a fasting plasma glucose concentration ≥7.0 mmol/l. At least two readings of blood pressure
were taken from respondents who had rested adequately
before measurement, using a standard mercury sphygmomanometer. If the two readings differed by more than diastolic
15 mmHg or systolic 25 mmHg, a third reading was
performed. The mean values of the closest two readings
were calculated. Hypertension was defined as having a
history of hypertension on medication, or systolic blood
pressure ≥ 140 mmHg or diastolic blood pressure ≥ 90 mmHg.
The BMI was calculated by dividing weight in kg by the
square of height in m. A smoker was defined as anyone who
gave a history of smoking. Ethnicity was self-reported at
study entry and was classified into Chinese, Malay, Asian
Indian and Others.
Outcomes were obtained by linking individual records
(using unique national registry identity card numbers) to three
national registries. These were: (1) the Registry of Births and
Deaths; (2) Hospital inpatient discharge databases; and (3)
the Singapore Myocardial Infarct Registry, a populationbased registry with comprehensive coverage of acute
myocardial infarction occurring in Singapore. All outcome
measures were in coded form using the ninth revision of the
International Classification of Diseases (ICD-9). An IHD
event was defined as the occurrence of acute myocardial
infarction or IHD (ICD-9 410–414) recorded in the registries
mentioned above. In the time-to-IHD analysis, the time to
IHD was defined as the difference between the date of first
IHD and the date of entry into the respective studies.
Subjects without IHD were censored at 31 December 2002
or the date of non-IHD death, whichever occurred first.
Statistical analysis
Statistical analyses were performed using STATA version
8.2 (StataCorp, College Station, Texas, USA, 2003).
Continuous variables were compared using ANOVA
(except for fasting triacylglycerol, which was compared
using the Kruskal–Wallis test). Proportions were compared
using the χ2 test. Kaplan–Meier survival curves were plotted to visually assess the relationship between time to IHD
and prognostic factors. Comparisons of survival between
groups were carried out using the log-rank test. Additional
time-to-event analyses were conducted using Cox proportional hazards regression, with assumptions in regard to
proportionality and linearity carefully checked. Age, when
entered on its own, violated these assumptions and the
square of age was therefore included in the model to
overcome them. Hazard ratios and 95% CIs for IHD were
estimated for risk factors of interest. The homogeneity of
effect between ethnic groups was evaluated by including
the interaction term involving diabetes mellitus and ethnic
group in the model. The significance of this interaction
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Table 1 Levels of established risk factors for ischaemic heart disease according to diabetes status and ethnicity
Diabetes mellitus present

No. of events
Median follow-up duration
(years)
Age (years)
Gender: n (% of males)
Smoker: n (%)
Alcohol consumption:
n (%)
At least once per month
Occasionally
Never
BMI (kg/m2)
Total cholesterol (mmol/l)
Triacylglycerol (mmol/l)
HDL-C (mmol/l)
LDL-C (mmol/l)
Systolic blood pressure
(mmHg)
Diastolic blood pressure
(mmHg)
Hypertension (%)

p
value

Diabetes mellitus absent

p
value

Chinese
(n=218)

Malay
(n=100)

Indian
(n=127)

Chinese
(n=3390)

Malay
(n=1005)

Indian
(n=867)

18
10.24
(7.20–20.23)
52.3 (11.7)
117 (53.7)
76 (34.9)

15
10.23
(7.03–19.94)
51.3 (11.5)
51 (51.0)
39 (39.0)

30
10.20
(7.06–19.52)
50.7 (11.4)
69 (54.3)
40 (31.5)

104
10.26
(5.04–20.81)
37.4 (12.6)
1,646 (48.6)
953 (28.1)

33
10.23
(7.03–20.27)
36.5 (13.1)
495 (49.3)
370 (36.8)

40
10.22
(7.03–20.27)
37.6 (12.7)
418 (48.2)
206 (23.8)

21 (9.6)
46 (21.1)
151 (69.3)
25.3 (3.72)
6.13 (1.23)
1.81
(0.61–12.75)
1.05 (0.34)
4.14 (1.23)
118.0 (18.1)

2 (2.0)
5 (5.0)
93 (93.0)
27.6 (4.84)
6.41 (1.39)
1.82
(0.63–10.32)
1.01 (0.31)
4.37 (1.25)
119.7 (19.2)

17 (13.4)
19 (15.0)
91 (71.7)
26.2 (4.60)
5.98 (1.22)
1.72
(0.44–9.10)
0.96 (0.34)
4.10 (1.06)
117.4 (17.6)

<0.001

0.061
0.201
0.012

384 (11.3)
1,048 (30.9)
1,957 (57.8)
22.3 (3.67)
5.42 (1.15)
1.03
(0.39–5.09)
1.18 (0.38)
3.65 (1.10)
134.8 (23.3)

15 (1.5)
53 (5.3)
937 (93.2)
24.1 (4.62)
5.60 (1.12)
1.13
(0.43–4.11)
1.10 (0.36)
3.89 (1.06)
140.0 (27.4)

99 (11.4)
148 (17.1)
620 (71.5)
24.2 (4.67)
5.42 (1.08)
1.14
(0.40–4.30)
1.00 (0.32)
3.81 (1.01)
132.0 (20.7)

70.2 (11.9)

71.7 (12.4)

70.2 (12.4)

0.002

79.6 (11.2)

81.1 (12.4)

77.3 (11.9)

0.040

107 (49.1)

52 (52.0)

55 (43.3)

0.394

493 (14.5)

177 (17.6)

125 (14.4)

0.048

0.451
0.870
0.811

<0.001
0.039
0.645

0.100
0.894
<0.001

<0.001

<0.001
<0.001
<0.001
<0.001
<0.001
0.040

All values for continuous variables are shown as mean (SD) except for follow-up duration and triacylglycerol, which are shown as median (range)

term was assessed using the log-likelihood ratio statistic.
This was obtained by taking the difference between the
values of −2 log-likelihood for the model including the
interaction term, and another model omitting it. The loglikelihood statistic has an asymptotic χ2 distribution, the
number of degrees of freedom being equal to the difference
between the number of parameters being fitted under the
two models. The log hazard ratio associated with diabetes
mellitus in each ethnic group was estimated by taking the
additive effect of log hazard ratios associated with diabetes
mellitus and the interaction term involving the specific
ethnic group. The population-attributable risk was estimated
using the formula:
λ¼

θ" ðφ  1Þ
1 þ θ" ðφ  1Þ

where λ is the population-attributable risk, q" is the
proportion of individuals with diabetes mellitus and φ is
the relative risk.

Results
There were 5920 patients in the cohort. Of these, 117 had
pre-existing IHD and 17 had pre-existing cerebrovascular

accidents. These subjects, together with another 36 with
missing information on these fields (33 with missing fasting
plasma glucose measurements, and ten who were of ‘Other’
ethnic origin), were excluded from the analysis. The
median follow-up duration for the remaining 5707 patients
analysed was 10.2 (range 0.04–20.8) years. A total of 240
(Chinese 122, 3%; Malay 48, 4%; Asian Indian 70, 7%)
IHD events were reported.
The overall prevalence of diabetes mellitus was 6.0% in
Chinese, 9.0% in Malays and 12.8% in Asian Indians. The
characteristics of those with and without diabetes mellitus
from each of the three ethnic groups are shown in Table 1.
Among those without diabetes mellitus, Asian Indians had
the lowest serum HDL-C concentration, followed by Malays
and Chinese. This difference persisted even in those with
diabetes mellitus and reached borderline statistical significance (p=0.061). In contrast, the higher LDL-C and
triacylglycerol concentrations observed in Asian Indians
without diabetes mellitus was not evident in those with
diabetes mellitus. In fact, Asian Indians appeared to exhibit
lower levels of these risk factors. Asian Indians were also
less likely to have hypertension and had lower blood
pressure than their Malay and Chinese counterparts. Malays
were also more likely to have a history of cigarette smoking
and less likely to consume alcohol.
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We also compared the levels of various risk factors
related to treatment in Chinese, Malays and Asian Indians
with diabetes mellitus (Table 2). Unfortunately, the only
data available with regard to treatment were whether or not
patients were being followed up by their doctors for either
diabetes mellitus or hypertension. No data were available
on the specific drugs used in each ethnic group. Our data
showed that Asian Indians with diabetes mellitus were
more likely to be receiving treatment and follow-up by a
physician for their condition. In addition, HbA1c values
were available for a small subset of subjects with known
diabetes mellitus who participated in the 1992 National
Health survey. These data showed that the level of
glycaemic control in Asian Indians was as good as, if not
better than, that in other ethnic groups, but this difference
did not reach statistical significance. Among those with
diabetes mellitus and hypertension, a similar proportion
were receiving treatment for hypertension in all three ethnic
groups and, among those receiving treatment, blood
pressure was better controlled in Asian Indians than in the
other two ethnic groups.
Figure 1 shows the Kaplan–Meier survival curves for
those with and without diabetes mellitus in the three ethnic
groups. In those with and without diabetes mellitus, Asian
Indians had the poorest event-free survival rates, followed by
Malays and Chinese, These differences were more pronounced in those with diabetes mellitus than in those
without.
Table 3 shows the hazards ratios associated with the
various risk factors for IHD. There is evidence of interaction
between diabetes mellitus and ethnicity (χ2 =9.52, p=0.009).
The additional risk of IHD in those with diabetes mellitus
compared with those without diabetes mellitus was greater in
Asian Indians (hazard ratio 6.41, 95% CI 5.77–7.12) than in
Chinese (hazard ratio 3.07, 95% CI 1.86–5.06). This
difference persisted even after adjusting for established risk
factors for IHD. Several different, additional models were
considered (data not shown). In the first, in addition to the
variables described in Table 3, we also considered a model
that included variables encoding treatment for diabetes
mellitus and treatment for hypertension. Both these variables
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were associated with reduced risk of IHD disease but did not
alter the interaction between diabetes mellitus and ethnicity.
We also considered a model that included these two
treatment variables and the interactions terms diabetes
mellitus×treatment for diabetes mellitus and hypertension×
treatment for hypertension in order to consider the possibility
that treatment of risk factors does not entirely eliminate
adverse prospective effects. We could not assess the
interaction between the presence of diabetes mellitus and
treatment for diabetes mellitus because the terms were colinear. Consequently, these could only be included as main
effects in the model. However, inclusion of variables for
treatment or hypertension with blood pressure (either as a
dichotomous variable [hypertension: yes vs no] or as a
continuous variable [systolic blood pressure]) was possible
and this interaction term was of borderline statistical
significance. However, there was no impact on the interaction
between diabetes mellitus and ethnicity.

Discussion
In this study we have shown that ethnic differences in IHD
rates amongst those with diabetes mellitus result from a
difference in the baseline risk of IHD between ethnic
groups as well as a difference in the risk of IHD associated
with diabetes mellitus between ethnic groups. This is the
first time that ethnicity has been shown to modify the risk
of IHD associated with diabetes mellitus. The ethnic group
most affected in our population was the Asian Indians.
Asian Indians, even among non-diabetics, had a higher
risk of IHD. This finding is in accordance with previous
findings [11, 15–21]. As in previous studies, adjustment for
other traditional risk factors did not entirely account for the
increased risk of IHD in this ethnic group [11, 19]. Diabetes
mellitus was also more prevalent in Asian Indians than
other ethnic groups, a finding which is in line with the
findings of several previous studies [12–14, 18, 22]. We
and others have shown that Asian Indians, compared with
those in other ethnic groups, are also more insulin-resistant
[13, 14, 23, 24] and exhibit more risk factors associated

Table 2 Control of cardiovascular risk factors amongst subjects with diabetes mellitus according to ethnic group

Number (%) of diabetics receiving treatment for diabetes mellitus
HbA1c (%) in diabetics receiving treatment for diabetes mellitusa
Number (%) of hypertensive subjects receiving treatment for hypertension
Systolic blood pressure in subjects receiving treatment for hypertension (mmHg)
Diastolic blood pressure in subjects receiving treatment for hypertension (mmHg)
a

Chinese
(n=218)

Malay
(n=100)

Asian Indian
(n=127)

p value

103 (47)
8.7 (8.3–9.2)
76 (71)
154.1 (23.7)
87.4 (10.5)

53 (53)
8.6 (7.4–9.8)
34 (65)
165.2 (27.7)
91.5 (9.9)

75 (59)
8.3 (7.3–9.4)
37 (67)
149.4 (22.0)
87.4 (11.7)

0.103
0.779
0.745
0.020
0.146

HbA1c was available only in those with known diabetes mellitus in the 1992 National Health Survey (n=89 for Chinese, n=21 for Malays
and n=20 for Asian Indians)
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Fig. 1 Kaplan–Meier survival curves for ischaemic heart disease for
subjects with (dashed lines) and without diabetes mellitus (solid lines)
in (a) Chinese; (b) Malays and (c) Asian Indians in Singapore

with insulin resistance and the metabolic syndrome [25,
26]. The cause of this greater propensity to develop insulin
resistance and diabetes mellitus is unclear at this time.
However, it is likely to result from a combination of genetic
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and environmental factors resulting in greater susceptibility
to these conditions when exposed to a modern, urban
environment such as that in Singapore [27].
To make matters worse, we have now observed that,
over and above the increased baseline risk of IHD and the
higher prevalence of diabetes mellitus in Asian Indians,
diabetes mellitus had a larger effect on the risk of IHD in
Asian Indians than in Chinese and Malays. As a consequence of the higher prevalence of diabetes mellitus and the
greater effect of diabetes mellitus on the risk of IHD, the
population-attributable risk of IHD related to diabetes
mellitus was 40.9% in Asian Indians compared with
27.9% in Malays and 11.0% in Chinese.
The greater risk of IHD among Asian Indians with
diabetes mellitus is unexplained at this time. One possibility
is that Asian Indians may develop diabetes mellitus at an
earlier age [28], resulting in more prolonged exposure to
the deleterious effects of diabetes mellitus in Asian Indians.
In line with this hypothesis, it has been shown that the
relative risk of cardiovascular disease was greater in those
who developed diabetes mellitus at a younger age than in
those who developed it when they were older [29].
Unfortunately, we have data on the age of onset of diabetes
only in a subgroup of this study population and, although
the age of onset of diabetes was earlier in Asian Indians, the
differences between ethnic groups were not statistically
significant (data not shown). The testing of this hypothesis
is complicated by the difficulties in determining the precise
time of onset of diabetes mellitus because it often remains
asymptomatic for many years before diagnosis [30].
Alternatively, it is possible that diabetes mellitus and its
associated cardiovascular risk factors may be less well
controlled in Asian Indians than in Chinese and Malays. In
the USA it has been reported that diabetes mellitus is less
well controlled in ethnic minorities [7, 31–33] than in
whites. We attempted to assess this in our study to see
whether this could explain the interaction between diabetes
mellitus and ethnicity that was observed.
In our study it is true that Asian Indians with diabetes
mellitus had slightly lower HDL-C than Chinese with
diabetes mellitus. However, in relation to other established
risk factors for IHD, they appeared to have a less
atherogenic risk profile. They had lower LDL-C concentration, which in the UK Prospective Diabetes Study was
the most important predictor of IHD events in a diabetic
population [34]. They were also less likely to smoke,
experienced less hypertension and were more likely to
ingest alcohol. In contrast, the Malays, who had higher
LDL-C and were more likely to be hypertensive than the
Chinese, did not experience the same increase in risk of
IHD associated with diabetes mellitus as the Asian Indians.
We also attempted to ascertain the effects of treatment on
the risk of IHD in those with diabetes mellitus, and whether
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Table 3 Crude and adjusted (for all other risk factors in table) hazard ratio estimates of selected risk factors for IHD

Age (years)
Square of age (years)
Sex (male versus female)
Alcohol consumption
At least once per month
Occasionally
Smoking history (yes vs no)
BMI (kg/m2)
HDL-C (mmol/l)
LDL-C (mmol/l)
Hypertension (yes vs no)
Diabetes mellitus (yes vs no)
Chinese
Malay
Indian

Crude hazard ratio (95% CI)

Adjusted hazard ratio (95% CI)

1.08 (1.07–1.09)
–
1.82 (1.40–2.37)

1.25 (1.15–1.37)
0.998 (0.997–0.999)
1.82 (1.29–2.58)

0.67
0.59
1.78
1.12
0.35
1.55
7.00

0.46
0.65
1.39
1.05
0.60
1.30
2.17

(0.40–1.09)
(0.42–0.82)
(1.38–2.30)
(1.09–1.14)
(0.24–0.51)
(1.42–1.70)
(5.42–9.04)

3.07 (1.86–5.06)
5.30 (3.56–7.90)
6.41 (5.77–7.12)

(0.27–0.79)
(0.44–0.95)
(1.00–1.92)
(1.02–1.09)
(0.37–0.95)
(1.16–1.45)
(1.60–2.92)

0.74 (0.42–1.30)
1.40 (0.73–2.69)
2.29 (1.40–3.73)

Analysis was carried out using Cox proportional hazards regression
The log hazard ratio associated with diabetes in each ethnic group was estimated by taking the additive effect of log hazard ratios associated with
diabetes mellitus and the interaction term involving the specific ethnic group
Homogeneity of effect between ethnic groups was tested using the log likelihood ratio statistic and was significant (p=0.009)

such treatment might alter the risk of IHD associated with
diabetes mellitus in each ethnic group. Unfortunately, our
ability to make this assessment in this study population was
limited. Although we were able to identify individuals who
were receiving treatment for either diabetes mellitus or
hypertension by a physician, data on the specific drugs
used, including any that may have been used to treat
dyslipidaemia were not available. Nevertheless, based on
these data, it appeared that a greater proportion of Asian
Indians with diabetes mellitus were receiving treatment and
that the level of glycaemic control in this group was similar
or better than that in Chinese or Malays. Among those with
diabetes mellitus, the proportion of hypertensive subjects
receiving treatment was also similar between ethnic groups.
Adjusting for treatment for diabetes mellitus and hypertension did not alter the interaction between diabetes mellitus
and ethnicity that we observed. Two other studies in
Singapore have explored ethnic differences in diabetes
mellitus-related parameters [35, 36]. In terms of glycaemic
control, the data are inconclusive. One study showed that
Malays had the highest HbA1c and that Chinese and Asian
Indians had similar levels [36], whereas an earlier study
showed that Asian Indians with diabetes mellitus had
higher HbA1c than Chinese and Malays [35]. The study
by Hong et al. [35] is particularly interesting because it
showed that Asian Indians exhibited a higher prevalence of
IHD but a lower prevalence of retinopathy and albuminuria,
each of which is associated with poor control of diabetes
mellitus and its associated metabolic derangements. Given
these previous findings, it is a little difficult to suggest that
poor control of diabetes mellitus accounts for the higher
rates of IHD in Asian Indians but does not cause high rates

of other complications, which are also associated with poor
control.
It is also possible that the interaction observed relates not
to diabetes mellitus per se but to an interaction between
ethnicity and one of the other CVD risk factors associated
with diabetes mellitus, such as hypertension or dyslipidaemia. However, this study was designed specifically to test
the hypothesis that diabetes mellitus and ethnicity interact
in relation to the risk of IHD and, given the limited power
of this study to examine multiple interactions, we have not
examined any additional interactions.
Our study has several strengths. The study population
represents several random samples of the Singapore
population. Singapore is a small island nation (land area
647 km2 or 250 square miles) which is completely
urbanised, with three ethnic groups living in close proximity, each of which experienced urbanisation at the same
time. The standard of living is relatively high and
comparable between ethnic groups, the median monthly
household income being US$1504 for Malays; US$1882
for Indians and US$2138 for Chinese [17]. These features
of the population enable us to avoid some of the problems
associated with the effects of geography [1] or socioeconomic status and their impact on IHD risk that are seen
in other studies.
Nevertheless, there are limitations to this study that need
to be borne in mind when considering the implications of
our findings. Firstly, the ascertainment of IHD events in this
study was carried out using data from several registries,
which could be unreliable. We are currently unable to
provide direct evidence about the reliability of the registry
data. However, we can say that data from the myocardial
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infarction registry were derived using the WHO MONICA
protocol. The methodology is therefore well established.
Furthermore, submissions to hospital in-patient discharge
databases are a regulatory requirement for all hospitals in
Singapore and most, if not all, hospital admissions are
represented. The discharge diagnoses are completed by
doctors directly involved in the management of the patients
admitted to the hospital and we believe that they are
reasonably accurate. Second, the high risk of IHD in Asian
Indians has been known for many years, and an increased
tendency to diagnose IHD amongst Asian Indians could
certainly bias the findings towards a higher risk of IHD in
this ethnic group. However, these findings have now been
replicated in at least three different populations and we
have reason to believe that the ethnic differences in the
baseline risk of IHD are real. Furthermore, the interaction
between ethnicity and diabetes mellitus is a novel finding of
this study and has not been reported in any population to
date. Therefore, we have no reason to believe that the
interaction observed is related to such misclassification,
which is not thought to be particularly prominent in Asian
Indians with diabetes mellitus. Finally, the IHD risk factors
examined in this study were measured only at a single time
point. This could give rise to significant misclassification.
However, we believe that this misclassification is likely to
be non-differential as the measurements were made
prospectively and therefore are likely to bias the associations towards the null hypothesis (which in this instance is
the hypothesis of no interaction). Consequently, we feel that
any such misclassification is unlikely to alter the conclusions based on the observation that diabetes mellitus does
interact with ethnicity in relation to the risk of IHD.
In conclusion, our study shows that Asian Indians are
particularly prone to the effects of diabetes mellitus on IHD
risk for several reasons. First, they have a higher baseline
risk of IHD. Second, diabetes mellitus is more common
among Asian Indians. Finally, the effect of diabetes mellitus
on the risk of IHD in this ethnic group is greater than in
other ethnic groups. Several studies have shown that the
prevention of diabetes mellitus is not only possible [37–40]
but is also cost-effective [41]. Given the large population at
risk in Asia and the large population-attributable risk of
IHD associated with diabetes mellitus in this ethnic group,
the development of programmes to prevent diabetes
mellitus amongst Asian Indians may be particularly
pertinent to any successful strategies to reduce the
morbidity and mortality from cardiovascular disease in
Asia. In addressing these ethnic differences, it is important
to realise that ethnicity (unlike race) is a construct that
encompasses both genetic and cultural (e.g. language,
religion, diet) differences [42, 43]. We have to be careful
not to assume that these observations are due solely to
underlying genetic differences. Clearly, ethnic differences
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in other factors, such as the rates of other complications that
may increase risk of IHD (e.g. diabetic nephropathy) and
types of treatment used (especially lipid-lowering therapy),
are inadequately explored in this study and should form the
basis of future research in this field. The elucidation of the
reasons for these ethnic differences may help us understand
the pathogenesis of IHD in those with diabetes mellitus and
identify novel treatment and prevention strategies.
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