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ABSTRACT

Introduction Diabetes mellitus is a growing public
health epidemic in Asia. We examined the impact of
type 2 diabetes, glycemic control and microvascular
complications on mortality and cardiovascular outcomes in a
multiethnic population-based cohort of Asians without prior
cardiovascular disease.
Research design and methods This was a prospective
population-based cohort study in Singapore comprising
participants from the three major Asian ethnic groups:
Chinese, Malays and Indians, with baseline examination
in 2004–2011. Participants with type 1 diabetes and
those with cardiovascular disease at baseline were
excluded. Type 2 diabetes, Hemoglobin A1c (HbA1c)
levels and presence of microvascular complications
(diabetic retinopathy and nephropathy) were defined at
baseline. The primary outcome was all-cause mortality
and major adverse cardiovascular events (MACEs), defined
as a composite of cardiovascular mortality, myocardial
infarction, stroke and revascularization, collected using a
national registry.
Results A total of 8541 subjects were included, of which
1890 had type 2 diabetes at baseline. Subjects were followed
for a median of 6.4 (IQR 4.8–8.8) years. Diabetes was a
significant predictor of mortality (adjusted HR 1.74, 95% CI
1.45 to 2.08, p<0.001) and MACE (adjusted HR 1.64, 95% CI
1.39 to 1.93, p<0.001). In those with diabetes, higher HbA1c
levels were associated with increased MACE rates (adjusted
HR (per 1% increase) 1.18, 95% CI 1.11 to 1.26, p<0.001)
but not mortality (p=0.115). Subjects with two microvascular
complications had significantly higher mortality and MACE
compared with those with only either microvascular
complication (adjusted p<0.05) and no microvascular
complication (adjusted p<0.05).
Conclusion Diabetes is a significant predictor of mortality
and cardiovascular morbidity in Asian patients without prior
cardiovascular disease. Among patients with type 2 diabetes,
poorer glycemic control was associated with increased MACE
but not mortality rates. Greater burden of microvascular
complications identified a subset of patients with poorer
outcomes.

Significance of this study
What is already known about this subject?
►► Type 2 diabetes causes significant morbidity and

mortality. The impact of glycemic control on mortality and macrovascular disease in patients with diabetes is controversial. Although intensive glycemic
control is known to have potential beneficial effects
in reducing the risk of microvascular complications,
the benefits in terms of macrovascular disease is
gray and there may even possibly be a signal for
harm with regards to mortality.

What are the new findings?
►► Type 2 diabetes predicts mortality and cardiovascu-

lar morbidity in Asian patients without prior cardiovascular disease.
►► Poorer glycemic control is associated with increased
major adverse cardiovascular events.
►► Greater burden of microvascular complications results in poorer outcomes in patients with diabetes.

How might these results change the focus of
research or clinical practice?
►► Prevention and active management of type 2 diabe-

tes and its microvascular complications may potentially aid in reducing cardiovascular morbidity.

INTRODUCTION
Diabetes mellitus (DM) is a global public
health epidemic, affecting close to half a
billion people in 2019.1 There is a huge burden
of disease in Asia, with an estimated 60% of
those with diabetes coming from Asia.2–5 DM
is associated with significant morbidity and
mortality, with known deleterious effects on
vascular beds causing microvascular complications such as retinopathy, nephropathy
and neuropathy, and macrovascular complications such as myocardial infarction, stroke
and peripheral vascular disease.6
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Impact of type 2 diabetes and
microvascular complications on
mortality and cardiovascular outcomes
in a multiethnic Asian population

Cardiovascular and metabolic risk

METHODS
Study population
The study population was derived from the Singapore
Epidemiology of Eye Disease study, which comprised
three inter-related cohort studies: the Singapore Malay
Eyes Study (SiMES), the Singapore Indian Eye Study and
the Singapore Chinese Eye Study (SCES), covering the
three major Asian ethnics groups (Chinese, Malays and
Indians) in Singapore. For the purposes of this study,
the data included participants from 2004 to 2011 and
participants with known prior cardiovascular disease
(including stroke and coronary artery disease) and those
with type 1 diabetes were excluded. The study design
and methodology of the cohorts have been previously
published.21 22 In summary, a computer-generated simple
random sample of Chinese, Malay and Indian names
from the southwestern part of Singapore was provided to
study team by The Ministry of Home Affairs. According
to the 2000 Singapore Census, these residents were a fair
representation of Singapore population in terms of age
distribution, housing type and socioeconomic status.23 24
2

The cohorts were then derived from a final sample using
age-stratified random sampling strategy to generate equal
representation of subjects from each decade from age 40
to 80 years old. All participants provided written consent.
Subjects who agreed to participate underwent standardized interviews with detailed questionnaires, assessment
of blood pressure, anthropometry, visual assessment
and retinal photography. Blood and urine samples were
collected and stored for biochemical analyses.
Diabetes and microvascular disease
Diagnosis of type 2 diabetes was confirmed if patient
reported a physician’s diagnosis of type 2 diabetes,
use of diabetic medications, random plasma glucose
≥11.1 mmol/L and/or Hba1c≥6.5.25 Microvascular
complications studied include the presence of diabetic
retinopathy or nephropathy at baseline, and data on
peripheral neuropathy were not collected. Diabetic
retinopathy signs (microaneurysms, hemorrhages, or
exudates) from the digital retinal photographs were
analyzed by trained graders based on a standardized
protocol. Retinopathy was defined as present if the retinopathy score (modified from the Airlie House classification system) was at level ≥15.6 26 27 The estimated
glomerular filtration rate (eGFR) was derived using the
Chronic Kidney Disease Epidemiology Collaboration
equation.28 29 Nephropathy was defined as the presence
of chronic kidney disease (CKD) using an eGFR rate of
<60 mL/min/1.73m2.
Urine data were available in a subset of the overall
cohort of patients and albuminuria was calculated from
the urine albumin:creatinine ratio (ACR). The Kidney
Disease Improving Global Outcomes (KDIGO) staging
nomenclature was used to define the risk of nephropathy
(low, medium, high and very high) taking into account
both ACR (<30 mg/g, ≥30–300 mg/g and >300 mg/g)
and eGFR values in this subset of patients (online supplemental table 1).30
Outcomes
The primary outcome was all-
cause mortality. The
secondary outcome was major adverse cardiovascular
event (MACE) defined as a composite of cardiovascular
mortality, non-
fatal myocardial infarction, non-
fatal
stroke and coronary revascularization (coronary artery
bypass grafting and/or percutaneous coronary intervention). Outcome data were obtained by linkage to
national registries, and all subjects were followed up to
December 2014. All Singaporean residents are given a
unique identification number that is linked with national
death and disease registries. Death and cause of death
was obtained from the Registry of Births and Deaths.31
Myocardial infarction data were obtained from the Singapore Myocardial Infarction Registry, and stroke data
were obtained from the Singapore Stroke Registry, both
under the purview of the National Registry of Diseases
Office.31 Revascularization data were obtained from the
Singapore Cardiac DataBank (SCDB), which serves as
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There is increasing evidence that microvascular
complications generally predate the onset of macrovascular disease, and in persons with diabetes, the presence
of microvascular complications is associated with higher
risk of macrovascular disease.7–14 While the majority of
the data available showing the link between microvascular and macrovascular disease are based on Western
populations, distinct ethnic differences in the development of microvascular and macrovascular diseases have
been observed.8–10 15 16 There are few Asian specific data.
We recently demonstrated that microvascular disease
resulted in increased mortality among Asian persons with
diabetes.17
The impact of glycemic control on mortality and
macrovascular disease in patients with diabetes is controversial.18–20 Although intensive glycemic control is known
to have potential beneficial effect in reducing the risk of
microvascular complications, there may be no benefit
for macrovascular disease and even possibly a signal for
harm with regards to mortality.18–20 Again, these studies
were conducted in primarily Western populations, and
their relevance to Asian persons is less clear. One study
reported distinct differences between Asian and Western
cohorts with glucose lowering, potentially causing
increased mortality and coronary events in Western
cohorts and increased microvascular events in Asians.16
To address these important gaps of the impact of
diabetes and glycemic control on mortality and macrovascular disease, and whether the presence of microvascular
complications affect these risks in Asians, we examined
the association of type 2 diabetes, glycemic control and
microvascular complications (primarily diabetic retinopathy and nephropathy) on mortality and cardiovascular
outcomes in a multiethnic Asian cohort without known
cardiovascular disease at baseline.

Cardiovascular and metabolic risk

Statistical analysis
Baseline descriptive statistics are stratified by presence of diabetes in the overall cohort and presence of
diabetic complications in the subjects with diabetes. We
presented data as means and plus SD or numbers and
percentages, and tested differences between groups
with analysis of variance (ANOVA) or the χ2 test correspondingly. For multivariable survival analysis for the
primary and secondary outcomes, Cox regression analysis was used, and for the overall and diabetic cohort,
models were adjusted for age, sex, ethnicity, body mass
index (BMI), current smoking, systolic blood pressure
and cholesterol. As eGFR and diabetes were important
predictors of outcomes, we additionally adjusted for it
in the overall cohort. In the diabetes cohort, however,
eGFR was used to define CKD as a microvascular complication, hence not adjusted to avoid collinearity. Additionally, duration of diabetes was adjusted for in the diabetic
cohort. Similar models were used in the subset of subjects
with urine data (n=1256). We also tested for any interaction between glycemic control (Hba1c <8% vs Hba1c
≥8%) and diabetic microvascular disease (none, one
or both microvascular complications) on the outcomes
of mortality and MACE. If significant interaction was
present, the results were further stratified to determine
if glycemic control affected the outcomes in the absence
or presence of diabetic complications. Differences in
survival were depicted with Kaplan-
Meier graphs and
tested with the log-rank test. All tests performed were
two sided, and p values <0.05 were considered statistically significant. All analyses were performed with STATA
V.14.0 (Stata Corp).
RESULTS
Study population
A total of 8541 subjects were included. The prevalence of
type 2 diabetes was 22.1% (n=1890). The mean duration
of diabetes was 8.3±8.7 years. Subjects with diabetes were
significantly older and had greater proportion of Indian
ethnicity, higher BMI, greater proportion of hypertension and hyperlipidemia, lower proportion of current
alcohol and smoking status, lower eGFR and higher
urine ACR compared with subjects without diabetes (all
p<0.001 except p=0.027 for alcohol status; table 1).
Microvascular disease
Of the subjects with diabetes, 987 had no microvascular
complications, 677 had one microvascular complication
(diabetic retinopathy or nephropathy) and 146 had both
microvascular complications. Subjects with both microvascular complications had longer duration of diabetes
compared with those with one microvascular complication or none (13.5 vs 10.3 vs 6.1 years, respectively,
p<0.001). Subjects with both microvascular complications
BMJ Open Diab Res Care 2021;9:e001413. doi:10.1136/bmjdrc-2020-001413

were also older, had greater proportion of hypertension,
and had lower eGFR and higher urine ACR compared
with those with one microvascular complication or none
(all p<0.001; table 2). Among the three races, a higher
proportion of Malays had diabetic microvascular complications such as retinopathy or nephropathy compared
with Chinese or Indians (p<0.001; online supplemental
table 2.
Outcomes
The median duration of follow-up was 6.4 (IQR 4.8–8.8)
years.
Mortality
For the overall cohort, diabetes was a significant predictor
of all-cause mortality (13.2% vs 5.5%, adjusted HR 1.74,
p<0.001). Subjects with diabetes with no microvascular
complications had no significant difference in all-cause
mortality compared non-diabetic subjects regardless of
HbA1c levels (5.6% vs 5.5%, p=0.612 for HbA1c <8% and
7.4 vs 5.5%, p=0.354 for HbA1c ≥8%) (see online supplemental table 3 and figure 1A). In the overall cohort,
higher systolic blood pressure (adjusted HR 1.009,
p<0.001) but not higher total cholesterol (p=0.778)
predicted for increased mortality.
Among those with diabetes, higher HbA1c levels, both
as continuous variable (p=0.115) and as a categorical
variable (<6.5/7% vs 6.5/7–8% vs ≥8%) (p>0.05 for all)
did not predict for mortality.
The presence of retinopathy (17.3% vs 10.4%, p<0.001)
was a significant predictor of mortality on univariable
analysis but its effect was attenuated on adjustment for
confounders (p=0.074). Nephropathy (32.8% vs 8.1%,
adjusted HR 2.34, p<0.001) was a significant predictor of
mortality. Subjects with both retinopathy and nephropathy had higher rates of all-cause mortality compared
with those with no microvascular disease (32.2% vs
6.3%, adjusted HR 3.20, p<0.001) and compared with
those with either microvascular disease (32.2% vs 18.9%,
adjusted HR 1.51, p=0.025). Subjects with either microvascular disease had higher rates of all-cause mortality
compared with those with none (adjusted HR 2.13,
p<0.001). There were no significant interactions between
cause
HbA1c and microvascular complications for all-
mortality (p=0.725). Ethnicity did not modify the association of the microvascular complications with mortality
(Pinteraction=0.101) (see table 3 and figure 2A). In the
diabetic cohort, higher systolic blood pressure (adjusted
HR 1.012, p<0.001) but not higher total cholesterol
(p=0.294) predicted for increased mortality.
In the subset of patients with albuminuria data
(n=1256), those with ACR >300 mg/g had significantly
higher rate of mortality compared with those with ACR
<30 mg/g (36.8% vs 4.8%, adjusted HR 6.63, p<0.001).
Defining nephropathy using both ACR and eGFR data
based on the standardized risk matrix from the maO
guidelines also showed subjects classified as moderate
and above risk of nephropathy had higher mortality
3
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the national databank of cardiovascular procedures in
the public sector where the vast majority of tertiary care
is provided.32

Cardiovascular and metabolic risk

No diabetes

Diabetes

Characteristics

(N=6651)

(N=1890)

Age (years)
Ethnicity

57.2

10.1

61.5

9.8

 Malay

2165

32.6%

623

32.9%

 Indian

1916

28.8%

863

45.7%

 Chinese

2570

38.6%

404

21.4%

P value
<0.001
<0.001

Men

3175

47.7%

887

46.9%

0.536

BMI (kg/m2)

25.0

4.6

26.7

4.6

<0.001

Systolic BP (mm Hg)

137.8

21.6

146

22.2

<0.001

Diastolic BP (mm Hg)

78.7

10.6

78.1

10.2

0.029

HbA1c (%)

5.8

0.5

8.0

1.8

<0.001

Total cholesterol (mmol/L)

5.6

1.0

5.1

1.2

<0.001

HDL (mmol/L)

1.3

3.4

1.2

0.3

<0.001

LDL (mmol/L)

3.5

0.9

3.1

1.0

<0.001

Blood glucose (mmol/L)

5.6

1.2

10.7

5.1

<0.001

8.3

8.7

–

 Diet only

105

6.4%

 Insulin only

8

0.5%

 Oral medication only

766

46.8%

 Oral medication and insulin

91

5.6%

Duration of diabetes (years)
Therapy for diabetes

–

Hypertension

3598

54.2%

1451

76.9%

<0.001

Hyperlipidaemia

2499

37.6%

1088

59.4%

<0.001

Retinopathy/chronic kidney disease

843

12.9%

823

43.5%

<0.001

Current smoking

1111

16.7%

234

12.4%

<0.001

Current alcohol

582

8.8%

135

7.2%

0.027

86
33

18.1
186

80.2
156

22.9
1031

<0.001
<0.001

2

Estimated GFR, mL/min/1.73m
Albumin:creatinine ratio*

Data presented are mean and SD, or count and proportion for continuous and categorical variables respectively.
*Albumin creatinine ratio available in 4841 and 1256 participants without and with diabetes, respectively.
BMI, body mass index; BP, blood Pressure; GFR, glomerular filtration rate; HbA1c, hemoglobin A1c; HDL, High-density lipoprotein; LDL, low-
density lipoprotein.

(12.8% vs 3.8%, adjusted HR 2.11, p=0.002) than those
classified as low risk of nephropathy (see online supplemental table 4).
Major adverse cardiovascular events
For the overall cohort, diabetes was a significant predictor
of MACE (14.6% vs 6.8%, adjusted HR 1.64, p<0.001).
Patients with diabetes with HbA1c <8% and either no
microvascular disease or retinopathy alone had no significant difference in MACE compared with non-diabetic
subjects (6.5% vs 6.8%, p=0.981 for no microvascular
disease and 7.9% vs 6.8%, p=0.486 for retinopathy alone).
Patients with diabetes with HbA1 ≥8% had significantly
higher MACE rates compared with non-diabetics regardless of the presence of microvascular disease (p<0.05 for
all) (see online supplemental online supplemental table
4

3 and figure 1B). In the overall cohort, higher systolic
blood pressure (adjusted HR 1.008, p<0.001) and higher
total cholesterol (adjusted HR 1.079, p=0.019) predicted
for increased MACE.
Among those with diabetes, higher HbA1c levels
as continuous variable was a significant predictor of
mortality. Using a cut-off of 6.5% and 8%, HbA1c ≥8%
was a significant predictor of MACE (19.3% vs 10.8%,
adjusted HR 1.87, p=0.002) compared with HbA1c
<6.5%. There were no significant differences in MACE
rates between HbA1c 6.5%–8% and <6.5%. Comparing
HbA1c <7% versus 7%–8% versus ≥8% yielded similar
results as previously stated. Presence of retinopathy was
a significant predictor of MACE on univariable analysis
(p=0.003), but its effect was attenuated on adjustment
BMJ Open Diab Res Care 2021;9:e001413. doi:10.1136/bmjdrc-2020-001413
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Table 1 Baseline characteristics of overall cohort

474
248
465

 Indian

 Chinese

Men
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6.1

5

14.6
134.5

7.9%

14.8%

58.6%

69.8%

2.5%

47.5%

0%

8.7%

7.2

4.6

75.7
191.2

50

74

377

558

47

287

6

24

10.3

11.2

3.1

1.2

5.2

8.2

78.6

149.5

26.4

336

121

299

257

62.7

(N=677)

DR or CKD (1)

25.3
685.8

7.4%

11.0%

57.7%

82.4%

7.6%

46.6%

1.0%

3.9%

9.4

5.6

1.0

0.3

1.3

1.9

10.9

23.5

4.5

49.6%

17.9%

44.2%

37.9%

9.8

42.4
1028.5

2

9

94

139

21

65

2

4

13.5

11.1

3.1

1.2

1.3

8.3

78.4

158.5

27.1

57

17

52

77

65.6

(N=146)

DR and CKD (2)

13.9
3704.4

1.4%

6.1%

64.8%

95.2%

15.0%

46.4%

1.4%

2.9%

9.9

5.7

1.1

0.4

1.5

1.9

11.8

24

4.9

39.0%

11.6%

35.6%

52.7%

7.9

<0.001
<0.001

0.016

0.003

0.279

<0.001

<0.001

<0.001

0.002

0.506

0.170

0.099

<0.001

0.468

<0.001

0.112

0.065

<0.001
<0.001

<0.001
<0.001

0.720

0.024

0.710

<0.001

<0.001

<0.001

0.001

0.299

0.192

0.439

<0.001

0.222

<0.001

0.061

0.313

<0.001
<0.001

(1)
versus
Three groups (0)

P value

<0.001
<0.001

0.004

0.005

0.153

<0.001

<0.001

<0.001

0.080

0.437

0.121

0.026

0.007

0.544

<0.001

0.619

0.068

<0.001
<0.001

(2)
versus
(0)
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Data presented are mean and SD, or count and proportion for continuous and categorical variables respectively.
BMI, body mass index; GFR, glomerular filtration rate.

88.7
48.6

567

Hyperlipidaemia

Estimated GFR, mL/min/1.73m2
Albumin:creatinine ratio

687

Hypertension
146

20

 Oral medication and insulin

78

384

 Oral medication only

Current smoking

0

 Insulin only

Current alcohol

70

 Diet only

Therapy for diabetes

Duration of diabetes (years)

1.0

3.2
10.3

LDL (mmol/L)

Blood glucose (mmol/L)

0.3

1.2

HDL (mmol/L)

1.8
1.4

7.8
5.1

HbA1c (%)

19.3
9.4

141.4
77.9

Systolic BP (mm Hg)

Diastolic BP (mm Hg)

Total cholesterol (mmol/L)

4.6

47.1%

26.9

BMI (kg/m )

2

48.0%

265

 Malay
25.1%

26.9%

59.7

Age (years)
Ethnicity

9.6

(N=987)

No diabetic complications (0)

Baseline characteristics of subjects with diabetes by diabetic complication status

Characteristics

Table 2

Cardiovascular and metabolic risk

Cardiovascular and metabolic risk

Figure 1 (A). Impact of diabetes, glycemic control, and
microvascular disease on crude rates of all-cause mortality.
∧
 Median follow-up of 6.4 years. *Adjusted p<0.05, **adjusted
p<0.01 compared with non-diabetes. (B). Impact of diabetes,
glycemic control, and microvascular disease on crude rates
of MACE. ∧Median follow-up of 6.4 years. *Adjusted p<0.05,
**adjusted p<0.01 compared with non-diabetes. CKD,
chronic kidney disease; DM, diabetes mellitus; DR, diabetic
retinopathy; MACE, major adverse cardiovascular event;
MVD, microvascular disease.

for confounders (p=0.278). Nephropathy was a significant predictor of MACE (31.0% vs 10.5%, HR 1.88,
p<0.001). Subjects with both retinopathy and nephropathy had higher rates of MACE compared with those
with no complications (32.9% vs 9.5%, adjusted HR
2.23, p<0.001) and compared with those with either
microvascular disease (32% vs 18.9%, adjusted HR 1.59,
p=0.010). Subjects with either microvascular disease had
higher rates of MACE compared with those with none
(adjusted HR 1.40, p=0.021). There were significant
interactions between HbA1c and microvascular complications for MACE (p=0.031). In the absence of microvascular disease, subjects with HbA1c ≥8% had significantly
higher MACE compared with those with HbA1c <8%
(adjusted HR 2.63, p<0.001). In the presence of microvascular disease, higher HbA1c levels did not have a significant impact on MACE (p>0.05). Ethnicity did not modify
the association of the microvascular complications with
MACE (Pinteraction=0.203) (see table 3 and figure 2B). In the
diabetic cohort, higher systolic blood pressure (adjusted
HR 1.011, p=0.001) but not higher total cholesterol
(p=0.152) predicted for increased MACE.
6

DISCUSSION
We provide comprehensive long-term prospective data
from Asia describing the impact of type two diabetes,
glycemic control and burden of microvascular complications on mortality and cardiovascular outcomes.
Our primary findings were first, in Asian persons, type
2 diabetes is associated with significant mortality and
morbidity; second, among subjects with type 2 diabetes,
poor glycemic control impacted on higher MACE but
not mortality; third, while the impact of diabetic retinopathy on mortality and MACE was attenuated after adjustment for confounders, nephropathy, both in terms of
low eGFR and degree of albuminuria, was independently
associated with higher mortality and risk of MACE; and
finally, increasing burden of microvascular complications
portended increasingly poorer mortality and morbidity
outcomes. Interestingly, persons with diabetes without
microvascular disease had similar mortality as persons
without diabetes regardless of HbA1c levels.
Diabetes is a well-established cardiovascular risk factor.
Our results are consistent with a major observation in
Western subjects suggested by Haffner et al33, which show
persons with diabetes without a history of myocardial
infarction have a similar risk of future cardiac events as
non-diabetes with prior myocardial infarction. Numerous
studies have shown unequivocally the negative impact of
diabetes on survival.6 17 34 Our study findings lend further
support to this in an Asian cohort.
Of greater interest is the impact of diabetic control and
microvascular disease in those with diabetes.
Early epidemiologic studies have a possible correlation between poorer glycemic control and adverse
outcomes.35 36 However, contrary to the expected benefits
of intensive glycemic control, more contemporary large
randomised controlled trials have not shown such results.
The Action to Control Cardiovascular Risk in Diabetes
trial was ceased earlier after a median follow-up of 3.7
years due to increased all-cause mortality in the intensive
glycemic control (Hba1c <6%) compared with the standard glycemic control (Hba1c 7%–7.9%).17 The Action in
Diabetes and Vascular Disease: Preterax and Diamicron
Modified Release Controlled Evaluation trial showed that
intensive blood glucose control (target HbA1c ≤6.5%)
using gliclazide or a strategy of standard glucose control
(median HbA1c 7.5%) reduced nephropathy but not
retinopathy, major macrovascular events or mortality.18
BMJ Open Diab Res Care 2021;9:e001413. doi:10.1136/bmjdrc-2020-001413
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In the subset of patients with albuminuria data, those
with ACR >300 mg/g had significantly higher rate of
MACE compared with those with ACR <30 mg/g (33.3%
vs 6.5%, adjusted HR 5.46, p<0.001). Defining nephropathy using both ACR and eGFR data based on the standardized risk matrix from the KDIGO guidelines also
showed subjects classified as moderate and above risk of
nephropathy had higher MACE (18.2% vs 4.9%, adjusted
HR 3.12, p<0.001) than those classified as low risk of
nephropathy (see online supplemental table 4).
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*Adjusted for age, gender, race, BMI, current smoking status, systolic blood pressure, cholesterol and duration of diabetes.
†For impact of HbA1c on all-cause mortality, crude rates are reported. Multivariable analysis are not performed as univariable analysis are not significant.
‡Pinteraction for diabetic complications (none, DR or CKD, DR and CKD) × glycemic control (Hba1c <8, Hba1c ≥8).
BMI, body mass index; CKD, chronic kidney disease; DR, diabetic retinopathy.
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The Veterans Affairs Diabetes Trial showed that intensive glucose control (median HbA1c 6.9%) compared
with standard-therapy (median HbA1c 8.4%) in patients
with poorly controlled type 2 diabetes had no significant
effect on microvascular complications, major cardiovascular events or death, with the exception of progression
of albuminuria.20 In all three trials, there was a higher
level of hypoglycemia in the intensive therapy arm, and
this has been put forth to partially explain the lack of
benefit of intensive control.18–20
Our study did not show any impact of HbA1c levels on
mortality, although higher HbA1c levels were associated
with increased MACE rates. The impact of HbA1c levels
on MACE rates was seen mainly above a cut-off of 8%. The
differences in cut-offs and the non-randomized observational nature of our study should be taken into context
when interpreting the later finding when compared with
the equivocal findings of HbA1c on mortality/MACE
rates from the above three randomized controlled trials.
Of note, a meta-analysis including the above trials among
others showed a similar neutral mortality signal with intensive glucose control but a significant reduction in MACE
8
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Figure 2 (A) Survival curves by glycemic control and burden
of microvascular disease. (B) Major adverse cardiovascular
events (MACE) curves by glycemic control and burden of
microvascular disease. CKD, chronic kidney disease.

by 9%.37 The relationship between HbA1c and mortality
is complex. Beyond RCTs, population-
based observational studies have noted a possible J-shaped relationship between HbA1c and mortality with higher mortality
at both ends of the spectrum of HbA1c levels.38 39 In a
case–control study of more than 30 000 patients, HbA1c
levels <6.5% or >9.0% were associated with increased
mortality within 1 year.38 A meta-analysis of observational
studies showed an increased risk of mortality at high and
low HbA1c levels.39 In our study, there were numerically
higher deaths at high and low HbA1c levels, although
these did not reach statistical significance. Of note, the
overall numbers in our study are significantly smaller
and only included baseline HbA1c measurements.
Studies looking at HbA1c trends have shown that both
greater variability in HbA1c40 as well as worsening HbA1c
patterns41 were associated with elevated risk of mortality.
We noted an interaction between HbA1c levels and
microvascular disease for MACE. In the absence of microvascular disease, subjects with poor glycemic control had
significantly higher MACE rates, while in the presence
of microvascular disease, glycemic control did not have
much impact on MACE. Microvascular disease appears
to be a more predominant driver of adverse outcomes
compared with level of glycemic control.
There is growing evidence of a relationship between
diabetic retinopathy and cardiovascular disease.9 A large
meta-analysis of 20 studies showed a significant relationship between diabetic retinopathy and an increased risk
of all-cause mortality and cardiovascular events in both
patients with type 2 and type 1 diabetes.42 We found independent associations with increased mortality and MACE
on univariable analysis, but both effects were attenuated on multivariate analysis. In an earlier publication,
we found that the DR was associated with higher risk of
all-cause and cardiovascular mortality, but this association was weaker than that of CKD.17 This earlier study
included subjects with both type 1 and 2 diabetes, and
about 20% had known cardiovascular disease.
Nephropathy is another well-
investigated risk factor
for cardiovascular disease. Nephropathy is classified
by KDIGO guidelines based on both GFR category and
albuminuria.20 Many studies evaluating the impact of
CKD on CV outcomes do not look at both eGFR and
albuminuria concurrently. In an earlier study, we found
that CKD defined based on eGFR had significant impact
on mortality, but albuminuria was not evaluated.17 In
those studies that include both eGFR and albuminuria
data, there are some variations on the results.10 43 44 A
cohort study performed in Beijing of 1914 patients over a
median follow-up period of 6.8 years showed that subjects
who progressed to albuminuria of ≥30 mg/day had a
significant negative impact on cardiovascular outcomes
but not those who progressed to eGFR <60 mL/min/1.73
m2.43 In contrast, a Sri Lankan cohort of 2434 patients
showed eGFR but not albuminuria predicted coronary heart disease.44 The Fenofibrate Intervention and
Event Lowering in Diabetes study looked at 15 773 in 19
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not assessed. In a large UK population-based study of about
49 000 patients, it was found that increasing burden of
microvascular disease resulted in corresponding increase
rates in MACE.8 Similarly, we found that those with two
microvascular diseases fared worse than those with one,
which in turn fared worse than those with none. The
screening for retinopathy and nephropathy is simple and
cost-effective involving regular retinal fundophotography
and spot urine tests, respectively. Effective treatment exists
for both complications such as laser and ACE inhibitor/
Angiotensin receptor blockers therapy, respectively. Our
study highlights the detrimental nature of diabetes and
concomitant microvascular disease. Significantly, those
with diabetes but without microvascular disease had similar
mortality rates compared with non-diabetics regardless of
HbA1c levels. Public health policies and primary preventive measures should be considered to prevent the onset
of diabetes and when diabetes is present to effectively
prevent and deal with microvascular disease. The impact
of glycemic control is more controversial and should be
tailored to the individual patient taking into account the
hypoglycemic risk. With the emergence of more contemporary diabetic agents, like sodium-glucose cotransporter-2
inhibitors, and its potential benefits on reducing progression of renal microvascular disease as well as cardiovascular
outcomes, these provide further tools for the clinician to
help the patient in fighting this disease.53
Limitations
The limitations of the study include the lack of data on the
microvascular complication of neuropathy. These data were
not routinely collected as part of the study and is unfortunately unavailable. Second, for this analysis, the level of
glycemic control (HbA1c data) was only available at baseline and impact of changes in glycemic control over time
would be the work of future studies. Longitudinal follow-up
of glycemic control may demonstrate differing associations
of HbA1c with outcomes as seen in prior studies.40 41 Third,
cardiac revascularizations in the private sector may not be
accounted for but the vast majority (>80%) of tertiary care
in Singapore is provided for in the public sector. Fourthly,
the findings need to be validated with larger sample sizes
and longer duration of follow-up. Lastly, the observational
nature of this epidemiological study may have introduced
biases that may not have been fully accounted for despite
adjustment for confounders. In this observational study,
causality between associations may be difficult to determine
and the increased hazards of mortality and MACE may be
due to shared pathways between microvascular and macrovascular complications. Nevertheless, this large prospective
cohort provides real-world long-term epidemiological data
on the disease.
CONCLUSIONS
Type 2 diabetes is a significant predictor of mortality
and morbidity in Asian patients without prior cardiovascular disease. Among those with type 2 diabetes, poorer
9
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outpatient Italian diabetes clinics, CV risk was shown to
increase with both declining eGFR and worsening albuminuria independently.10 Albuminuria of ≥30 mg/day
had an OR 1.26 (95% CI 1.05 to 1.52)) compared with
reduced eGFR <60 mL/min/1.73 m2, which had an OR
of 1.52 (95% CI 1.34 to 1.73)). When both combined the
OR was 1.90 (95% C I1.66 to 2.19)). The KDIGO consortium published a meta-analysis of pooled data from 14
studies to evaluate the effects of eGFR and albuminuria
with mortality and renal outcomes. Among the 105 872
patient cohort, both lower eGFR (<60 mL/min/1.73 m2)
and degree of albuminuria were independent predictors
of overall mortality.45 Importantly, it showed that worsening eGFR and albuminuria were exponentially related
to mortality attributed to cardiovascular disease. In our
study, when eGFR and albuminuria was independently
analysed for MACE and mortality, both showed a strong
correlation for increased events. When taken into combination based on the KDIGO matrix, those classified as
moderate and above risk of nephropathy had higher
rate of both mortality and MACE. Both eGFR and albuminuria are important parameters for the clinician to
consider when assessing for renal microvascular disease
and should not be taken in isolation.
Ethnic variation of both prevalence and complications
of type 2 diabetes has been examined in many studies.15 46
Despite the heterogeneity among Asians, they are often
aggregated together as a comparator to other populations. In one large Chinese meta-analysis, the reported
prevalence of diabetic retinopathy was reported 23%,
which is comparable with western cohorts and with our
study of 24.6% among the Chinese ethnic subgroup.47
Studies from India reported a rate of diabetic retinopathy among the Indians ranging from 12% to 22.4%,48–50
compared with 29.6% in our Indian ethnic subgroup. The
microalbuminuria prevalence (MAP) study suggested
Asian prevalence of microalbuminuria was 39.8%, which
is fairly similar to the 33.9% in our study.51 A study
looking at ethnic variation in diabetes showed that Malay
and Indian diabetic subjects had a higher risk of cardiovascular disease compared with Chinese, with no significant differences in all-cause mortality. In their study, the
baseline cardiometabolic risk factor control was poorest
in Malays followed by Indians. Malays also had higher
severity of renal impairment and Indians the least.52 In
our study, ethnicity did not modify the association of the
microvascular complication with outcomes. A plethora
of other factors like socioeconomic status, urban environment, visceral adiposity and insulin resistance among
others may confound interethnic differences. The true
weight of ethnicity’s influence remains controversial and
is work for further research.
While many studies have shown the negative impact of
microvascular disease on outcomes, there are few data
on the proportional burden on microvascular disease on
outcomes. Our earlier study demonstrated excess all-cause
and CV mortality with having increasing microvascular
disease, but myocardial infarction and stroke events were
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Supplementary Table 1. KDIGO prognosis of nephropathy by GFR and albuminuria (18)
Albuminuria (mg/g)
GFR
<30
30-300
>300
(ml/min/1.73m2)
≥90
Low
Moderate
High
60-89
Low
Moderate
High
45-59
Moderate
High
Very high
30-44
High
Very high
Very high
15-29
Very high
Very high
Very high
<15
Very high
Very high
Very high

Supplementary Table 2. Ethnic distribution of microvascular complications

None
DR only
CKD only
DR and CKD

Malay
(N=599)
265 (44.2%)
137 (22.9%)
120 (20.0%)
77 (12.9%)

Indian
(N=825)
474 (57.4%)
244 (29.6%)
55 (6.7%)
52 (6.3%)

Chinese
(N=386)
248 (64.3%)
95 (24.6%)
26 (6.7%)
17 (4.4%)

P value
<0.001
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Supplementary Table 3. Predictors of all-cause mortality and major adverse cardiovascular events in the overall cohort

Overall cohort
Diabetes
No
Yes
Glycemic control &
microvascular complications
Non DM
None, HbA1c<8
DR or CKD, HbA1c<8
DR & CKD, HbA1c<8
None, HbA1c≥8
DR or CKD, HbA1c≥8
DR & CKD, HbA1c≥8

All-cause mortality
Adjusted
HR*
95% CI

No. at
risk

No. of
events (%)

6651

365 (5.5%)

Ref

1890

249 (13.2%)

1.74

6651
644
358
75
338
284
70

365 (5.5%)
36 (5.6%)
63 (17.6%)
20 (26.7%)
25 (7.4%)
56 (19.7%)
26 (37.1%)

Ref
1.08
1.64
1.66
1.54
2.56
2.82

MACE
Adjusted
HR*
95% CI

p-value

No. of
events (%)

1.45-2.08

<0.001

449 (6.8%)
276
(14.6%)

1.64

1.39-1.93

<0.001

0.76-1.56
1.22-2.21
1.01-2.73
1.02-2.33
1.91-3.44
1.81-4.40

0.655
0.001
0.046
0.041
<0.001
<0.001

449 (6.8%)
42 (6.5%)
55 (15.4%)
25 (33.3%)
52 (15.4%)
59 (20.8%)
23 (32.9%)

Ref
0.94
1.24
2.07
2.33
2.36
2.15

0.68-1.31
0.92-1.67
1.33-3.21
1.74-3.13
1.78-3.12
1.36-3.41

0.718
0.158
0.001
<0.001
<0.001
0.001

p-value

Ref

*

Adjusted for age, gender, race, BMI, current smoking status, systolic blood pressure, cholesterol and eGFR
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Supplementary Table 4. Sensitivity analysis of predictors of all-cause mortality and major adverse cardiovascular events in subjects with diabetes
All-cause mortality
Adjusted
95% CI
HR*
1.000207
1.0001541.00026

No. at
risk
1256

No. of
events (%)
100 (8.0%)

Nephropathy
ACR<30
ACR 30-300
ACR >300

755
426
75

36 (4.8%)
36 (8.4%)
28 (36.8%)

Ref
1.44
6.63

Combined nephropathy
Low risk
Moderate to Very high risk

680
569

26 (3.8%)
73 (12.8%)

Ref
2.11

DM cohort
ACR (mg/g)

*

0.89-2.33
3.71-11.85

1.31-3.41

MACE
Adjusted
95% CI
HR*
1.00015
1.0001021.000198

p-value
<0.001

No. of
events (%)
140 (11.1%)

0.139
<0.001

49 (6.5%)
66 (15.5%)
25 (33.3%)

Ref
2.20
5.46

1.49-3.26
3.10-9.59

<0.001
<0.001

0.002

33 (4.9%)
104 (18.2%)

Ref
3.12

2.07-4.71

<0.001

p-value
<0.001

Adjusted for age, gender, race, BMI, current smoking status, systolic blood pressure, cholesterol and duration of diabetes

Yap J, et al. BMJ Open Diab Res Care 2021; 9:e001413. doi: 10.1136/bmjdrc-2020-001413

