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Abstract
Introduction: Diabetes mellitus (DM) remains as one of the impertinent global epidemics of the twenty-first century. Coronary artery
disease (CAD) is more common in diabetics and is more extensive. Identification and estimating the prevalence of various coronary
risk factors in type 2 DM is essential in preventing/delaying the coronary heart disease.

Aims and objectives: This study aims to assess the prevalence of coronary risk factors in patients with type 2 DM and also to compare
and co-relate assessed risk factors in these patients with or without electrocardiographic and/or symptomatic evidence of coronary
heart disease.

Methods: This was a cross-sectional study conducted for a period of eighteen months in a tertiary care teaching hospital in North
India. 104 patients diagnosed as a case of type 2 DM were included. Detailed history, clinical findings and relevant laboratory
investigations were recorded. Non-modifiable risk factors like age, sex, family history and modifiable ones like smoking, obesity,
hypertension, hypercholesterolaemia, hypertriglyceridaemia and microalbuminuria were analysed in detail.

Results: The mean age of patients was 53.7 years in male group and 52.6 years in the female group with mean duration of diabetes
as 8.8 years. 21.2% had family history of CHD. 14.4% of the patients had BMI greater than 25 and hypertension was prevalent in
approximately 1/3 rd. of the cases. Mean HbA1c in the study group was 7.4 %. Prevalence of CHD among type 2 DM patients was
15.4% and the prevalence of CHD increased with age and duration of diabetes. The mean BMI and WHR of the patients with CHD
(24.8 and 0.98 respectively) were observed to be higher than the patients without CHD (21.1 and 0.84 respectively).
Hypercholesterolaemia was seen in 42.3%, hypertriglyceridaemia in 51.9%, low HDL-cholesterol levels in 40.3% and microalbuminuria
was seen in 33.7% of the cases.

Conclusion: This study revealed significant prevalence of both CHD and coronary risk factors in type 2 DM subjects. Serum cholesterol
(p = 0.000004), LDL (p = 0.00003), HbA1c (p = 0.002), microalbuminuria (p = 0.000006) and hypertension (p = 0.00006) were all significant
predictors of CHD in both the sexes. Among the female type 2 DM cases, in addition BMI (p = 0.01), Waist-hip ratio (WHR) (p = 0.003)
and low HDL level (p = 0.008) are important correlates of CHD. However, if confounding between variables was taken into
consideration then microalbuminuria alone appeared to be the best model for CHD prediction.

Introduction
Diabetes mellitus has become a global pandemic. It is also
called  ‘the disease of complications’  highlighting the higher
mortality, morbidity and economic burden. As per the
International Diabetes Federation(IDF), approximately 463
million adults (20 - 79 years) were living with DM worldwide
in 2019 which will rise to 700 million in 2045. 79% of adults
with DM are living in low- and middle-income countries.

The rise of type 2 DM in South Asia is estimated to be more
than 150% between 2000 and 2035. Although ageing,
urbanisation, and associated lifestyle changes are the major
determinants for the rapid increase, an adverse intrauterine
environment and the resulting epigenetic changes could
also contribute in many developing countries1.

India is the country with the second highest number of DM

cases after China, with 72.96 million diabetes cases
estimated in 2019. This is expected to increase up to 109
million in 20352. There are large dissimilarities in diabetes
prevalence between states in India. DM is found to be
maximum in the southern part of the country3. The
prevalence in urban areas ranges between 10.9% and 14.2%
and prevalence in rural India was 3.0 - 7.8% among
population aged 20 years and above with a much higher
prevalence among individuals aged over 50 years (INDIAB
Study)4.

Silent ischaemia and infarction are more common among
diabetics. Hence, the diagnosis is often missed. Sudden
death is 50% higher in diabetic men and 300% higher in
diabetic women indicating higher prevalence and mortality
due to CAD among diabetic females5. It is estimated that,
number of diabetics is going to be doubled by 2020 and



CAD among them is going to be tripled. It is going to
manifest as “epidemic of diabetes and CAD” in developing
countries, especially in India. As type 2 DM shares several
risk factors in common with coronary artery disease (CAD),
such as age, physical inactivity, obesity, stress, hypertension
and dyslipidaemia, an increase in the prevalence of diabetes
indirectly implicates an escalating risk of CAD as well6,7.
Diabetic patients have two to four times increased CAD
risk, and CAD has been reported to occur two to three
decades earlier in diabetic patients as opposed to non-
diabetics6.

The present study was aimed to identify and establish the
prevalence of various coronary risk factors in type 2 DM
with or without any evidence of coronary artery disease.

Material and methods
This was a cross-sectional prevalence, analytical study
conducted for a period of 18 months in a tertiary care
teaching hospital in North India. Informed consent was taken
from each patient. 104 known patients of type 2 DM treated
with dietary restriction and/or oral hypoglycaemics agents
and/or insulin, without the history of ketosis and congestive
heart failure, attending the diabetic clinic in the department
of General Medicine were included.

Patients presented with history of diabetes were evaluated
and thorough history was taken including modified Rose
questionnaire, to determine the presence of ‘angina’ or
‘pain of possible infarction8. A thorough physical
examination was conducted. Blood pressure of all the
patients was measured twice with dial sphygmomano-
meters. Standing height, weight, and waist (the smallest
girth between the costal margin and iliac crest) and hip
circumference (at the inter-trochanteric level) was also
measured.

Resting 12-lead electrocardiograms (ECG) was analysed
according to the Minnesota codes. The quantitative
determination of glycated haemoglobin (HbA1c) was done
using standard glycated haemoglobin kit. Glucose, urea,
serum creatinine, uric acid, cholesterol, HDL-cholesterol,
triglycerides, VLDL and LDL-cholesterol was assayed by the
standard laboratory methods. Gross albuminuria and
ketonuria was tested using the Ames multiple reagent strips.
Patients whose urine specimen was negative for gross
albuminuria ( 300 mg/l) were evaluated further for
microalbuminuria (MAU). All laboratory investigations were
carried out in laboratory of the institution or authorised by
the institution.

The data obtained was analysed using SPSS Software version
23. Descriptive results were expressed as Mean and SD of
various parameters in the different groups. The mean
difference between the continuous variables was assessed

using student t-test and categorical variables using chi-
square test. P-values less than 0.05 considered as significant
and P-values less than 0.001 considered highly significant.

Results
A total of 104 patients ( 48 males and 56 females ) of type
2 DM who fulfilled the inclusion criteria were analysed. The
clinical, anthropometric and biochemical features of the
study group are shown in Table I. Among females, clustering
of risk factors was seen in the age group > 60 years. Whereas
among males the age group 51 - 60 years seemed to
harbour the maximum risk factors.

Table I: Characteristics of the study group.

Male N = 48 Female N = 56

Age in yrs. (Mean ± SD) 53.7 (± 8.17) 52.6 (± 7.05)

Duration of DM in yrs. (Mean ± SD) 8.6 (± 6.09) 9.1 (± 5.28)

Smokers 14 (29.2%) 1 (1.8%)

Alcohol consumers  14 (29.2%) Nil

Sedentary workers 37 (77.1%) 49 (87.5%)

Family history

DM 24 (50%) 26 (46.4%)

CHD 9 (18.7%) 13 (23.2%)

HT  4 (8.3%)  5 (8.9%)

CVA 3 (6.2%) 1 (1.8%) 

BMI (Mean ± SD)  21.3 (± 3.64) 22.2 ( ± 4.80)

BMI > 25 (N (%)] 5 (10.4%) 10 (17.8%)

Overweight [N (%)]  4 (8.3%)  8 (14.3%) 

WHR (Mean ± SD) 0.94 (± 0.09) 0.87 (± 0.07)

Apple-shaped [N (%)] 20 (41.6%) 29 (51.7%)

Systolic pressure (Mean ± SD) 134.36 (± 19.67) 132.28 (18.92)

Diastolic pressure (Mean ± SD) 82.99(± 9.09) 81.76 (± 8.51)

Prevalence of HT (History and/or examn) 16 (33.3%) 19 (33.9%)

Blood sugar fasting 155.7 (± 53.92)  173.6 (± 71.70) 

Post-Prandial Mean (± SD)  243.4 (± 71.05) 250.9 (± 82.04)

HbA1c (mean ± SD) 7.43 (± 2.88) 7.42 (± 2.53)

HbA1c   < 8.5  32 (66.6%) 41 (73.2%)

             8.5 - 9.4 8(16.6%) 7 (12.5%)

             >= 9.5 8 (16.6%) 8 (14.3%)

Total cholesterol* > =200 mg/dl 18 (37.5%) 26 (46.4%)

HDL Chol.  < = 40 mg/dl 18 (37.5%) 24 (42.8%) 

LDL Chol.    > = 140 mg/dl 14 (29.2%) 16 (28.6%)

S. Triglycerides > = 150 mg/dl 23 (47.9%) 31 (55.3%)

Gross albuminuria  3 (6.2%) 2 (3.6%)

Microalbuminuria  16 (33.3%) 19 (33.9%)

Total albuminuria 19 (39.6%) 21 (37.5%)
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Compared to females, significantly more male diabetic
subjects were current smokers and alcohol consumers.
29.2% of the diabetic men were found to be currently
smoking and/or consuming alcohol, 82% were involved in
sedentary physical activity and 21.1% had family history of
CHD. The mean triglyceride levels, nephropathy and
hypertension were significantly higher among the male
smokers compared to those who did not. Neither the
anthropometric measurements nor the mean levels of total
cholesterol, HDL, LDL and HbA1c varied significantly among
the male smokers and non-smokers.

Central obesity was found to be much more prevalent than
overall obesity, especially among females.

Approximately one-third of the patients in this study were
hypertensive. Among these, 21 patients were diagnosed
cases of hypertension at the beginning of study, with 9
patients inadequately controlled on treatment. 14 patients
were detected to be hypertensive during the study
period. Among hypertensive females, the mean values of
BMI, WHR, total cholesterol, LDL and triglycerides was
significantly higher. Also, nephropathy was significantly
higher in hypertensive compared to the non-hypertensive
females (69.2% vs 23.4%).

The hypertensive males had higher mean values of WHR,
total cholesterol, LDL, triglycerides and HbA1c, with a
significant p-value in all. The mean BMI values were also
higher in hypertensive males, but p-values failed to achieve
significance. 77.8% of hypertensive males had evidence of
nephropathy compared to 28.0% of non-hypertensives.

15.4% of diabetic patients were found to have coronary
heart disease. In these patients, the values of mean age,
diabetes duration, weight, BMI, waist circumference, WHR,
both systolic and diastolic blood pressure, blood glucose,
total cholesterol, LDL, VLDL, triglycerides and HbA1c were
significantly higher than in those without CHD.

Table II shows the prevalence of CHD in the study group.

Table II: Prevalence of CHD.

Male, N = 48 Female, N = 56

RQ positive  8 (16.7%) 5 (8.9%)

Past history positive 2 (4.2%) 4 (7.1%)

ECG evidence of CHD 9 (18.7%) 5 (8.9%)

Total CHD 11 (22.9%) 5 (8.9%)

Table III shows the comparison of the biochemical
features of the patients with and without CHD in the
study group.

Table III: Comparison of the risk factors (Biochemical
factors).

Without CHD [N (%)] With CHD [N (%)]

Female Male Female Male

Chol. > = 200 20 (39.2%) 9 (24.3%) 4 (80%) 10 (90.9%)

HDL < = 40 18 (35.3%) 16 (43.2%) 4 (80%) 3 (27.2%)

LDL > = 140 12 (23.5%) 7 (18.9%) 3 (60%) 6 (54.5%)

TGs > = 150 27 (52.9%) 12 (32.4%) 3 (60%) 9 (81.8%)

HbA1c < 8.5 38 (74.5%) 27 (72.9%) 2 (40%) 6 (54.5%)

 8.5 - 9.4 7 (13.7%) 4 (10.8%) 1 (20%) 3 (27.3%)

 > = 9.5 6 (11.8%) 6 (16.2%) 2 (40%) 2 (18.1%)

Gross albuminuria 1(1.9%) 1 (2.7%) 1 (20%) 2 (18.1%)

Microalbuminuria 16 (31.4%) 11 (39.7%) 2 (40%) 7 (63.6%)

Total albuminuria 17 (33.3%) 12 (32.4%) 3 (60%) 9 (81.8%)

In patients with nephropathy, both males and females had
higher mean values of WHR, BMI, total cholesterol, LDL,
triglycerides and HbA1c, compared with those without
nephropathy. Also, the prevalence of hypertension was
much more common in patients with nephropathy than in
those without. Table IV shows the regression analysis for
the various parameters. Using logistic regression analysis
microalbuminuria was found to be the best model and
hence, the most significant predictor of CHD in either sex.

Table IV: Multiple logistic regression analysis
dependent variable CHD.

Variable Deviance Model Variables Significance
P-value P-value

Age 219.7 0.0029 0.1992

Sex 219.7 0.0028 0.2052

Duration of DM 221.0  0.0024 0.5779

Smoker 208.6 0.0121 0.0010

Alcohol 219.8  0.0028 0.2054

WHR 200.2 0.0322 0.0001

BMI 219.6 0.0029 0.1817

HTN 213.5 0.0066 0.0078

CHOL >= 200 205.7 0.0172 0.0002

HDL  <= 40 218.3 0.0034 0.0813

LDL  >= 140 203.7 0.0217 0.0001

TGs    >= 150 203.9 0.0214 0.0001

HBA1C 195.5 0.0039 0.0278

Microalbuminuria 148.1 0.8238 0.0000
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Discussion

Cardiovascular disease is a common comorbidity in type 2
DM and its prevalence has been rising over time. Present
study assessed risk factors in 104 type 2 DM patients,
followed by comparison and correlation in patients with
and/or without electrocardiographic and/or symptomatic
evidence of coronary heart disease.

Various studies report widely variable prevalence of CHD
among diabetics in India between 6.6% to 33%. This study
reported prevalence as 15.4%. Among 104 patients, 56
were females and 48 were male patients. The mean age of
all the participants was 53.16 ± 7.61 years. The mean age in
the CHD group was 56.9 ± 4.8 years and 52.6 ± 8.32 years
in non-CHD group. Males were commonly affected in the
group with and without CHD. Mean age of females in the
group without CHD was statistically significant in comparison
to with CHD. The Rancho Bernardo study also proved that
diabetic females had more classical cardiovascular risk
factors than males and also how diabetes eradicates female
cardio-protection9.

Present study also showed significantly higher incidence
of the CHD in cases with sedentary work style. Compare to
female, significantly more male diabetic subjects were
current smokers and alcohol consumers. The family history
of DM, hypertension, cerebrovascular accident, and CAD
was found to be significantly higher in group with CHD.
Similar results have been reported by various studies
conducted across India10,11.

Mean duration of diabetes was around 8 years, slightly
higher in females than males. Mean duration of DM of males
in the group without CHD was statistically significant in
comparison to the CHD group.

55% cases of stable angina, 28.3% cases of unstable angina
and 16.7% cases of cerebrovascular accident were
identified. Only 15% patients presented with diabetic
retinopathy. This observation strengthens the view that,
macrovascular complications are duration independent,
whereas microvascular complications are duration
dependent.

Mean BMI in this study was 21.8 (±
 
4.32) [among males,

21.3
 
(±

 
3.64) and among females 22.2 (±

 
4.20)]. 14.4% of

the patients had BMI greater than 25. The relationship
between obesity and diabetes is widely known. DM
epidemic can be attributed to the increasing incidence of
obesity. It is estimated that about 60 - 90% of all type 2 DM
patients are obese (BMI > =30 kg/m2) or overweight (BMI
> = 25 kg/m2).

The significance of BMI as an index of obesity has been
downgraded with the advent of waist-hip ratio (WHR) for
the measurement of regional (central) obesity. It is known

by various Indian migrant studies12,13 that, increased W:H
ratio and thus central obesity was very common among
diabetic people of Indian origin. It acts as a risk factor for
CAD, even in the absence of other risk factors. The mean
BMI and WHR of the patients with CHD were observed to
be higher than the patients without CHD in this study.

In the study conducted by McKeigue1 involving South Asian
migrants in UK, it was found that these population had higher
mean WHR confirming the existence of an insulin resistance
syndrome as compare to the European group. Such higher
incidence of central obesity leading to diabetes and
coronary artery disease resulted in high mortality in South
Asians. In UKPDS14, the WHR for men and women was
respectively 0.95 ±

 
0.06 and 0.87 ± 0.08. Hence, presence

of central obesity is an important risk factor for people of
Indian origin than Western people.

The present study showed prevalence of hypertension in
diabetics as 33.6%. Also, the prevalence of hypertension
was much more common in patients with nephropathy
(77.8%). In the patients with coronary heart disease, the
values of mean systolic and diastolic blood pressure were
significantly higher than in those without CHD. Venugopal
et al15 reported prevalence of hypertension as 25.6% in
type 2 DM patients. Hypertension is generally attributed to
hyperinsulinemia in diabetics, with resulting increase in
renal sodium retention and sympathetic nervous system
activity. It is well known that presence of hypertension
along with diabetes increases the complications and two
fold rises in cardiovascular related mortality.

Lipid abnormalities were widely prevalent in this study,
especially hypertriglyceridaemia ( 51.9%) was found to be
the major type of dyslipidaemia. Studies in China and other
Asian countries have shown similar results in type 2 DM.16,17

High cholesterol (>200 mg%), high LDL (>140 mg%), low
HDL (< 40 mg%) and high triglycerides (>150 mg%) had a
prevalence of 87.5%, 56.2%, 43.7% and 75% in CAD group,
respectively as compared to non-CAD group, who had
prevalence of 32.9%, 21.6%, 38.6% and 44.3%, respectively.
The Strong Heart Study by Lee et al18 reported adult diabetics
with high TG and low HDL levels had 1.54-fold greater HR
(95% CI 1.15 - 2.06) for CHD (P value 0.003) than non-
diabetic adults. Milan study19 reported statistically
significant correlation of serum triglyceride (p = 0.002) and
serum cholesterol (p < 0.014) levels with silent CAD17
while, Gazzaruso et al found a correlation of mean serum
HDL and silent CAD (p < 0.05)20.

Increased prevalence of microalbuminuria has been
consistently reported to occur in diabetic individuals.
Microalbuminuria was found in 33.6% of patients in this
study. The appearance of microalbuminuria in diabetic
patients predict development of coronary artery disease
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and macroalbuminuria. Patel et al21, Taneja et al22, Jadhav et
al23 observed prevalence of microalbuminuria ranges from
25% to 35%. Various researchers have reported higher
prevalence of microalbuminuria in Indians compared to
other ethnic groups.

This study has also brought out a significant association of
microalbuminuria with body mass index, in the 15 patients
with BMI of more than 25, 8 had microalbuminuria (53.33%).
Similar findings have been brought forth by other
studies22,23.

The incidence of microalbuminuria was significantly
associated with the presence of ischemic heart disease (p
= 0.011), hypertension (p = 0.001) and body mass index (p
= 0.027) more than 25 kg/m2. It was also well known that
retinopathy and microalbuminuria have a high concordance
rate. Several studies have highlighted the occurrence of
microalbuminuria as a marker of ischemic heart disease.
This study also underscored this point. 56.3% of the patients
with CHD had microalbuminuria in this study.

Summary
This study revealed significant prevalence of both CHD
(15.4%) and coronary risk factors in type 2 DM subjects.
Also, the prevalence of CHD increased with age and
duration of diabetes in this study.

Mean duration of DM was 8.3 years in the group without
CHD and 10.8 years in the group with CHD. Mean duration
of DM of males in the group with CHD was statistically
significant in comparison to the non-CHD group.44.4% of
male were smoker in the group with CHD; was statistically
insignificant in comparison to the non-CHD group.

The relationship between obesity and diabetes is widely
known. 14.4% of the patients had BMI greater than twenty-
five. The mean WHR in this study was 0.9 while employing
the standard method. The mean BMI and WHR of the patients
with CHD (24.8 and 0.98 respectively) were observed to
be higher than the patients without CHD (21.1 and 0.84
respectively). There was a significant higher mean HbA1c
among the CHD group (8.37) compared to non-CHD (7.74)
which is statistically significant.

In this study, hypertension was prevalent in approximately
1/3rd of the diabetics. Diabetic dyslipidaemia is a
recognised entity. Present study revealed
hypertriglyceridaemia (51.9%) and low HDL-C levels
(40.3%) as major types of dyslipidaemia in type 2 DM
subjects.

Microalbuminuria tended to be 2.54 times more common
in the age group of above 50 years as compared to the age
group of less than 50 years. This study has also brought out
a significant association of microalbuminuria with body mass

index of more than 25 kg/m2 of the 15 patients with BMI of
more than 25, 8 of them had microalbuminuria (53.3%).
Out of the total 35 patients with microalbuminuria, 15 of
them had ischemic heart disease. Using logistic regression
analysis microalbuminuria was found to be the best model
and hence the most significant predictor of CHD in either
sex.

Conclusion
There was a high prevalence of both CHD and coronary risk
factors in the type 2 DM subjects. Even modifiable standard
risk factors such as smoking (14.4%) and sedentary working
(82.7%) habits were prevalent in a significant proportion of
the case. Although overall obesity (30.5%) was not so
common among Indian type 2DM patients, the prevalence
of central obesity (78.8%) was found to be considerably
high.

Diabetic dyslipidaemia was commonly present with
hypertriglyceridaemia constituting the most common
abnormality present in about half the cases (51.9%).
Microalbuminuria was prevalent in a significant number of
these cases (33.6%). Serum cholesterol (p = 0.000004) LDL
(p = 0.00003), HbA1c (p = 0.002), microalbuminuria (p =
0.000006) and hypertension (p = 0.00006) were all
significant predictors of CHD in both the sexes. Among the
female T2DM cases, Waist-hip ratio (WHR) (p = 0.003) and
low HDL level (p = 0.008) are important correlates of CHD.
However, if confounding between variables was taken into
consideration then microalbuminuria alone appeared to
be the best model for CHD prediction.
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