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Diabetes mellitus is a metabolic disease with hyperglycemia whose incidence and prevalence has significantly increased 
in recent decades. Diabetes mellitus is responsible for micro vascular complications like retinopathy, neuropathy, and 
nephropathy and cardio myopathy. In the present study the levels of cholesterol ,triglycerides ,glucose, troponin I, 

and CK MB are significantly elevated in T2DM with cardiovascular complications compared to T2DM.The LDL-C was significantly not altered 
in male patients but definitely elevated in femaleT2DM with vascular complications .Further hyperhomocysteinemia is noticed in T2DM with 
complications as compared to T2DM.Homocysteine is a neglected risk factor but is the major culprit for T2DM and cardiovascular disease .In 
Indian community there is elevated levels of homocysteine an independent major predictor of T2DM and CAD.    
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INTRODUCTION 
India tops the world diabetes list with 31.7 million diabetic patients 
and this is likely to rise to 79.4 million by the year 2030(1). Over nine-
ty percent of them have type 2 diabetes mellitus (T

2
DM) (2). T

2
DM 

patients are frequently prone to atherosclerotic complications which 
account to more than 80 % of all diabetic mortality (3).

Diabetic patients have 2-4 times higher risk of CAD mortality as com-
pared to the general population (4).Moreover CAD has a few peculiar-
ities in diabetic patients.CAD usually occurs earlier, progresses faster 
and is more diffuse.CAD also carries higher mortality and morbidity in 
diabetic patients than the general population (5).Traditional risk fac-
tors often do not fully explain higher cardiovascular mortality in T

2
DM 

patients.

Diabetes mellitus is a group of metabolic diseases arising out of de-
rangement of carbohydrate, lipid and protein metabolisms .This is 
due to hyperglycemia resulting from defects in insulin secretion, in-
sulin action or from both .The chronic hyperglycemia of diabetes is 
associated with long term damage, dysfunction and failure of various 
organs like eyes, kidneys, nerves, heart and blood vessels. Diabetes 
mellitus affecting an estimated 5% to 10% adult population in indus-
trialized countries, Asia, Africa, Canada,America and South America 
has an adverse impact on society (6).

Dislipidemia is an established risk factor for cardiovascular deaths. The 
risk is more in T

2
DM patients. The contribution of hyperglycemia, di-

abetic dislipidemia, insulin resistance and hypertension produce and 
enhance atherogenic environment within the circulation (7).However 
atherosclerosis occurs in same patients without any of the known risk 
factor like dislipidemia, smoking ,diabetes mellitus or hypertension 
.This could be attributed to other novel risk factors like homocysteine 
(8,9).

In T
2
DM, low levels of HDL-C indicates an inverse relationship be-

tween HDL-C and adverse cardiac events. There is increase in LDL –C 
which has been recognized as an independent risk factor by Nation-
al Cholesterol Education Programme [NCEP](10).The increased levels 
of LDL in turn lead to increased oxidized LDL which contribute to the 
atherogenicity  in the coronary vessels . 

Hyperglycemia of T
2
DM is prone to result in increased risk of CAD. 

Increased triglyceridemia results in increased VLDL-C. Increased tri-
glycerides could cause atherogenicity independent of LDL cholesterol 
.The mechanism of atherogenicity due to increased levels of triglycer-

ides is attributed to the oxidised triglyceride lipoproteins. VLDL is the 
effective substrate for the free radical reaction and the products could 
accelerate the progression of the disease. Total cholesterol/HDL-C ra-
tio is higher inT2DM which is the most powerful predictor of coronary 
artery disease, rather than the cholesterol and HDL-C levels as such. 

Homocysteine(Hcy) is a sulphur containing amino acid which is a 
metabolic intermediate in the metabolism of the essential amino acid 
methionine. Homocysteine is elevated in T

2
DM which can increase the 

risk of T
2
DM complications like retinopathy, neuropathy, nephropa-

thy and even cardio vascular events. Several studies have shown that 
the site of adverse effect of Hcy in cardiovascular disease include en-
dothelial surface , vascular smooth muscle cells ,connective tissue in-
teraction with plasma lipoproteins and clotting factors.

In westerners hyperhomocysteinemia in diabetic patients has been 
reported to be much higher than in the community .On the other 
hand, in Indian diabetic patients, as the incidence of hyperhomocyst-
einemia in the community itself is high, hyperhomocysteinemia is 
probably already present when the patient develops diabetes. Hence 
hyperhomocysteinemia is likely to interact with diabetes from the 
very beginning and cause greater deleterious effects (11). 

MATERIALS
The study consisted of 148 T

2
DM patients, half of them (74) males and 

the other half females (74).Again males and females are divided into 
2 groups consisting of 37 T

2
DM and 37 T

2
DM with complications .All 

patients were diagnosed as T
2
DM by the experts in the diabetic clinic 

and the T
2
DM patients with cardiovascular disease are diagnosed by 

expert cardiologists of S.K.Hospital.

METHOD 
Troponin I, CK-MB and homocysteine by the chemiluminescence mi-
croparticle assay using Architect i1000SR.

Total Cholesterol (CHOD POD) Triglycerides by combinations of en-
zymes Lipoprotein lipase, glucose oxidase and peroxidase.

HDL-C and LDL-C Direct measurement using two reagent formats. 
Glucose (Hexokinase Method) These are estimated using Dimension X 
pand of Siemens.

RESULTS
Table – 1 shows the comparison of biocardiac markers, Lipids and 
Glucose levels between T2DM with and without complications of 
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cardiovascular disease .There is significant elevation in Troponin I, CK-
MB, Total cholesterol, Triglycerides and Glucose.HDL –C showed a de-
crease in T

2
DM with cardiovascular disease. 

In female T
2
DM patients with cardiovascular risk there is increase 

in Troponin-I, CK-MB, Total Cholesterol and LDL-C whereas HDL-C 
showed a decrease. Further, elevation in Triglycerides and glucose are 
not significant statistically (Table-2). 

Table -3 indicates the levels of homocysteine in T
2
DM with and with-

out cardiovascular complication .There are 37 T
2
DM and 37 T

2
DM with 

cardiovascular complication. The homocysteine levels are elevated in 
81% of T

2
DM with complication. The increase is statistically significant.

Homocysteine level in female T2DM with and without cardiovascular 
diseases is presented in Table -4.As in the case of males the homo-
cysteine levels are elevated in 54% of females with T

2
DM complica-

tions. The increase is statistically significant.

DISCUSSION 
Diabetes mellitus is a metabolic disease associated with hyperglyce-
mia whose intolerance and prevalence have significantly increased in 
recent decades. The cardio vascular complications of diabetes could 
be neuropathy, cardiopathy, and microvascular complications (12).
This is due to enhanced vascular oxidant stress, generation of reac-
tive oxygen supplies and advanced glycation end products .In T

2
DM, 

hyperglycemia is associated with insulin resistance which is strong in-
dependent predictor of cardio vascular disease (13).Insulin resistance 
leads to dislipidemia, increased  LDL susceptibility to oxidation (14) 
and impaired glucose tolerance .Dislipidemia of T

2
DM results in in-

creased plasma TG, decreased HDL-C and increased LDL-C leading to 
small dense LDL(15).Diabetes mellitus  can cause endothelial dysfunc-
tion and coagulation (16) which can produce cardio vascular diseases. 
Cardiovascular diseases are the leading cause of death and morbidity 
in the world .There are well established risk factors such as hyperten-
sion, obesity , smoking and family history for  myocardial infarction. 
T

2
DM adds to the risk for cardiovascular mortality (17).

Cardiospecific and sensitive biomarkers play a major role in the diag-
nosis and prognosis of MI . In the present study dislipidemia, cardiac 
biomarkers Troponin T ,CK-MB,glucose levels and the strong , inde-
pendent, graded, modifiable risk factor for MI viz homocysteine are 
measured and presented in Tables 1-4.The study includes both male 
and female patients with and without complication of T

2
DM.

Male T
2
DM patients with complication of cardiovascular disease 

showed elevated biocardiac markers, cholesterol ,Triglycerides and 
plasma glucose compared to T

2
DM patients having good control of 

T
2
DM.The increase in the above case is statistically significant .A sig-

nificant decrease in HDL –C in male T
2
DM patients with complica-

tion(p <0.0001) is also observed. However, LDL-C did not show any 
appreciable increase.

A comparison of female T
2
DM patients with complications showed el-

evated levels of 

Troponin I,  CK-MB, Cholesterol and LDL cholesterol .In all these cases 
the increase is statistically significant. There is a decrease in HDL –C .A 
marginal increase in glucose level is noticed which is not statistically 
significant probably due to its wide variation.

T
2
DM is associated with both micro and macro vascular complications 

.Atherosclerosis is a co-morbid condition for T
2
DM.Impairement of 

vascular endothelial function is the initial step in the development 
of cardiovascular disease .Elevated cholesterol in T

2
DM can cause in-

flammatory response and activation of reactive oxygen species (ROS).
Oxidised LDL recognized by macrophages can be converted into foam 
cells which is an important event in atherogenesis. In the present 
study there is higher incidence of cardiac disease in T

2
DM with com-

plication . Moreover, it is prevalent in males but to a lesser extent in 
females.

Several studies have shown a positive correlation between glucose 
intolerance and cardio vascular disease with obesity, dislipidemia, hy-
pertension, smoking , sedentary life style ,poorly regulated T

2
DM and 

hyper insulinemia. However all these factors fail to explain the strong 

association of diabetes with premature atherosclerosis .Recently it has 
been suggested that hyperhomocysteinemia could be an independ-
ent risk factor predicting complications in diabetes, especially athero-
sclerotic events (18).

The European Union Concerted Action Project ,ʺhyperhomocysteine-
mia and vascular disease” showed that  a plasma homocysteine level 
of 0.162 mg%, accelerates the risk of MI and cerebral or vascular dis-
ease in both men and women .Several studies have revealed that el-
evated level of Hcy in poorly controlled T

2
DM is related to increased 

risk of atherosclerosis and cardio vascular disease .The increased 
prevalence of elevated Hcy with macroangiopathy and nephropathy  
in T

2
DM is well demonstrated (19).T

2
DM patients have both Hcy and 

dislipidemia(20).A study in Mumbai by Dr.Talwar clinic observed low-
ering of risk for cardiovascular disease in T

2
DM by poly vitamin thera-

py(21). 

CONCLUSIONS
T

2
DM patients in India frequently have both dislipidemia and hyper-

homocysteinemia .Both of them accelerate the progression of athero-
sclerosis .Cardio vascular complications of T

2
DM is responsible for 80% 

of all diabetic mortality .About 2/3rd of these deaths are due to CAD.

Homocysteine levels are high in Indian community and low levels of 
B

12
 and folic acid are due to vegetarian diet. Homocysteine elevates 

diabetes mellitus complications like dislipidemia and progression of 
cardiovascular disease .Myocardial infarction is the major cause of 
mortality and morbidity all over the world .Homocysteine is an unno-
ticed neglected major culprit for T

2
DM and its complications .Hence 

screening of homocysteine from an early age and supplementation 
with B

6
, B

12
 and folic acid vitamins through fortified food grains could 

lower the risk of T
2
DM and CAD especially in youngsters. This will have 

a far reaching effect in protecting community health and curbing the 
expenses of health care professionals and Governments.

Table No-1
Troponin I, CK-MB, Glucose and Lipids in Male T2DM 
with and without Complications.

Sl.No Param-
eter Units

Mean ± SD

p -Value
Type 2 Diabetes                                                                       
Mellitus(n=37)

Type 2 
Diabetes 
Mellitus with 
Complications 
(n=37)

1 Tro-
ponin I ng/ml 0.027±0.330 5.81±4.241 <0.0001

2 CK-MB ng/ml 1.213±0.523 22.59±37.16 <0.0008

3
Total 
Choles-
terol

mg/dl 165.70±36.23 191.21±45.69 <0.009

4 Triglycer-
ides mg/dl 142.32±34.55 172.08±52.58 <0.005

5 HDL-C mg/dl 39.81±7.58 31.35±3.80 <0.0001

6 LDL-C mg/dl 135.45±29.83 137.35±38.48 <0.808

7 Glucose mg/dl 182.4±78.16 221.59±97.03 <0.006

 
Table No-2
Troponin I, CK-MB, Glucose and Lipids in Female T2DM 
with and without Complications.

Sl.No Parameter Units

Mean ± SD

p -ValueType 2 Diabetes                                                                       
Mellitus(n=37)

Type 2 Diabetes 
Mellitus with 
Complications 
(n=37)

1 Troponin I ng/ml 0.032±0.045 2.407±3.45 <0.0001
2 CK-MB ng/ml 1.018±0.37 12.686±12.909 <0.0001
3 Total Cholesterol mg/dl 155.78±30.937 216.27±56.96 <0.0001
4 Triglycerides mg/dl 137.97±32.92 148.37±31.59 <0.185
5 HDL-C mg/dl 36.62±4.36 32.89±5.48 <0.002
6 LDL-C mg/dl 118.13±29.522 147.86±21.12 <0.0001

7 Glucose mg/dl 175.45±65.46 185.75±38.489 <0.414



GJRA - GLOBAL JOURNAL FOR RESEARCH ANALYSIS  X 283 

Volume-4, Issue-9, Sept-2015 • ISSN No 2277 - 8160

REFERENCES 1.Wild, et al. Global Prevalence of Diabetes Mellitus. Diabetes Care 2004; 27:1047-53.|2.Raheja B, et al. The DiabCare Asia–India Study Groups: 
Diabetes Care in India – Current Status. JAPI 2001; 49:717-22.|3.Rao S, McGuire D. Epidemiology of Diabetes Mellitus and Cardio Vascular 
Disease. In: Marso SP, Stern DW (Eds). Diabetes and Cardio Vascular Disease. Lippincot, Williams and Wilkins, Philadelphia 2004;153-78.|4.

Pyorala K, et al. Diabetes and Atherosclerosis: An epidemiological view Diabetes Metab Rev 1987; 3:463-524.|5.Aronson D. Pharmacologic modulation of autonomic tone: 
Implications for the Diabetic Patient. Diabetologia 1997; 40:476- 81.|6.Elhadd TA, Al-Amoudi AA, Alzahrani AS. Epidemiology, clinical and complications profile of diabetes in 
Saudi Arabia: A review. Ann Saudi Med.2007; 4241–50.|7.Windler E. What is the consequence of an abnormal lipid profile in patients with type 2 diabetes or the metabolic 
syndrome. Atheroscler Suppl .2005; 6():11-14.|8.Hoogeveen E, et al. Hyperhomocysteinemia increases Risk of Death especially in Type 2 Diabetes: 5 year follow up of the Hoorn 
Study. Circulation 2000; 101:1506-11.|9.Ndrepepa G, et al. Circulating Homocysteine Levels in Patients with type 2 Diabetes Mellitus. Nutr Metab Cardiovasc Dis. 4th October 
2006.|10.National Cholesterol Education Program. Second report of the Export Panel on Detection. Evaluation and treatment of High Blood Cholesterol in Adults. (Adults 
Treatment Panel 11), Circulation 1994; 89: 1333.|11.Buysschaert M, et al. Hyperhomocysteinemia and Type 2 Diabetes. Diabetes Care 2000;23:1816-22.|12.U.K. Prospective 
Diabetes Study Group: Tight blood pressure control and risk of macrovascular and microvascular complications in type 2 diabetes: UKPDS 38. BMJ 1998; 317: 703-713.|13.
Bonora E, Formentini G, Calcaterra F, et al. HOMA- Estimated insulin resistance is an independent preditor of cardiovascular disease in type-2 diabetic subjects. Diabetes 
care 2002; 25: 1135-1141.|14.Modan M, Halkin H, Fuchs Z, Lusky A, Chetrit A, Segal P, Eshkol A, Almog S, Shefi M. Diabete Metab. 1987 Jul; 13(3 Pt 2):375-80.|15.Dodson PM, 
Lipoproteins and diabetes mellitus, castle publication, UK; 1987|16.Carr ME. Diabetes mellitus: a hypercoagulable state. J diabetes complications, 2001 Jan-Feb; 15(1):44-54.|17.
Abdel-Gayoum AG. The effect of glycemic control in type II diabetic patients with diabetes-related dyslipidemia. Saudi Med J. 2004; 25: 207- 211.|18.Drzewoski J, Czupryniak L, 
Chwotko G, Bold F. Hyperhomocysteinemia in poorly controlled type 2 diabetes patients. Diabetes Nutr Metab 2000 Dec; 13(6) : 319-24.|19.Boushey CJ, Beresford SAA, Omenn 
GS et al. A quantitative assessment of plasma homocysteine as a risk factor for vascular disease: probable benefits of increasing folic acid intakes. JAMA 1995; 274: 1049-
1057.|20.Refsum H, et al. Hyperhomocysteinemia and elevated methylmalonic acid indicate a high prevalence of cobalamin deficiency in Asian Indians. Am J Clin Nutr 2001; 
74:233-41.|21Keshvani A, Talwalkar P. Homocysteine Levels in patients with T2DM and Vascular Complications. Paper presented at RSSDI Mahacon, 15th March 2005 – Thane.|

Table No-3
Hcy Levels in T2DM Males with and without cardiovascu-
lar Diseases.

Sl.No. Cas-
es 

Elevat-
ed Hcy 
No.

%
Hcy (µm/L)

p Value
T

2
DM T

2
DM with 

Complications

1 37 30 81 9.53±0.719 20.899±3.907 <0.0001
 
Table No-4
Hcy Levels in T2DM Females with and without cardiovas-
cular Diseases.

Sl.No. Cas-
es 

Elevat-
ed Hcy 
No.

%
Hcy (µm/L)

p Value
T

2
DM T

2
DM with 

Complications

1 37 20 54 7.027±2.509 15.885±3.478 <0.0001


