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ABSTRACT  
 

This study was carried out to analyze the atherogenic activity of hypercholesterolemia and 

homocysteinemia individually and collectively in complicated type 2 diabetes mellitus. 100 diabetic 

patients attending Mamata General Hospital, Khammam [AP] were included in this study and were 
divided into complicated and uncomplicated groups based on clinical features. All patients were subjected 

to BMI categorization, HbA1c level, Serum Creatinine levels, Urine for microalbumin, Serum 

Homocysteine level, Serum Cholesterol and clinical assessment for Retinopathy; Neuropathy along with 
cardiac evaluation was performed, with routine EKG. We found that hypercholesterolemia had higher rate 

of complications than hyperhomocysteinemia, but when both are elevated the combined effect revealed 

higher complications rates. This synergistic effect of cholesterol and homocysteine on atherogenesis and 
diabetic complication rate requires the need to lower homocysteine levels along with cholesterol reducing 

agents on a routine basis with VitB12 & folic acid supplementation. 
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INTRODUCTION 

Over the last years, there has been a 

great interest in homocysteine, primarily 

because of the realization that elevated 

levels of plasma homocysteine is an 

important risk factor for vascular occlusive 

diseases such as coronary artery disease. 
[1,2]

 

Cerebral vascular accidents. 
[3]

 deep-vein 

thrombosis. 
[4]

 Homocysteine [Hcy] is a 

non-essential sulfur-containing amino acid 

whose metabolism stands at the intersection 

of two pathways: remethylation to 

methionine, which requires folate, vitamin 

B12 and vitamin B6; and transsulfuration to 

cystathionine, which requires pyridoxal-5'-

phosphate. 
[5]

 Genetically inherited defects 

of the enzymes involved in the 

remethylation or transsulphuration process 

of methionine or methylenetetrahydrofolate 

reductase thermolability are the most 

important determinants of marked 

Homocysteinemia.
[6,7,8]

 Mild hyperhomocys-

teinemia seen in fasting conditions is due to 

mild impairment in the remethylation 

pathway due to nutrient deficiency as folate 

or vitamin B12 deficiencies. High levels of 

plasma homocysteine are toxic to the 

vascular endothelium via the formation of 
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free radicals. These free radicals cause direct 

injury to the endothelium by disrupting its 

integrity, exposing the underlying vascular 

matrix and smooth muscle, enhancing low 

density lipoprotein peroxidation and 

promoting a hypercoagulable state platelets 

activation and thrombus formation. 
[9,10]

  

 The metabolic abnormality in type 2 

DM, is accelerated atherogenesis which is 

responsible for all macro micro vascular 

complications. 
[11]

 Strong epidemiological 

evidence supports an association between 

glycaemia control and complications. 

UKPDS study. 
[12,13]

 indicated a linear 

relationship between CVD and HbA1Cl, 

while the slope of relationship between 

HbA1C and micro vascular complications is 

much steeper indicating that hyperglycaemia 

plays a greater role in both micro vascular 

and macro vascular complications. 
[14,15]

 

Hypercholesterolemia nearly always 

accompanies the onset of diabetes and 

animal studies have indicated that glucose 

and lipids might act through synergistic 

mechanisms to accelerate atherosclerosis. 

ACCORD study and ADVANCSE study 

have aggressively lowered glucose levels 

and inspire of strict glycaemia control found 

no beneficial effects. In contrast, lipid 

lowering in 2 DM showed more beneficial 

effects, suggesting that lipids play a more 

important role than glucose in 2DM. 
[15,16]

 

 Homocysteine is well established 

independent risk factor for development of 

Macrovascular diseased including CAD. 
[16,17]

 Patients with homocysteinemia display 

early onset of atherosclerosis and manifest 

arterial and venous thrombosis. The 

mechanism is believed to be due to 

formation of oxidation products such as 

homocysteine disulphide and homocysteine 

thiolactone in addition to homocysteine. 

Homocysteine levels in diabetes have been 

reported as low or elevated compared to 

control non diabetic groups. Homocysteine 

levels are elevated in 2DM and Metabolic 

syndrome exhibiting Insulin resistance. 

Homocysteine levels are known to be 

influenced by Insulin concentration, insulin 

therapy, drugs like metformin and 

glitazones. The well defined atherogenic 

factor has been implicated in many studies 

and has reported a high correlation between 

elevated levels of homocysteine and 

microvascular complications’ Correlation 

between Nephropathy and Neuropathy was 

strong while Retinopathy did not correlate 

well homocysteinemia. 
[18-20]

 

 The individual atherogenic effects of 

cholesterol and homocysteine are well 

documented in 2 DM, the combined effect 

of these on the atherogenic complications in 

2 DM are not clear. The contribution of 

elevated levels of homocysteine on the pre 

existing hypercholestremic on the 

atherogenic complications needs better 

understanding. Elevated homocysteine 

levels, whether due to nutrient deficiencies 

or defective genes, can easily be normalized 

in virtually all cases, simply and 

inexpensively, using a combination of 

nutritional supplements. The most effective 

defense against homocysteine buildup is a 

combination of vitamins B-6, B-12 and folic 

acid, which convert homocysteine into 

nontoxic substances. 
[19,20]

 The therapeutic 

implications of lowering homocysteine 

levels and possible decreasing diabetic 

complications need further studies. The aim 

of this study is to determine the effect of 

hypercholesterolemia and homocysteinemia 

on Type 2 diabetic complications and assess 

the contribution of hyperhomocysteinemia 

to the 2DM complications  

 

MATERIAL AND METHODS 

Inclusion criteria 

All type 2 confirmed Diabetics 

attending Mamata Medical College and 

General Hospital during the period June 

2012 to June 2013 between the ages 18 and 

60 years were included. All patients were 
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divided into two groups. One group without 

any diabetic complications and the other 

with complications. The basis of the above 

division was based on clinical evidence of 

diabetic complications. 

All patients were subjected to BMI 

categorization, HbA1c level, Serum 

Creatinine levels, Urine for microalbumin, 

Serum Homocysteine level, Serum 

Cholesterol and clinical assessment for 

Retinopathy; Neuropathy along with cardiac 

evaluation was performed, with routine 

EKG. 

Exclusion criteria 

All active & chronic infections. All 

malignant conditions & all patients with 

COPD, Tobacco addiction and chronic 

alcoholics 

 

RESULTS 

In this study consisting of 100 

diabetic patients almost equal number of 

male and female patients are induced. The 

majority of patients were in the age group 

41-60 years comprising almost 63% of total 

patients. None of the patients were below 30 

years of age probably due to the fact that 

study was conducted in a tertiary centre 

were most of the patients had symptoms/ 

complications related to diabetes. 18% of 

patients were in the age group 30-40 yrs and 

16% of patients were in the age group 61-70 

yrs.  

 30% of patients of both sexes had 

normal BMI, while 22% of males were 

overweight as compared to females [11%] 

comprising 33% of total diabetics. Obesity 

was found more in females as compared to 

males and accounts for 34% of total 

diabetics. Thus, 67% of total patients were 

either overweight or obese. 93% of all 

diabetic patients included in the study 

showed poor diabetic control with elevated 

Hba1c >7%. Males [50%] showed worst 

control as compared to females [43%]. Good 

control was only in 7% of cases. Increased 

BMI and poor Glycemic status is directly 

proportional to Serum Cholesterol & 

Homocysteine levels. 31% of the diabetics 

had complications [Both macrovascular & 

microvascular] while 69% were 

uncomplicated. Males and females showed 

almost equal complications rate. 79% of 

diabetic patients showed hypercholes-

terolemia with almost equal proportion in 

males and females. 74% with poor glycemic 

control had hypercholesterolemia while only 

2% showed normal cholesterol with good 

glycemic control. Poor glycemic control is 

directly proportional to hypercholes-

terolemia. 46% of diabetic patients included 

in study had elevated homocysteine with 

almost equal distribution in equal sexes 

homocysteine was elevated in 18 % of 

complicated diabetes and 28% of 

uncomplicated diabetes while 41% of 

uncomplicated diabetes and 13% of 

complicated diabetes showed normal 

homocysteine levels. From the present 

study, out of the 31 complicated diabetic 

patients, 54.8 % had elevated cholesterol 

and homocysteine, whereas, 16.2 % had 

only elevated homocysteine. 54.8 % had 

elevation of both cholesterol and 

homocysteine, 29 % had cholesterol 

elevated with normal homocysteine. From 

the above data, the inference that may be 

drawn is that hypercholesterolemia along 

with hyperhomocysteinemia contributed to 

higher complication rates as compared to 

either one alone. However, this needs larger 

number of studies to evaluate the possible 

synergistic effect and comparison with other 

lipoprotein moieties need to be evaluated. 

In this study consisting of 100 

diabetic patients almost equal number of 

male and female patients are induced. The 

majority of patients were in the age group 

41-60 years comprising almost 63% of total 

patients. None of the patients were below 30 

years of age probably due to the fact that 

study was conducted in a tertiary centre 
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were most of the patients had symptoms/ 

complications related to diabetes . 18% of 

patients were in the age group 30-40 yrs and 

16% of patients were in the age group 61-70 

yrs. 
 

 
Figure 1: Age and Gender Distribution. 

 
               

 
Figure 2: DISTRIBUTION BASED ON BMI. 

 

       30% of patients of both sexes had 

normal BMI, while 22% of males were 

overweight as compared to females [11%] 

comprising 33% of total diabetics. Obesity 

was found more in females as compared to 

males and accounts for 34% of total 

diabetics. Thus, 67% of total patients were 

either overweight or obese. 93% of all 

diabetic patients included in the study 

showed poor diabetic control with elevated 

Hba1c >7%. Males [50%] showed worst 

control as compared to females [43%]. Good 

control was only in 7% of cases.  

 
 

 
Figure 3: DISTRIBUTION BASED ON GLYCEMIC STATUS. 

 
Table 1: COMPLICATIONS AND GENDER DISTRIBUTION. 

 
Uncomplicated 

Diabetes [%] 

Complicated 

Diabetes [%] 

Male 36 16 

Female 33 15 

Total 69 31 

 

69% of diabetics patients included in 

the study showed no complications while 

31% were found to have either 

microvascular or macrovascular 

complications.  
 

Table 2:  ELEVATED CHOLESTEROL & HOMOCYSTEINE 

BASED ON BMI 

BMI 
ELEVATED 

CHOLESTEROL 

ELEVATED 

HOMOCYSTEINE 

UNDERWEIGHT 2 1 

NORMAL 24 14 

OVERWEIGHT 27 15 

OBESE 8 16 

TOTAL 79 46 

 

79% of diabetic patients included in 

this study showed hypercholesterolemia, 

46% of diabetic patients had elevated 

homocysteine with almost overweight and 

obese patients accounted for 35% with 

hypercholesterolemia while 31 % showed 

homocysteinemia. 
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Table 3:  ELEVATED  CHOLESTEROOL & HOMOCYSTEINE 

LEVELS BASED ON GLYCEMIC STATUS 

 
Normal 

HbA1C 

Poor 

control 
Total 

Elevated cholesterol 9 74 93 

Elevated 

homocysteine 
3 43 46 

 

Poor glycemic status was associated 

with higher levels of both cholesterol and 

homocysteine 

 
Table 4: RELATIONSHIP BETWEEN CHOLESTEROL AND 

HOMOCYSTEINE LEVELS 

No.of 

complicated 

DM 

Elevated 

Cholesterol 

& Hcy [%] 

Elevated 

Cholesterol 

Normal Hcy 

Elevated 

Homocysteine 

Normal 

Cholesterol 

31 17 [54.8] 09 [29 %] 05 [16.2] 

    

Out of 31% complicated patients 

54.8% showed hypercholesterolemia and 

homocysteinemia while 29% showed only 

hypercholesterolemia and 5% had only 

hyperhomocysteinemia. 

 

DISCUSSION 

Elevated plasma levels of 

homocysteine are accused for increasing the 

risk for atherosclerosis, stroke, peripheral 

neuropathy, cognitive impairment in elderly, 

possibly Alzheimer's disease. 
[21,22,23]

 

Distal polyneuropathy is a major 

complication of diabetes mellitus, and may 

lead to lower limb amputations. Both 

metabolic and vascular abnormalities may 

contribute to the development of impaired 

nerve function in diabetic patients. 
[20]

 Since, 

Hyperhomocysteinemia and type 2 diabetes 

mellitus [NIDDM] are both associated with 

premature vascular disease, we tried to 

investigate the association between 

homocysteine and the presence of 

neuropathy in type 2 diabetic patients. 

In our study, plasma homocysteine 

level was found to be significantly higher in 

diabetic patients with atherogenic 

complications Our findings agreed with 

Ambrosch and colleagues 
[21]

 who estimated 

homocysteine level in 65 patients with type 

2 diabetes; 43 of them had diabetic 

neuropathy, they found that the frequency of 

hyperhomocysteinemia was significantly 

increased in neuropathic patients rather than 

patients without neuropathy which 

concluded that homocysteine is 

independently associated with the 

prevalence of diabetic neuropathy in a 

collective of Type 2 diabetic patients. 

On the contrary, a recent study 
[24]

 on 

155 diabetics with type 2 diabetes mellitus 

concluded that homocysteinemia is probably 

not related to the prevalence of peripheral 

neuropathy in diabetics. This study divided 

the patients into two groups [Group I: tHcy 

≥ 15 micromol/l and Group II: tHcy <15 

micromol/l] and found that the prevalence of 

peripheral neuropathy was similar in both 

groups. A similar conclusion was also 

reported by Hoogeveen and colleagues 
[25]

 

found that hyperhomocysteinemia is not 

related to risk of distal somatic 

polyneuropathy in NIDDM. 

Plasma folate and vitamin B12 

influence homocysteine metabolism as co-

substrate and cofactor, respectively. 

Homocysteine level is inversely related to 

plasma levels of these substances. 

Inadequate levels of these vitamins have 

important health consequences which could 

be independent of their role in homocysteine 

metabolism.  
[26,27]

 

In the Homocysteine Lowering 

Trialists’ Collaboration, meta-analysis of 12 

clinical trials 
[24,25]

 it was shown that folic 

acid by mouth [0.5–5 mg daily] resulted in a 

reduction of Hcy by 25%, the addition of 0.5 

mg vitamin B12 by mouth daily reduced the 

Hcy levels by another 3% to 10% over the 

reduction with folic acid alone. 

On the other hand,
 
supplements 

combining folic acid and vitamins B6
 
and 

B12 did not reduce the risk of major 

cardiovascular events
 
in patients with 

coronary artery disease [CAD]. Nusier and 

El-Dawairi
[26]

 also approved that 
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hyperhomocysteinemia is considered a risk 

for CAD development, however, vitamin 

B12 and folic acid supplements did not 

reduce the risk of myocardial infarction in 

such patients. 
[28]

 

In our patients, Homocysteine level 

was positively correlated to the duration of 

DM, Glycemic status and HbA1c, BMI, 

Hypercholesterolemia indicate proper  

control   of diabetes may lower 

homocysteine level, and subsequently 

decrease risk of diabetic complications. 

 

CONCLUSION 

This study shows that in complicated 

2DM, only elevated Cholesterol had a 

higher incidence of complications as 

compared to homocysteine when compared 

individually. Complications are significantly 

increased when both cholesterol and 

homocysteine are elevated suggesting that 

probably elevated cholesterol & 

homocysteine are synergistic in increased 

rate of complications through different 

mechanisms. The authors feel that a routine 

specific supplementation with B12 & Folic 

acid to all diabetics along with statins is 

indicated. More studies are required with 

larger numbers to validate the above 

viewpoint 
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