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INTRODUCTION

Diabetes mellitus includes a group of metabolic diseases 
characterized by elevated blood sugar concentrations 
for prolonged duration.1 Its worldwide prevalence was 
reported as 8% in 2011 and is expected to rise to about 
10% by the year 2030.2 India is considered the “Diabetic 
Capital of the World.” According to Wild et al,3 the preva-
lence of diabetes is anticipated to increase to as high as 
366 million by the year 2030. Further, it is expected that 
up to 79.4 million of the above-mentioned diabetic indi-
viduals shall be from India. Diabetes mellitus occurs due 
to defects in insulin secretion, insulin action, or both, and 
is mainly characterized by prolonged hyperglycemia.4 
Type II diabetes, also termed as noninsulin-dependent 
DM, occurs due to deficiency of insulin, and the insulin 
that is produced is less effective.

This disorder has a more gradual onset and is more 
common in age above 40 years. About 90% of diabetics are 
type II diabetics.5 Insulin resistance and diabetes are con-
sidered to have a strong association with the development 
of various cardiovascular complications and morbidities. 
Patients with diabetes are considered to be at a two to 
three-fold higher risk of coronary artery disease and post 
myocardial infarction morbidity and also have four times 
higher mortality following acute myocardial infarction 
than nondiabetic persons. Premature atherosclerosis is 
often associated with type II diabetes.6,7

Several studies have demonstrated a positive correla-
tion between glucose intolerance and CVD due to factors 
like obesity, hypertension, polycystic ovaries, smoking, 
sedentary lifestyle, certain ethnic groups, poorly regu-
lated diabetes, and hyperinsulinemia. However, these 
factors are not sufficient to justify the strong association 
of diabetes with premature atherosclerosis.

Homocysteine, a sulfur-containing intermediate amino 
acid, has gained recognition as a significant risk factor for 
arteriosclerosis and atherosclerosis. It is produced as an 

1Demonstrator, 2Associate Professor, 3Professor and Head 
4Senior Professor
1-3Department of Biochemistry, Mahatma Gandhi Medical 
College & Hospital, Jaipur, Rajasthan, India
4Department of Biochemistry, SMS Medical College, Jaipur 
Rajasthan, India

Corresponding Author: Bushra Fiza, Associate Professor 
Department of Biochemistry, Mahatma Gandhi Medical College &  
Hospital, Jaipur, Rajasthan, India, Phone: +919828051780 
e-mail: bushrafiza786@gmail.com

ABSTRACT

Introduction: Diabetes mellitus (DM) is a widely prevalent 
disease that has apparently become a global epidemic. 
Long-standing diabetes is characterized by development of 
several complications, including cardiovascular disease (CVD), 
nephropathy, neuropathy, and retinopathy. These complica-
tions share a common etiology of poor glycemic control and 
endothelial dysfunctions. Any metabolite which is atherosclerotic 
in nature may contribute to the development of such chronic 
complications. Dyslipidemia and hyperhomocysteinemia have 
been recognized as independent markers of atherosclerosis. 
However, their influence on each other and on insulin metabo-
lism is highly debated. Evaluation of the association of these 
risk markers may be helpful in decreasing the occurrence of 
complications and increasing the age of diabetic patients.

Aim: The present study was planned to study the association of 
homocysteine with the components of lipid profile and glycated 
hemoglobin in type II diabetic patients. Serum homocysteine 
and lipid profile levels of diabetic patients were also compared 
with those of healthy nondiabetic subjects.

Results: Serum homocysteine and lipid profile were observed 
to have a strong association. Diabetic patients with hyperho-
mocysteinemia were reported to have higher S. cholesterol and 
low-density lipoprotein (LDL) levels. S. homocysteine was also 
found to be elevated in patients with HbA1c levels >8.0%, which 
indicates a poor glycemic control. On comparing with healthy 
subjects, S. homocysteine, cholesterol, triglycerides, LDL, and 
very low-density lipoprotein (VLDL) were also significantly higher 
in diabetic patients.

Conclusion: Regular screening for serum lipid profile and 
hyperhomocysteinemia is strongly recommended in patients 
suffering from type II DM. Proper patient management in terms of 
controlling lipid levels, hyperhomocysteinemia, and maintenance 
of a good glycemic control can assist in averting the develop-
ment of various complications and enhancing the quality of life.

Keywords: Diabetes mellitus, Glycemic control, Homocysteine, 
Hyperhomocysteinemia, Lipid profile.
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intermediate during conversion of methionine to cysteine. 
Hyperhomocysteinemia and homocysteinuria display a 
strong association with early onset of atherosclerosis and 
is manifested as arterial and venous thrombosis.8

Few studies have suggested that an increased level of 
homocysteine in type-II DM is related to increased risk of 
atherosclerosis and CVD, especially with a poor glycemic 
control. Homocysteine has been recommended as an 
independent and important predictor of complications 
in DM, primarily atherothrombotic events.9

Diabetic patients diagnosed with macroangiopathy 
and nephropathy have increased prevalence of elevated 
homocysteine levels. However, the relationship among 
macroangiopathy, renal disease, and hyperhomocysteine-
mia in type-II DM has not been established yet. Presently, 
the relationship between serum homocysteine levels and 
type II diabetes is highly debated.

Several studies have observed a positive correlation 
between insulin levels or insulin resistance and plasma 
homocysteine levels.10,11 Further, insulin has also been 
reported to inhibit the conversion of homocysteine into 
cysteine by the trans-sulfuration pathway.12 Elevated 
homocysteine level in blood is said to be associated with 
increased lipid peroxidation.

It is suggested that lipid lowering drugs may be 
helpful for management of endothelial dysfunction in 
individuals with hyperhomocysteinemia.13 Evaluation of 
the association between serum homocysteine levels and 
various components of lipid profile in patients of type II 
DM may be helpful in assessing the risk of developing 
CVD and atherosclerosis. The present study, therefore, 
proposes to analyze the association of homocysteine and 
serum lipids in type II diabetic patients.

MATERIALS AND METHODS

One hundred newly diagnosed type II DM patients, age 
up to 65 years visiting the Outpatient Department of 
Mahatma Gandhi Medical College Hospital, Jaipur were 
enrolled for the present study. Fifty healthy individuals 
of similar age and either sex were enrolled for the study 
as control group. The study was conducted after seeking 
approval from Institutional Ethics Committee.

Patients more than 65 years of age, suffering from 
any significant renal or liver disease, or on lipid lowering 
drugs were excluded from the study. A written consent 
was taken from all subjects of case and control groups. 
Complete history of the subjects was taken and thorough 
physical examination was performed. Blood samples 
were collected following an overnight fast by venipunc-
ture using standard aseptic techniques.

The samples were analyzed for fasting blood glucose, 
serum homocysteine, and serum lipid profile including 

serum cholesterol, triglycerides (TG), high-density lipo-
protein (HDL), LDL and VLDL. All chemical assays were 
performed using ortho-clinical diagnostics reagents on 
dry chemistry analyzer VITROS 4600. The data obtained 
for each analyte were presented as mean ± SD. Values of 
diabetic and control group were compared by applying 
Student’s t-test.

The diabetic group was further categorized based on 
the homocysteine levels as normal and hyperhomocyst-
einemia. Components of lipid profile were compared 
among these subgroups.

RESULTS

The present study was conducted on 100 patients suffer-
ing from type II DM and 50 normal healthy controls. The 
subjects included in the control group were asymptomatic 
persons free from any abnormality on routine examina-
tion. Mean age of subjects in control and diabetic group 
was comparable as shown in Table 1. The mean age of 
control group is 54.22 ± 11.64 years, whereas the mean 
age of diabetic group is 53.7 ± 15.1 years (Table 1).

Mean fasting blood glucose level was observed to 
be significantly higher in the diabetic group (p = 0.000). 
The mean serum homocysteine concentration of diabetic 
group was 20.15 ± 7.13 µmol/L, which was significantly 
higher as compared to that of the control group, i.e., 
10.19 ± 3.07 µmol/L (Table 1 and Graph 1). Variables of 
lipid profile were also compared between the two groups 
(Table 1 and Graph 2). In the present study, mean serum 
total cholesterol concentration was 151.24 ± 28.23 mg/dL 
in control group, whereas in the diabetic patients group, 
the mean serum total cholesterol was significantly higher 
(p = 0.000), the value being 172.5 ± 43.8 mg/dL.

Serum TG level was also significantly increased in the 
diabetic group as compared to control group (p = 0.000). 
Serum LDL and VLDL-cholesterol were calculated using 
Friedwald’s equation. Both LDL and VLDL showed a 

Table 1: Distribution of variables between diabetic patients  
and control group

Variables

Diabetic 
patients  
(n = 100)

Control group 
(n = 50) p-value

Age (years) 53.7 ± 15.1 54.22 ± 11.64 NS
Blood sugar fasting 
(mg/dL)

245.60 ± 69.2 99.14 ± 12.58 0.000

S. homocysteine 
(µmol/L)

20.15 ± 7.13 10.19 ± 3.07 0.000

S. cholesterol (mg/dL) 172.50 ± 43.8 151.24 ± 28.23 0.000
S. triglycerides (mg/dL) 147.0 ± 68.6 115.32 ± 42.75 0.000
S. HDL-Chol (mg/dL) 42.0 ± 9.26 45.64 ± 6.93 NS
S. LDL-Chol (mg/dL) 101.0 ± 31.7 82.54 ± 21.70 0.000
S. VLDL-Chol (mg/dL) 29.39 ± 13.72 23.06 ± 8.55 0.000
NS: Nonsignificant
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significant variation with higher mean values in the 
diabetic subjects.

Although a significant variation was not observed in 
case of HDL cholesterol, the level was slightly lower in 
type II diabetic patients.

Further, the diabetic subjects (n = 100) were sub-
grouped based on the serum homocysteine levels. A 
serum homocysteine level of >15.0 µmol/L is termed as 
hyperhomocysteinemia; 27 patients of type II DM had 
homocysteine level <15.0 µmol/L and 73 had homo-
cysteine level >15.0 µmol/L. The mean blood glucose in 
the two subgroups was almost same with no significant 
variation (Table 2).

On comparing serum lipid profile among the two 
subgroups, it was observed that there was a significant 
increase in the levels of serum cholesterol and LDL-
cholesterol in the subgroup with hyperhomocysteinemia 

(Table 2 and Graph 3). Serum homocysteine levels were 
also compared in the diabetic subjects in relation to the 
glycemic control.

Of the total 100 diabetic patients enrolled in the study, 
59 were evaluated for HbA1c, which is a reliable marker 
of glycemic control. Patients with a poor glycemic control 
(HbA1c > 8.0%) were found to have significantly higher 
serum homocysteine levels (Table 3 and Graph 4).

DISCUSSION

Diabetes mellitus is one of the leading causes of morbidity 
and mortality across the world and hence, is a global health 

Graph 1: Comparison of homocysteine (µmol/L) between 
control and patient group

Graph 2: Comparison of S. lipid profile (mg/dL) between control 
and patient group

Graph 3:  Comparison of lipid profile (mg/dL) based on 
homocysteine group

Table 2: Distribution of variables between normal and 
hyperhomocysteinemia subgroups

Variables

S. homocysteine 
> 15 µmol/L  
(n = 73)

S. homocysteine 
≤ 15 µmol/L  
(n = 27) p-value

Blood sugar 
fasting (mg/dL)

245.9 ± 68.16 245.9 ± 73.10 NS

S. homocysteine 
(µmol/L)

23.0 ± 6.3 12.53 ± 1.12 0.000

S. cholesterol 
(mg/dL)

180.0 ± 43.9 151.26 ± 36.64 0.003

S. triglycerides 
(mg/dL)

151.0 ± 72.0 136.74 ± 58.47 NS

S. HDL-Chol 
(mg/dL)

42.58 ± 9.42 40.25 ± 8.77 NS

S. LDL-Chol  
(mg/dL)

107.6 ± 30.42 83.65 ± 28.91 0.000

S. VLDL-Chol 
(mg/dL)

30.14 ± 14.39 27.35 ± 11.69 NS

NS: Nonsignificant
Table 3: Distribution of S. homocysteine based on the HbA1c in 

type II diabetic patients

Variables
HbA1c ≤ 8.0% 
(n = 22)

HbA1c > 8.0% 
(n = 37) p-value

S. homocysteine 
(µmol/L)

16.95 ± 6.05 21.24 ± 8.16 0.037
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problem. Moreover, the complications associated with 
this disease have an adverse effect on the quality of life.14 
Homocysteine is a sulfur containing nonessential amino 
acid formed by demethylation of methionine as an inter-
mediate during its conversion to cysteine. It has gained 
recognition as an important risk factor for arteriosclerosis.

Hyperhomocysteinemia refers to elevated homocyst-
eine in plasma, generally >15.0 µmol/L and is a major 
contributing factor for atherosclerotic disease, both in 
diabetic and nondiabetic subjects. Hyperhomocysteine-
mia in diabetic subjects may lead to the development of 
chronic vascular complications.

Despite many research works conducted to study sig-
nificance of homocysteine in diabetic patients, the associa-
tion between hyperhomocysteinemia and cardiovascular 
risk remains unclear. Condition of DM influences several 
lipid metabolism mechanisms. The increased prevalence 
of coronary heart disease (CHD) among diabetics may be 
attributed to diabetes-induced dyslipidemia, particularly 
increase in the LDL component.

The present study was planned to evaluate the asso-
ciation of homocysteine and components of lipid profile 
in diabetic patients. 73% of the diabetic subjects had 
serum homocysteine >15 µmol/L. Wide range of health 
disorders, such as CVD, stroke, etc. have been associated 
with elevated homocysteine levels.

In the present study, components of lipid profile 
namely cholesterol, TG, LDL, and VLDL were signifi-
cantly higher in the diabetic group in comparison to the 
control group. In a similar study by Sniderman et al,15 
hypertriglyceridemia along with increased numbers of 
small dense LDL particles and low levels of HDL cho-
lesterol were reported.

Several studies have demonstrated a positive correla-
tion between glucose intolerance and CVD with obesity, 

dyslipidemia, hypertension, polycystic ovaries, smoking, 
sedentary lifestyle, certain ethnic groups, poorly regu-
lated diabetes, and hyperinsulinemia due to any reason 
or risk factors. However, not all of these factors are able to 
explain the strong association of diabetes with premature 
atherosclerosis.

Recently, it has been suggested that homocysteine-
mia can be an independent predictor of risk associated 
with DM, especially atherothrombotic events. Elevated 
plasma homocysteine concentration is considered as an 
independent risk factor for atherosclerosis in subjects 
with normal glucose tolerance. Although type-II diabetes 
is associated with premature atherosclerosis, very few 
studies have explored the association among hyperhomo-
cysteinemia and micro/macroangiopathy complications 
with contradictory results.

Hyperhomocysteinemia has been demonstrated in 
type-II DM in previous studies,16,17 and may be a con-
tributory factor in the development of vascular complica-
tions.18 According to Wijekoon et al,19 an increase in the 
plasma level of homocysteine has been identified as a risk 
factor for many diseases, including CVD. In type II dia-
betes, betaine homocysteine methyl transferase enzyme 
was observed to play a major role in the increased catabo-
lism of homocysteine in addition to the trans-sulfuration 
enzymes. Elevated levels of serum homocysteine have 
been associated with state of CHD.

Several epidemiological studies have shown a rela-
tionship between serum homocysteine level and CHD.20-22  
In previous studies on diabetic patients, the association 
between increased plasma homocysteine levels and 
occurrence of CHD has been strong in case–control as 
well as cross-sectional studies.23-25

The explanation of significance of hyperhomocyst-
einemia in type II diabetes is complex. Multiple ways 
of considering impaired renal function either decreased 
creatinine clearance or albuminuria or both25-29 may be 
complicated. Puri et al30 have reported that the mean 
level of homocysteine in diabetic patients was almost 
twice that in the controls. While 72.55% patients had 
homocysteine levels >18 µmol/L, only 26.67% controls 
had increased levels.

These findings are similar to the observations of 
present study in which 73% of the patients in diabetic 
group had homocysteine levels >15.0 µmol/L (Table 3). In 
the above-mentioned study, in the hyper lipid subgroup, 
homocysteine was 28.86 ± 13.02 µmol/L, while in the nor-
molipid subgroup it was 26.46 ± 13.44 µmol/L. Thus no 
significant difference was exhibited in the homocysteine 
levels, in relation to the lipid profile.

According to Abraham et al,31 the two pathways 
which metabolize homocysteine are trans-sulfuration 

Graph 4: Comparison of S. homocysteine (µmol/L) based on 
HbA1c group
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and re-methylation. Excess of homocysteine present in 
the blood circulation leads to formation of a major by-
product, homocysteine thiolactone. This by-product is 
entrapped by macrophages and later incorporated into 
foam cells as early atherosclerotic plaques.

Within these plaques, homocysteine thiolactone 
acylates the proteins and modifies the oxidative processes 
of vessels. This in turn promotes atherothrombosis. More-
over, oxidation of homocysteine results in the formation of 
superoxide and hydrogen peroxide. Such oxygen-derived 
molecules may contribute to oxidation of LDL, and hence, 
endothelial dysfunction further promotes proliferation of 
the smooth muscles of blood vessels. In the present study, 
higher serum cholesterol and LDL levels were reported 
in the diabetic subgroup with hyperhomocysteinemia.

Type-II DM patients suffer a greater risk of develop-
ing vascular disease due to deranged lipid profile; HDL 
cholesterol concentration is abnormally low in type II 
diabetic patients, which is unrelated to control of dia-
betes.32 Lipid abnormalities in type II diabetic patients 
are described as increased serum TGs, VLDL, LDL, and 
low level of HDL.

According to Krauss,33 each of these dyslipidemic 
features is associated with an increased risk of CVD. 
Increased secretion of TGs rich in VLDL from liver and 
its impaired clearance may be the probable pathophysi-
ology of this dyslipidemia. Small, dense LDL particles 
are produced as a result of intravascular processing of 
specific large VLDL precursors. Ronald et al34 demon-
strated that lipid abnormalities are due to resistance to 
insulin and hyperglycemia. Similarly, Tushuizen et al35  
discussed that high postprandial blood sugars and 
high lipid levels are risk factors for vascular diseases. 
In another study by Shera et al,36 it was proposed that 
uncontrolled diabetes may lead to higher macro as well 
as microvascular complications and is further related 
to longer duration of disease, poor glycemic control, 
increased body weight, and hypertension. The vascular 
complications were ischemic heart disease, myocardial 
infarction, and cerebrovascular accident.

The overall findings of the present study, thus, confirm 
that homocysteine levels are significantly higher in 
the type II diabetic patients and may contribute to the 
development of endothelial dysfunction and related 
complications. Hyperhomocysteinemia further leads to 
dyslipidemia and vice-versa. Glycemic control also seems 
to affect the homocysteine levels in such patients.

The study, therefore, recommends research on larger 
patient groups to assess the association of glycemic 
control with hyperhomocysteinemia. The study suggests 
that proper counseling and maintenance of a healthy life-
style so as to ensure good glycemic control and healthy 

lipid profile can be helpful in avoiding hyperhomocyst-
einemia and its related complications.

CONCLUSION

The present study suggests that type II diabetic patients 
are at a risk of developing hyperhomocysteinemia as 
well as dyslipidemia. While homocysteine is a marker 
of endothelial dysfunction, dyslipidemia is suggestive of 
cardiovascular complications. Assessment of these risk 
markers can, therefore, be helpful in early identification 
of patients at risk of developing such complications.

Long-standing diabetes can lead to severe com-
plications, but adopting a healthy lifestyle, especially 
maintaining a good glycemic control can be very helpful 
in proper patient management and in averting the 
occurrence of such complications. Estimation of serum 
homocysteine and serum lipid profile is therefore, recom-
mended as part of the screening and follow-up of type II  
diabetic patients.

Serum homocysteine levels can be minimized by 
supplementation of folic acid and vitamin B12. Proper 
counseling of the patient especially for adopting a healthy 
lifestyle, including balanced diet and routine workout, 
can play a significant role in controlling dyslipidemia.

The study recommends further research on the influ-
ence of HbA1c levels on other inflammatory markers and 
their association with homocysteine in type II diabetic 
patients.
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