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Homocysteine (Hcy) is the trans-methylation product 
of the essential sulfur containing amino acid methionine.[6,7]  
It is present in different forms. About 70–80% is protein-bound 
and the non-protein-bound Hcy is found as “mixed disulfide” 
(i.e., the dimer of Hcy and cysteine), homocysteine (the oxi-
dized disulfide of Hcy), and reduced Hcy. Reduced Hcy forms 
only about 1% of the t Hcy content.[8] Hyperhomocysteinemia  
induces lipid peroxidation and endothelial cytotoxicity,  
increases platelet adhesiveness, enhances activation of 
the coagulation system, and stimulates vascular smooth 
muscle cell proliferation,[9] and is also associated with renal 
dysfunction.[10] Hoogeveen et al.[11] reported in Hoorn Study  
(a population-based survey of glucose tolerance and cardio-
vascular risk factors) that high levels of t Hcy was associated  
with microalbuminuria independent of other determinants.  
Lanfredini et al.[12] observed an elevated level of t Hcy in  
patients with type 2 diabetes and microalbuminuria. Acute and 

Background: The morbidity of atherosclerosis in diabetic patients is two to three times higher than in the normal  
population. In recent years, plasma homocysteine (Hcy) levels, a sulfur containing non-protein amino acid in the metabo-
lism of methionine, have been reported to be associated with vascular complications of diabetes.
Objective: The aim of this study was to evaluate the plasma total homocysteine (t Hcy) level and carotid intima–media  
thickness (CIMT) in normoalbuminuric and microalbuminuric type 2 diabetic patients.
Materials and Methods: Fifty type 2 diabetic patients with more than 5 year diabetic duration in the age group of  
35–60 years were selected for this study. Twenty-five age-matched healthy individuals were selected as a control group.  
Plasma total homocysteine was assayed by ELISA and carotid intima–media thickness was assessed by B-mode  
ultrasonography. 
Results: The plasma t Hcy level was significantly elevated in type 2 DM patients and there was also significant differ-
ence between microalbuminuric and normoalbuminuric type 2 DM patients. There was a significant positive correlation 
between t Hcy, CIMT, and HOMA-IR.
Conclusion: Significant elevation of homocysteine was observed in diabetic patients. Hence, assessment of plasma 
homocysteine level and CIMT could be useful to assess the atherosclerotic changes in T2 DM patients, and it could help 
in the prevention of cardiovascular complications.
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 Abstract

Introduction

Diabetes mellitus (DM) is an significant public health con-
cern affecting life quality and individual’s survival[1] and type 2 
DM accounts for nearly 90% of all DM across the world.[2] It is 
characterized by a high incidence of vascular complications.[3]  

The main risk factors of vascular complications are poor  
glycemic control, insulin resistance (IR), and β-cell failure.[4,5] 
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prolonged exposure to Hcy had detrimental effects on glucose 
metabolism and insulin secretion.[13,14] IR plays an important role  
in the development of atherosclerotic disease via hyperg-
lycemia, hypertension, and dyslipidemia.[15] High-plasma  
homocysteine levels have been shown to have positive  
correlation with cardiovascular risk.[16–18]

The measurement of the carotid intima–media thickness 
(CIMT) has been recognized as a powerful method for identi-
fying subclinical atherosclerosis.[19,20] Thickening of the intima– 
media complex not only reflects local alterations but also 
corresponds to generalized atherosclerosis. CCA distensa-
bility diminishes with increasing severity of atherosclerosis.[21] 
The CIMT can be measured with a high degree of accuracy 
and reproducibility by B mode ultrasonography, which pro-
vides a reliable and valid estimate of the arterial wall thickness.
[23] So the objective of this study was to evaluate plasma total 
homocysteine (t Hcy) level and its association with CIMT, a 
valid marker of generalized atherosclerosis in type 2 diabetic 
patients. 

Materials and Methods

Fifty type 2 diabetic patients of both sexes with more 
than 5 years duration aged between 35 and 60 years on oral  
hypoglycemic drugs, attending diabetic out-patient 
department of Rajah Muthiah Medical College and Hospital,  
Annamalai University, Annamalainagar, Tamil Nadu, India, were  
selected for the study. The diabetic patients were catego-
rized into two groups according to urinary albumin-to-creati-
nine ratio (ACR): Group I 25 patients with normoalbuminuria  
(<30 mg/g creatinine) and Group II 25 patients with  
microalbuminuria (30–299 mg/g creatinine). Diabetic patients  
who were alcoholics, tobacco users, with hypertension, 
abnormal urinary sediment, urinary tract infection, history of 
other renal disease, active or chronic persistent infection or  
inflammatory disorders, neoplastic disorders, thyroid disor-
ders, severe liver dysfunction, history of acute myocardial 
infarction, stroke, and occlusive peripheral vascular disease 
were excluded from the study. Twenty-five healthy age-
matched subjects were selected as a control group. The  
informed consent was obtained from all the study subjects 
and the study was approved by the Institutional Human  

Ethics Committee (IHEC). Experiments were done in accord-
ance with Helsinki declaration of 1975.

Biochemical Analysis
Fasting blood and urine samples were obtained from the 

subjects after enrollment. Blood samples were centrifuged at 
2000´g for 10 min. Samples were analyzed for blood sugar, 
lipid profile, glycated hemoglobin (HbA1C), urinary albumin, 
and creatinine. Post-prandial venous plasma glucose (PPBS) 
estimation was also done. Plasma total homocysteine, insulin 
were assayed by ELISA.

Measurement of Carotid Intima–Media Thickness (CIMT)
The patient was examined in supine position with pillow 

kept between the shoulder blades to achieve extension of the 
neck, and neck exposure was enhanced by tilting and rotating 
the head away from the side being examined. Carotid arteries 
were imaged by using a high-resolution B-mode ultrasonogra-
phy system having an electric linear transducer mid frequency 
of 7.5 MHz.[20]

Statistical analysis
Statistical analysis were carried out with SPSS 20.0. 

Values were expressed as mean ± standard deviation,  
p value < 0.05 was considered statistically significant.  
Normally distributed data were analyzed by using one-way 
ANOVA. The Pearson’s correlation test was used for correlation  
analysis.

Results

The plasma t Hcy level was significantly elevated in type 2 
DM patients and there was also significant difference between 
microalbuminuric and normoalbuminuric type 2 DM patients. 
There was a significant positive correlation between t Hcy, 
CIMT, and HOMA–IR [Tables 1–4]. 

Discussion

Diabetes is a major cause of both microvascular and  
macrovascular complications. Chronic exposure of elevated 

Table 1: Baseline data of controls and type 2 diabetic patients 

Parameters Control (n = 25)
Group I

Normoalbuminuric DM 
(n = 25)

Group II
Microalbuminuric DM

(n = 25)
p-value

Age 47.6 ± 4.3 48.3 ± 6.5 50.8 ± 5.5 0.118
Body mass index 25.4 ± 1.5 26.8 ± 3.7 25.8 ± 3.2 0.226
Waist/hip ratio 0.9 ± 0.04 0.92 ± 0.06 0.92 ± 0.04 0.439
DM duration (years)    — 8.2 ± 2.1 8.9 ± 2.8 0.298
Systolic BP (mm Hg) 114.1 ± 7.1 124.5 ± 16.2 127 ± 13.1 0.001
Diastolic (mm Hg) 73.8 ± 3.3 79.1 ± 7.9 78.7 ± 7.6 0.007

Data are expressed as mean ± SD; p < 0.05 was considered statistically significant.
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blood glucose and fatty acid concentrations can cause dam-
age in different types of cells by a variety of mechanisms 
called glucolipotoxicity.[24,25] In Type 2 DM, the influence of dis-
ease duration seems to play a less important role because 
actual time of onset of disease remains unknown in a majority 
of patients.[26] So diagnosis of different clinical tests might be 
useful to prevent complications.

In this study, we observed that plasma t Hcy level was 
significantly increased in both normoalbuminuric and microal-
buminuric type 2 diabetic patients, and it also had signifi-
cant positive correlation with HbA1C and HOMA-IR. Several 
studies reported that elevated levels of homocysteine have 
been observed in a variety of patients with type 2 DM, met-
abolic syndrome, and obesity.[27–31] The in vitro studies have  
explained that homocysteine thiolactone inhibits insulin  
receptor tyrosine kinase activity leading to inhibition of  
phosphorylation of phosphatidylinositol 3-kinase (PI3K) and 
inhibition of glycogen synthesis.[32,33]

We have observed a strong positive correlation between 
t Hcy and CIMT. Several risk factors for increased CIMT in 
diabetic patients have been reported, but a recent study 
showed that duration of diabetes, waist-hip ratio, HbA1C, 
and hypertension had a significant positive association with 
CIMT.[34] High-homocysteine concentrations may exert an ath-
erothrombotic effect through increasing oxidative stress.[35–37]  
It affects the properties of the extracellular matrix and incr
eases smooth muscle cell proliferation, which might lead to 
endothelial dysfunction in diabetes.[38] Endothelial dysfunction 
is the common shared pathway for vascular pathology[39,40]  
and occurs early in the development of atherosclerosis, even 
before the formation of plaque, making it the core process in 

Table 2: Biochemical data and CIMT of control and type 2 diabetic patients

Parameters Control (n = 25)
Group I 

Normoalbuminuric DM  
(n = 25)

Group II 
Microalbuminuric DM   

(n = 25)

Group I vs. 
Group II  
p-value

Urine albumin-to-creatinine ratio  
      (mg/gm of creatinine) 18.3 ± 2.6 23.4 ± 3.5* 161.8 ± 70.7 0.001

FBS (mg/dl) 81.9 ± 5.9 128.3 ± 40.1* 145.9 ± 53.6 0.19
PPBS (mg/dl) 108.1 ± 9.8 191.7 ± 56* 221 ± 82.1 0.13
HbA1C 5.4 ± 0.4 7.2 ± 0.8* 8.0 ± 1.1 0.007
Serum cholesterol (mg/dl) 168.8 ± 9.0 186.8 ± 20.4* 193.8 ± 21.8 0.24
Serum triglycerides (mg/dl) 95.5 ± 7.4 130.5 ± 39.3* 141.8 ± 38.1 0.30
HDL cholesterol (mg/dl) 43.7 ± 2.4 39.4 ± 3.0* 38.3 ± 2.3 0.18
LDL cholesterol (mg/dl) 105.9 ± 9.1 121.3 ± 16.5* 127.1 ± 20.8 0.28
Serum urea (mg/dl) 24.3 ± 4.6 28.1 ± 5.4* 33.4 ± 12.2 0.05
Serum creatinine (mg/dl) 0.6 ± 0.1 0.7 ± 0.2 0.9 ± 0.3 0.08
Insulin (µIU/ml) 6.5 ± 0.7 10.9 ± 4.1* 13.2 ± 5.0 0.08
HOMA-IR 1.3 ± 0.17 3.4 ± 1.6* 4.6 ± 2.2 0.03
Plasma Homocysteine (µmol/l) 5.4 ± 0.84 8.9 ± 1.7* 11.2 ± 2.1 0.001
Right CIMT (mm) 0.57 ± 0.02 0.73 ± 0.1* 0.85 ± 0.08 0.001
Left CIMT (mm) 0.61 ± 0.05 0.75 ± 0.06* 0.86 ± 0.05 0.001

*p-value < 0.05 vs. control.
Data are expressed as mean ± SD; p < 0.05 was considered statistically significant.

Table 3: Correlation between homocysteine and measured  
parameters
Parameters Correlation coefficient (r)
ACR 0.709**
FBS 0.482**
PPBS 0.508**
Hb A1C 0.692**
Cholesterol 0.500**
Triglycerides 0.523**
HDL –0.505**
LDL 0.448**
HOMA-IR 0.490**
Right CIMT 0.691**
Left CIMT 0.721**

**Correlation is significant at the 0.01 level (two-tailed).

Table4: Correlation between HOMA-IR and measured parameters
Parameters Correlation coefficient (r)
ACR 0.314**
FBS 0.705**
PPBS 0.710**
HbA1C 0.649**
Cholesterol 0.181
Triglycerides 0.221
HDL -0.379**
LDL 0.186
Right CIMT 0.589**
Left CIMT 0.587**

**Correlation is significant at the 0.01 level (two-tailed).
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the development of atherosclerosis.[41] Selhub et al.[42] repor
ted that a cross-sectional study of elderly subjects from the 
Framingham Heart Study showed that high-plasma t Hcy con-
centrations and low concentrations of folate and vitamin B6, 
through their role in Hcy metabolism, are associated with an 
increased risk of carotid-artery stenosis in the elderly.  In addi-
tion, IR may also play an important role in the development of 
atherosclerotic disease as it may be an expression of diffuse 
arterial endothelial dysfunction contributing to atherosclero-
sis, leading directly to arterial damage through toxic effects 
of hyperinsulinemia.[43] There is also a possible link between 
plasma insulin level and the activity of key enzymes involved 
in homocysteine metabolism, including 5, 10-methylene tet-
rahydrofolate reductase (MTHFR), cystathionine β-synthase 
(CBS). The enzyme methylene tetrahydrofolate reductase is  
responsible for the reduction of 5, 10-methylene-THF to  
5-methyl-THF, the required substrate in the re-methylation 
process where B12 acts as a cofactor.[44,45] Durga et al.[46] 
reported that erythrocyte folate status, rather than serum 
and plasma folate, was inversely associated with CIMT, and 
concluded that low-folate concentrations, independent of 
hyperhomocysteinemia may promote atherogenesis.[46]

Conclusion

In conclusion, homocysteine could be considered as an  
independent risk factor involved in vascular dysfunction in 
type 2 DM patients. Hence, assessment of plasma homocyst-
eine level and CIMT could be useful to assess the athero-
sclerotic changes in T2 DM patients, and it could help in the 
prevention of cardiovascular complications.
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