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Abstract 

Aim:  Homocysteine is a marker of endothelial 

dysfunction, which is suggestive of cardiovascular 

complications. In this study, we aimed to assess the role of 

homocysteine in the development of cardiovascular 

complications in type 2 diabetes. 

Patients and methods: Total 100 Patients were recruited 

in this study following the exclusion and inclusion 

criteria.. 50 test subjects, diagnosed with type 2 Diabetes 

according to the American Diabetes Association (ADA) 

revised criteria 2016 and 50 healthy controls of both 

gender and age comparable to test group, were selected. 

Plasma blood sugar in fasting and postprandial sample, 

HbA1C and serum lipid profile were estimated by 

colorimetric method on the fully automated analyzer. 

Serum Hcy was done by chemiluminescence method. 

Results: Diabetic subjects had significantly increased 

serum homocysteine, serum cholesterol, serum 

triglycerides (TG) and serum low density lipoprotein 

(LDL) (p<0.001). High density lipoprotein (HDL) was 

statistical insignificant and slightly lower in subjects with 

diabetes. Serum low density lipoprotein (LDL) (p<0.001) 

levels were significantly higher in the subjects having 

Homocysteine levels > 15 µmol/l. 

Conclusions: Homocysteine has an important role in the 

development of cardiovascular complication and 

significantly increases levels of Homocysteine in diabetic 

subjects suggests that this marker can be used for early 

identification of diabetic patients at risk of developing 

such complications. 

Keywords: Homocysteine, type -2 diabetes, low density 

lipoprotein, cardiovascular complications. 

Introduction 

Diabetes mellitus is a group of metabolic diseases 

characterized by hyperglycemia resulting from defects in 

insulin secretion, insulin action, or both [1]. Its global 

prevalence was about 8% in 2011 and it’s predicted to rise 

to 10% by 2030 [2]. According to the Indian Heart 

Association, India is the “Diabetic capital of the world” 

with a projected 109 million individuals with diabetes by 

2035[3]. 

Homocysteine (Hcy), sulphur containing nonessential 

amino acid formed from demethylation of methionine has 

been implicated as an important risk factor for 
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atherosclerosis and arteriosclerosis. Patients with 

hyperhomocysteinemia and homocyteinuria display early 

onset of atherosclerosis and manifest arterial and venous 

thrombosis [4]. It has been suggested that homocysteine 

could be an important and independent predictor of 

complications, in diabetes mellitus especially 

atherothrombotic events [5].  

 Glycated hemoglobin (HbA1C) is a routinely used marker 

for long term glycemic control. HbA1C predicts the risk for 

the development of diabetic complications in diabetes 

mellitus [6]. Apart from classical risk factors like 

dyslipidaemia elevated HbA1C has now been regarded as 

an independent risk factor for cardiovascular disease in 

subjects with or without diabetes. The estimated risk of 

cardiovascular disease (CVD) has shown to be increased 

by 18% for each 1% increase in absolute HbA1C value in 

diabetic population [7]. 

Studies have shown a positive correlation between glucose 

intolerance and cardiovascular disease with obesity, 

dyslipidaemia, hypertension, polycystic ovary disease, 

smoking, sedentary lifestyle; certain ethnic groups, poorly 

regulated diabetes, and hyperinsulinemia due to any 

reason or risk factors. However, not all of these factors 

were able to explain the strong association of diabetes 

with premature atherosclerosis. Therefore the present 

study was undertaken to evaluate the association of Hcy 

with other biochemical parameters in type 2 diabetes 

mellitus and to identify the possible risk factors associated 

with CVD. 

Materials and methods 

The study was conducted on 100 patients with type 2 

diabetes mellitus attending the Department of Medicine. 

Type 2 diabetes was diagnosed according to the American 

Diabetes Association (ADA) revised criteria 2016 [8]. 

50 healthy subjects were selected of both genders and age 

comparable to test group, detailed history, clinical 

examination and relevant investigations were conducted to 

exclude control suffering from such diseases which is 

likely to affect serum lipid profile, blood sugar, serum 

homocysteine level, like hypertension, coronary artery 

disease, liver diseases hyper and hypothyroidism, various 

chronic and acute infections, pregnancy etc. 

Plasma blood sugar in fasting and postprandial sample, 

HbA1C and serum lipid profile were estimated by 

colorimetric method on the fully automated analyzer. 

Serum Hcy was done by chemiluminescence method. 

All values are expressed as mean values with standard 

deviation (SD). The observation was compared with 

student's t test and p values <0.05 were considered to 

indicate statistical significance. 

Results and discussion 

Table 1 represents the biochemical characteristics of 

control group and diabetic group. The diabetic subjects 

had significantly (p< 0.001) higher blood sugar as 

compared with the control group. Further, we observed 

that diabetic subjects had significantly increased serum 

homocysteine, serum cholesterol, serum triglycerides 

(TG) and serum low density lipoprotein (LDL) (p<0.001). 

High density lipoprotein (HDL) was statistical 

insignificant and slightly lower in subjects with diabetes. 

Table – 1: Biochemical parameters in control and 

diabetic group. 
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HDL- High density lipoprotein   

LDL- low density lipoprotein 

VLDL – Very low density lipoprotein 

NS- Not significant 

Table 2 shows the distribution of biochemical parameters 

according to the patient's homocysteine level. In the 

present study diabetic group (n=100) was divided into two 

categories. It was observed that 27 patients of type 2 

diabetes mellitus had Hcy levels ≤ 150 µmol/l and 73 had 

Hcy levels > 15.0 µmol/l. The mean blood glucose in the 

two subgroups were 245 ± 73.10 mg% and 245.8 ± 68.16 

mg% respectively. In the subgroup with Hcy > 15.0 

µmol/l, higher levels of serum cholesterol, serum 

triglycerides, serum LDL and serum HDL were observed 

as compared to that with Hcy levels ≤15. 0 µmol/l 

subgroup. 

Table- 2: Distribution of parameters according to the 

lipid profile categorised by patient’s Hcy levels. 

 
HDL- High density lipoprotein   

LDL- low density lipoprotein 

VLDL – Very low density lipoprotein 

NS- Not significant 

Further, in the present study out of 100 diabetic subjects, 

59 patients were advised HbA1C levels by the treating 

physician. Out of 59 patients whose HbA1C levels were 

estimated, 22 patients had HbA1C  ≤ 8.0% and 37 patients 

had >8.0%. Hypercholesteremia was found in those who 

had HbA1C >8.0%. Similarly hypertriglyceridemia and 

increased LDL-C was found. Decreased HDL-C was 

found in 37 patients who had HbA1C >8.0%. A significant 

association was observed between triglycerides and 

HbA1C levels. The mean level of TG was higher in the 

group with HbA1C >8.0% (P= 0.017). However, serum 

cholesterol, HDL-C and LDL –C  did not show a 

significant association with HbA1C (Table 3). 

Table -3 Biochemical parameters categorised by 

patient’s HbA1C level. 

 
The present study was conducted on 100 patients suffering 

from diabetes mellitus and 50 normal subjects. The 

control subjects included in this study were asymptomatic 

persons free from any abnormality on routine 

examination, not taking any drug, not on vitamin 

supplements and were free from diseases. 

In the present study, we observed that there is a significant 

difference of serum homocysteine, serum cholesterol, and 

serum LDL -C in the control group and type 2 diabetic 

group. This Study is strongly in agreement with 

Shiderman AD et al., 2001 [9]. They described the 

unappreciated atherogenic dyslipoproteinemia in type 2 

diabetes mellitus. Hypertriglyceridemia and increased 

numbers of small dense low-density lipoprotein particles 

and low levels of high-density lipoprotein cholesterol 

were reported in their study.  
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Elevated plasma Hcy concentration is considered as an 

independent risk factor for atherosclerosis in subjects with 

normal glucose tolerance. Although type 2 diabetes is 

definitely associated with premature atherosclerosis; only 

a few studies have dealt with the association between 

hyperhomocyteinemia and micro or macro angiopathy 

complications with contradictory results. 

Hyperhomocysteinemia has been reported in type 2 

diabetes mellitus in several studies [10-12] and may 

contribute to the development of vascular complications 

[13]. Several studies have shown that higher levels of Hcy 

in the blood are related to a higher risk of coronary heart 

disease, stroke, and peripheral vascular disease [14-18]. 

Puri A et al. (2003) reported that the mean levels of Hcy 

in patients (27.80 ± 13.11) µmol/l were almost twice that 

of the controls (13.22 ± 7.36) µmol/l; while 72.55% 

patients had Hcy levels greater than 18 µmol/l, only  

26.67% controls had increased levels [19]. These findings 

are similar to the observations of the present study in 

which 73% of the patients in diabetic group had Hcy level 

> 15.0 µmol/l. In the above mentioned study there was no 

significant difference, in the Hcy levels, in relation to the 

lipid profile. Further, they found hyperlipidemia was seen 

in 58.82% of   the patients in their study. Elevated serum 

cholesterol is causally associated with increased risk of 

CAD. Specifically 10% increase in serum cholesterol is 

associated with a 20 to 30% increased risk of CAD and 

elevations earlier in life may be associated with higher 

risk of CAD as reported by La Rosa et al. 1990 [20]. 

Our study reveals high prevalence of 

hypercholesterolemia, high LDL-C and low HDL-C levels 

which are well known risk factors for CVD. Insulin affects 

the liver apolipoprotein production. It regulates the 

enzymatic activity of lipoprotein lipase and 

cholesterolester transport protein. All these factors are 

likely cause of dyslipidaemia in diabetes mellitus [21]. 

The main disorder in the present study is lipid metabolism, 

was hypertriglyceridemia. The finding is in concordance 

with the previous study by Regmi P et al., (2009) [22]. 

Further, we observed the impact of glycemic control on 

various lipid parameters. Severity of dyslipidaemia 

increases in patients with higher HbA1C. As elevated 

HbA1C and dyslipidaemia are independent risk factors of 

CVD, diabetic patients with elevated HbA1C  and 

dyslipidaemia  can be considered as a very high risk group 

of CVD.  

 Pouwels M et al., (2003) investigated effect of improved 

insulin sensitivity and glycemic control on plasma 

homocysteine [23]. They confirmed that the glycemic 

control did not influence plasma homocysteine level [23, 

24]; On the other hand, there are some studies which 

suggest  that glycemic control of diabetes may influence 

Hcy levels [25, 26]. These studies proposed that serum 

homocysteine level might be one of the factors underlying 

the link between hyperglycemia and cardiovascular risk 

indiabetic patients [25]. These authors have shown that 

patients with poor glycemic control of diabetes had 

significantly higher Hcy in comparison to diabetes with 

normal HbA1C levels. 

 The overall findings of the present study suggest that type 

2 diabetic patients are at a risk of developing 

hyperhomocysteinemia as well as dyslipidaemia. While 

homocysteine is a marker of endothelial dysfunction, 

dyslipidaemia 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.  

Conclusion 

Homocysteine, serum cholesterol, serum triglycerides 

(TG) and serum low density lipoprotein (LDL) are 

suggestive of dyslipidemia which can further lead to 

cardiovascular complications in Diabetic subjects. This 

alludes the idea that  the  assessment of these risk markers 
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can therefore, be helpful in early identification of patients 

at risk of developing such complications.  

References 

1. American Diabetes Association. (2009). 

Diagnosis and Classification of Diabetes 

Mellitus. Diabetes Care, 32(Suppl 1), S62–S67. 

http://doi.org/10.2337/dc09-S062 

2. International Diabetes Federation (IDF) . Country 

estimates table 2011. IDF diabetes atlas, 2013;6. 

3. Indian Heart Association Why South Asians Facts 

Web. 4 april 2017.http://indianheartassociation.org/why-

indians-why-south-asians/overview/ 

4. Cattaneo M. Hyperhomocysteinemia and thrombosis. 

Lipids. 2001;36 (l): S13-26. 

5. 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. 

6. Bennett CM, Guo M, Dharmage SC. HbA1c  as a 

screening tool for detection of Type 2 diabetes: a 

systematic review. Diabet Med. 2007; 24(4):333-43. 

7. Selvin E, Marinopoulos S, Berkenblit G, Rami T, 

Brancati FL, Powe NR, et al. Meta-Analysis: Glycosylated 

Hemoglobin and Cardiovascular Disease in Diabetes 

Mellitus. Ann Intern Med. 2004;141:421-431. doi: 

10.7326/0003-4819-141-6-200409210-00007 

8. American Diabetes Association. Classification and 

Diagnosis of Diabetes. Diabetes Care 2016 ; 39 (1): S13-

S22. https://doi.org/10.2337/dc16-S005. 

9. Shiderman AD, Scantlebury H, Cianflone K. 

Hypertriglyceridemic HyperapoB: The unappreciated 

atherogenic dyslipoproteinemia in type 2 Diabetes 

Mellitus. Ann  Int  Med, 2001; 135: 447-59.   

10. Martin SC, Rauz S, Marr JE,  Martin N, Jones AF, 

Dodson PM. Plasma total homocysteine and retinal 

vascular disease. eye 2000; 14: 590–3; 

doi:10.1038/eye.2000.148 

11. El Oudi M, Aouni Z, Ouertani H, Mazigh C, 

Machghoul S. Effect of lipopenic and hypotensive 

treatment on homocysteine levels in type 2 diabetics. Vasc 

Health Risk Manag. 2010; 25(6):327-32. 

12. Ebseunun  MO, Obajobi EO. Elevated plasma 

homocysteine in type 2 diabetes mellitus: a risk factor for 

cardiovascular disease. The Pan African Medical Journal, 

2012; 33: 282-9. 

13. Kajbaf F, Ghaffari MA, Kajbaf MJ. Reduced serum 

homocysteine levels in patients. Iran J Pathol 2012; 7: 14-

18. 

14. Ueland PM, Refsum H, Brattstrom L. Plasma 

homocysteine and cardiovascular disease: Francis B Jr, ed, 

Atherosclerotic Cardiovascular Disease, Hemostasis and 

Endothelial Function. New York: Marcel Dekker, 1992: 8: 

183-236. 

15. Boushey CJ, Beresford SAA, Omenn GS, Motulsky 

AG . 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. 

16. Verhoef P, Stampfer Mj. Prospective  studies of 

homocysteine and cardiovascular disease. Nutr Rev 1995; 

53: 283-8. 

17.  Brattstrom L. Vitamins as homocysteine lowering 

agents. J Nutr 1996; 126: 1276-80. 

18. Den Heijer M, Koster T, Blom HJ, Bos GM, Briet E, 

Reitsma PH, Vandenbroucke JP, Rosendaal FR. 

Hyperhomocysteinemia as a risk factor for deep-vein 

thrombosis. N Engl J Med. 1996;334(12):759-62. 

19. Puri A, Gupta OK, Dwivedi RN, Bharadwaj RP, 

Narain VS, Singh S. Homocysteine and lipid levels in 

young patients with coronary artery disease. J Assoc 

Physicians India. 2003; 51:681-5. 

20. LaRosa JC, Hunninghake D, Bush D, Criqui MH, Getz 

GS, Gotto AM Jr, Grundy SM, Rakita L, Robertson RM, 

Weisfeldt ML et al. The cholesterol facts. A summary of 

https://www.ncbi.nlm.nih.gov/pubmed/11837987


Ankur Mathur, et al. International Journal of Medical Sciences and Innovative Research (IJMSIR) 

 

 
© 2018 IJMSIR, All Rights Reserved 
 
                                

Pa
ge

17
1 

Pa
ge

17
1 

Pa
ge

17
1 

Pa
ge

17
1 

Pa
ge

17
1 

Pa
ge

17
1 

Pa
ge

17
1 

Pa
ge

17
1 

Pa
ge

17
1 

Pa
ge

17
1 

Pa
ge

17
1 

Pa
ge

17
1 

Pa
ge

17
1 

Pa
ge

17
1 

Pa
ge

17
1 

Pa
ge

17
1 

Pa
ge

17
1 

Pa
ge

17
1 

Pa
ge

17
1 

  

the evidence relating dietary fats, serum cholesterol, and 

coronary heart disease, American Heart Association. 

Circulation. 1990; 81(5):1721-33. 

21.  Goldberg IJ. Lipoprotein lipase and lipolysis: central 

roles in lipoprotein metabolism and atherogenesis. J Lipid 

Res. 1996; 37(4):693-707. 

22. Regmi P, Gyawali P, Shrestha R, Sigdel M, Mehta KD, 

Majhi S. Pattern of dyslipidemia in Type-2 Diabetic 

Subjects in Eastern Nepal. J Nepal Assoc Med Lab Sci. 

2009;10:11–13. 

23. Pouwels MJ, Den Heijer M, Blom HJ, Tack CJ, 

Hermus AR. Improved insulin sensitivity and metabolic 

control in type 2 diabetes does not influence plasma 

homocysteine. Diabetes Care. 2003; 26(5):1637-9. 

24. Rajai Z, Khozeime F, Heidari H, et al. Effect of 

glycemic control on serum homocysteine level in type 2 

diabetic patients. Clin Biochem 2011; 44(13): 1. 

25. Buysschaert M, Dramais AS, Wallemacq PE, Hermans 

MP. Hyperhomocysteinemia in type 2 diabetes: 

relationship to macroangiopathy, nephropathy, and insulin 

resistance. Diabetes Care. 2000 Dec;23(12):1816-22. 

26. Hoogeveen EK, Kostense PJ, Beks PJ, Mackaay AJ, 

Jakobs C, Bouter LM, Heine RJ, Stehouwer CD. 

Hyperhomocysteinemia is associated with an increased 

risk of cardiovascular disease, especially in non-insulin-

dependent diabetes mellitus: a population-based study. 

Arterioscler Thromb Vasc Biol. 1998 Jan;18(1):133-8. 

 

 


