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Abstract:

Background: Diabetes mellitus is a widely prevalent disease that has apparently become a global
epidemic. Hyperhomocysteinemia have a strong association with the onset of atherosclerosis.
Elevated homocysteine in type-II DM causes endothelial cell damage by extravagant sulfation of
collagen which increases risk of thrombosis and arteriosclerosis.

Exploration of newer novel biomarkers in diabetes mellitus is a felt need to halt the disease
prognosis and severity.

Materials and Methods: In the present study, total 80 subjects were recruited. They were grouped
into cases (n=40), type II diabetes mellitus patients and apparently healthy controls (n=40). Blood
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samples were collected for estimation of random blood sugar, HbAlc, serum homocysteine and
lipid profile.

Results: Homocysteine level (Hcy) among diabetic patients was 23.6 = 11.4 umol/L which was
significantly higher than control group (9.544 2.64 pmol/L, p <0.001). Serum TG and VLDL were
significantly higher among diabetic patients with hyperhomocysteinemia than diabetic patients
with normal with serum homocysteine. Positive correlation of homocysteine was observed with
RBS and HbAlc (r =0.562 and 0.743 respectively). Conclusion: Type 2 diabetes mellitus patients
are at risk of having hyperhomocysteinemia which leads to dyslipidemia. There is a strong positive
correlation between hyperhomocysteinemia and hyperglycemic state. This can be one of the
important casual factor in pathogenesis of coronary heart disease events among diabetes patients.
Keywords: Diabetes mellitus, Lipid profile, Biomarkers, Homocysteine, HbAlc

Introduction-

Diabetes is associated with accelerated atherosclerosis leading to widely distributed vascular
lesions including cardiovascular disease, coronary artery disease, cerebrovascular disease and
peripheral arterial disease with cardiovascular disease being the major cause of premature death in
diabetes.! Dyslipidemia amplifies the risk of developing atherosclerosis and subsequently
cardiovascular disease in diabetes. Indeed, a significant association was observed between
dyslipidemia with high level of total Cholesterol/HDL-C ratio, triglycerides and arterial stiffness
leading to the development of atherosclerosis in diabetic patients compared to non-diabetic
individuals.>® There are numerous studies which have shown higher prevalence of dyslipidemia
with poor glycemic control, increasing plasma levels of glycated hemoglobin (HbAlc) and
hypercholesterolemia in diabetic individuals.** Diabetic individuals are highly prone to coronary
artery diseases and hence it is necessary to search for advanced novel biomarkers to assess the
coronary artery diseases risk. Homocysteine (Hcy) is a non-essential sulphur containing amino
acid which is produced as an intermediate during conversion of methionine to cysteine. Elevated
Homocysteine levels promote insulin resistance and beta cell dysfunction through its adverse
metabolic effects, ultimately contributing to the pathogenesis of type 2 diabetes and associated
complications.® Putative mechanisms of atherothrombosis in hyperhomocysteinemia include
endothelial cell injury, endothelial dysfunction, increased vascular smooth muscle cell growth,
increased platelet adhesiveness, enhanced LDL oxidation and deposition in the arterial wall and
direct activation of the coagulation cascade.” Hyperhomocysteinemia can be corrected with
vitamin therapy.” Insulin resistance and hyperinsulinemia in diabetes mellitus along with increased
homocysteine is thought to cause endothelial dysfunction. Dyslipidemia is one of the major risk
factors for cardiovascular disease in diabetes mellitus. The lipid changes associated with diabetes
mellitus are attributed to increased free fatty acid flux secondary to insulin resistance.® Diabetic
patients having hyperhomocysteinemia suffer from increased mortality and morbidity from
cardiovascular disease events.

In the literature, some studies have observed a positive correlation between insulin levels or insulin
resistance and plasma homocysteine levels.’ Further, insulin has also been reported to inhibit the
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conversion of homocysteine into cysteine by the trans-sulfuration pathway.'® 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.!! Both acute and prolonged exposure to Homocysteine
has detrimental effect on beta cell glucose metabolism, insulin secretary responsiveness and cell
viability.'”> Homocysteine generates reactive oxygen species in a redox-cycling reaction that
explains the decline in viability of insulin secreting cells leading to reduced glucokinase
phosphorylating ability, diminished insulin secretory responsiveness and cell death. '3

Hyperhomocysteinemia has been demonstrated in type-II DM patients in some previous studies,
and may be a contributory factor in the development of vascular complications.'* According to
Wijekoon et al,!'° an increase in the plasma level of homocysteine has been identified as a risk
factor for many diseases, including cardiovascular disease. According to Abraham et al, !¢ the two
pathways which metabolize homocysteine are trans-sulfuration and re-methylation. Excess of
homocysteine present in the blood circulation leads to formation of a major byproduct,
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. Moreover, 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 a previous study done by Ronald et al.!” it is observed that lipid abnormalities are due
to resistance to insulin and hyperglycemia.

In previous studies, folic acid and vitamin B12 supplements have been proved to be helpful to
decrease homocysteine levels in circulation.'® The most effective defense against homocysteine
buildup is a combination of vitamins B6, B-12 and folic acid, which convert homocysteine into
nontoxic substances. Increased serum homocysteine level is a risk factor for accelerated
atherosclerosis.!® Patients with homocysteinuria display early onset of arteriosclerosis and venous
thrombosis.!” High levels of homocysteine are believed to promote the formation of oxidation
products such as homocysteine disulfide and homocysteine thiolactone. These oxidation products
damage vascular endothelium by causing excessive sulfation of collagen, which in turn promotes
thrombosis and arteriosclerosis. In a study conducted by Lentz et al?® it was demonstrated that
serum homocysteine levels are an independent risk factor for cardiovascular disorders in type 2
diabetes patients. In the recent systemic review analysis, it was observed that Metformin
administration was not statistically associated with the change of homocysteine levels when
compared with the control treatment.?! Previous studies indicated that the plasma homocysteine
levels did not show a significant difference between those in the Metformin and the non-Metformin
treated groups in type II diabetes mellitus patients.’>** Homocysteine has been recommended as
an independent and important predictor of

complications in DM, primarily atherothrombotic events.?* In a study done by Ebru et al®° it was

observed that serum homocysteine is independent risk factors for cardiovascular disease.
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Hyperhomocysteinemia is defined as a concentration of Homocysteine levels >15 pmol/1.%®
Homocysteine levels in the blood have been associated with increased lipid peroxidation. The
relationship between serum homocysteine levels and type 2 diabetes is still debated. Future studies
needs to be undertaken which can find the association that the diabetic patients have deranged
levels of serum homocysteine and their association with dyslipidemia, will give promising leads
to develop the scope of primary and secondary preventive measures of cardiovascular disease in
those patients. As diabetic individuals are at higher risk of vascular disease, therefore it is required
to look for reliable novel biomarkers that can help in predicting prognosis and severity of the
disease.

With this background, the present study was conducted to assess the serum homocysteine levels
and lipid profile of the patients of type 2 diabetic patients and to correlate serum homocysteine
with lipid profile.

Aims and Objectives- 1. To estimate the serum levels of Homocysteine. 2. To estimate the serum
levels of serum cholesterol, triglycerides, HDL, LDL, VLDL cholesterol. 3. To study the
association of homocysteine with the components of lipid profile and glycated hemoglobin in type
I diabetic patients.

Materials and methods- This was a hospital based case control study. The study participants were
recruited from OPD and IPD of department of General medicine. The study was done from May
2023 to July 2024. Institutional Ethics Committee permission was taken before the conduct of the
study. Written informed consent was obtained from all the subjects before their participation.

Inclusion criteria- Individuals aged 30-65 years, diagnosed with diabetes mellitus with patient
with random plasma glucose of 200 mg/dl were recruited. Apparently healthy controls aged
between 30-65 years inclusive of both sexes were matched and included in the study.

Exclusion criteria- Patients with history of liver disease, thyroid disorders, type I diabetes
mellitus, females on oral contraceptives, pregnant and lactating mothers because of the associated
hormonal changes which affect body metabolism. Patients on anti-epileptic and anticancer drugs
were also excluded from the study since these patients show false high levels of homocysteine.
Patients on lipid lowering drugs, multivitamins supplementation were excluded from the study.
In the present study, total 80 subjects were recruited. Type II diabetes mellitus patients (n=40) and
apparently healthy controls (n=40) aged between 30-65 years inclusive of both sexes were
matched. Calculations were done by the Epi Info software, a program developed by the centres for
disease control and prevention, available at www.cdc.gov/epiinfo. The study measurable
parameters had 6% margin of error, with 10% as the prevalence rate of diabetes in a previous study
done by Mathur et al.?” With the % of controls exposed is 70%, odds ratio of 10, ratio of controls
to cases is 1 and with a power of 80% and 95% confidence interval, By substituting the values, we
calculated a sample size of 40 cases and 40 controls. Total sample size = 80.

Our calculated sample size and sampling methods are in accordance with previous studies done by
Dharmesh G, et al.?® and Saurabh B, et al.>’ General information such as age, gender, occupation,
literacy status, smoking status and socio-economic status were collected. Biochemical
measurements: The blood sample (5ml) was withdrawn from all subjects by vein puncture. 2ml of
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the blood was placed in EDTA tubes and stored at (2-8 ¢) for HbA 1c measurement. The remaining
3 ml of the blood was placed in plane tubes. The blood sample was centrifuged (at 3000 rpm for
10 minutes). The serum was isolated and stored at 2 to 8 degrees Celsius and analyzed for random
blood glucose, HbAlc, lipid profile and homocysteine levels. Determination of random blood
glucose and HbAlc, lipid profile- was done by automatic biochemistry analyzer. The serum
homocysteine level was determined using a commercially available ELISA kit.

Statistical Analysis- The quantitative variables were expressed as Mean + Standard Deviation.
The qualitative variables were expressed as counts and percentages. Values of diabetic and control
group were compared by applying unpaired student’s t-test. Pearsons correlation regression test
was applied. p value < 0.05 was considered as statistically significant. Statistical analysis was
performed using the Statistical Package for the Social Sciences (SPSS) software version 16.
Results-

Table 1. Shows the comparison of socio demographic profile and laboratory parameter between

cases and control group. Both groups were comparable for age and gender distribution. The
glycemic parameters (RBS, HbAlc) were significantly higher in diabetic patients as compared to
control group. Lipid profile parameter such as TG, VLDL was high significantly among diabetics
than non-diabetic patients. Whereas Cholesterol, HDL and LDL were higher among diabetic than
non-diabetic patients but not statistically significant.

Parameter Control group | Diabetic group | p-value
(n =40) (n=40)

Age (years) 47.7+£9.49 47.8+9.28 0.989
Male: Female 17:23 22: 18 -
Smoker 2 (5.0%) 04 (10.0%) -
BMI 21.9+231 26.6 +1.857 <0.01
RBS (mg/dL) 126+ 37.85 351£101.67 <0.01
HbAlc (%) 6.27+ .458 11.6 £ 1.947 <0.01
S. Hey (pmol/L) 9.54+2.64 23.6+ 11.41 <0.01
S. Cholesterol (mg/dL) | 190+ 37.4 208+ 57.6 0.119
S. TG (mg/dL) 223+ 11.5 298+ 33,57 <0.01
S. LDL (mg/dL) 104+ 3.58 115+ 4.01 0.196
S. HDL (mg/dL) 45.6+ 8.89 43.1+ 7.25 0.150
S. VLDL (mg/dL) 44.5+2.33 60+ 4.337 <0.01

¥p<0.01 versus control group

From figure- 1 and table 1, it was observed that serum homocysteine level (Hcy) among diabetic
patients was 23.6+ 11.4 pmol/L which was significantly higher than control group

(9.54+ 2.64 umol/L, p <0.01).
Figure 1. Shows the comparison of levels of HbAlc and serum homocysteine.
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Table 2: The diabetic patients were divided into two groups according to serum homocysteine
levels. A serum (Hcy) level of > 15.0 umol/L is considered as hyperhomocysteinemia. Total 34
patients had hyperhomocysteinemia and 06 diabetic patients had homocysteine level < 15.0
pumol/L.

Variables S. Hey <15 pmol/LL | S. Hey > 15 pmol/LL | p-value
(n=06) (n=34)
RBS (mg/dL) 294+ 131 415+ 99.9* .044
HbAlc (%) 9.32 +.445 13.7+2.16'" .004
S. Cholesterol (mg/dL) | 195+ 27.1 271+ 67.07 .010
S. TG (mg/dL) 239+ 66.7 407 £213* .049
S. HDL (mg/dL) 104+ 19.5 158+ 36.27F .001
S. LDL (mg/dL) 42.5+ 4.76 46.0 +8.88 321
S. VLDL (mg/dL) 47.8+13.2 81.5+ 42.6* .049

*p<0.05, Tp<0.01, T'p<0.001 versus S. Hcy < 15 umol/L group

From figure 2 and table 2, it was observed that serum TG, VLDL levels were high in diabetic
patients with hyperhomocysteinemia than diabetic patients with serum homocysteine < 15 pmol/L
which was statistically significant (<0.01). Where as serum cholesterol, LDL, HDL, levels were
high among diabetic hyperhomocysteinemia with diabetic patients homocysteine level <15.0
umol/L but were not statistically significant.

Figure 2. Shows the comparison of RBS, HbAlc and lipid profile among varied
homocysteine groups.
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Table- 3. Shows the correlation between serum homocysteine and other parameters.

Correlation r- value | p-value
Hcy and RBS 0.562 <0.001
Hcy and HbAlc 0.743 <0.001
Hcy and S. Cholesterol | 0.0925 | 0.432
Heyand S.TG 0.0015 |<0.05
Hcy and S. HDL 0.121 <0.05
Hecy and S.LDL 0.0103 |<0.05
Hcy and S. VLDL 0.0015 | <0.05

In table 3, it was observed that there was positive correlation of homocysteine with and RBS,
HbAlc, TG, HDL, LDL, VLDL which was statistically significant <0.05. The positive correlation
of homocysteine was not statistically significant with serum cholesterol.

Discussion

The present study was planned to evaluate the association of homocysteine and components of
lipid profile in diabetic patients. In the present study, 85% of the diabetic subjects had serum
Hcy>15 pumol/L. Serum Hcy level among diabetic patients (23.6+ 11.4 umol/L) was higher than
control group (9.54+ 2.64 pumol/L, p < 0.01). Our study findings are in accordance with previous

studies done by Mujumder M et al.>° and Chico et al.*!

According to Puri et al.** the mean level of homocysteine in diabetes patients was nearly double
that of controls. Homocysteine levels >18 mol/L were found in 72.5% of patients, but in only 26.7
% of controls. On the contrary, Wollesen et al.>* found that serum Hcy levels in type 2 diabetic

patients (10.6 umol/L) were insignificant (p>0.05) when compared to control (11.1 pmol/L).
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Hyperhomocysteinemia has been demonstrated in type-II DM in previous studies and may be a
contributory factor in the development of vascular complications.** According to Wijekoon et al,*
an increase in the plasma level of homocysteine has been identified as a risk factor for many
diseases, including CVD. In type II diabetes, betaine homocysteine methyl transferase enzyme was
observed to play a major role in the increased catabolism of homocysteine in addition to the trans-
sulfuration enzymes. 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.*®*® The explanation of significance of hyperhomocysteinemia in type 11
diabetes is complex. Multiple ways of considering impaired renal function either decreased
creatinine clearance or albuminuria or both may be complicated.’® According to Nickolas et al,*
atherosclerosis in diabetes mellitus is a persistent low-grade inflammatory condition.
Hyperhomocysteinemia is a substantial risk factor for atherosclerosis in both diabetic and non-
diabetic people. It has the potential to cause chronic vascular complications.*! Despite numerous
studies, the association between hyperhomocysteinemia and cardiovascular risk is still unknown.
In the present study, components of lipid profile namely cholesterol, TG, LDL, and VLDL were
significantly higher in the diabetic group in comparison to the control group. The LDL levels were
higher among diabetic hyperhomocysteinemia with diabetic patients homocysteine level <15.0
pmol/L but not statistically significant. Balu et al.*? found significant difference in serum Hcy,
serum cholesterol, LDL and HDL levels when compared to controls. The relationship of high Hcy
with high cholesterol levels observed in this study indicates causal relationship between plasma
Hcy and cholesterol. According to Li et al.,* high serum Hcy has a positive effect on the hydroxyl
methyl glutaryl CoA synthase enzyme and resulting hypercholesterolaemia. Furthermore, they
suggested that high Hcy increases cholesterol accumulation in the endothelial cells. In a similar
study by Sniderman et al,* hypertriglyceridemia along with increased numbers of small dense
LDL particles and low levels of HDL cholesterol were reported. Insulin resistance and
hyperglycemia leads lipid abnormalities. The aetiology of this dyslipidemia could be due to
increased secretion of TGs rich in VLDL from the liver and their poor clearance.* Increased lipid
peroxidation is also linked to elevated blood Hcy levels, which predisposes to atherosclerosis.
According to Hoogeveen et al.*, hyperhomocysteinemia raised the risk of cardiovascular disease
by 1.6 times in type 2 diabetes mellitus patients compared to non-diabetic people.
In the present study, significant positive correlation of homocysteine was observed with and RBS
and HbAlc (r = 0.562 and 0.743 respectively). Bansal S et al.*” also observed positive correlation
of Hey with FBS (0.631) and HbAlc (0.416). HbAlc levels were also considerably greater in
T2DM patients with hyperhomocysteinemia compared to patients with normal homocysteine
levels, according to O A Ala et al.*® The findings suggest that metabolic regulation may have an
impact on Hey levels.*

Conclusion- According to the findings of the present study, type 2 diabetes individuals are at risk
of having hyperhomocysteinemia which leads to dyslipidemia and vice versa. While homocysteine
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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. As a result, serum Hcy is an novel biomarker marker that can
be used to detect cardiovascular risk events in diabetes mellitus patients and can prevent further
complications.

Acknowledgments - Authors acknowledge the Department of Health Research (DHR), New
Delhi, India for providing the research funding and facilities at Multi-Disciplinary Research Unit
(MRU), Gulbarga Institute of Medical Sciences, Kalaburagi for the research project.

Financial support - Multi-Disciplinary Research Unit (MRU), Department of Health Research
(DHR), New Delhi, India

Conflict of Interest- None.

References-

1. Harding JL, Pavkov ME, Magliano DJ, Shaw JE, Gregg EW. Global trends in diabetes
complications: a review of current evidence. Diabetologia. 2019;62(1):3-16.

2. Begum, A., Irfan, S.R. Lipid profile abnormalities in Bangladeshi type 2 diabetic patients
attending a tertiary care hospital: A cross-sectional study. Bangladesh Crit. Care J.2019;7:44-47.
3. Wen J, Huang Y, Lu Y, Yuan H. Associations of non-high-density lipoprotein cholesterol,
triglycerides and the total cholesterol/HDL-c ratio with arterial stiffness independent of lowdensity
lipoprotein cholesterol in a Chinese population. Hypertens Res. 2019;42(8):1223-1230. 4. Homma
TK, Endo CM, Saruhashi T, Mori AP, Noronha RM, Monte O, Calliari LE. Dyslipidemia in young
patients with type 1 diabetes mellitus. Arch Endocrinol Metab. 2015 ;59(3):215-9.

5. Shah, V.N, Wu M., Polsky S, Snell-Bergeon J.K, Sherr JL, Cengiz, E.et al. Gender
differences in diabetes self-care in adults with type 1 diabetes: Findings from the T1D Exchange
clinic registry. J. Diabetes Complicat. 2018;32: 961-965.

6. Catena C, Colussi G, Nait F. Elevated homocysteine levels are associated with the
metabolic syndrome and cardiovascular events in hypertensive patients. Am J Hypertens.
2015;28(7):943—- 50.

7. Debnath L, Chowdhury AW, Alam I, Rashid MM, Sikder M S I, Nath B K. Comparative
Assessment of Serum Homocysteine and High Sensitivity C-reactive Protein in type 2 Diabetic
and non Diabetic Patients with ACS. Bangladesh Heart Journal, 2021;35(2):114-120.

8. Mooradian AD. Dyslipidemia in type 2 diabetes mellitus. Nat Clin Pract Endocrinol Metab.
2009 ;5(3):150-9.

9. Sainani GS, Karatela RA. Plasma leptin in insulin-resistant and insulin-nonresistant
coronary artery disease and its association with cardio-metabolic risk factors among Asian Indians.
Metab Syndr Relat Disord. 2009;7(4):335-340.

1548



Journal of Cardiovascular Disease Research
ISSN: 0975-3583, 0976-2833 VOL15, ISSUE 9, 2024

10.  Chiang EP, Wang YC, Chen WW, Tang FY. Effects of insulin and glucose on cellular
metabolic fluxes in homocysteine transsulfuration, remethylation, S-adenosylmethionine
synthesis, and global deoxyribonucleic acid methylation. J Clin Endocrinol Metab 2009
;94(3):1017-1025.

11. Li H, Lewis A, Brodsky S, Rieger R, Iden C, Goligorsky MS. Homocysteine induces
3hydroxy-3-methylglutaryl coenzyme A reductase in vascular endothelial cells: a mechanism for
development of atherosclerosis? Circulation 2002;105(9):1037-1043.

12. Patterson S, Flatt PR, McClenaghan NH. Homocysteine-induced impairment of insulin
secretion from clonal pancreatic BRIN-BD11 beta-cells is not prevented by catalase. Pancreas.
2007;34:144-51.

13. Scullion SM, Gurgul Convey E, Elsner M, Lenzen S, Flatt PR, McClenaghan NH.
Enhancement of homocysteine toxicity to insulin-secreting BRINBD11 cells in combination with
alloxan. J Endocrinol. 2012;214:233-8.

14.  Ebesunun MO, Obajobi EO. Elevated plasma homocysteine in type 2 diabetes mellitus: a
risk factor for cardiovascular diseases. Pan Afr Med J. 2012;12(48):1-14.

15.  Wijekoon EP, Brosnan ME, Brosnan JT. Homocysteine metabolism in diabetes. Biochem
Soc Trans. 2007;35:1175-1179.

16.  Abraham JM, Cho L. The homocysteine hypothesis: still relevant to the prevention and
treatment of cardiovascular disease? Cleve Clin J Med. 2010;77(12):911-918.

17.  Krauss RM. Lipids and lipoproteins in patients with type 2 diabetes. Diabetes Care. 2004
;27(6):1496-504.

18. Singla H, Panag K, Batta A, Goyal G. Homocysteine levels in patients of type 2 diabetes
mellitus with diabetic nephropathy and its clinical implications. Int J Med Res Rev.
2015;3(9):1070-1076.

19. Heijer M, Keijzer MB. Hyperhomocysteinemia as a risk factor for venous thrombosis. Clin
Chem Lab Med. 2001;39(8):710-3.
20. Lentz SR. Mechanisms of homocysteine-induced atherothrombosis. J Thromb Haemost.

2005;8:1646-54.

21. Zhang Q, Li S, Li L, Li Q, Ren K, Sun X, Li J. Metformin Treatment and Homocysteine:
A Systematic Review and Meta-Analysis of Randomized Controlled Trials. Nutrients. 2016
;8(12):1-12.

22. Yilmaz, M., Bukan, N, Ayvaz, G, Karakoc A, Toruner F, Cakir N.The Effects of
Rosiglitazone and Metformin on Oxidative Stress and Homocysteine Levels in Lean Patients with
Polycystic Ovary Syndrome. Hum Reprod. 2005;20(12):3333-3340.

23.  Pongchaidecha M, Srikusalanukul V, Chattananon A, Tanjariyaporn S. Effect of metformin
on plasma homocysteine, vitamin B12 and folic acid: a cross-sectional study in patients with type
2 diabetes mellitus. J Med Assoc Thai. 2004;87(7):780-7.

24. Tinelli C, Di Pino A, Ficulle E, Marcelli S, Feligioni M. Hyperhomocysteinemia as a Risk
Factor and Potential Nutraceutical Target for Certain Pathologies. Front Nutr. 2019;;6(49)1-13.

1549



Journal of Cardiovascular Disease Research
ISSN: 0975-3583, 0976-2833 VOL15, ISSUE 9, 2024

25.  Ebru DY, Hale T, Abdi B, Abdullah T, Esmeray A. Assessment of Diagnostic Efficiency of
Lipoprotein (a), Homocysteine, High Sensitive C-Reactive Protein and Fibrinogen in patients with
Coronary Artery Disease. Cukurova Med J. 2013;38:559-566.

26. Platt DE, Hariri E, Salameh P, Merhi M, Sabbah N, Helou M, et al. Type II diabetes mellitus
and hyperhomocysteinemia: a complex interaction. Diabetol Metab Syndr 2017;9(1):1-7.

27. Mathur P,Leburu S, Kulothungan V. Prevalence, awareness, treatment and control of
diabetes in India from the country wide national NCD monitoring survey. Front.Public Health.
2022;10:1-12.

28. Dharmesh G, Kaushik C, RuhanOza, Bhavita P, Punit P. Relationship Between Serum
Homocysteine and Lipid Profile, in Type II Diabetes Mellitus Patients: A Comparative Study. J
Cardiovasc Dis Res. 2022;13(5):406-411.

29. Saurabh B, Sangeeta K, G.P. Singh, Sushil Y. Serum homocysteine levels in type 2 diabetes
mellitus patients. International Journal of Contemporary Medical Research. 2016;3(11):33933396.
30. Majumder M , Mollah FH , Fariduddin M , Ehsan SM , Ferdous SA. Serum Homocysteine
and its Association with Lipid Profile in Type 2 Diabetic Patients. Indian Journal of Medical
Biochemistry. 2017;9(1):42-26.

31. Chico A, Perez A, Cordoba A, Arcelis R, Carreras G, de Leiva A, Gonzalez-Sastre F,
Blanco-Vaca F. Plasma homocysteine is related to albumin excretion rate in patients with diabetes
mellitus: a new link between diabetic nephropathy and cardiovascular disease? Diabetologia. 1998
;41(6):684-93.

32. 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.

33. Wollesen F, Brattstrom L, Refsum H, Ueland PM, Berglund L, Berne C. Plasma total
homocysteine and cysteine in relation to glomerular filtration rate in diabetes mellitus. Kidney Int.
1999 ;55(3):1028-35.

34. Kajbaf F, Ghaffari MA, Kajbaf MJ. Reduced serum homocysteine levels in diabetic
patients. Iran J Pathol 2012;7(1):14-18.

35. Wijekoon EP, Brosnan ME, Brosnan JT. Homocysteine metabolism in diabetes. Biochem
Soc Trans 2007 ;35(Pt 5): 1175-1179.

36. Hoogeveen EK, Kostense PJ, Beks PJ, Mackaay AJ, Jakobs C, Bouter LM, et al.
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;18:133-138.

37. Okada E, Oida K, Tada H, Asazuma K, Eguchi K, Tohda G, Kosada S, Takahashi S,
Miyamori I. Hyperhomocysteinemia is a risk factor for coronary arteriosclerosis in Japanese
patients with type 2 diabetes. Diabetes Care 1999;22(3):484-490.

38. Smulders YM, Rakic M, Slaats EH, Treskes M, Sijbrands EJ, Odekerken DA, Stehouwer
CD, Silberbusch J. Fasting and post-methionine homocysteine levels in NIDDM: determinants and

1550


https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&ved=2ahUKEwjtg6vc-6iIAxUWe2wGHeMZO-cQFnoECBMQAQ&url=https%3A%2F%2Fwww.ijmb.in%2Fdoi%2F10.5005%2Fjp-journals-10054-0049&usg=AOvVaw3vR_n-zTj_4dYMjNxC6f5Y&opi=89978449
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&ved=2ahUKEwjtg6vc-6iIAxUWe2wGHeMZO-cQFnoECBMQAQ&url=https%3A%2F%2Fwww.ijmb.in%2Fdoi%2F10.5005%2Fjp-journals-10054-0049&usg=AOvVaw3vR_n-zTj_4dYMjNxC6f5Y&opi=89978449
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&ved=2ahUKEwjtg6vc-6iIAxUWe2wGHeMZO-cQFnoECBMQAQ&url=https%3A%2F%2Fwww.ijmb.in%2Fdoi%2F10.5005%2Fjp-journals-10054-0049&usg=AOvVaw3vR_n-zTj_4dYMjNxC6f5Y&opi=89978449
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&ved=2ahUKEwjtg6vc-6iIAxUWe2wGHeMZO-cQFnoECBMQAQ&url=https%3A%2F%2Fwww.ijmb.in%2Fdoi%2F10.5005%2Fjp-journals-10054-0049&usg=AOvVaw3vR_n-zTj_4dYMjNxC6f5Y&opi=89978449
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&ved=2ahUKEwjtg6vc-6iIAxUWe2wGHeMZO-cQFnoECBMQAQ&url=https%3A%2F%2Fwww.ijmb.in%2Fdoi%2F10.5005%2Fjp-journals-10054-0049&usg=AOvVaw3vR_n-zTj_4dYMjNxC6f5Y&opi=89978449
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&ved=2ahUKEwjtg6vc-6iIAxUWe2wGHeMZO-cQFnoECBMQAQ&url=https%3A%2F%2Fwww.ijmb.in%2Fdoi%2F10.5005%2Fjp-journals-10054-0049&usg=AOvVaw3vR_n-zTj_4dYMjNxC6f5Y&opi=89978449
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&ved=2ahUKEwjtg6vc-6iIAxUWe2wGHeMZO-cQFnoECBMQAQ&url=https%3A%2F%2Fwww.ijmb.in%2Fdoi%2F10.5005%2Fjp-journals-10054-0049&usg=AOvVaw3vR_n-zTj_4dYMjNxC6f5Y&opi=89978449
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&ved=2ahUKEwjtg6vc-6iIAxUWe2wGHeMZO-cQFnoECBMQAQ&url=https%3A%2F%2Fwww.ijmb.in%2Fdoi%2F10.5005%2Fjp-journals-10054-0049&usg=AOvVaw3vR_n-zTj_4dYMjNxC6f5Y&opi=89978449
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&ved=2ahUKEwjtg6vc-6iIAxUWe2wGHeMZO-cQFnoECBMQAQ&url=https%3A%2F%2Fwww.ijmb.in%2Fdoi%2F10.5005%2Fjp-journals-10054-0049&usg=AOvVaw3vR_n-zTj_4dYMjNxC6f5Y&opi=89978449
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&ved=2ahUKEwjtg6vc-6iIAxUWe2wGHeMZO-cQFnoECBMQAQ&url=https%3A%2F%2Fwww.ijmb.in%2Fdoi%2F10.5005%2Fjp-journals-10054-0049&usg=AOvVaw3vR_n-zTj_4dYMjNxC6f5Y&opi=89978449
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&ved=2ahUKEwjtg6vc-6iIAxUWe2wGHeMZO-cQFnoECBMQAQ&url=https%3A%2F%2Fwww.ijmb.in%2Fdoi%2F10.5005%2Fjp-journals-10054-0049&usg=AOvVaw3vR_n-zTj_4dYMjNxC6f5Y&opi=89978449
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&ved=2ahUKEwjtg6vc-6iIAxUWe2wGHeMZO-cQFnoECBMQAQ&url=https%3A%2F%2Fwww.ijmb.in%2Fdoi%2F10.5005%2Fjp-journals-10054-0049&usg=AOvVaw3vR_n-zTj_4dYMjNxC6f5Y&opi=89978449
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&ved=2ahUKEwjtg6vc-6iIAxUWe2wGHeMZO-cQFnoECBMQAQ&url=https%3A%2F%2Fwww.ijmb.in%2Fdoi%2F10.5005%2Fjp-journals-10054-0049&usg=AOvVaw3vR_n-zTj_4dYMjNxC6f5Y&opi=89978449
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&ved=2ahUKEwjtg6vc-6iIAxUWe2wGHeMZO-cQFnoECBMQAQ&url=https%3A%2F%2Fwww.ijmb.in%2Fdoi%2F10.5005%2Fjp-journals-10054-0049&usg=AOvVaw3vR_n-zTj_4dYMjNxC6f5Y&opi=89978449
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&ved=2ahUKEwjtg6vc-6iIAxUWe2wGHeMZO-cQFnoECBMQAQ&url=https%3A%2F%2Fwww.ijmb.in%2Fdoi%2F10.5005%2Fjp-journals-10054-0049&usg=AOvVaw3vR_n-zTj_4dYMjNxC6f5Y&opi=89978449
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&ved=2ahUKEwjtg6vc-6iIAxUWe2wGHeMZO-cQFnoECBMQAQ&url=https%3A%2F%2Fwww.ijmb.in%2Fdoi%2F10.5005%2Fjp-journals-10054-0049&usg=AOvVaw3vR_n-zTj_4dYMjNxC6f5Y&opi=89978449
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&ved=2ahUKEwjtg6vc-6iIAxUWe2wGHeMZO-cQFnoECBMQAQ&url=https%3A%2F%2Fwww.ijmb.in%2Fdoi%2F10.5005%2Fjp-journals-10054-0049&usg=AOvVaw3vR_n-zTj_4dYMjNxC6f5Y&opi=89978449
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&ved=2ahUKEwjtg6vc-6iIAxUWe2wGHeMZO-cQFnoECBMQAQ&url=https%3A%2F%2Fwww.ijmb.in%2Fdoi%2F10.5005%2Fjp-journals-10054-0049&usg=AOvVaw3vR_n-zTj_4dYMjNxC6f5Y&opi=89978449
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&ved=2ahUKEwjtg6vc-6iIAxUWe2wGHeMZO-cQFnoECBMQAQ&url=https%3A%2F%2Fwww.ijmb.in%2Fdoi%2F10.5005%2Fjp-journals-10054-0049&usg=AOvVaw3vR_n-zTj_4dYMjNxC6f5Y&opi=89978449
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&ved=2ahUKEwjtg6vc-6iIAxUWe2wGHeMZO-cQFnoECBMQAQ&url=https%3A%2F%2Fwww.ijmb.in%2Fdoi%2F10.5005%2Fjp-journals-10054-0049&usg=AOvVaw3vR_n-zTj_4dYMjNxC6f5Y&opi=89978449
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&ved=2ahUKEwjtg6vc-6iIAxUWe2wGHeMZO-cQFnoECBMQAQ&url=https%3A%2F%2Fwww.ijmb.in%2Fdoi%2F10.5005%2Fjp-journals-10054-0049&usg=AOvVaw3vR_n-zTj_4dYMjNxC6f5Y&opi=89978449
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&ved=2ahUKEwjtg6vc-6iIAxUWe2wGHeMZO-cQFnoECBMQAQ&url=https%3A%2F%2Fwww.ijmb.in%2Fdoi%2F10.5005%2Fjp-journals-10054-0049&usg=AOvVaw3vR_n-zTj_4dYMjNxC6f5Y&opi=89978449
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&ved=2ahUKEwjtg6vc-6iIAxUWe2wGHeMZO-cQFnoECBMQAQ&url=https%3A%2F%2Fwww.ijmb.in%2Fdoi%2F10.5005%2Fjp-journals-10054-0049&usg=AOvVaw3vR_n-zTj_4dYMjNxC6f5Y&opi=89978449
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&ved=2ahUKEwjtg6vc-6iIAxUWe2wGHeMZO-cQFnoECBMQAQ&url=https%3A%2F%2Fwww.ijmb.in%2Fdoi%2F10.5005%2Fjp-journals-10054-0049&usg=AOvVaw3vR_n-zTj_4dYMjNxC6f5Y&opi=89978449
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&ved=2ahUKEwjtg6vc-6iIAxUWe2wGHeMZO-cQFnoECBMQAQ&url=https%3A%2F%2Fwww.ijmb.in%2Fdoi%2F10.5005%2Fjp-journals-10054-0049&usg=AOvVaw3vR_n-zTj_4dYMjNxC6f5Y&opi=89978449

Journal of Cardiovascular Disease Research
ISSN: 0975-3583, 0976-2833 VOL15, ISSUE 9, 2024

correlations with retinopathy, albuminuria, and cardiovascular disease. Diabetes Care 1999 ;22(1):
125-132.

39. Stabler S, Estacio R, Jeffers B, Cohen J, Allen R, Schrier R. Total homocysteine is
associated with nephropathy in non-insulindependent diabetes mellitus. Metabolism
1999;48(9):1096-1101.

40. Nikolaos P, Dimitris T, Gerasimos S, et al. Is Fibrinogen a Marker of Inflammation in
Coronary Artery disease? Hell J Cardiol 2010;5341-9.

41.Choudhary J, Fiza B, Sinha M, Mathur R. Serum Homocysteine and Its Association with Lipid
Profile in Type II Diabetes Mellitus. Indian J] Med Biochem. 2018;22(1)26-31.

42. Balu MK, Santha K, Santosh kumar N, Gnana Desigan E, Mohammad A. Serum
Homocysteine And Lipid Profile Levels in Type 2 Diabetes Mellitus Patients. Int J Med Res Heal
Sci 2013;2200-5

43. Li H, Lewis A, Brodsky S, Rieger R, Iden C, Goligorsky MS. Homocysteine induces
3hydroxy-3-methylglutaryl coenzyme a reductase in vascular endothelial cells: a mechanism for
development of atherosclerosis? Circulation.2002;105(9):1037-43.

44.  Sniderman AD, Scantlebury TH, Cianflone K. Hypertriglyceridemic hyperapo B: the
unappreciated atherogenic dyslipoproteinemia in type 2 diabetes mellitus. Ann Intern Med
2001;135(6);447-59

45. Krauss RM. Lipids and lipoproteins in patients with type 2 diabetes. Diabetes Care
2004;27(6);1496-1504

46. Hoogeveen EK, Kostense PJ, Jakobs C, Dekker JM, Nijpels G, Heine RJ, et al.
Hyperhomocysteinemia increases risk of death, especially in type 2 diabetes : 5-year follow-up of
the Hoorn Study. Circulation. 2000;101(13):1506-11.

47. Bansal S, Kapoor S, Singh GP, Yadav S. Serum homocysteine levels in type 2 diabetes
mellitus patients. Int Jr Contemp Med Res 2016;3(11);3393-6

48. Ala OA, Akintunde AA, Ikem RT, Kolawole BA, Ala OO, Adedeji TA. Association
between insulin resistance and total plasma homocysteine levels in type 2 diabetes mellitus
patients in south west Nigeria. Diabetes Metab Syndr. 2017 ;11 Suppl 2:S803-S809.

49.  Drzewoski J, Czupryniak L, Chwatko G, Bald E. Hyperhomocysteinemia in poorly
controlled type 2 diabetes patients. Diabetes Nutr Metab. 2000 ;13(6):319-24.

1551



