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ABSTRACT: Diabetes mellitus refers to a group of common metabolic diseases that share the 

phenotype of hyperglycemia. The metabolic dysregulation associated with diabetes causes secondary 

pathogenic changes in multiple organ systems that impose a tremendous burden on the individual 

with diabetes and on health care system. Present study was undertaken to investigate serum lipids 

and serum magnesium levels in type 2 diabetes mellitus cases based on their glycated hemoglobin 

levels. The purpose of this study was thus to gather information about the relation between degree of 

control of diabetes and level of lipids and magnesium in serum. In the present study we observed a 

significant decrease in magnesium levels, increase in LDL cholesterol levels in diabetic patients with 

poor control. 
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INTRODUCTION: With an increasing incidence worldwide diabetes mellitus will be a leading cause 

of morbidity and mortality for the foreseeable future.1 chronic hyperglycemia can cause significant 

alterations in the status of some micronutrients and on the other hand some of these nutrients can 

directly modulate glucose homeostasis. So this study was done to evaluate relation between serum 

magnesium and lipids with the course of type 2 diabetes mellitus. Patients with type-2 diabetes have 

increased risk of cardiovascular disease associated with atherogenic dyslipidemia, especially 

cardiovascular disorder and cerebrovascular accident.2 Hyperglycemia and atherosclerosis are 

related in type-2 diabetes.3 Persistent hyperglycemia causes glycosylation of all proteins, especially 

collagen cross linking and matrix proteins of arterial wall. This eventually causes endothelial cell 

dysfunction, contributing further to atherosclerosis. The prevalence of dyslipidemia in diabetes 

mellitus is 95%.4 The cardiovascular disease is a cause of morbidity and mortality in patients with 

diabetes mellitus because of disturbance in lipoproteins i.e. serum triglycerides (TG) 69%, serum 

cholesterol 56.6%, low-density lipoprotein cholesterol (LDL) 77% and high density lipoprotein 

cholesterol (HDL) 71%.5,6 Myocardial infarction is the leading cause of morbidity and mortality 

worldwide.7 13.7% to 47.7% of type 2 diabetic mellitus cases were found to have 

hypomagnesemia.8,9,10,11,12,13 In diabetes there is a direct relationship between serum magnesium 

level and cellular glucose disposal that is independent of insulin secretion. This change in glucose 

disposal has been shown to be related to increased sensitivity of the tissues to insulin in presence of 

adequate magnesium levels.14 Hypomagnesaemia is also known to have atherogenic potency.15 by 

promoting endothelial dysfunction, platelet aggregation and vascular calcifications, leading to future 

vascular complications.16 

 A definite understanding of relevant biochemical changes is thus necessary to correctly 

understand the pathophysiology and to identify biochemical markers that help in preventing 

complications in type 2 diabetes patients. In the present study we have studied the changes in the 

levels of magnesium and lipids in type 2 Diabetic patients in relation to their hbA1C levels. 
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MATERIALS AND METHODS: The subjects included in the present study were 100 patients suffering 

from Diabetes mellitus. Glycated hemoglobin (HbA1C) of all patients was measured. 50 patients with 

controlled glycemic status (HbA1C <8.0) and another 50 subjects with uncontrolled glycemic status 

(HbA1C >8.0) were divided into 2 groups. All the subjects were known diabetics in the age group of 

48+/-10 yrs. We have excluded cases with CRF, Acute MI, Chronic diarrhea & epilepsy. Persons on 

drugs like diuretics, magnesium supplements, and magnesium containing antacids were excluded. 

We also have excluded pregnant women with hypertension, proteinuria, & eclampsia. 

 This study was approved by an institutional review board and informed consent was 

obtained from all subjects involved in the study. Participants were in the supine position for 5 to 10 

minutes before venipuncture and 5ml of fasting venous blood was collected. 4ml was collected in 

plain bottle and allowed to clot to separate serum. Another 1ml was taken in EDTA tube for HbA1C 

estimation. The following methodology was applied to the samples to obtain the required 

parameters. Serum was separated within one hour after sample collection. Care was taken to avoid 

hemolysis. Serum from all 100 subjects was analyzed for the following parameters: 

1. Serum glucose by GOD-POD method. 

2. HbA1C by Ion exchange resin method. 

3. Serum cholesterol by CHOD-PAP method. 

4. Serum triglycerides by GPO – Trinder method 

5. HDL cholesterol by Phospho tungstic acid method. 

6. Serum Magnesium by Calmagite method. 

 All the parameters were analyzed 

 Statistical analysis was done using SPSS software. Results were expressed as mean, +/- SD. 

Statistical correlation was done using partial correlation test and significance was expressed in the 

form of ‘p’ value. ‘p’ value of <0.5 was considered statistically significant and ‘p’ value <0.01 was 

considered highly significant. 
 

RESULTS: 
 

Parameter 
Controlled DM 

Mean +/- SD 

Uncontrolled DM 

Mean +/- SD 

‘p’ Value 

 

FBS 99.4+/- 14.10 144.86+/-29.35 <0.001 

HbA1C 6.8+/-0.4 9.86+/-1.02 <0.001 

Table1: Table showing Mean +/- SD & p values of fasting blood sugar & 

 HbA1C in controlled & uncontrolled diabetes mellitus (DM) 

 

Parameter 
Controlled DM 

Mean +/- SD 

Uncontrolled DM 

Mean +/- SD 

‘p’ Value 

 

Total cholesterol 171.66+/-16.70 202.93+/-51.00 <0.001 

Triglycerides 239+/-33.67 240+/-101.79 <0.001 

HDL cholesterol 44.13+/-8.16 34.46+/-5.98 <0.02 

LDL cholesterol 99+/-18.58 119+/- 43.66 <0.001 

Table 2: Table showing mean +/-SD & p values of total cholesterol, triglycerides, HDL- 

cholesterol & LDL-Cholesterol in controlled & uncontrolled diabetes mellitus (DM) 
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Parameter 
Controlled DM 

Mean +/- SD 

Uncontrolled DM 

Mean +/- SD 

‘p’ Value 

 

Serum magnesium 2.25+/-0.15 1.85+/-0.24 <0.001 

Table 3: Table showing Mean+/-SD & p values of serum magnesium  

levels in controlled & uncontrolled diabetes mellitus (DM) 

 

From the above Tables 1, 2 & 3, fasting blood glucose levels, HbA1C levels, total cholesterol, 

triglycerides, LDL cholesterol were significantly raised in patients with uncontrolled type 2 diabetes 

mellitus compared to controlled diabetes mellitus cases. There is no significant change found in HDL 

cholesterol levels. Serum magnesium was found to be decreased significantly in patients with 

uncontrolled type 2 diabetes mellitus compared to controlled diabetes mellitus cases. 

 

DISCUSSION: The prevalence of type 2 diabetes is rising much more rapidly, presumably because of 

increasing obesity, reduced activity levels as countries become more industrialized and the ageing 

population. As the prevalence of type 2 diabetes with complications is increased for the past decades, 

the present study was chosen to study the association of serum lipids and magnesium in these 

patients.17 the metabolic dysregulation associated with diabetes mellitus causes secondary 

pathogenic changes in multiple organ systems that impose a tremendous burden on the individual 

with diabetes. 

 Insulin resistance and obesity combine to cause dyslipidemia and hyperglycemia which have 

additive cardiovascular risk. In diabetes mellitus carbohydrate utilization is impaired and lack of 

insulin sensitivity leads to uncontrolled breakdown of lipids and proteins. This in turn causes 

availability of more acetyl CoA which is responsible for hyperlipidemia.18,19,20 Elevated free fatty acids 

in diabetes are consistently observed and are related to the degree of hyperglycemia. Altered 

metabolism of triglyceride rich lipoproteins is crucial in the pathophysiology of atherogenic 

dyslipidemia of diabetes. Levels of LDL cholesterol are predictive of coronary artery disease. 

Lowering LDL cholesterol is important in decreasing cardiovascular disease morbidity and           

mortality.21,22,23 

 Magnesium is involved in multiple levels in insulin secretion, binding & activity. Mg activates 

more than 300 enzymes in body and is a critical cofactor of many enzymes in carbohydrate 

metabolism. Cellular magnesium deficiency alters the activity of sodium potassium ATPase pump.24 

which is useful in maintenance of sodium, potassium and glucose transport. Magnesium depletion is 

thus said to have effect on homeostasis of blood glucose and insulin sensitivity in type 2 diabetic 

patients as well as on the development and progression of complications. Early diagnosis & prompt 

treatment of complications of diabetes mellitus can improve the quality of life and increases life 

expectancy. 

 This work was carried out to study the correlation between glycosylated hemoglobin, 

magnesium status, & serum lipids in diabetic patients. Cases with poorly controlled glycemic status 

depicted deranged lipid levels and mg levels when compared to controlled glycemic status cases. The 

main reason for poor glycemic control in type 2 diabetes may be lack of education about its control 

and future developing cardiovascular and cerebro vascular complications. 
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CONCLUSION: Outcome study showed that majority of type 2 diabetes mellitus cases with 

uncontrolled blood sugar levels and HbA1C levels had their lipid levels and magnesium levels 

deranged. Glycemic control seems to be of paramount management of diabetes induced lipid and 

magnesium abnormalities. All efforts to ensure good glycemic control should be made by necessary 

dietary modification (calorie control, supplementation with monounsaturated fats etc.) and the use of 

pharmacological agents for lowering triglycerides and cholesterol, for improving serum magnesium 

levels. 

 

REFERENCES: 

1. Alwin c powers, Harrisons principles of internal medicine. 17th Ed. McGraw-Hill Medical 

publishing division; 2008; 2275-2034. 

2. Krishna. P, Roopakala and KM Prasanna, 2005. Dyslipidemia in type 1 diabetes mellitus in the 

young. Int. J. Diab. Dev. Ctries, 25(4): 110-12. 

3. Devrajani, B. R., S.Z. Shah, A A. Soomro and T. Devrajani, 2010. Type 2 diabetes: A risk factor for 

Helicobacter pylori infection. A hospital based case-control study. Int. J. Diabetes Dey. Ctries, 

30(1): 22-6. 

4. Chattanda, S.P, and Y. M. Mgonda, 2008, Diabetic dyslipidemia among diabetic patients 

attending specialized clinics in Dar es Salaam. Tanzania Med. J 23(1): 08-11. 

5. Khan, S.R., N. Ayub, S. Nawab and T.S. Shamsi, 2008. Triglyceride profile in dyslipidemia of type 

2 diabetes mellitus. Coll. Physicians Surg., Pak, 18(5): 270-273. 

6. Gadi, R. And F.F. Samaha, 2007. Dyslipidemia in type 2 diabetes mellitus. Curr. Diab. Rep. Jun, 

7(3): 228-34. 

7. Roberto, T., A.R. Dodesini, Lepore G. Lipid and renal disease, 2006. J. Am. Soc. Nephrol., 

17:S.145-7. 

8. Pham PC, Pham PM, Pham PA, Pham SV, Pham HV, Miller JM, Yanagawa N, Pham PT: Lower 

serum magnesium levels are associated with more rapid decline of renal function in patients 

with diabetes mellitus type 2. Clin Nephrol 63: 429 – 436, 2005 [published erratum appears in 

Clin Nephrol 64: 248, 2005]. 

9. McNair P, Christensen MS, Christiansen C, Madsbad S, Transbol I: Renal hypomagnesaemia in 

human diabetes mellitus: Its relation to glucose homeostasis. Eur J Clin Invest 12: 81– 85, 1982. 

10. Mather H, Nisbet JA, Burton GH, Poston GJ, Bland JM, Bailey PA, Pilkington TR: 

Hypomagnesemia in diabetes. Clin Chim Acta 95: 235–242, 1979. 

11. De Lordes Lima M, Cruz T, Pousada JC, Rodrigues LE, Barbosa K, Cangucu V: The effect of 

magnesium supplementation in increasing doses on the control of type 2 diabetes. Diabetes 

Care 21: 682– 686, 1998. 

12. Walti MK, Zimmermann MB, Spinas GA, Hurrell RF: Low plasma magnesium in type 2 diabetes. 

Swiss Med Wkly 133: 289 –292, 2003. 

13. Ma J, Folsom AR, Melnick SL, Eckfeldt JH, Sharrett AR, Nabulsi AA, Hutchinson RG, Metcalf PA: 

Associations of serum and dietary magnesium with cardiovascular disease, hypertension, 

diabetes, insulin, and carotid arterial wall thickness: The ARIC study. Atherosclerosis Risk in 

Communities Study. J Clin Epidemiol 48: 927–940, 1995. 

14. Yajnikcs, COS, Smith, R.F., hockaday, T.D.R. and Ward, N.I (1984) Fasting Plasma magnesium 

concentration and glucose disposal in diabetes. B.M.J. 288, 1032-1034. 

 



DOI: 10.14260/jemds/2015/1921 

ORIGINAL ARTICLE 

J of Evolution of Med and Dent Sci/ eISSN- 2278-4802, pISSN- 2278-4748/ Vol. 4/ Issue 77/ Sept 24, 2015            Page 13385 

 

15. Seelig, M.S and Heggtveit, A (1974) Magnesium interralionship in IHD. Am. J. Clin. Nutr.27, 59-

79. 

16. Rayssignier Y: Role of magnesium and potassium in the pathogenesis of arteriosclerosis. 

Magnesium 3: 226 –238, 1984. 

17. Alvin C.P. Harrison’s principles of Internal medicine. 18th edition Mc. Graw-Hill 2012. 

18. Boden G: Role of fatty acids in the pathogenesis of insulin resistance and NIDDM. Diabetes 

46:3–10, 1997. 

19. Kelley DE, Simoneau JA: Impaired free fatty acid utilization by skeletal muscle in non-insulin-

dependent diabetes mellitus. J Clin Invest 94:2349–2356, 1994. 

20. Bluher M, Kratzsch J, Paschke R: Plasma levels of tumor necrosis factor, angiotensin II, growth 

hormone, and IGF-I are not elevated in insulin-resistant obese individuals with impaired 

glucose tolerance. Diabetes Care 24:328–334, 2001. 

21. Blake GJ, Otvos JD, Rifai N, Ridker PM: Low-density lipoprotein particle concentration and size 

as determined by nuclear magnetic resonance spectroscopy as predictors of cardiovascular 

disease in women. Circulation 106:1930–1937, 2002. 

22. Rosenson RS, Otvos JD, Freedman DS: Relations of lipoprotein subclass levels and low-density 

lipoprotein size to progression of coronary artery disease in the Pravastatin Limitation of 

Atherosclerosis in the Coronary Arteries (PLAC-I) trial. Am J Cardiol 90:89–94, 2002. 

23. St-Pierre AC, Bergeron J, Pirro M, Cantin B, Dagenais GR, Despres JP, Lamarche B, Quebec 

Cardiovascular Study: Effect of plasma C-reactive protein levels in modulating the risk of 

coronary heart disease associated with small, dense, low-density lipoproteins in men (the 

Quebec Cardiovascular Study). Am J Cardiol 91: 555–558, 2003. 

24. Grofton, G and Borter, M.A (1992) the role of magnesium in diabetes mellitus. J. Diabetes 

complications. 6, 143-149. 

 

  

 

AUTHORS:  

1. Sunitha Thirumalasetti 

2. Sk. Sharimila 
 

PARTICULARS OF CONTRIBUTORS: 

1. Associate Professor, Department of Bio-

Chemistry, Katuri Medical College & 

Hospital, Guntur, Andhra Pradesh. 

2. Post Graduate Student in M.sc, 

Department of Bio-Chemistry, Katuri 

Medical College, Guntur, Andhra Pradesh. 
 

FINANCIAL OR OTHER  

COMPETING INTERESTS: None 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

NAME ADDRESS EMAIL ID OF THE 

CORRESPONDING AUTHOR: 

Dr. Sunitha Thirumalasetti, 

Associate Professor,  

Department of Bio-Chemistry,  

Katuri Medical College & Hospital,  

Guntur, Andhra Pradesh. 

E-mail: sunithathatty@gmail.com 
 
 

 Date of Submission: 13/09/2015. 

 Date of Peer Review: 14/09/2015. 

 Date of Acceptance: 18/09/2015. 

 Date of Publishing: 23/09/2015. 


