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Abstract Background: Middle aged group with increased incidence of cardiomyopathies has become common worldwide. One of 
the causes of cardiomyopathies is due to high glycemic index. Diabetes is a chronic metabolic and endocrine disease, 
which on long term leads to varied complications such as nephropathy, neuropathy, micro and macro angiopathies etc. 
Purpose: The trace elements may play a role in the cardiomyopathies. In the present study, we aimed to assess 
concentrations of Magnesium (Mg) and Zinc (Zn) in patient’s serum and urine with uncontrolled diabetes and compared 
with healthy controls. Methods: This study population included 100 patients (Patients with uncontrolled diabetes and 
cardiomyopathies) and 100 healthy subjects. Serum and urine levels of creatinine, magnesium and zinc were assessed 
using automatic bio-analyzer. Results: Diabetic subjects (n=1000) with macro and micro-angiopathies and non-diabetic 
subjects (n=100) with no complications were selected for the study and their serum and urine were analyzed for 
quantifying the levels of HbA1C, creatinine, Mg and Zn. Serum and urine concentrations of Mg and Zn in uncontrolled 
diabetes patients were significantly lower than in healthy controls (p<0.05, respectively). There was significant difference 
in the trace elements status between control and uncontrolled diabetic patients (p>0.05 for all parameters). Relationships 
of the serum and urine trace element concentrations studied with hemodynamic parameters were statistically significant. 
Conclusion: Results from present study indicates that south Indian population have high chances of incidence of 
cardiomyopathies and diabetes induced ailments due to higher glycemic index and decreased levels of Mg and Zn. 
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INTRODUCTION 
Diabetes is metabolic disorder characterized by high 
glycemic index, lack of insulin production, and insulin 
resistance. Diabetic induced co-morbidities or 
complications such as coronary heart disease, peripheral 
arterial occlusive disease, and cerebrovascular 

insufficiency, blindness, nephropathy, neuropathy, renal 
dysfunction, diabetic foot syndrome and lower limb 
amputation1.Diabetes is linked to augmented increased 
risk of cardiac dysfunctions and failure in spite of keeping 
hypertension and coronary artery disease under control. 
Hence, diabetic cardiomyopathy (DC) is being considered 
as major health condition by clinicians, and continuous 
efforts are put into understanding its pathophysiology for 
early diagnosis and treatment strategies for diabetes-
associated cardiovascular dysfunction. The term diabetic 
cardiomyopathy (DC) is widely used by epidemiologists 
and clinicians, but it was Rubler et al2 were the first to 
introduce to DC. DC illustrates the diabetes induced 
alterations in the structure and function of the 
myocardium which is not directly attributed to 
hypertension or coronary artery disease (CAD). The co-
morbidities such ischemic stroke, left ventricular 
hypertrophy and heart failure in type 2 diabetes patients is 
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amplified due to chronic uncontrolled diabetes3. The 
etiopathogenesis of DC is implicated with several 
mechanisms involved in calcium metabolism and 
signaling, myocardial structural changes were depicted as 
early defects observed mainly in animal models and 
which may precede as clinically manifest i.e. cardiac 
dysfunction. According to the report published by World 
Health Organization (WHO) in 2016, stated that 422 
million people worldwide have succumbed to diabetes4. 
The International Diabetes Federation (IDF) predicted 
that the number of Type 2 Diabetes cases will be doubled 
in 2030 and among them 85-90% of all cases will be 
Type 2 Diabetes. The risk factors which are increasing 
the prevalence of type 2 diabetes is largely accredited to 
genetic susceptibility, sedentary lifestyle, high calorie diet 
etc4.According to the International Diabetes Foundation 
(IDF), India stands second to the china in the number of 
diabetic cases 5,6. Although the country has now been 
surpassed in the top spot by China7.More than 62 million 
Indians are suffering with diabetes, which includes over 
7.1% of the adult population7. The onset of diabetes has 
come done to 42.5 ears and nearly 1 million diabetic 
patients die in Indians6. It is suggested that the India will 
be home to 109 million people will be diagnosed with 
diabetes by 2035 as per the statistics given by Indian 
Heart Association (IHA)8,9. The trace elements govern 
most of the metabolic reactions in animal body and 
among them Zinc (Zn) is pivotal as it plays big role in 
regulating the enzymatic activity of over 300 enzymes 
and also involved in cellular processes such as cell 
division and apoptosis10. Hence, the human body tightly 
regulates the concentration of zinc because any 
discrepancies in zinc homeostasis can lead to various 
diseases including diabetes mellitus11. The pancreatic 
cells produce insulin, which is a peptide hormone that 
exists as a hexamer with two Zinc ions (Zn+2) and during 
de-granulation of cells it is released into portal veins12,13 
and regulates the insulin action and carbohydrate 
metabolism. The oxidative stress is considered as one of 
factors inducing diabetes14due to impaired synthesis of 
superoxide dismutase (SOD), which is the major anti-
oxidant enzyme, and for its functionality to be intact it 
requires Zinc, which acts as an anti-oxidant and its 
supplementation has reduced oxidative stress in in-vitro 
and in-vivo models15. Literature review suggests that 
hypozincemia is linked with rise in diabetes incidence in 
developing countries16,17. Magnesium (Mg) is another 
trace element which is required for glucose homeostasis 
and glucose metabolisms. Mg is also required for 
functioning of various enzymes similar to that of Zn, and 

it is required for release of insulin and glucose 
oxidation18-20.Low secretion of insulin in pancreas is due 
to deficiency of Mg. The intracellular uptake of Mg is 
stimulated in the presence of insulin21. The deficiency of 
Mg can cause alteration in inositol transport and the 
activity of membrane bound Na+-K+- ATPases22-

25.According to Srivastava et al. (1993)26diminished 
levels of trace elements is due to alterations in glycemic 
levels and enhanced glycation of proteins in diabetics. 
The objective of the present study to quantify Zn and Mg 
serum and urine of cardiac patients with uncontrolled 
diabetes when compared to non-diabetics and also 
compare the levels of Zn and Mg in varied glycemic 
controls in South India population (Andhra Pradesh), 
India. 
 
MATERIALS AND METHODS 
1000 diabetic subjects (Males and Females, aged between 
40-70years) who were admitted as in-patients tertiary care 
Hospitals in Kurnool were selected for the study and the 
patients briefed about the study protocol took their 
consent before enrolling them into the study. We obtained 
ethical approval from an independent ethical committee 
approval (795/02-2019). Once subjects were enrolled into 
the study we collected their medical and family history, 
body mass index, and height scores. The enrollment of 
cardiomyopathy patients with uncontrolled diabetes was 
done based on their fasting plasma glucose levels 
(<140mg/dL or 7.8 mmol/L on two consecutive days, or 
if the postprandial plasma glucose levels greater than 
160mg/dL or 8.9 mmol/L on two consecutive days25,26. 
The subjects with no medical history and aged over 40 
years were enrolled in the study as non-diabetics (100- 
males and female). The blood from diabetic and non-
diabetic subjects was drawn for assessing the fasting 
plasma glucose (FGP), glycated hemoglobin (HbA1c), 
serum (creatinine, magnesium (Mg) andzinc (Zn)) and 
similarly the urine samples were collected into sterile 
containers for quantifying the levels of creatinine, zinc 
and magnesium. The glucose oxidase-peroxidase method 
was used for analyzing FGP, and automatic bioanalyzer 
(Beckman Coulter. Inc) was used for analyzing the levels 
of glycated hemoglobin, Magnesium in serum and urine. 
The quantification of creatinine in serum and urine27 was 
done using modified Jaffes reaction method, levels of 
zinc was quantified using an Abcam's Zinc Quantification 
Kit (i.e. absorbance at 560nm).Statistical analysis of 
results was performed on SSPS software. 

 
 
 



G Sandeep 

Copyright © 2019, Medpulse Publishing Corporation, MedPulse International Journal of Physiology, Volume 11, Issue 2 August  2019 

RESULTS AND DISCUSSION  
The mean levels of fasting blood glucose (FBS), HbA1c, urine Creatinine, urine Zinc and urine Magnesium of diabetics 
(both sexes) were observed to be significantly higher than the non-diabetics (Table 1) andthe levels of Creatinine, 
Magnesium and Zinc of diabetics and non-diabetics were assessed in their serum and urine samples (Table 2).  
 

Table1: Serum and urine from diabetic and non-diabetic subjects were assessed for the levels of fasting blood glucose (FBG), glycated 
hemoglobin (HbA1c), creatinine and trace elements in both sexes. 

Subjects FBS HbA1c 
Diabetic 

N=500 (Males) 
166.34± 32.16 8.2±2.33 

Non-diabetic 
N=100 (Males) 72.3± 10.07 5.54±0.40 

p- value p<0.05 p<0.05 
Diabetic 

N=500 (Females) 
152.51± 41.26 8.07±3.13 

Non-diabetic 
N=100 (Females) 

75.3± 11.22 5.07±0.84 

p- value p<0.05 p<0.05 
 

Table 2: Serum and urine from diabetic and non-diabetic subjects were assessed for the levels of creatinine and trace elements in both 
sexes. 

Subjects 
Serum- Creat 

(mg/dL) 
Urine- Creat 

(mg/dL) 
Serum- Zn 
(µmol/L) 

Urine- Zn 
(µmol/L) 

Serum- Mg 
(mg/dL) 

Urine- Mg 
(mg/dL) 

Diabetic 
N=500 (Male) 

3.03±0.33 3.57±0.27 3.23±0.57 11.87±0.57 5.24±0.17 12.27±0.17 

Non-diabetic 
N=100 (Male) 

0.73±0.10 0.43±0.22 9.13±0.21 3.35±0.36 11.05±0.49 2.08±0.31 

p- value p<0.05 p<0.05 p<0.05 p<0.05 p<0.05 p<0.05 
Diabetic 

N=500 (Female) 2.76±0.861 2.77±0.27 4.03±0.57 11.58±0.77 5.18±0.57 11.78±0.34 

Non-diabetic 
N=100 (Female) 

0.70±0.19 0.26±0.32 8.73±0.25 3.05±0.89 11.55±0.03 1.94±0.11 

p-value p<0.05 p<0.05 p<0.05 p<0.05 p<0.05 p<0.05 
There was noticeable difference observed in the levels of FBS, HbA1c, serum and urine Creatinine, serum and urine 
Zinc, serum and urine magnesium in between male and female subjects. 
 
Table 3: Glycemic index and levels of Zinc and Magnesium levels in serum and urine of uncontrolled diabetic subjects of both sexes 

Subjects Serum- Mg 
(mg/dL) 

Serum- Zn 
(µmol/L) 

Urine- Mg 
(mg/dL) 

Urine- Zn 
(µmol/L) 

Poor HbA1c (>8.00 
mmol/L) N=38 (Male) 

5.65±0.67 3.35±0.52 13.25±0.76 8.65±0.57 

Good HbA1c (6.25-
8.00 mmol/L) 
N=116 (Male) 

8.44±0.57 5.65±0.41 8.15±0.75 6.65±0.49 

p- value p<0.05 p<0.05 p<0.05 p<0.05 
Poor HbA1c (>8.00 

mmol/L) N=350 
(Female) 

6.25±0.74 3.88±0.70 12.98±0.27 7.89 ±0.47 

Good HbA1c (6.25-
8.00 mmol/L) 

N=150 (Female) 
8.82±0.22 5.95±0.59 7.58±0.37 6.88±0.70 

p-value p<0.05 p<0.05 p<0.05 p<0.05 
Zinc and Magnesium concentration in serum and urine was expressed in µmol/L, the blood and urine samples were 
collected once in a day, the sample from diabetics was collected in morning and non-diabetics were collected randomly 
and subjects blood samples were also collected in similar fashion. Analysis of urine Zinc and Magnesium levels was 
done in different states of glycemic control in diabetic patient’s i.e. good and poor management of diabetes in both sexes 
(Table 3).  
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Table 4: Correlation of magnesium and zinc levels between Poor glycemic control and non-diabetic subjects of both sexes 
Subjects Urine- Mg (mg/dL) Urine- Zn (µmol/L) 

Poor HbA1c  
(>8.00 mmol/L)  
N=384 (Male) 

13.25±0.76 8.65±0.57 

Non- diabetic 
N=50 (Male) 

2.28±0.29 3.98±0.94 

p- value p<0.05 p<0.05 
Poor HbA1c  

(>8.00 mmol/L)  
N=350 (Female) 

12.98±0.27 7.89 ±0.47 

Non- diabetic 
N=50 (Female) 

2.45±0.32 3.85±0.25 

p-value p<0.05 p<0.05 
 
The comparison of urine Zinc and Magnesium 
concentrations were done in between poor glycemic 
control and non-diabetic controls of both sexes (Table 4) 
and it is observed that the female subjects were losing 
more zinc and magnesium in urine in comparison to male 
subjects. WHO (1996)25suggested that chronic aliments 
like diabetes mellitus, anemia, cardiovascular disease, 
cancer etc is to the deficiency of trace element and 
metabolic dysfunction. Literature suggests that Zinc, 
Magnesium, Molybdenum, Chromium, Selenium, 
Vanadium, and Manganese plays pivotal role in 
carbohydrate metabolism and insulin action, but their 
actual role in etiology of diabetes is still elusive28. 
Comparing the levels of FBS, HbA1c, serum and 
urine(Creatinine, Magnesium and Zinc) levels in diabetic 
and non-diabetic subjects showed significant loss of Zn 
and Mg in diabetics than non-diabetics and it was 
observed that the diabetic females were losing more Zn 
and Mg in comparison to males and also showing high 
glycemic index (Table 1 and 2). The levels of zinc and 
magnesium in serum and urine of diabetics with different 
states of glycemic control which was determined by 
considering glycated hemoglobin levels between male 
and female diabetics (Table 3 and 4). Chausmer (1998)12 

indicated that the diabetic populations are suffering from 
hypozincemia as the absorption of zinc in intestine less or 
due to hyperzincuria and it was also suggested that high 
glycemic index may also hinder the active transport of 
zinc back into the tubular cells. Zinc and Magnesium 
concentration in urine was observed to be 
significantlyhigher in diabetics than in non-diabetics 
population studied. Our findings are coherence with El-
Yazigi et al. (1991)29 work, who also reported that 
diabetics loose more zinc in urine and hyperzincuria is 
due to hyperglycemia. The results obtained in this study 
clearly showed that there is correlation between HbA1c 
and Creatinine, zinc and magnesium levels (serum and 
urine) in diabetics of both sexes, and it is found that the 
female’s subjects were losing more zinc and magnesium 

in comparison to male diabetic subjects and similar 
observation made even in non-diabetic subjects; the 
reason for this phenomenon is not clear why females are 
losing more zinc and magnesium to that of males. The 
glycemic index is also seen to be more in females than to 
males.  
 
CONCLUSION 
From our observations, we therefore conclude that 
diabetes and poor glycemic control alters the availability 
of zinc and magnesium in the diabetes patients and 
increasing the incidence of allied complications such as 
Angiopathies, cardiomyopathies, neuropathies, 
nephropathies etc. This study has documented previous 
history and food intake details of all subjects, and gives a 
scope in management of Diabetes and allied 
complications in poor diabetics through counseling and 
proper diet suggestions.  
 
REFERENCES 

1. Jayawardena R, Ranasinghe P, Galappatthy P, Malkanthi 
RLDK, Constantine GR, Katulanda P. Effects of zinc 
supplementation on diabetes mellitus: a systematic 
review and meta-analysis. Diabetol Metab Syndr. 2012; 
4: 13 (). 

2. Boudina S, Abel ED. Diabetic cardiomyopathy, causes 
and effects. Rev Endocr Metab Disord. 2010; 11(1):31–
39.  

3. Rubler S, Dlugash J, Yuceoglu YZ, Kumral T, Branwood 
AW, Grishman A. New type of cardiomyopathy 
associated with diabetic glomerulosclerosis. Am J 
Cardiol. 1972; 30(6):595–602.  

4. Hayat SA, Patel B, Khattar RS, Malik RA. Diabetic 
cardiomyopathy: mechanisms, diagnosis and 
treatment. Clin Sci (Lond) 2004; 107(6):539–57. 

5. World Health Organization, Global Report on 
Diabetes. Geneva, 2016. 

6. China faces 'diabetes epidemic', research suggests. BBC. 
2010.  

7.  KerryG.Diabetes continuing to spike in China.2012. 
8. Gale J. India's Diabetes Epidemic Cuts Down Millions 

Who Escape Poverty. Bloomberg. 2012. 



G Sandeep 

Copyright © 2019, Medpulse Publishing Corporation, MedPulse International Journal of Physiology, Volume 11, Issue 2 August  2019 

9. Diabetes can be controlled in 80 percent of Cases in 
India. IANS. 2014. 

10. Indian Heart Association Why South Asians Facts. 2015. 
11. Wild, Sarah, Gojka Roglic, Anders Green, Richard 

Sicree, and Hilary King. "Global Prevalence of 
Diabetes." Diabetes Care. American Diabetes 
Association,2004. 

12. Al-Timimi DJ, Sulieman DM, Hussen KR. Zinc Status in 
Type 2 Diabetic Patients: Relation to the Progression of 
Diabetic Nephropathy.Journal. Of. Clinical. And. 
Diagnostic. Research. 2014;8(11): 04-06. 

13. Chausmer A.B. Zinc, Insulin and diabetes. J. Am. Col. 
Nutr. 1998;17:109-114. 

14. Cruz KJC, Oliveira ARS, Marreiro DN. Antioxidant role 
of zinc in diabetes mellitus. World J Diabetes. 2015; 6(2): 
333-337. 

15. Judith J, Wolfram K, Lothar R. Zinc and diabetes — 
clinical links and molecular mechanisms. Journal Of 
Nutritional Biochemistry. 2009; 20: 399–417. 

16. Kaveeshwar S, Cornwall J. The current state of diabetes 
mellitus in India. Australas Med J. 2014; 7(1): 45–48.  

17. Luo YY, Zhao J, Han XY, Zhou XH, Wu J, Ji LN. 
Relationship between serum zinc level and microvascular 
complications in patients with type 2 diabetes. Chin Med 
J. 2015; 128: 3276-82. 

18. McNair P, Kiilerich S, Christiansen C, Christensen MS, 
Madsbad S, Transbol I. Hyperzincuria in insulin treated 
diabetes mellitus- its relation to glucose homeostasis and 
insulin administration. Climu Chrmica Actu. 1981; 112: 
343-348. 

19. Nsonwu AC, Usoro CAO, Etukudo MH, Usoro IN. 
Glycemic Control and Serum and Urine Levels of Zinc 
and Magnesium in Diabetics in Calabar, Nigeria. 
Pakistan Journal of Nutrition. 2006; 5 (1): 75-78. 

20. Rodriguez ER, DfAZ CR. Iron, Copper and Zinc Levels 
in Urine: Relationship to Various Individual Factors. J 
Trace Elements Med BioI. 1995; 9: 200-209. 

21. Satwika S, Sukanta S. Status of zinc and magnesium 
levels in type 2 diabetes mellitus and its relationship with 
glycemic status. Int J Diabetes Dev Ctries. 2014; 34(4): 
220–223. 

22. Yajnick CS, Smith RF, Hockaday TDR, Ward NL. 
Fasting plasma magnesium concentrations and glucose 
disposal in diabetes. BMY. 1984; 288: 1032–4.  

23. Goldman J, Fisher V. Magnesium is required in addition 
to calcium for insulin stimulation of glucose transport 
(abstract) Endocrinology. 1983; 112: 271. 

24. Zargar Abdul Hameed, Shah NA, Masoodi SR, Laway 
BA, Dar FA, Khan AR, Sofi F A, Wani AI. Copper, zinc, 
and magnesium levels in non-insulin dependent diabetes 
mellitus. Postgrad Med J. 1998; 74(877):665–68. 

25. Viktorinova Alena, Toserova Eva, Krisko Marian, 
Durackova Zdenka. Altered Metabolism of Copper, Zinc, 
and Magnesium is Associated with Increased levels of 
Glycated Hemoglobin in patients with. Diabetes Mellitus. 
2009; 58: 1477–82. 

26. Grafton G, Baxter MA. J Diab. Complications. 1992; 6: 
143–49. 

27. Kareem Ishrat, Jaweed SA, Bardapurkar JS, Patil VP. 
Study of Magnesium, Glycosylated Hemoglobin and 
Lipid Profile in Diabetic Retinopathy. Indian Journal of 
Clinical Biochemistry. 2004; 19(2):124–27.  

28. Durlach J, Altura B, Altura BM. Highlights and summary 
of the 10th Annual French Colloquium on Magnesium. 
Magnesium. 1983; 2: 330–36. 

29. El-Yazigi A., Hannan N. and Raines D.A., Urinary 
excretion of Chromium and Copper and Manganese in 
Diabetes. Mellitus and associated disorders, Diabet. Res. 
1991; 18: 129-134. 

 
 

Source of Support: None Declared 
Conflict of Interest: None Declared  


