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Abstract 

Magnesium is an essential element and has a fundamental role in carbohydrate 

metabolism in general and in the insulin action in particular. Magnesium is involved in 

multiple levels in insulin secretion, binding and activity. Cellular magnesium deficiency 

can alter the activity of the membrane bound Na+K+ ATPase, which is involved in the 

maintenance of gradients of sodium and potassium and in glucose transport (1). 

Magnesium depletion has a negative impact on glucose homeostasis and insulin 

sensitivity in patients with type 2 diabetes as well as on the evolution of complications 

such as retinopathy, arterial atherosclerosis and nephropathy. Moreover, low serum 

magnesium is a strong, independent predictor of development of type 2 diabetes (2). 

A cross sectional study included 105 type 2 diabetic patients. Twenty nine were males 

(27.6%) and seventy six were females (72.4%).Their ages ranged from 30-77 with a 

mean of 49.7± 10.6. All patients were subjected to full clinical examination, and 

investigations which included: serum creatinine, HbA1c, albumin creatinine ratio and 

serum magnesium. 

Their mean BMI was 23 kg/m
2
 and mean waist/hip ratio was 0.9.Their mean HbA1c was 

8.55 %. Of all patients, 13 of them had normal level of A/C ratio (control group) and 92 
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were albuminuric with a mean A/C ratio 238.26 ± 727.9 with a range of 33.7 (0.09-

4700), mean s.creatinine was 1.29 ± 1.16 and their mean s.magnesium level was 2.04 ± 

0.49 with a range of 1.9 (0.8-3.9). 

We observed significant negative correlation between A/C ratio and serum creatinine 

with a p-value of <0.0001. 

The study shows negative correlation between serum magnesium and A/C ratio(r=-

0.202, p=0.039).   

 

Keywords: Type 2 diabetes, diabetic nephropathy, albuminura, hypomagnesemia. 

 

Introduction: 

Magnesium is the fourth most plentiful mineral and encountered as the second most 

abundant intracellular divalent cation and has been accepted as a cofactor for >300 

metabolic reactions in in humans (3).  

The interrelationships between magnesium and carbohydrate metabolism have 

regained considerable interest over the last few years.  Magnesium is a significant 

cofactor in a number of key enzymatic reactions and seems to play a vital role in glucose 

metabolism and insulin homeostasis (4). 

The release of insulin caused by a glucose challenge is partly dependent on 

adequate magnesium. Insulin, via its interaction with ligand activated tyrosine protein 

kinase associated receptors, initiates a cascade of biochemical interactions that result in 

several physiological, biochemical and molecular events that are involved in 

carbohydrate, lipid and protein metabolism (5). Although the binding of insulin to its 

receptor does not appear to be altered by magnesium status, the ability of insulin once 

bound to receptor to activate tyrosine kinase is reduced in hypomagnesaemia states (6). 

As a result reduced peripheral glucose uptake and oxidation are often noted in subjects 
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with hypomagnesaemia. Decrements in the enzymatic activities of several metabolic 

pathways are seen in DM patients as a result of the relative magnesium deficiency (7).  

Various evidences suggesting a relationship of Mg deficiency and type 2 diabetes 

mellitus (T2DM), T2DM is a main global public health problem in the world and is 

rising in aging populations (4). In the study conducted by Dasgupta et al on 150 T2DM 

patients, low Mg level was documented in 11.33% of patients. They interpreted that 

hypomagnesaemia in diabetes mellitus was correlated with poorer diabetic control, 

nephropathy, retinopathy and foot ulcers (8). 

The mechanism behind the role of magnesium deficiency in the development of 

diabetic microvascular complications has not been well investigated. However, 

significant clues can be extrapolated from previous studies. Serum magnesium levels are 

associated with insulin resistance and β cell function in patients with diabetes. 

Furthermore, magnesium deficiency is associated with decreased β cell function and 

increased insulin resistance, leading to elevated plasma glucose levels (9). 

Aim of work:  

To study serum magnesium level as a marker for development of diabetic 

nephropathy. 

Subjects and methods: 

This study included 105 adult patients from outpatient clinic of Internal medicine 

department in Fayoum University Hospital from December, 2016 to May, 2017. 

All patients were diagnosed as having type 2 diabetes mellitus (T2DM).The 

diagnosis of T2DM was made on the usual criteria(fasting blood sugar and 2 hours 

post prandial glucose measurement in blood)earlier during their follow up outpatient. 

Informed consent was obtained from the patients. 

All patients were subjected to: 

Full clinical examination. 
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Measurement of weight, height, waist, hip and calculation of BMI and waist hip 

ratio. 

The height and weight were measured and obesity was defined as body mass index 

(BMI) of ≥30 kg/m2 , where BMI was calculated by dividing the weight in kilograms 

on height in meters squared.                                                                              

3)Laboratory investigations: 

 Serum cratinine. 

 HbA1c. 

 Albumin / creatinine ratio. 

 Serum magnesium. 

Serum sample preparation: 

Laboratory data including serum cratinine, HbA1c, albumin creatinine ratio and 

serum magnesium levels were measured using standard methodology in the clinical 

chemistry laboratory of Fayoum university hospital. Blood for determination of Mg 

was sampled into plain evacuated glass tubes with glycerine caps, while Vacutainer 

tubes were used for the other analytes. The samples were allowed to coagulate for at 

least 30 min at room temperature and were then centrifuged for 3 min at 2,000 rpm 

and stored in plastic vials at –25°C until analysis. 

Reference values of measured investigation: 

Microalbuminuria, which is defined as 30-300 mg/g creatinine, is a sign of 

progression towards nephropathy in patients with diabetes (10).Albuminuria is a 

sensitive marker of renal dysfunction, and the American Diabetes Association has 

recommended annual testing for albuminuria in 12- or 24-hr urine samples to predict 

the risk of cardiovascular disease and renal dysfunction in cases of diabetes mellitus 

(11).  Samples with ACR values of 30-300 or >300 mg/g were considered "positive," 

while those with values of <30 mg/g were considered "negative (12). 
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Serum creatinine is primarily a metabolite of creatine, almost all of which is located in 

skeletal muscle. The normal level of creatinine is 0.8 to 1.4 mg/dL. Females usually 

have a lower creatinine (0.6 to 1.2 mg/dL) than males, because they usually have less 

muscle mass (13). 

Reference range of serum creatinine used in this study was (0.6-1.2 mg/dl), serum 

magnesium (1.6-2.6 mg/dl). 

Statistical analysis 

The collected data were coded, tabulated, revised and statistical analyzed using SPSS 

program (statistical program for social science) (version 16). 

Simple descriptive statistics in the form of numbers and percentages were done using 

mean and standard deviation for numerical parametric data and by number and 

percentage for categorical data. Statistical analysis was done for quantitative variables 

by using independent t-test in case of two independent groups, paired t-test in related 

samples with parametric data. Stepwise linear regression analysis used for significant 

clinical variables. The level of significance was taken at P value < 0.05. 

Results 

The mean BMI of all patients was 23 kg/m
2
, the mean waist/hip ratio was 0.97. The 

mean HbA1c was 8.5%, the mean A/C ratio was 238.2 mg/dl, the mean serum creatinine 

was 1.29 mg/dl and the mean serum magnesium was 2 mg/dl. 13 patients were found to 

be with no albuminuria and 92 patients were found to be albuminuric 87.6%. 
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Table (1): comparison of anthrpometric measurements between the group with no 

albuminuria (N=13) (12.3%) and the group with albuminuria (N=92) (87.6%) 

Variable Normal 

(N=13) 

Albuminuria 

(N=92) 

P-value 

              Mean ± SD 

Weight (KG) 62.69 ± 16.52 82.05 ± 15.29 0.428 

Height (cm) 161.54 ± 7.44 161.59 ± 11.78 0.563 

BMI 23± 5.51 50.97 ± 9.92 0.594 

Waist (cm) 112.54 ± 16.43 109.04 ± 12.61 0.364 

Hip 117.46 ± 14.81 113.57 ± 14.57 0.370 

Waist/Hip ratio 0.96 ± 0.09 0.97 ± 0.12 0.798 

 

Table (2): Serum creatinine in the 2 groups (N=105) 

Variable Normal 

(N=13) 

Albuminuria 

(N=92) 

P-value 

Mean ± SD Mean ± SD 

Serum 

creatinine 

0.96 ± 0.63 1.96n  ± 1.48 <0.0001* 
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Figure (1): Comparison between means of serum magnesium in normo-   albuminuric 

and micro/macroalbuminuric patients,P value:0.006. 

 

Table (3): Showing correlation of serum magnesium with different clinical and lab 

data,with a significant negative corrleation between ACR and serum Mg. 

 

 
Serum Mg 

R P-value 

Age -0.049 0.617 

BMI 0.040 0.685 

Waist/hip ratio 0.089 0.369 

A/C ratio -0.202 0.039* 

Serum creatinine -.014 0.888 

 

Discussion: 
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Mg depletion has a negative impact on glucose homeostasis and insulin sensitivity in 

patients with type 2 diabetes (14). Mg deficiency is associated with poor glycemic 

control, and Mg supplementation improves insulin sensitivity (15). Moreover, there is 

substantial evidence of associations between hypomagnesemia and various 

complications of type 2 diabetes, including neuropathy, retinopathy, foot ulcers, and 

albuminuria (16). Preventing low Mg status in diabetics may therefore be beneficial in 

the management of the disease (17). Furthermore, a lower Mg level is directly associated 

with a faster deterioration of renal function in T2DM patients (18). Moreover, 

hypomagnesemia is associated with the long-term micro- and macrovascular 

complications of T2DM (19). 

This work showed that lower magnesium level was detected in patients with diabetic 

nephropathy (as marked by albuminuria >30 mg/dl) more than diabetic patients without 

nephropathy (p-value:0.006). In a study conducted by Jayaraman et al., the level of 

magnesium decreases with increasing glucose levels, much more before the onset of 

diabetic micro and macro vascular complications. This can be used as a marker to assess 

the risk of complication even at the first encounter with diabetic patients (20).The work 

of Yossef et al conducted on 90 patients, serum Mg was significantly lower in diabetic 

patients than in control (P=0.007). Mg was lower in patients with complications than in 

patients without (21).,in addition to that the study conducted by Corsenello et al   

involved 30 patients who had type 2 diabetes without  microalbuminuria, 30 with 

microalbuminuria, and 30 with overt proteinuria, Corsonello et al. observed a significant 

decrease in serum ionized Mg in both the microalbuminuria and overt proteinuria groups 

compared with the nonmicroalbuminuric group(22).A possible mechanisms explaining 

the relation between microalbuminuria and Mg deficiency is insulin resistance. Mg can 

act as a mild calcium antagonist. In patients with Mg deficiency, intracellular calcium is 

increased. Increased calcium may interrupt response of skelatal muscles and adipocytes 

to insulin and lead to insulin resistance(23). Intracellular Mg plays a role in regulating 
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insulin action, insulin-dependent glucose uptake, and vascular tone. Deficiency of Mg 

can reduce tyrosine-kinase activity, postreceptorial activity and eventually it may 

contribute to the development of insulin resistance (24). Another hypothesis is that by 

influencing the activity of Na
+
/K

+
-ATPase reduction of Mg favors the onset and the 

progression of diabetic microangiopathy (25).In this study there was no positive 

correlation between serum magnesium and serum creatinine. This was found by chu et al 

in2016 who performed a study on 978 patients with T2DM, (26).This may be explained 

by that insulin enhances Mg reabsorption at the thick ascending limb of the loop of 

Henle, where; 55% of the filtered Mg is reabsorbed (27).Therefore, in patients with type 

2 diabetes, insulin resistance or deficiency can promote Mg loss at the thick ascending 

limb , which might compensate for the reduced glomerular filtration ((28). 

In present study, there is no significant correlation was found between body mass index 

and albuminuria,also there was no correlation between waist hip ratio and 

albuminuria.this may be explained by the fact that Body mass index does not account for 

the wide variations in body fat distribution as a high BMI may be due to increased 

muscle bulk(29).while an increased waist hip ratio may be due an in increase in the 

subcutaneous fat and not the visceral fat and visceral is the responsible for diabetic 

complications(30). 

Recommendations 

Routine surveillance for hypomagnesemia should be done and the condition to be treated 

whenever possible.When hypomagnesemia is found, patients should be further 

investigated for complications of diabetes. 

References: 

1-Saproo N., Singh R.Study of serum magnesium levels in diabetes mellitus and its 

correlation with complications (retinopathy and HbA1c) a cross-sectional study of one 

year. Int J Adv Med  2017 4:263-269 



ISSN: 2536-9474 (Print) 

ISSN: 2536-9482 (Online) 
Research article / FYMJ   

Mashaheet et al., 2018, 1 (1), 28-39 

 

   

 

  
Page 37 

 
  

2-Andrea C., Ricardo L., Michele B. et al., (): Serum ionized magnesium levels in type-

2 diabetic patients with microalbuminuria or clinical proteinuria. Am J Nephrol. 2000 

20:187-192. 

3-Nasri H. Consequences of hypomagnesemia in type 2 diabetes mellitus patients. J 

Renal Inj Prev; 2014 3(4): 99-100. DOI: 10.12861/jrip.2014.28 

4-Arnaud M.J. 2008 Update on the assessment of magnesium status. Br J Nutr; 99:S24–

36 

5-Lefebvre P.J., and Scheen A. J. Improving the action of insulin. Clin Invest Med 1995 

18:342 – 347. 

6-Suarez A. Decreased insulin sensitivity in skeletal muscle of hypomagnesaemia rats. 

Diabetologia; 1993 36:A82 

7-Laughlin M.R. and Thompson D. The regulatory rule for magnesium in glycolytic flux 

of the human erythrocyte. J Biol Chem; 1996 271: 28977 –28983. 

8-Dasgupta A., Sarma D., and Saikia U.K. Hypomagnesemia in type II diabetes mellitus. 

Indian J Endocrinol Metab; 2012 16(6):1000-1003. 

9-Bertinato J., Xiao C. W., Ratnayake W. M. N. et al., (), “Lower serum magnesium 

concentration is associated with diabetes, insulin resistance, and obesity in South 

Asian and white Canadian women but not men,” Food and Nutrition Research, 2015 

vol. 59(1):25974-25981 

10-Fioretto P., Caramori M.L. and Mauer M. The kidney in diabetes: dynamic pathways 

of injury and repair. The Camillo Golgi Lecture 2007. Diabetologia. 2008 51:1347–1355 

11-Sacks D.B., Arnold M., Bakris G.L. et al. (): Position statement executive summary: 

guidelines and recommendations for laboratory analysis in the diagnosis and 

management of diabetes mellitus. Diabetes Care. 2011 34:1419–1423. 

12-Nah E.H., Cho S., Kim S. et al., Comparison of Urine Albumin-to-Creatinine Ratio 

(ACR) Between ACR Strip Test and Quantitative Test in Prediabetes and 

Diabetes. Annals of Laboratory Medicine. 2017 37(1):28-33.  



ISSN: 2536-9474 (Print) 

ISSN: 2536-9482 (Online) 
Research article / FYMJ   

Mashaheet et al., 2018, 1 (1), 28-39 

 

   

 

  
Page 38 

 
  

13-Molitoris B.A. Acute kidney injury. In Goldman L, Ausiello D, editors. Cecil 

Medicine. 23rd ed.Philadelphia, Pa: Saunders Elsevier; 2007. p. chap 121. 

14-Nadler J.L., Buchanan T., Natarajan R. et al. Magnesium deficiency produces insulin 

resistance and increased thromboxane synthesis. Hypertension  1993.21: 1024–9 

15-Rodríguez-Morán M. and Guerrero-Romero F. Oral magnesium supplementation 

improves insulin sensitivity and metabolic control in type 2 diabetic subjects: a 

randomized double-blind controlled trial. Diabetes Care 2003 26:1147–1152. 

16-Corsonello A., Ientile R., Buemi M., et al. Serum ionized magnesium levels in type 2 

diabetic patients with microalbuminuria or clinical proteinuria. Am J Nephrol 2000 

20:187–192. 

17-Wälti M.K., Zimmermanna M. B., Spinasb G. A. et al. Low plasma magnesium in 

type 2 diabetes. Swiss Med Wkly.2003 133:289–329.  

18-Pham P.C., Pham P.M., Pham P.A. et al., Lower serum magnesium levels are 

associated with more rapid decline of renal function in patients with diabetes mellitus 

type 2. Clin Nephrol. 2005 63: 429 – 436 

19-Pham P.C., Pham P.M., Pham S.V. et al. Hypomagnesemia in patients with type 2 

diabetes. Clin J Am Soc Nephrol. 2007 2:366–373 

20-Jayaraman  S.,  Rajendran K., Suthakaran P. et al. Study on serum magnesium levels 

and glycemic status in newly detected type 2 diabetes patients. International Journal 

of Advances in Medicine 2017 3(1), 11-14  

21-Yossef H.M., Ghanem N.S., Al-Jarhi U.M. et al. Relation of serum magnesium level 

to microvascular complications and the components of metabolic syndrome in 

patients with type 2 diabetes mellitus. Egypt J Intern Med  201729:100-104 

22-Corsonello A., Ientile R., Buemi M., et al. Serum ionized magnesium levels in type 2 

diabetic patients with microalbuminuria or clinical proteinuria. Am J Nephrol 2000 

20:187–192. 



ISSN: 2536-9474 (Print) 

ISSN: 2536-9482 (Online) 
Research article / FYMJ   

Mashaheet et al., 2018, 1 (1), 28-39 

 

   

 

  
Page 39 

 
  

23-McCarty M.F. Magnesium may mediate the favorable impact of whole grains on 

insulin sensitivity by acting as a mild calcium antagonist. Med Hypotheses.2005 

64:619–627 

24-Barbagallo M. and Dominguez L.J. Magnesium metabolism in type 2 diabetes 

mellitus, metabolic syndrome and insulin resistance. Arch Biochem Biophys 2007 

458:40–47 

25-Winegrad A.I Banting lecture 1986. Does a common mechanism induce the diverse 

complications of diabetes? Diabetes.1987 36:396–406 

26-Chu C., Zhao W., Zhang Y., et al. Low serum magnesium levels are associated with 

impaired peripheral nerve function in type 2 diabetic patients. Scientific 

Reports.2016 6:32623 

27-Mandon B., Siga E., Chabardes D.  et al. Insulin stimulates Na+,Cl-,Ca2+ and Mg2+ 

transports in TAL of mouse nephron: cross-potentiation with AVP. Am J Physiol.1993 

265:F361– F369 

28-Quamme G.A. Control of magnesium transport in the thick ascending limb. Am J 

Physiol.1989 256:F197–F210 

29-Deurenberg P. and Yap M. The assessment of obesity: methods for measuring body 

fat and global prevalence of obesity. Baillieres Best Pract Res Clin Endocrinol Metab 

1999 13: 1-11. 

30-Banerji MA,Lebowitz J, Chaiken RL,et al.:Relationship of visceral adipose tissue 

and glucose disposal is independent of sex in black NIDDM subjects.Am.J. Physiol. 

1997 273 : E425-E432. 


