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Abstract: Plasma and intracellular magnesium concentrations are tightly regulated by several factors. Insulin seems to be one of the 

most important. The studies have demonstrated that insulin may modulate the shift of magnesium from extracellular to intracellular 

space. Intracellular magnesium concentration affect insulin action, mainly by oxidative metabolism of glucose. Intracellular 

magnesium deficiency may affect the development of insulin resistance and alter the glucose entry into the cell. Low levels of 

magnesium have been associated with a number of chronic diseases, such as insulin resistance and diabetes, hypertension, disorders of 

the cardiovascular system, retinopathy, nephropathy or neuropathy. Experimental studies in animals and cross-sectional studies in 

humans suggest that low levels of magnesium levels may impair glucose metabolism and lead to type 2 diabetes. Magnesium 

supplementation leads to an improvement fasting glucose levels and insulin sensitivity indices. Magnesium supplementation improves 

insulin sensitivity in overweight patients even in normomagnesemic and without diabetes. This suggests the need for early optimize the 

level of manganese to the prevention of insulin resistance and progression of diabetes in people with overweight. Because recent data 

suggest a relationship impairment of glucose homeostasis with hypomagnesemia it is right to routinely monitor magnesium levels in 

these patients. 
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1. Introduction 
 

Many ions play an important role in the body's metabolic 

processes, including the maintenance of glycemic 

homeostasis. This is indicated by both clinical observations 

and experimental studies. The function TRPM7(transient 

receptor potential melastatin-subfamily member 7) plays an 

important role in these processes. [1] 

 

Magnesium is a very important elektrolyte that plays a 

manifold role in human body. [2] 

 

Magnesium deficiency may cause varius disorders, its 

deficiency may cause disturbances of the cardiovascular or 

nervous system function, as well as disorders of glucose 

metabolism. [3] 

 

Magnesium plays a key role in metabolism of glucose and 

insulin, mainly due to its influence on tyrosine kinase 

activity of insulin receptors, on activity of glucose 

transporter protein 4 (GLUT4) and on control of glucose 

translocation to cells. 

 

Low levels of magnesium result in aberrant kinase activity 

and reduced cellular glucose utilization, which in turn 

increases insulin resistance [4] 

 

The importance of magnesium to glucose metabolism and 

insulin sensitivity was revealed in experimental as well as 

clinical researches. [5 - 10] 

 

It has been shown that patients with hypomagnesemia and 

type 2 diabetes have an increased risk of developing 

complications. [11] The question of interdependence 

requires further investigation. 

 

In clinical practice, the magnesium content in human body is 

evaluated based on its serum level. In special cases, more 

sensitive tests are required. [12]  

 

Magnesium plays an important role in insulin effect while 

insulin stimulates magnesium absorption in insulin-sensitive 

tissues. Magnesium deficiency causes insulin resistance, 

hence it may also be one reason for glucose intolerance. The 

mechanisms of these processes are not completaly 

understood. However, it is believed that the 

hypomagnesemia may interfere cellular glucose transport, 

decrease insulin secretion or interfere interaction between 

insulin and its receptor.  

 

Comprehensive overview of hypomagnesemia in diabetes 

progression, based on literature and own studies, was 

presented by American authors. [13] 

 

Authors believe that magnesium supplementation may have 

significantly beneficial influence on slowness of prediabetes 

progression to clinically obvious diabetes, what is associated 

with proper insulin secretion and decrease of insulin 

resistance.  

Canadain authors, based on studies on 2295 patients, stated 

that higher magnesium intake causes insulin resistance 

dilution. [14]  

 

The relation between magnesium deficiency and insulin 

resistance was observed in obese children. [15]  

 

Authors performed the test of magnesium serum level and 

insulin resistance index (IR) in group of 24 children with 

BMI ≥ 85 percentiles. They stated that magnesium 

supplementation or higher intake of magnesium rich food 

may be an important tool in prevention of type 2 diabetes in 

obese children. 
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Celik et al. presented the study on correlation between 

magensium serum level and insulin resistance index in 

group of obese children. [16]  

 

Authors observed significantly lower magnesium level in 

group of obese children with higher IR. They stated that the 

decreased magnesium level may favor progression of insulin 

resistance in obese children.  

 

American scientists analyzed the influence of magnesium 

intake on progression of metabolic syndrome in young 

adults. [17] 

Authors stated that the young adults who consumes higher 

magnesium doses have lower risk of metabolic syndrome 

progression.  

 

Brazilian authors studied magnesium deficiency in patients 

with metabolic syndrome [18].  

 

This relation may be connected with postreceptor insulin 

resistance.  

 

Type 1 as well as type 2 diabetes are closely linked with 

magnesium deficiency. The frequency of hypomagnesemia 

in patients with type 2 diabetes is estimated in wide range 

between 13,5 - 47,7%. 

 

Recently, many researches demonstrated magnesium 

deficiency in patients with type 2 diabetes. [19.20,21] 

 

In type 2 diabetes, insulin resistance plays the major role. 

Therefore magnesium deficiency that leads to insulin 

resistance increase, may be one of reason for higher 

incidence of type 2 diabetes and also its chronic 

complications. [21]  

 

An extensive analyze of relation between magnesium intake 

and the risk of type 2 diabetes progress, based on literature 

from 1966-2007, was presented by Swedish scientists. [22] 

 

Based on this overview, authors suggested that the intake of 

magnesium rich food may reduce the risk of type 2 diabetes 

occurrence. 

 

Recently, Chinese authors presented results od diagnostic 

study in a group of 178 patients with glucose metabolism 

disorder: 33 patients with type 2 diabetes diagnosed and145 

patients with prediabetes diagnosed. Additionally, 

magnesium serum levels were evaluated. The results were 

compared with control group. The relation between low 

magnesium level and incidence of glucose metabolism 

disorder was stated. According to authors' opinion, the 

results indicate that the low magnesium level is an 

independent risk factor in prediabetes progression and type 2 

diabetes’ [23] 

 

Evaluation of the correlation between inuslin resistance and 

magnesium deficiency in patients with type 2 diabetes was 

performed by Indian authors who observed distinctively low 

magnesium level with high HOMA-IR level in 38 patients. 

[24] 

 

The research involved children, youth and young adults. The 

significant reduction of magnesium level was identified in 

patients with diabetes. 

 

In the Chutia and Lynrah study in group of 38 patients with 

type 2 diabetes, the lower magnesium serum level was 

revealed also in patients with diabetes in comparison to 

control group [25]. The strong relation between magnesium 

serum level and insulin sensitivity indexes was revealed.  

 

The negative correlation between magnesium level and IR 

index and the positive correlation between magnesium level 

and QUICKI index (quantitative insulin sensitivity check 

index) were stated.  

 

The reduction of magnesium serum level was observed also 

in other than type 2 diabetes types. 

 

Lin and Huang revealed the relation between lower 

magnesium level (and other ions) and incorrect metabolic 

control in patients with type 1 diabetes [26]. 

 

Authors proposed the opinion that supplementation of 

magnesium, zinc and chromium ions improves metabolic 

control, what was revealed in experimental studies on 

mince. 

 

Recently, reports about hypomagnesemia occurrence in 

patients with monogenic diabetes (HNF1β mutation). [27]  

 

Iranian authors conducted research on magnesium 

suplementation effects in pregnant patients with GDM 

(gestational diabetes). [28]  

 

They stated that the magnesium suplementation has a 

positive effect on metabolic state of examined patients and 

reduces incidence of hyperbilirubinemia and necessity of 

new born children hospitalization. Lower magnesium serum 

levels in pregnant with GDM were observed also by other 

scientists. [29]  

 

Many studies revealed that magnesium deficiency increases 

the risk of chronic diabetes complications occurence, eg. 

retinopathy, nephropathy, neuropathy. 

 

Dasgupta et al. analyzed concomitance of lower magnesium 

levels and chronic complications in 150 patients with type 2 

diabetes. [30] 

 

Hypomagnesemia was identified in patients with worse 

metabolic control and presence of complications, ia. 

retinopathy, nephropathy and foot ulceration.  

 

Shaikh and Karira observed concomitance of lower 

magnesium level and symptoms of cardiac failure in patients 

with diabetes. [31]  

 

Pham et al. study revealed that lower potassium level 

accelerates occurrence of renal disorder in patients with type 

2 diabetes. [32]  

 

Kondu et al. proposed that hypomagnesemia may be a 

prognostic indicator of diabetic retinpathy progression [33]. 
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It was observed that the reduction of magnesium level in 

patients with diabetic kidney disorder potentaites 

osteoporosis. [34]  

 

The analysis of stories of diabetic patients hospitalized in the 

intensive care performed by Curiel-Garcia et al. revealed 

that hypomagnesemia diagnosed at the moment of admission 

is linked to high death rate in critically ill patients with type 

2 diabetes [35].  

 

Recently, extensive coverage of experimental studies on the 

effects of extracellular Mg2 + concentrations on insulin 

secretion has been published. The results of these studies are 

not conclusive and the authors believe that further research 

is needed to clarify whether modulation of intracellular 

concentrations of Mg2 + by TRPM7 affect β-cell functions 

and glucose-stimulated insulin secretion. [36] 

 

2. Conclusions 
 

In the opinion of many authors, further research is necessary 

for the final explanation of this problem.  

 

These numerous and various reports regarding 

hypomagnesemia in glucose homeostasis disorders, 

underline the need of controling magnesium level and 

considering this test as a regular one for all diabetic patients, 

regardless of diabetes type and also for patients with pre-

diabetic state. [12,25] 

 

Although the risk of hypomagnesemia caused by insufficient 

dietary magnesium supply is low because of mechanisms 

that limit the renal excretion of this element. However, 

bacause of the role of magnesium in glucose metabolism in 

patients with disorder of this metabolism, the magnesium 

level should be controled carefully and magnesium 

supplementation should be applied if necessary. There are 

more and more studies devoted to the mechanisms of 

magnesium deficiency in diabetes and the possible role of 

Mg supplementation in the prevention and treatment of 

disease. [37,38,39]  

 

References 
 

[1] Mittermeier L, Demirkhanyan L, Stadlbauer B, Breit A, 

Recordati C, Hilgendorff A, et al. TRPM7 is the central 

gatekeeper of intestinal mineral absorption essential for 

postnatal survival. Proc Natl Acad Sci U S A. 2019 Feb 

15. pii: 201810633. doi: 10.1073/pnas.1810633116.  

[2] Ismail AAA, Ismail Y, Ismail AA. Chronic magnesium 

deficiency and human disease; time for reappraisal? 

QJM. 2018 Nov 1;111(11):759-763. doi: 

10.1093/qjmed/hcx186. 

[3] Gröber U, Schmidt J, Kisters K. Magnesium in 

Prevention and Therapy. Nutrients. 2015;7(9):8199-

8226. doi: 10.3390/nu7095388 

[4] Kostov K. Effects of Magnesium Deficiency on 

Mechanisms of Insulin Resistance in Type 2 Diabetes: 

Focusing on the Processes of Insulin Secretion and 

Signaling. Int J Mol Sci. 2019;20(6). pii: E1351. doi: 

10.3390/ijms20061351. 

[5] Barbagallo M, Dominguez LJ, Resnick LM. Insulin-

mimetic action of vanadate: role of intracellular 

magnesium. Hypertension. 2001; 38(3 Pt 2):701-704.  

[6]  Barbagallo M, Dominguez LJ, Galioto A, Ferlisi A, 

Cani C, Malfa L. et al. Role of magnesium in insulin 

action, diabetes and cardio-metabolic syndrome X. Mol 

Aspects Med. 2003; 24(1-3):39-52.  

[7] Chaudhary DP, Sharma R, Bansal DD. Implications of 

magnesium deficiency in type 2 diabetes: a review. Biol 

Trace Elem Res. 2010; 134(2):119-129. doi: 

10.1007/s12011-009-8465-z  

[8] Paolisso G, Scheen A, D’Onofrio F, Lefebvre P. 

Magnesium and glucose homeostasis. Diabetologia 

1990; 33(9):511-514. 

[9] Paolisso G, Barbagallo M. Hypertension, diabetes 

mellitus, and insulin resistance: the role of intracellular 

magnesium. Am J Hypertens. 1997; 10(3):346- 355. 

[10] Takaya J1, Higashino H, Kobayashi Y. Intracellular 

magnesium and insulin resistance. Magnes Res. 2004; 

17(2):126- 136. 

[11] Gommers LM, Hoenderop JG, Bindels RJ, de Baaij JH. 

Hypomagnesemia in Type 2 Diabetes: A Vicious 

Circle? Diabetes. 2016;65(1):3-13. doi: 10.2337/db15-

1028. 65:3-13.  

[12] Pham PC, Pham PM, Pham SV, Miller JM, Pham PT. 

Hypomagnesemia in patients with type 2 diabetes. Clin 

J Am Soc Nephrol. 2007;2(2):366-373. 

[13] Hruby A, Meigs JB, O'Donnell CJ, Jacques PF, 

McKeown NM. Higher magnesium intake reduces risk 

of impaired glucose and insulin metabolism and 

progression from prediabetes to diabetes in middle-aged 

americans. Diabetes Care. 2014; 37(2):419-427. doi: 

10.2337/dc13-1397  

[14] Cahill F, Shahidi M, Shea J, Wadden D, Gulliver W, 

Randell E. et al. High dietary magnesium intake is 

associated with low insulin resistance in the 

Newfoundland population. PLoS One 2013; 

8(3):e58278. doi: 10.1371/journal.pone.0058278.  

[15] Huerta MG, Roemmich JN, Kington ML, Bovbjerg VE, 

Weltman AL, Holmes VF. et al. Magnesium deficiency 

is associated with insulin resistance in obese children. 

Diabetes Care 2005; 28(5):1175-1181.  

[16] Celik N, Andiran N, Yilmaz AE. The relationship 

between serum magnesium levels with childhood 

obesity and insulin resistance: a review of the literature. 

J Pediatr Endocrinol Metab. 2011;24(9-10):675-678. 

[17] He K, Liu K, Daviglus ML. Morris SJ, Loria CM, Van 

Horn L, et al. Magnesium intake and incidence of 

metabolic syndrome among young adults. Circulation. 

2006; 113(13):1675-1682.  

[18] Lima Mde L, Cruz T, Rodrigues LE, Bomfim O, Melo 

J, Correia R. et al. Serum and intracellular magnesium 

deficiency in patients with metabolic syndrome--

evidences for its relation to insulin resistance. Diabetes 

Res Clin Pract. 2009; 83(2):257-262. doi: 

10.1016/j.diabres  

[19] Barbagallo M, Dominguez LJ. Magnesium metabolism 

in type 2 diabetes mellitus, metabolic syndrome and 

insulin resistance. Arch Biochem Biophys. 2007; 

458(1): 40- 47.  

[20] Lima Mde L, Pousada J, Barbosa C, Cruz T. 

[Magnesium deficiency and insulin resistance in 

Paper ID: ART20201169 10.21275/ART20201169 802 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Kostov%20K%5BAuthor%5D&cauthor=true&cauthor_uid=30889804
https://www.ncbi.nlm.nih.gov/pubmed/30889804


International Journal of Science and Research (IJSR) 
ISSN: 2319-7064 

ResearchGate Impact Factor (2018): 0.28 | SJIF (2018): 7.426 

Volume 8 Issue 9, September 2019 

www.ijsr.net 
Licensed Under Creative Commons Attribution CC BY 

patients with type 2 diabetes mellitus]. Arq Bras 

Endocrinol Metabol. 2005; 49(6):959-963.  

[21] Sales CH, Pedrosa Lde F. Magnesium and diabetes 

mellitus: their relation. Clin Nutr. 2006; 25(4):554-562.  

[22] Larsson SC, Wolk A. Magnesium intake and risk of 

type 2 diabetes: A meta-analysis. J Intern Med 2007; 

262(2):208-214. 

[23] Fang C , Wang X, Wu W, Gu X, Ye T, Deng H, Wang 

X, Shen F. Association of Serum Magnesium Level 

with Odds of Prediabetes and Diabetes in a Southern 

Chinese Population: a Prospective Nested Case-Control 

Study. Biol Trace Elem Res. 2016;172(2):307-314. doi: 

10.1007/s12011-015-0594-y.  

[24] Lin CC, Tsweng GJ, Lee CF, Chen BH, Huang YL
.
 

Magnesium, zinc, and chromium levels in children, 

adolescents, and young adults with type 1 diabetes. Clin 

Nutr.  

[25] 2016;35(4):880-884. doi: 10.1016/j.clnu.  

[26] Chutia H, Lynrah KG. Association of Serum 

Magnesium Deficiency with Insulin Resistance in Type 

2 Diabetes Mellitus. J Lab Physicians. 2015; 7(2):75-78. 

doi: 10.4103/0974-2727.163131.  

[27] Lin CC, Huang YL. Chromium, zinc and magnesium 

status in type 1 diabetes. Curr Opin Clin Nutr Metab 

Care. 2015; 18(6):588-592. doi: 

10.1097/MCO.0000000000000225.  

[28] Verhave JC, Bech AP, Wetzels JF, Nijenhuis T. 

Hepatocyte Nuclear Factor 1β-Associated Kidney 

Disease: More than Renal Cysts and Diabetes. J Am 

Soc Nephrol. 2016; 27(2):345-353. doi: 

10.1681/ASN.2015050544.  

[29] Asemi Z, Karamali M, Jamilian M, Foroozanfard F, 

Bahmani F, Heidarzadeh Z. et al. Magnesium 

supplementation affects metabolic status and pregnancy 

outcomes in gestational diabetes: a randomized, double-

blind, placebo-controlled trial. Am J Clin Nutr. 2015; 

102(1):222-229. doi: 10.3945/ajcn.114.098616.  

[30] Mostafavi E, Nargesi AA, Asbagh FA. Ghazizadeh Z, 

Heidari B, Mirmiranpoor H. et al. Abdominal obesity 

and gestational diabetes: the interactive role of 

magnesium. Magnes Res. 2015; 28(4):116-25. doi: 

10.1684/mrh.2015.0392.  

[31] Dasgupta A, Sarma D, Saikia UK. Hypomagnesemia in 

type 2 diabetes mellitus. Indian J Endocrinol Metab. 

2012; 16(6):1000-3. doi: 10.4103/2230-8210.103020.  

[32] Shaikh S, Karira KA. Magnesium deficiency in heart 

failure patients with diabetes mellitus. J Pak Med 

Assoc. 2011; 61(9):901-903. 

[33] Pham PC, Pham PM, Pham PA, Pham SV, Pham HV, 

Miller JM. 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(6):429-436. 

[34] Kundu D, Osta M, Mandal T, Mandal T, 

Bandyopadhyay U, Ray D, Gautam D. Serum 

magnesium levels in patients with diabetic retinopathy. 

J Nat Sci Biol Med. 2013; 4(1):113-116. doi: 

10.4103/0976-9668.107270.  

[35] Huang JH, Cheng FC, Wu HC. Low Magnesium 

Exacerbates Osteoporosis in Chronic Kidney Disease 

Patients with Diabetes. Int J Endocrinol. 2015; 

2015:380247. doi: 10.1155/2015/380247  

[36] Curiel-García JA, Rodríguez-Morán M, Guerrero-

Romero F. Hypomagnesemia and mortality in patients 

with type 2 diabetes. Magnes Res. 2008; 21(3):163-166. 

[37] Gommers LMM, Hill TG, Ashcroft FM, de Baaij JHF. 

Low extracellular magnesium does not impair glucose-

stimulated insulin secretion. PLoS One. 

2019;14(6):e0217925. doi: 

10.1371/journal.pone.0217925. 

[38] Barbagallo M, Dominguez LJ. Magnesium and type 2 

diabetes. World J Diabetes. 2015;6(10):1152-7. doi: 

10.4239/wjd.v6.i10.1152. 

[39] Gröber U, Kisters K, Schmidt J. [Micronutrients in 

diabetology: complementary medicine update 2014]. 

Med Monatsschr Pharm. 2014; 37(8):284-292  

[40] Konishi K, Wada K, Tamura T, Tsuji M, Kawachi T, 

Nagata C. Dietary magnesium intake and the risk of 

diabetes in the Japanese community: results from the 

Takayama study. Eur J Nutr. 2017;56(2):767-774. doi: 

10.1007/s00394-015-1122-8.  

Paper ID: ART20201169 10.21275/ART20201169 803 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Chen%20BH%5BAuthor%5D&cauthor=true&cauthor_uid=26096861
https://www.ncbi.nlm.nih.gov/pubmed/?term=Huang%20YL%5BAuthor%5D&cauthor=true&cauthor_uid=26096861
http://www.ncbi.nlm.nih.gov/pubmed/26096861
http://www.ncbi.nlm.nih.gov/pubmed/26096861
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gommers%20LMM%5BAuthor%5D&cauthor=true&cauthor_uid=31163064
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hill%20TG%5BAuthor%5D&cauthor=true&cauthor_uid=31163064
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ashcroft%20FM%5BAuthor%5D&cauthor=true&cauthor_uid=31163064
https://www.ncbi.nlm.nih.gov/pubmed/?term=de%20Baaij%20JHF%5BAuthor%5D&cauthor=true&cauthor_uid=31163064
https://www.ncbi.nlm.nih.gov/pubmed/31163064



