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Introduction
Diabetes mellitus is a heterogeneous group of chronic metabolic 
disorders characterized by chronic hyperglycaemia that arises 
due to deficiency of insulin secretion and/or its action [1]. In 
diabetes mellitus, there is a disorder of carbohydrate, lipids 
and protein metabolism. According to the 2019 World Health 
Organization (WHO) classification, diabetes mellitus is classified 
into type 1 diabetes, type 2 diabetes, hybrid type, gestational 
diabetes mellitus, and other specific types of diabetes and the 
unclassified type [2]. WHO has reported that there are over 
400 million people worldwide living with diabetes mellitus [2]. 
Unfortunately, it is projected that the prevalence will keep rising 
due to the obesity pandemic and westernization in the low and 
middle income countries [2].
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Abstract 
Diabetes mellitus is a metabolic disorder with a central theme of chronic 
hyperglycaemia which is due to a deficiency in insulin secretion and/or action. 
There are various types but type 2 is the commonest type of diabetes mellitus. The 
main pathophysiologic mechanisms of type 2 diabetes are insulin resistance and 
pancreatic β cell dysfunction. The pathophysiology of type 2 is not fully known so; 
different hypotheses keep coming up in the literature to explain its pathophysiology. 
One of these newer mechanisms to explain the pathophysiology of insulin resistance 
is deficiency of minerals. Magnesium is an essential mineral needed for various 
metabolic processes in the cells. Hypomagnesemia is more frequent in patients 
with type 2 diabetes and it has been linked with the pathophysiology of type 2 
diabetes. Hypomagnesemia is associated with intracellular magnesium deficiency. 
Magnesium deficiency inside β cell is associated with reduced enzymatic activities 
insufficient intracellular ATP concentration leading to reduced insulin secretion. 
Also, magnesium deficiency in the cells is associated with impaired activities of 
the enzymes in the protein kinase B pathway of insulin action thereby contributing 
to insulin resistance. Hypomagnesemia is associated with increased production 
of pro-inflammatory cytokines which are the factors responsible for the low 
grade chronic inflammation associated with obesity and diabetes. Antioxidant 
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explanations linking hypomagnesemia to the pathophysiology of type 2 diabetes 
mellitus.
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International Diabetes Federation (IDF) stated that type 2 diabetes 
mellitus is the commonest class of diabetes and it accounts for 
about 90% of all cases of diabetes [3]. There are two key features 
in the pathophysiology of type 2 diabetes mellitus namely, insulin 
resistance and β cell dysfunction. Insulin resistance is said to occur 
when the physiologic response produced by a certain amount of 
insulin is reduced [4]. β cell dysfunction is the inability of  the 
β cells to produce sufficient amount of insulin to drive insulin-
mediated transport of glucose into the cells [5]. β cell dysfunction 
usually occurs as a consequence of insulin resistance. Therefore, 
insulin resistance is considered as the core abnormality in type 2 
diabetes [4].

Despite the advances in the diagnosis and management of type 
2 diabetes, there are still many things about the pathophysiology 
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that is unknown [6]. Therefore researches are continually being 
conducted to elucidate the pathophysiologic mechanisms of 
diabetes. Among the efforts being made to understand diabetes 
more are the researches being conducted to study the ole 
of minerals in the pathophysiology of type 2 diabetes [7]. The 
minerals, whose deficiency has been liked with insulin resistance, 
include magnesium, Zinc, iron, selenium, copper and cobalt [8].

Literature Review
Magnesium is an essential mineral that has to be consumed 
with the diet in order to prevent its deficiency and the 
consequences [9]. Studies have reported a higher prevalence 
of hypomagnesemia among patients with type 2 diabetes [9]. A 
study reported hypomagnesemia prevalence of 14-48% among 
patients with type 2 diabetes compared with 2.5-15% among 
healthy controls without diabetes [10]. Another study confirmed 
that people who consume less magnesium in their diets have a 
higher risk of developing type 2 diabetes [11].

Insulin resistance
Central to the pathophysiology of type 2 diabetes mellitus is 
the concept of insulin resistance. Insulin resistance is defined 
as the requirement for larger insulin concentration to produce 
the same physiological response [9]. The basic physiological role 
of insulin is to enhance the transport of glucose into the cells of 
organs, especially liver, skeletal muscle and adipose tissue [9]. In 
normal cell physiology, insulin binds to a heterodimer receptor 
which autophosphorylates into a tyrosine kinase leading to 
the recruitment of some substrates and eventual activation of 
some downstream signaling pathways [9]. Ultimately, there 
is incorporation of glucose transporters (GLUT) into the cell 
membrane and facilitate cellular glucose entry.

Insulin resistance is a combination of receptor and post-receptor 
abnormalities [12]. In insulin resistant tissues, there is decreased 
expression of insulin receptors in the cell membrane. A study 
quoted a reduction of about 5-10% in the quantity of insulin 
receptors in the cell membrane [12]. This study also suggested 
that there must be some post-receptor mechanisms to explain 
the profound insulin resistance in most patients with type 2 
diabetes’ Later on, the reduction in post-receptor signaling was 
reported. Researches are still going on to elucidate the specific 
defects in insulin signal transduction in insulin resistance. Recent 
findings have demonstrated hyperphosphorylation of some 
insulin receptor substrates [13]. Mitochondrial dysfunction has 
also been document to be partly contributing to the mechanisms 
of insulin resistance.

Magnesium physiology
Magnesium is the 4th most abundant cation in the body and is 
second only to potassium among the intracellular cations [14]. 
A 70kg physiological man has about 25g of magnesium in his 
body [15]. Most of this magnesium content is located in the bone 
and the skeletal muscles. 99% of the total body magnesium is 
intracellular while the rest is extracellular [16]. Plasma magnesium 
exists as free ions, prion bound or complexed to anions such as 
phosphate and bicarbonate [17].

The recommended daily allowance for men is 310-360 mg and 
for women, 400-420 mg, according to the Institute of Health 
[17]. Food sources rich in magnesium include legumes, nuts, 
fruits, meat and fish. However, consumption of highly processed 
food, which is also associated with type 2 diabetes, means that 
many people are consuming less than the recommended amount 
because food processing leads to the loss of magnesium from the 
food [17].

Most of the ingested magnesium is absorbed in the distal small 
intestine although a little quantity is also absorbed in the large 
intestine out of about 360 mg of magnesium ingested per day, 
only about 100 mg is absorbed in the gastrointestinal tract 
while the rest is lost in faeces [16,17]. Daily urinary excretion of 
magnesium is about 100 mg so as to maintain homeostasis. So 
during a period of excess ingestion of magnesium, the kidney 
excretes it more while during the period of reduced intake of 
magnesium, the renal excretion of magnesium is reduced [17]. 
Most of the ingested magnesium is absorbed in the enterocytes 
of the proximal small intestine, mainly in the distal jejunum 
and proximal ileum. However, there is minimal absorption of 
magnesium via the colon. Magnesium absorption occurs through 
2 transport mechanisms namely transcellular and paracellular 
pathway [9]. Transcellular absorption occurs through the action 
of Na+/K+ ATPase which establishes the Na+ gradient across the 
membrane. The gradient facilitates the exchange of magnesium 
with sodium at the basolateral membrane via the Na+- Mg= 
antiporter. Channel proteins called transient receptor potential 
melastin 6 (TRPM6) is also involved [9].

Synthesis of macromolecules such as proteins and nucleic acids is 
dependent on magnesium as a co-factor [18]. Cellular uptake of 
magnesium is via the magnesium channels and specific magnesium 
transporters. Intracellular concentration of magnesium is 
regulated through the activities of these transporters. Insulin 
increases magnesium uptake into the cells thereby increasing it’s 
level in the cytosol and decreasing its plasma level [19]. Research 
efforts are still ongoing to characterize the specific magnesium 
transporters involved in this [19].

Renal physiology of magnesium and diabetes
Magnesium wasting is a common occurrence in poorly treated 
diabetes as insulin regulates magnesium reabsorption in the 
renal tubules [9]. This is mainly because binding of insulin to its 
receptor in the renal tubules leads to increased incorporation of 
the magnesium channel protein TRPM6 in the cell membrane 
to enhance the reabsorption of magnesium. Apart from 
magnesium, it is also known that insulin stimulates reabsorption 
of other electrolytes, for example hyperinsulinaemia in type 2 
diabetes stimulates the sodium-chloride co-transporter in the 
dital convoluted tubule and this may partly explain hypertension 
seen in this condition [9]. Insulin also stimulates the potassium 
channel Kir 4.1 which also plays a role in magnesium reabsorption 
causing hypomagnesemia and hypokalemia [9].

In addition, in a mouse with sodium-glucose co-transporter 2 
(SGLT-2) gene knockout, there was affectation of magnesium 
absorption but clinical trials with SGLT-2 inhibitors have not 
shown any consistent abnormality of magnesium homeostasis 
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[9]. Glomerular hyperfiltration of magnesium and dysfunction of 
TRMP 6 due to oxidative stress have also been documented in 
diabetes [9].

Hypomagnesemia
This refers to the situation when the plasma magnesium is less 
than the reference range for normal people. The reference 
range depends on the laboratory and the assay type being used. 
Hypomagnesemia is not an uncommon finding among in-patients. 
The frequency of hypomagnesemia among hospitalized patient 
based on various studies ranges from 9% to 65% [17]. Patients 
admitted into the intensive care unit have higher frequency of 
hypomagnesemia compared with patients admitted to the general 
medical ward [17]. The documentation of hypomagnesemia in 
hospitalized patients is important because it is associated with 
increased mortality [17]. Therefore, hypomagnesemia should 
be checked in hospitalized patients especially the critically ill 
ones and an attempt should be made to correct the underlying 
pathology of the hypomagnesemia.

Common causes of hypomagnesemia include malnutrition, 
malabsorption, chronic diarrhoea, tubulointerstitial nephropathy, 
drugs such as loop diuretics, aminoglycoside, amphotericin B 
and cisplatin, chronic alcoholism and hyperaldosteronism [17]. 
Apart from diabetes mellitus, hypomagnesemia has also been 
linked with other diseases such as stroke, myocardial infarction, 
cancers and liver cirrhosis [20]. Most of the clinical presentations 
of hypomagnesemia are not specific and they include anorexia, 
nausea, vomiting, fatigue, tremor, agitation, behavioral changes, 
seizures, muscle fasciculations, arrhythmias [21].

Magnesium and insulin secretion
Magnesium plays a regulatory role in insulin secretion by the 
β cells of the pancreas [22]. A narrow intracellular magnesium 
balance is required for optimal insulin secretion by the pancreatic 
β cells. Normal insulin secretion involves the entry of glucose into 
the β cells which is rapidly converted to glucose-6-phosphate by 
an enzyme called glucokinase. Glucose-6-phosphate is ultimately 
metabolized to synthesize adenosine triphosphate (ATP). A rise in 
the intracellular ATP causes the ATP-sensitive potassium channels 
(KATP) to close. Closure of the potassium channels lead to the 
depolarization of the β cells leading to opening of voltage-gated 
calcium channels. This is followed by influx of calcium ions which 
eventually leads to insulin secretion.

Glucokinase enzymatic activity requires the presence of 
magnesium ions as a co-factor [22]. Therefore, magnesium 
deficiency can directly slow down the process of insulin secretion. 
In addition synthesis of ATP via glycolysis requires magnesium 
as a co-factor and magnesium deficiency impairs the rise in 
intracellular ATP in the β cells needed for insulin secretion [22]. 
In people with hypomagnesemia, the intracellular magnesium 
concentration is also low thereby blunting insulin secretion [23]. 
Moreover, calcium influx via the L-type Ca2+ channels is necessary 
for insulin secretion and this process is impaired in chronic 
hypomagnesemia [9].

Magnesium and insulin resistance
Insulin exerts its physiologic actions trough two pathways namely, 
protein kinase B pathway and mitogen-activated protein kinases 
pathway [17]. The protein kinase B pathway mediates most of 
the metabolic actions of insulin. The pathway eventually leads to 
the translocation of the glucose transporter 4 (GLUT 4) from the 
intracellular compartment into the cell membrane, especially in 
skeletal muscle cells and adipocytes, thereby facilitating glucose 
entry into the cells. The protein kinase B pathway also regulates 
glycogenesis and lipogenesis [17].

Magnesium plays a role in the phosphorylation of insulin substrates 
and many enzymes involved in the protein kinase B pathway [17]. 
Magnesium deficiency decreases the phosphorylation of insulin 
substrates and diminishes the activities of various enzymes. This 
ultimately decreases the concentration of GLUT 4 incorporated 
into the cell membrane thereby causing insulin resistance and 
type 2 diabetes subsequently [17].

Hypomagnesemia and systemic inflammation
Insulin resistance has been associated with chronic low grade 
systemic inflammation [24]. Magnesium has been found to play 
a role in this inflammation-associated insulin resistance. The 
cytokines involved in the low grade chronic inflammation include 
interleukins (IL-1 and IL-6) tumor necrosis factor-α, plasminogen 
activator inhibitor-1 and vascular cell adhesion molecule-I. 
Hypomagnesemia has been reported to enhance the production 
of these cytokines thereby contributing to the inflammation-
associated insulin resistance [24].

In the body, there are antioxidants such as superoxide 
dismutase, glutathione peroxidase and catalases [17]. These 
antioxidants protect the body from the deleterious effects of 
inflammation [25]. Magnesium is required by these antioxidants 
and magnesium deficiency can impair their functioning thereby 
making the systemic inflammation to fester. 

Studies have suggested that low grade chronic systemic 
inflammation may be the link between obesity, metabolic 
syndrome on one hand and hypomagnesemia on the other hand 
[26]. A study found a higher frequency of hypomagnesemia in 
patients with type 2 diabetes and abdominal obesity compared 
with patients with type 2 diabetes without abdominal obesity [17]. 
Another study found a higher level of C-reactive peptide among 
type 2 diabetes patients with hypomagnesemia compared with 
type 2 diabetes patients with normomagnesemia further alluding 
to the link between hypomagnesemia and type 2 diabetes via 
systemic inflammation [27].

Hypomagnesemia and type 2 diabetes - The 
genetic link
Some important channels and transporters determine the entry 
of magnesium into the cells, hence its intracellular concentration. 
Studies have reported that single nucleotide polymorphisms 
documented in some magnesium transporters are associated with 
an increased risk of developing type 2 diabetes [28]. Moreover, 
ATP-sensitive potassium channel essential for the secretion 
of insulin has variants and the interaction of the variants with 
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hypomagnesemia affect the risk of developing type 2 diabetes 
[29-34].

Magnesium supplementation and insulin 
resistance
Animal studies have demonstrated that magnesium 
supplementation reduces insulin resistance in diabetic rats 
[35]. Even in obese rats who do not have diabetes, magnesium 
supplementation was documented to prevent diabetes mellitus 
in them [36]. These findings have also been replicated in humans.

Some researchers have looked at the effects of magnesium 
supplementation on insulin resistance in patients with type 
2 diabetes and it has been found to be beneficial [30]. Even in 
overweight individuals who did not have diabetes, magnesium 
supplementation was equally found to reduce their insulin 
resistance [31]. Mediterranean diet and DASH (Dietary Approach 
to Stop Hypertension) diet which have been found to be beneficial 
in the prevention and treatment of patients with type 2 diabetes 
are also known to be rich in magnesium [32].

Apart from improvement in glycaemic control and insulin 
resistance, magnesium supplementation was also beneficial 
in the modification of other cardiovascular risk factors such as 
blood pressure and serum lipid profile [36]. A systematic review 
on randomized controlled trials on magnesium supplementation 
in individuals with diabetes and those at risk of diabetes 
demonstrated a beneficial effect of magnesium supplementation 
on glucose and insulin sensitivity parameters [37].

Hypomagnesemia and metformin
Metformin is a first line drug in the treatment of type 2 diabetes 
mellitus. Metformin has been found to be associated with 
chronic diarrhoea causing hypomagnesemia [33]. A study found 
an improvement in plasma magnesium and glycaemic control 
following discontinuation of metformin which had caused chronic 
diarrhoea and hypomagnesemia.  However, in those who do not 

develop chronic diarrhoea, metformin has been documented to 
improve magnesium status and glycaemic control in diabetic rats 
[34]. In addition, in a recently published animal study, diabetic 
mice developed hypomagnesemia but metformin did not alter 
magnesium homeostasis in the diabetic rats [38].

Hypomagnesemia, kidney disease, and diabetes 
mellitus
In post-transplant patients, researchers in have documented 
hypomagnesemia which has recently been linked with the 
development of new-onset diabetes after transplantation 
(NODAT) [39]. Also, a retrospective study has documented 
a higher incidence of NODAT in patients with pre-transplant 
hypomagnesemia which is thought to increase insulin resistance 
in these patients [40]. A systematic review of the studies on 
the association between post-transplant hypomagnesemia and 
NODAT has also affirmed a link between hypomagnesemia and 
NODAT which is of great importance because of its association 
with allograft failure and mortality [41].

Discussion and Conclusion
The pathophysiology of type 2 diabetes is still not fully known. 
However, insulin resistance and β cell dysfunction play a 
crucial role in the pathogenesis of the disease. Magnesium is 
an essential mineral and it is needed for several physiologic 
functions in the body. Hypomagnesemia is commoner in patients 
with diabetes and it has been linked with the pathophysiology 
of type 2 diabetes mellitus. Hypomagnesemia is associated 
with defective insulin secretion, impaired insulin signaling and 
reduced activities of antioxidants. It has also been associated 
with chronic low grade systemic inflammation which has been 
linked with obesity, insulin resistance and type 2 diabetes. There 
is also a genetic link between hypomagnesemia and the risk 
of developing type 2 diabetes. Magnesium supplementation 
improves insulin resistance in diabetic and overweight but non-
diabetic individuals.

References
1 American Diabetes Association (2020) ADA standards of medical 

care in diabetes. Diabetes Care. 43: S1-S2.

2 World Health Organization (WHO) (2019) Classification of diabetes 
mellitus. 

3 https://www.idf.org/aboutdiabetes/type-2-diabetes.html

4 Abel ED, O’Shea KM, Ramasamy R (2012) Insulin resistance: 
Metabolic mechanisms and consequences in the heart. Arterioscler 
Thromb Vasc Biol 32: 2068-2076.

5 Cerf ME (2013) β cell dysfunction and insulin resistance. Front 
Endocinol 4: 37.

6 Ramlo-Halsted BA, Edelman SV (2000) The natural history of type 2 
diabetes: Practical points to consider before developing prevention 
and treatment strategies. Clin Diabetes 18: 20.

7 Suliburska J, Bogdanski P, Szulinska M, Pupep-Musialik D, Jablecks A 
(2014) Changes in mineral status are associated with improvement 

in insulin sensivity in the obese patients following L-arginine 
supplementation. Eur J Nutr 53: 387-393.

8 Dubey V, Thakur P (2020) Role of minerals and trace elements in 
diabetes and insulin resistance. Nutrients 12: 1864.

9 Gommers LMM, Hoenderop GJ, Bindels RJM, De baiji JHF (2019) 
Hypomagnesemia in type 2 diabetes – A vicious cycle. Perspect 
Diabetes 65: 3-23.

10 Pham PC, Pham PM, Pham SV, Miller JM, Pham PT (2007) 
Hypomagnesemia in patients with type 2 diabetes. Clin J Am Soc 
Nephrol 2: 366-373.

11 Rodríguez-Morán M, Mendia SLE, Galvan ZG, Romero GF (2011) The 
role of magnesium in type 2 diabetes: A brief based-clinical review. 
Magnes Res 24: 156-162

12 Petersen MC, Shulman GI (2018) Mechanisms of insulin action and 
insulin resistance. Physiol Rev 98: 2133-2233.

13 Yu CL, Chen Y, Cline GW, Zhang DY, Zong HH, et al. Mechanism 
by which fatty acids inhibit insulin activation of insulin receptor 



ARCHIVOS DE MEDICINA
ISSN 1698-9465

2020
Vol.5 No.4:12

5© Under License of Creative Commons Attribution 3.0 License

Insights in  Biomedicine
ISSN 2572-5610

substrate-1 (IRS-1)-associated phosphatidylinositol 3-kinase activity 
in muscle. J Biol Chem 277: 50230-50236.

14 Feillet-Coudray C, Coudray C, Gueux E, Mazur A, Rayssiguier Y (2003) 
A new in vitro blood load test using a magnesium stable isotope for 
assessment of magnesium status. J Nutr 133: 1220-1223.

15 Fox C, Ramsoomair D, Carter C (2001) Magnesium: Its proven and 
potential clinical significance. South Med J 94: 1195-1201.

16 Touyz RM (2004) Magnesium in clinical medicine. Front Biosci 9: 
1278-1293.

17 Ahnen-Dechent W, Keteller M (2012) Magnesium basics. Clin Kidney 
J 5: i3-i13.

18 de Baaij JHF, Hoenderop JGJ, Bindels RJM (2015) Magnesium in man: 
Implications for health and disease. Physiol Rev 95: 1-46.

19 Romani AM, Matthews VD, Scarpa A (2000) Parallel stimulation of 
glucose and Mg2+ accumulation by insulin in rat hearts and cardiac 
ventricular myocytes. Circ Res 86: 326-333.

20 Geiger H, Wanner C (2012) Magnesium in disease. Clin Kidney J 5: 
i25-i38.

21 Saris NE, Mervaala E, Karppanen H, Khawaja JA, Lewenstam A (2000) 
Magnesium. An update on physiological, clinical and analytical 
aspects. Clin Chim Acta 294: 1-26.

22 Kostov K (2019) Effects of magnesium deficiency on the mechanisms 
of insulin resistance in type 2 diabetes. Focussing on the processes of 
insulin secretion and signaling. Int J Mol Sci 20: 1351.

23 Rosolová H, Mayer O, Reaven GM (2000) Insulin-mediated glucose 
disposal is decreased in normal subjects with relatively low plasma 
magnesium concentrations. Metabolism 49: 418-420.

24 Chen L, Chen R, Wang H, Liang F (2015) Mechanisms linking 
inflammation to insulin resistance. Int J Endocrinol 2015: 508409.

25 Arulselvan P, Fard MT, Tan WS, Gothai S, Fakurazi S, et al. (2016) Role 
of antioxidants and natural products in inflammation. Oxid Med Cell 
Longev 2016: 5276130.

26 Romero GF, Peña BC, Morán RM (2011) Severe hypomagnesemia 
and low-grade inflammation in metabolic syndrome. Magnes Res 24: 
45-53.

27 Nielsen FH (2010) Magnesium, inflammation, and obesity in chronic 
disease. Nutr Rev 68: 333-340.

28 Gommers LM, Hoenderop JG, Bindels RJ, de Baaij JH (2016) 
Hypomagnesemia in type 2 diabetes: A vicious circle? Diabetes 65: 
3-13.

29 Chan KH, Chacko SA, Song Y, Cho M, Eaton CB, et al. (2015) Genetic 

variations in magnesium-related ion channels may affect diabetes 
risk among African American and Hispanic American women. J Nutr 
145: 418-424.

30 Solati M, Ouspid E, Hosseini S, Soltani N, Keshavarz M, et al. (2014) 
Oral magnesium supplementation in type II diabetic patients. Med J 
Islam Repub Iran 28: 67. 

31 Mooren FC, Krüger K, Völker K, Golf SW, Wadepuhl M, et al. (2011) 
Oral magnesium supplementation reduces insulin resistance in non-
diabetic subjects—A double-blind, placebo-controlled, randomized 
trial. Diabetes Obes Metab 13: 281-284.

32 Campbell AP (2017) DASH eating plan: An eating pattern for diabetes 
management. Diabetes Spectr 30: 76-81.

33 Svare E (2009) A patient presenting with symptomatic 
hypomagnesemia caused by metformin-induced diarrhoea: A case 
report. Cases J 2: 156.

34 Ewis SA, Abdel-Rahman MS (1997) Influence of atenolol and/or 
metformin on glutathione and magnesium levels in diabetic rats. J 
Appl Toxicol 17: 409-413.

35 Zhong W, Fang F, Cheng X, Li C (2013) Influence of magnesium 
supplementation on insulin receptor affinity in erythrocytes of type 
2 diabetes rats. J Hygiene Res 42: 217-220.

36 Balon TE, Gu JL, Tokuyama Y, Jasman AP, Nadler JL (1995) Magnesium 
supplementation reduces development of diabetes in a rat model of 
spontaneous NIDDM. Am J Physiol Endocrinol Metab 269: E75.

37 Yokota K, Kato M, Lister F, Hirokazu, Hayakawa T, et al. (2017) Clinical 
efficacy of magnesium supplementation in patients with type 2 
diabetes. J Am College Nutr 23: 506-509.

38 Veronese N, Fernando WS, Luchini C, Solmi M, Sartore G, et al. 
(2016) Effect of magnesium supplementation on glucose metabolism 
in people with or at risk of diabetes: A systematic review and meta-
analysis of double-blind randomized controlled trials. Eur J Clin Nutr 
70: 1354.

39 Huang JW, Famure O, Li Y, Kim SJ (2016) Hypomagnesemia and the 
risk of new-onset diabetes mellitus after kidney transplantation. J 
Am SocNephrol 27: 1793-1800.

40 Sinangil A, Celik V, Barias S, Sakaci T, Koc Y, et al. (2016) New 
onset diabetes after kidney transplantation and pretransplant 
hypomagnesemia. Prog Transplant 26: 55-61.

41 Cheungpasitporn W, Thorngprayoon C, Harindhanavudhi T, Edmonds 
PJ, Erickson SB (2019) Hypomagnesemia linked to new-onset 
diabetes mellitus after kidney transplantation: A systematic review 
and meta-analysis. Endocr Res 41: 142-147.


