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ABSTRACT 

Background: Diabetes mellitus is a chronic disease with increasing worldwide prevalence. 

There are many studies to observe the role of minerals on the glycemic state in diabetic patients. 

One of the in the human se minerals is magnesium. Magnesium is the fourth most abundant 

mineral in the human body. It has a role in the action of more than 300 enzymes most of them is 

ATP-dependent reactions. Finally, magnesium has an effect on glucose metabolism, lipid 

metabolism, nucleic acid synthesis, and energy production. The relationship between magnesium 

and DM is complex and multifactorial. There is an association between hypomagnesemia and 

insulin resistance by affecting phosphorylation of insulin receptors, insulin signaling and insulin 

action. Another consequence of hypomagnesemia is oxidative stress which is also present in the 

pathogenesis of DM. Objective: This work is trying to emphasize the important role of 

magnesium in the control of the glycemic state in diabetic patients through highlighting the 

studies conducted to correlate between magnesium level in the body, dietary magnesium intake, 

or magnesium supplementation with risk of diabetes mellitus occurrence, insulin sensitivity or 

glycemic control in diabetic patients. This article suggested that magnesium therapy may be 

beneficial in improving the clinical parameters of diabetic patients including HbA1c%, fasting 

serum glucose, and fasting insulin level. 
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 لخلاصة ا

: مرض السكري هو مرض مزمن يزداد انتشاره عالمياً. هنالك الكثير من الدراسات التي اجريت لملاحظة تأثير المعادن  المقدمة

في جسم  انتشاراً  معدن  أكثر  رابع  هو  المغنيسيوم  المغنيسيوم.   هو  المعادن  هذه  أحد  و  السكري  في مرضى  السكر  على مستوى 

على. وبالنتيجة المغنيسيوم يؤثر على ايض    ATPتفاعلهم  في  يعتمدون يم معظمهمانز  300الانسان ولديه دور في عمل أكثر من  

الجلوكوز، ايض الدهون، تصنيع الاحماض النووية وانتاج الطاقة. العلاقة بين المغنيسيوم ومرض السكري معقدة ومتعددة العوامل. 

ين. عن طريق تأثيره على فسفرة مستقبلات الانسولين، الانسول  بعمل  الجسم  فهناك ارتباط بين نقص المغنيسيوم في الجسم ومقارنه

 الهدف:  اشارات الانسولين وفعالية الانسولين. والتأثير الاخر لنقص المغنيسيوم هو الاكسدة والتي تكون مصاحبة لمرض السكري.

البحث  ي لل  ايضاح حاول هذا  المهم  من خلال تسليط الضوء على     مستوى السكر لدى مرضى السكريفي تنظيم    مغنيسيومالدور 

خطر  مع  المغنيسيوم  مكملات  او  الغذاء  في  المغنيسيوم  كمية  الجسم،  في  المغنيسيوم  مستوى  بين  للربط  اجريت  التي  الدراسات 

الاصابة بمرض السكري، فعالية الانسولين او تنظيم مستوى السكر عند مرضى السكري. هذه المقالة تفترض ان للمغنيسيوم فائدة 

 ., مستوى السكر للصائم, ومستوى الانسولين للصائمHbA1c :ين الحالة السريرية في مرضى السكري وتشملفي تحس
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Introduction 
agnesium   is   the    eighth 

abundant element in the earth while 

in the human body is the fourth 

most common mineral and in the cells is the 

most common mineral abundance after 

potassium in the abundance. Magnesium has 

an important role in many physiological 

functions, also it used clinically (1)
 

The relevant physical property of 

magnesium is hydrated with stronger bonds 

than that of water with other cations so its 

dehydration is also difficult. This property 

explains many features of magnesium such 

as calcium antagonism by magnesium as 

calcium pass the biological membrane more 

readily than magnesium because hydration 

of magnesium make it larger(1) Another 

correlation between magnesium and calcium 

is competition for plasma protein- binding 

sites and magnesium act as an inhibitor of 

inositol triphosphate (IP-3) gated calcium 

channel(2). There is a study that observed 

this antagonism by measurement of serum 

calcium and serum magnesium through a 

period of magnesium treatment that found a 

reduction in calcium level with elevation in 

magnesium level(3). 

Magnesium distribution in the human 

body is as follows 99% of body magnesium 

is located in an intracellular compartment 

(bone, muscles and non-muscular soft 

tissue) About 50–60% of this percent 

present in bone. About 1% of total body 

magnesium resides in the blood (red blood 

cells and serum). In serum it is either 

presented as free ionized, protein bound or 

anions complexes. The biologically 

important part is the free ionized magnesium 

(Mg2+). Magnesium is exchanged between 

extracellular compartment and skeletal 

muscle to maintain normal serum 

magnesium concentration(1). 

Magnesium is a cofactor in greater 

than 300 enzymatic reactions. Most of them 

are ATP-dependent reactions. These 

reactions include glucose metabolism, lipid 

metabolism, nucleic acid synthesis, and 

muscle contraction (2). 

The recommended daily allowance of 

magnesium is between 350 - 420 mg in adult 

males and 280 – 360 mg in the adult 

females. The main dietary sources of 

magnesium are green vegetables and fruits, 

nuts, whole grains, legumes and meat(1) 

Also, water is another source of magnesium. 

Processing and boiling of food reduce its 

magnesium content. Nowadays, the 

processed food is commonly consumed in 

our daily routine diet(2, 4). 

Magnesium absorption and excretion 
 

Magnesium is absorbed in the human 

body through two pathways. Firstly, passive 

paracellular pathway in the small intestine. 

Secondly, active transcellular pathway in the 

large intestine. The major mechanism of 

absorption is the paracellular pathway. The 

extent of intestinal magnesium absorption is 

not constant that is ranging from one quarter 

to three quarters of consumed magnesium 

depending on many factors including serum 

magnesium level, age of individual, 

concurrent food composition and others(1, 5). 

The kidney is the main body organ 

responsible for the excretion of excess body 

magnesium as free serum magnesium is 

filtered by the glomerulus and the extent of 

renal tubular reabsorption will determine the 

urinary magnesium concentration(1, 5). 

Magnesium homeostasis is also 

regulated by hormones such as parathyroid 

hormones, vitamin D and estrogen(4). 

M 
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Figure (1): Magnesium balance in human 

body(1) 

Estimation of magnesium status in the 

body: 
 

1. Serum magnesium measurement 
 

The Mg2+ concentration in serum does 

not necessarily reflect the overall level of 

magnesium in the body as only about 0.3% 

of total body magnesium content is present 

in serum. But this is the most suitable and 

common measurement of body magnesium 

status(4). 

2. Urinary magnesium excretion 

assessment 
 

To measure urinary magnesium 

excretion, it is necessary to Collect a 24- 

hour urine sample. Usually, this test is 

performed to evaluate renal excretion and 

intestinal absorption of magnesium as values 

higher than normal level of urinary 

magnesium is indicative of renal wasting of 

magnesium while values lower than normal 

level is indicative of reduced intestinal 

absorption of magnesium(1). 

Physiological functions of magnesium 
 

The physiological functions of 

magnesium are diverse and multiple. The 

biological role of magnesium is mainly 

contributing to the chelating of it with ATP 

forming Mg-ATP complex acting as a 

cofactor in more than 300 enzymatic 

reactions especially kinase system. 

Magnesium has an effect on lipid 

metabolism, protein synthesis, nucleic acid 

synthesis, ion channel regulation, energy 

production and hormone receptor 

interaction. Magnesium also has antioxidant 

properties(6). 

Magnesium deficiency is associated 

with increased production of free radicals, 

inhibition of antioxidant enzymes, inhibition 

of nitric oxide release, lipid peroxidation 

and higher level of malonaldehyde(7). 

Magnesium has a role in lipid 

metabolism and the mechanism is as 

follows: 3-hydroxy 3-methyl glutaryl Co A 

reduction is the rate limiting step in 

cholesterol biosynthesis. This step requires 

hydroxy methyl glutaryl Co A reductase 

(HMG-Co A reductase) enzyme to be 

accomplished. This enzyme is inactivated by 

a mechanism involve phosphorylation of the 

enzyme by reaction in the presence of Mg- 

ATP complex by this way magnesium 

control the function of HMG-Co A 

reductase, and finally the biosynthesis of 

cholesterol(8). 

Other role of magnesium in lipid 

metabolism is observed by the effects of 

magnesium deficiency in increasing efflux 

of free fatty acids form cells, increasing 

triglyceride synthesis and stimulation of 

VLDL (Very Low Density Lipoprotein) 

production(9). 

Magnesium is also expected to have a 

helpful effect in controlling blood pressure 

by antagonism of calcium and reduction of 

catecholamine release with subsequent 

reduction in peripheral resistance(10). 

Additionally, Magnesium stimulates 

nitric oxide (NO) and prostaglandin I2 

release which act as vasodilator. All these 

factors collectively result in the reduction of 

blood pressure by magnesium(11). 
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The correlation between magnesium 

and glucose hemostasis is manifold 

including its vital role in glycolysis, its 

effect on insulin secretion and action(12). 

Hypomagnesemia 
 

It means serum magnesium 

concentration lower than 0.61 mmole/l (1,5 

mg/dl)(13). There are many causes of 

hypomagnesemia including: reduction in 

magnesium intake, reduction in magnesium 

absorption, and increase in magnesium 

excretion. In addition, it may result from 

diseases such as diabetes mellitus, cirrhosis, 

hyperthyroidism, and hypercalcemia. 

Medicines also can cause magnesium 

deficiency such as diuretics, digoxin, and 

proton pump inhibitor(1). 

Figure (2): The impact of hypomagnesaemia 
(4) 

 

Diabetes mellitus (DM) 
 

Diabetes mellitus is a chronic disease 

with increasing worldwide prevalence. 90- 

95% of diabetic patients are type 2 DM. In 

DM the main complaint is hyperglycemia 

with reduced insulin action or secretion that 

is associated with many factors (genetic, 

environmental and medical risk factors). 

DM has micro- and macro- vascular 

complications(14). 

In Iraq, the prevalence of type 2 DM 

in 2015 was about four patients in every 100 

Iraqi individuals(15). 

The etiology of type 2 DM is 

associated with many factors but it is mainly 

caused by reduction in insulin sensitivity 

with an increase in the pancreatic secretion 

of insulin but the ability of pancreatic β– 

cells to compensate this impairment in 

insulin action decreases with time resulting 

in a lower level of insulin secretion(16, 17). 

The main goal of the management of 

DM is to maintain normal serum glucose 

levels and to prevent long term 

complications of DM(18). The plan of 

management of type 2 DM requires lifestyle 

modification with the reduction in dietary 

carbohydrates and fat intake, prolongation of 

exercise time and weight reduction. 

Moreover, pharmacologic intervention is 

required in diabetic patients. There are many 

groups of anti-diabetic agents and insulin 

therapy(16). 

The prevalence of hypomagnesaemia in 

diabetic patients 
 

The prevalence of magnesium 

deficiency in patients with DM is high due 

to several reasons. One of them is that the 

pathophysiology of this disease increases 

magnesium excretion by hyperinsulinemia, 

hyperglycemia and glycosuria all of these 
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factors reduces renal tubular reabsorption 

and subsequently increases magnesium 

loss(19). Hyperinsulinemia also results in 

hypomagnesemia by increasing cellular 

uptake of magnesium with reducing the 

serum concentration of magnesium(4, 13). 

This high incidence of 

hypomagnesaemia in DM has observed in 

many studies one of them is a cross sectional 

study conducted in India on 250 diabetic 

patients found that the prevalence of 

hypomagnesemia is 44%(20). 

Other studies in Iraq conducted in 

Kirkuk found that the level of serum 

magnesium in diabetic patients (0.6 

mmole/l) is lower significantly than that in 

healthy individuals (1.07 mmole/l)(21). 

The association between magnesium 

deficiency and type 2 diabetes 

The relationship between magnesium 

and DM is complex and multifactorial. 

Magnesium is involved in the 

phosphorylation of tyrosine kinase insulin 

receptor, the insulin signaling regulation. 

It is also affecting insulin action on cellular 

uptake of glucose by insulin sensitive 

glucose transporter (GLUT 4) and affecting 

glucose stimulated insulin secretion(22). 

Other causes of insulin resistance 

in hypomagnesaemia are associated with 

increased calcium influx to adipocyte with 

subsequent oxidative stress(4). Finally, 

magnesium deficiency is associated with 

worsening insulin sensitivity as shown in 

Figure (2) (23). 

Another link between magnesium 

deficiency and DM is the oxidative stress 

with enhanced free radical production that is 

found in both cases(13). 
 

 

 

 

 

 

 

 

 

Figure   (3):   The   relation   between   Mg 
deficiency with type 2 DM and 
hypertension(24) 

 

The relation between magnesium intake 

and incidence of DM 

Over the last century, there are many 

studies have been conducted to evaluate the 

effect of hypomagnesaemia on DM. 

An animal study of magnesium effects on 

insulin resistance is performed by induction 

of DM in rats and initiating magnesium 

supply to them. This study found an 

improvement in insulin resistance by 

stimulating insulin receptor expression and 

increasing the binding constant and affinity 

of insulin receptors(25). This is in agree with 

other studies on diabetic rats conducted by 

(Sohrabipour et al., 2018) found an 

improvement in insulin sensitivity with 

magnesium supplementation(26). 

Several epidemiological studies were 

performed on humans to observe the effect 

of magnesium intake on the incidence of 

DM. A meta -analysis of 13 cohort study 

found that there is an inverse relationship 

between them that the degree of correlation 

depend on the dose of magnesium(27) 

Another study with similar results is a 

meta-analysis of seven cohort studies that 

found a15% reduction in diabetes risk with a 

100 mg increase in daily magnesium 

intake(28). 
61616161
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This is also observed by a meta- analysis of 

25 cohort studies performed by (Fang, 

2016)(29) and a meta-analysis of 11 cohort 

studies conducted by (Wu et al.,2017) 

correlate serum magnesium level with the 

incidence of DM that found lower 

magnesium level is associated with a higher 

incidence rate of DM(30). 

Other study performed by the Nurses’ 

Health Study (NHS) and Health 

Professionals’ Follow-up Study (HFS), on 

127,932 research participants (85,060 

female and 42,872 male) with 18 years 

follow up of female participants and 12 

years follow up of male participants. This 

study concluded increase in the risk of 

developing DM in participants with lower 

amount of magnesium intake(24). 

Studies emphasize the improvement in 

insulin resistance by magnesium 

supplements 
 

There are several studies performed to 

evaluate magnesium effects on insulin 

resistance. One of these studies is a double 

blind clinical trials in Mexico used 

magnesium chloride supplements for 4 

months found a significant improvement in 

glycemic status as HbA1c percent and 

fasting glucose level are reduced 

significantly, and fasting insulin level is 

increased while HOMA-IR (Homeostatic 

model assessment for insulin resistance) is 

decreased(31). (HOMA-IR is a convenient 

method to estimate insulin resistance. It is 

calculated by multiplying fasting plasma 

insulin (FPI) with fasting plasma glucose 

(FPG), then dividing by the constant 

22.5(32)). 

HOMA-IR =(FPI × FPG) / 22.5 

A systematic review of 21 randomized 

clinical trials found that magnesium 

supplementation for period 4-16 weeks is 

associated with detectable change in 

HOMA-IR index either the participants are 

diabetic or not(33). 

This is similar to results of meta- 

analysis performed by (Hruby et al., 2013) on 

15 cohort study observed a significant 

negative correlation between intake of 

dietary magnesium and insulin level (p < 

0.0001)(34). 

Studies approve ineffectiveness of 

magnesium on insulin resistance 
 

A randomized clinical trial performed 

on 54 type 2 diabetic patients divided into 

two groups first group receive magnesium 

supplements for 12 weeks (magnesium 

supplement group) and second group is a 

control group. It found an insignificant 

change in magnesium supplement group of 

the following parameters: HOMA-IR index, 

fasting plasma insulin level and HbA1c % 

while there is a significant reduction in 

fasting blood glucose level(35). Other study 

with similar results is the study found that 

use of 400 mg magnesium supplements for 

three months did not significantly improve 

insulin resistance which detected by 

measurement of HOMA –IR index (p= 0.36) 

and insulin level (mU/L) with (p= 0.24) and 

glycemic control by measurement of fasting 

glucose(36). 

Studies emphasize the improvement in 

glycemic parameters by magnesium 

Many studies performed to observe the 

effects of dietary magnesium intake, serum 

magnesium level or magnesium supplements 

on glycemic control in diabetic patients. 

Here we will mention several examples of 

them. Firstly, a clinical trial conducted to 

demonstrate the effect of magnesium 

supplements on fasting glucose in pre- 

diabetics with hypomagnesaemia found a 

significant reduction in fasting glucose (p= 

0.004) While fasting insulin level (p= 0.31) 

and HOMA-IR index (p=0.04) does not 

improve significantly that fasting insulin(37). 

Secondly, a study performed in Egypt 

showed the correlation between low serum 
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magnesium level with high HbA1c % (p < 

0.001) in children with type 1 DM(38). 

The similar results of positive effects 

of magnesium supplements on glycemic 

parameters are also observed by study 

conducted by (Labban, 2019)(39) and are 

observed by (Toprak et al., 2017)(40). 

There is also a survey made by 

interviewing 1573 non diabetics participants 

was done in Mexico which is found an 

inverse correlation between dietary 

magnesium intake and many parameters one 

of them is  serum glucose(41). 

The relation of serum magnesium 

level on glycemic state have been studied by 

a study conducted in India found an inverse 

correlation between HbA1c % in diabetic 

patients with serum magnesium level(42). 

Lastly, a systematic review of 12 

placebo controlled clinical trials found that 

magnesium has benefits on glycemic 

indicators in diabetic patients with 

hypomagnesaemia but not in those with 

normomagnesemia. The trials included in 

the review use different doses, forms and 

duration of magnesium supplements(43). 

Studies shows insignificant effects of 

magnesium supplements on glycemic 

control 
 

The previously mentioned studies are 

in controversy with other studies. A cross- 

sectional study compare serum magnesium 

level with fasting serum glucose in 90 

diabetic or hypertensive patients found 

insignificant relationship between them (p= 

0.34)(44). 

A meta-analysis of 28 study found 

insignificant beneficial effects of 

magnesium on HbA1c % which may be 

associated with short duration of 

supplementation(45). 

In Iraq, at Azadi teaching hospital in 

Duhok a cross sectional study on 100 

diabetic patients found no correlation 

between serum magnesium level and HA1c 

percent. Although this study has a limitation 

of small size of sample and it is not a 

clinical trial(46). 

A clinical trial conducted on type 2 

diabetic patients with normal serum 

magnesium level found no improvement in 

glycemic control but this study has a 

limitation of small sample size only 26 

patients take magnesium supplements 

through the study period(18). 

Conclusion 
 

According to the results of mentioned 

studies, there are controversy in the relation 

of low dietary ingestion or serum level of 

magnesium to the glycemic control in 

diabetic patients(47). 

Many studies on diabetic patients were 

performed to observe the interference 

between glycemic control and serum 

magnesium level. The clinical studies found 

a positive correlation of magnesium 

deficiency with risk of diabetes in pre- 

diabetics and negative correlation with 

glycemic control in diabetic patients. 

The outcome of magnesium 

supplements on metabolic control in diabetic 

patients are related to the dose strength of 

magnesium supplements, the duration of 

magnesium supplementation those will 

determine the degree of improvement in 

glycemic control in diabetic patients. 

Finally, magnesium supplements will 

improve the glycemic control in diabetic 

patients even this is not statistically 

significant. 

More studies are required to determine 

the most effective dose and duration of 

magnesium treatment in diabetic patients. 
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