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Abstract: Background: Type 2 diabetes (T2DM) has been associated with deficiencies in serum mag- 

nesium level, decreasing insulin sensitivity and glucose metabolism. Glycosylated hemoglobin (Hb1Ac) 

is a biomarker of glucose values within the half-life of the erythrocyte, that is, 3 months. Low circulat- 

       ing and intracellular magnesium levels can modify glucose metabolism and insulin sensitivity. Renal 

A R T I C L E H I S T O R Y solute management is a parameter little used to estimate circulating and excreted concentrations of ele- 

   ments such as magnesium. 

Objective: The purpose of this study was to assess and associated fractional excretion of magnesium 
Received: May 12, 2020 

Revised: June 24, 2020 

Accepted: June 27, 2020 

 

 

DOI: 

10.2174/1573399816666200714150434 

(FEMg) and serum magnesium with metabolic parameters, especially Hb1Ac percent, in a group of well 

characterized subjects with T2DM and non-diabetics subjects (ND). 

Methods: According to Hb1Ac, two groups were compared and associated with existing biochemical 

parameters, included Hb1Ac, fasting glucose, lipid profile, serum creatinine, serum magnesium and uri - 

       nary creatinine for FEMg. 

Results: HbA1c levels were explained by serum magnesium in 25%. Serum magnesium levels in the  

ND group were higher than in the T2DM group and this was a statistically significant difference. Serum 

magnesium ≤1.8 is a risk factor (OD 16.1; P=0.021) for an HbA1c ≥ 6.5%. 

Conclusion: In this study, hypomagnesemia was a parameter strongly associated with the diagnosis and 

progression of T2DM, while FEMg showed no significant association. 

Keywords: Hypomagnesaemia, Fractional excretion of magnesium, glycosylated hemoglobin, type 2 diabetes, risk factor, non- 

diabetic. 
 

1. INTRODUCTION 

Insulin resistance (IR) and hypomagnesemia are two 

common clinical entities. Globally, 200 million people have 

IR, and 40% of them will develop type 2 diabetes (T2DM) 

[1]. T2DM has been correlated with low levels of Mg2+ 2, 

and hypomagnesemia has also been shown to increase insu- 

lin resistance, inflammation, and an increased risk of cardio- 

vascular disease[2, 3]. Over the last decades, evidence is 

accumulating that hypomagnesemia (plasma Mg2+ concen- 

tration<0.7mmol/L) is frequently present in patients with 

T2DM [4, 5]. Low serum magnesium concentrations have 

been associated with cardiovascular disease risk [6] and out- 

comes in some general population studies, but there are no 

equivalent studies in diabetes. Although plasma Mg2+ levels 

are not regularly monitored in T2DM patients, the presence 

of hypomagnesemia is of significant clinical importance [7]. 

Oral Mg2+ supplementation has been shown to reduce the 

progression from pre-diabetes to diabetes and improves insu- 

lin sensitivity and glucose handling [7-10]. Eating foods high 

in magnesium or nutraceuticals containing the ion has shown 

a regulating effect on blood glucose levels [11]. Because 

serum magnesium does not reflect intracellular magnesium, 

the latter making up more than 99% of total body magne- 
   sium, most cases of magnesium deficiency are undiagnosed 
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[12]. The elimination of magnesium is mainly controlled by 

the kidneys, increasing in the urine when there is magnesium 

surplus  and  falling  to  just  1  mEq  of  magnesium  (~12  mg) 
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during deficits[13]. However, despite renal conservation, 

magnesium can be pulled from the bone (as well as muscles 

and internal organs) in order to maintain normal serum mag- 

nesium levels when intakes are low [14]. In hypomagne- 

semic patients with normal renal function fractional excre- 

tion of magnesium (FEMg) is a very useful tool for the diag- 

nostic approach of hypomagnesemia. A value of  more than 

4 per cent is indicative of inappropriate magnesium loss [15]. 

Some reports show that low blood magnesium levels may be 

associated with increased urinary secretion of this ion[16, 

17]. However, other authors found no association[18, 19]. 

Nevertheless, these reports have been made in small popula- 

tions. 

There are important interactions between magnesium and 

IR since magnesium is an essential cofactor in the transfer of 

phosphates associated with ATP after insulin binds to its 

receptor [20]. Studies at the cellular level have shown that 

Mg2+ is essential for phosphate transfer in receptor tyrosine 

kinase residues, but the effect of Mg2+ on downstream tar- 

gets in muscles, liver, and adipocytes is not at all elucidated. 

Furthermore, a sustained hypomagnesemia state leads to an 

increase in localized pro-inflammatory cytokines in visceral 

adipose tissue (VAT) in obese patients [16-18]. Such in- 

flammation may be associated with an increase in tumor 

necrosis factor-alpha (TNFα) contributing to the appearance 

of IR [21-23]. Cytokine ratios can define a qualitative profile 

in patients with T2DM, indicative of an intensified systemic 

inflammatory state [24]. This inflammation might contribute 

to the onset of IR [21-23]. However, the impact of FEMg on 

Hb1Ac has not been reported. 

Consistent with these evidence, there are several system- 

atic reviews and meta-analyzes performed that analyze the 

effect of magnesium administration on glycemic control[25- 

27]. The aim of the present study was first to investigate the 

association between FEMg and Hb1Ac percent in a group of 

well characterized subjects with T2DM and ND subjects. 

Second, we aimed to instigate by means of a multivariate 

analysis if FEMg might serve as a predictor for Hb1Ac frac- 

tion. 

 
2. MATERIALS AND METHODS 

 
2.1. Study Subjects 

For the current study, data were collected prospectively. 

All followed procedures were approved by the Bioethics 

Committee of the Medical School U. T of Autonomous Uni- 

versity of Coahuila and were conducted in accordance with 

the Helsinki Declaration of 1975, as revised in 2008. We 

enrolled male and female adult (30 -50 years old) subjects. 

Informed consent was obtained from all patients for being 

included in the study. The population consisted of two pro- 

spectively recruited subject groups with different Hb1Ac 

percentage from the open population recruit in Pharmacol- 

ogy department in Medical School U. T of Autonomous Uni- 

versity of Coahuila. 

The total individuals included were divided into 54 ND 

(Nondiabetic) subjects and 48 patients with T2DM previous 

diagnosis were enrolled, one of whom did not meet the in- 

clusion criteria and one person decided to withdraw during 

the sampling. Also, losing data in register was eliminated 

from the analysis. Only 62 of the total subjects were in- 

cluded for analysis. No criteria were used to select the data 

except its availability. Participants were grouped by their 

HbA1c levels taking the cut-off point for the diagnosis of 

T2DM established by the ADA (6.5%). 

 
2.2. Study Protocol 

For the classification of subjects, Hb1Ac fraction was de- 

fined based on the criteria of the American Diabetes Asso- 

ciation [28]. 

The first group contains data of subjects presenting 

Hb1Ac <6.5% and second group are patients with Hb1Ac 

>6.5%. 

A total of 62 subjects were included. The flowchart for 

patient inclusion is shown in Fig. (1). 

Hypomagnesaemia was defined as a serum magnesium 

concentration <1.7 mg/dl [29-32]. The concentrations of 

creatinine and magnesium measured in serum and urine were 

analyzed to calculate the fractional excretion of magnesium 

(FEMg) value. The FEMg was computed using the following 

equation: 

FEMg= 

(%)=100 x (U/Pmagnesium)/(U/Pcreatinine) 

Where, U represents urine concentration and P represents 

plasma concentration [33-35]. 

Diabetes Mellitus diagnosis: T2DM was defined by the 

criteria from the American Diabetes Association Classifica- 

tion, more precisely a fasting glucose >126 mg/dL and/or an 

HbA1c >6.5% [28]. 

 
2.3. Patient Parameters 

A Clinical questionnaire was applied with which the fol- 

lowing information is obtained: gender, age, and anthro- 

pometric measures that include percentage of visceral fat, 

percentage of body fat and percentage of muscle  weight, 

with bioimpedance balance scale (Omron®, Full Body Sen- 

sor, Model HBF-514; USA). Furthermore, blood samples 

were collected after an overnight fast (8 hours) and routine 

biochemical parameters which included Hb1Ac, fasting glu- 

cose, lipid profile, and serum creatinine, and serum magne- 

sium. A urine sample was collected for the urinary creatinine 

and urinary magnesium quantification. There is no consensus 

for a cut-off point for Hb1Ac worldwide and this cut-off 

value differs between the distinct groups. A cut-off point for 

a Mexican population has not been defined yet [36]. 

 
2.4. Statistical Analysis 

Data was analyzed using SPSS (STATISTICS, IBM 

SPSS. IBM SPSS Statistics for Windows, Version 20.0. IBM 

Corp., Armonk, New York, 2011., USA) [37] and Graph Pad 

software (PRISM, GraphPad. GraphPad Software Inc., La 

Jolla, CA, USA.) version 8 [38]. Continuous data distribu- 

tions were assessed for normality using the Kolmogorov- 

Smirnov test. Variables with a biased distribution were trans- 

formed to a logarithmic scale and reevaluated for normality. 

The unpaired Student's t test or the Mann-Whitney U test 

was used to determine the differences between 2 groups. 
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Fig. (1). Flowchart of the included patients. Hb1Ac was used to group the total of recruited subjects FEMg calculation from creatinine and 

magnesium in serum and urine. Correlation analysis in the entire sample. Risk analysis between serum magnesium levels and FEMg with 

impaired Hb1Ac. 

Data are expressed as mean ± standard deviation (SD) or 

median and interquartile range. Differences in the distribu- 

tions of dichotomous distributions were evaluated using  χ2 

or Fisher's exact test and were expressed as percentages. 

Spearman's correlation analysis was performed to evaluate 

the relationship between serum Mg2+, and other metabolic 

and clinical variables, expressed as rs. The decision tree 

(CHAID) was used to estimate the cut points of Mg2+ and 

FEMg in serum. A logistic regression was performed to as- 

sess the risk in the fitted model. The significance level was 

established at P <0.05. 

 
3. RESULTS 

 
3.1. Subjects 

The total individuals included were divided into 54 ND 

subjects and 48 patients with T2DM previous diagnosis were 

enrolled, one of whom did not meet the inclusion criteria and 

one person decided to withdraw during the sampling. Also, 

loosing data in register, was eliminated from the analysis. 

Only 62 of the total subjects were included for analysis. No 

criteria were used to select the data except its availability. 

Participants were grouped by their HbA1c levels taking the 

cut-off point for the diagnosis of T2DM established by the 

ADA (6.5%). 

As expected, differences were also found in fasting glu- 

cose (P<0.001). Regarding weight, it was found that the P 

value was marginally not significant (P = 0.056), so it was 

included as a variable to adjust the subsequent analysis. In 

other anthropometric measurements no differences were 

found. Systolic blood pressure as well as triglyceride level 

were higher in the T2DM (P = 0.007; P = 0.004, espec- 

tively), see in Table 1. The values that establish the diagnosis 

of hyperglycemia and hypertriglyceridemia between studied 

groups and the values and the differences between the 

groups of the measured clinical parameters are shown in 

Table 1. 

The HbA1c group <6.5% (ND) had  a mean age of  43.85 

± 12.96 which was different from the participants with 

HbA1c ≥6.5% (T2DM) (57.14 ± 11.18; P <0.001) (See Fig. 

2). The urinary and serum values of magnesium and creatin- 

ine, as well as the calculation of the glomerular filtration rate 

and FEMg, can be seen in Table 2. Serum magnesium levels 

in the ND group were higher than in the T2DM group and 

this was a statistically significant difference (P <0.001). 

 
3.2. Fractional Excretion of Magnesium in Diabetic Sub- 

jects and ND Individuals 

Serum magnesium levels ranged from 1.7-2.5 in ND sub- 

jects and 1.4-2.6 mg /dL in subjects with DM, these values 

were statistically different (P = 0.0028). Urinary magnesium 

levels were within 1.2 - 22.3 mg /dL for ND and 1.2 - 22.7 

mg /dL for DM patients (P = 0.37). Using these values, 

FEMg was obtained, and when grouping by the established 

cut-off point, statistically significant differences were ob- 

tained. (see Table 2, Graph 3A). 
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Table 1. Clinical and anthropometric measurement of non-diabetic and type 2 diabetes patients. 

 
 

ND 

HbA1c <6.5% 

n=33 

T2DM  

HbA1c ≥6.5% 

n=29 

 
P value 

T Age 43.85 ± 12.96 57.14 ± 11.18 <0.001 

x iFemale 75.8% 65.5% 0.41 

ᵀWeight (kg) 77.95 ± 16.99 80.43 ± 16.41 0.56 

TBMI (kg/m2) 29.07 ±5.48 30.71 ± 5.07 0.22 

ᵀ % Fat 39.77 ± 7.9 39.05 ± 10.2 0.75 

ᵀᵀ%Visceral fat 9 (6) 12 (4.5) 0.10 

ᵀ%Muscle 25.93 ± 4.3 26.16 ± 5.6 0.85 

ᵀFasting glucose mg/dL 92.68 ± 10.99 140.34 ± 49.9 <0.001 

ᵀTotal Col mg/dl 225.95 ± 62.19 244 ± 78.38 0.31 

TTriglycerides mg/dl 138.63 ± 100.45 200.55 ± 103.47 0.004 

ᵀᵀSBP 110.9 (10) 120 (11) 0.007 

ᵀᵀDBP 75 (10) 80 (10) 0.21 

XI N.P.D. T2DM (%) 84.6 15.4 <0.001 

ND: Non diabetic; T2DM: Type 2 diabetes N.P.D: HbA1c ≥6.5%: no previous diagnosis of diabetes mellitus type 2; BMI: Body mass index; Hb1Ac: glycosylated hemoglobin; SBP: 

Systolic Blood Pressure; DBP: Diastolic Blood pressure; ᵀ t student test; ᵀᵀ U- Mann-Whitney test; *P value <0.05; XI Chi-square. 

 

Fig. (2). Mean difference and standard deviation (A) fasting glucose, (B) glycosylated hemoglobin. 

ND: non-diabetic; T2DM: patients with type 2 Diabetes; HbA1c: glycosylated hemoglobin; t student test. *** P value<0.0005. 

 
Table 2. Chemical parameters of enrolled non-diabetic and type 2 diabetes patients. 

 
 

HbA1c <6.5% 

ND (n=33) 

HbA1c ≥6.5% 

T2DM (n=29) 

P value 

Blood test (mg/mL) 

ᵀᵀCr (mg/dl) 1 (0.2) 1 (0.3) 0.98 

ᵀ Serum Mg2+ levels (mg/dl) 2.07 ± 0.1 1.87 ± 0.2 0.001* 

Urine test 

ᵀCr (mg/dl) 168.67 ± 73.07 107.39 ± 70.96 <0.001* 

ᵀ Urinary Mg2+ levels (mg/dl) 10.43 ± 5.06 8.32 ± 4.7 0.097 

ᵀeGFR (ml/min) 94.618 ± 30.7 83.5 ± 24.8 0.12 

ᵀFEMg 3.21 ± 1.5 6 ± 5.9 0.01* 

T2DM: patients with type 2 Diabetes; Mg: Magnesium; eGFR: Estimated glomerular filtration rate; FEMg: Fractional Excretion of Magnesium; ᵀ t student independent samples; ᵀᵀ 

Mann-Whitney; * P value <0.05. 



Deranged Fractional Excretion of Magnesium and Serum Magnesium Current Diabetes Reviews, 2020, Vol. 16, No. 0 5 
 

 

 

Fig. (3). %FEMg values; (A) Mean differences ± SD. (B) Dispersion of values in non-diabetic and type 2 diabetes patients. FEMg: Fractional 

Excretion of Magnesium; T2DM: patients with diabetes mellitus; T-student statistic for independent samples; ** P value <0.005. 

 
Table 3. Correlation of FEMg with clinical parameters of all samples: non-diabetic and type 2 diabetes patients. 

 
 

 
Parameter n=62 

FEMg% Serum Mg 

rs P value rs P value 

HbA1c 0.341 0.007* -0.501 <0.001* 

BMI 0.193 0.13 -0.133 0.3 

Urinary Mg2+ levels 0.394 0.002* 0.078 0.54 

eGFR (mL/min/1.73 m2) -0.291 0.022* 0.063 0.62 

Fasting Glucose (mg/dL) 0.318 0.012* -0.417 0.001* 

Cholesterol (mg/dL) 0.036 0.78 -0.129 0.31 

Triglycerides (mg/dL) 0.126 0.32 -0.181 0.16 

DBP (mm/Hg) 0.036 0.78 -0.16 0.19 

SBP (mm/Hg) 0.117 0.36 -0.319 0.011* 

Hb1Ac% 0.34 0.0069 -0.5006 0.0001* 

Serum Mg2+levels -0.415 0.001* 1  

FEMg: Fractional Excretion of Magnesium; HbA1c:% Glycosylated hemoglobin percentage; BMI: Body mass index; SBP: Systolic Blood Pressure; eGFR: Estimated glomerular 

filtration rate; DBP: Diastolic Blood Pressure; Spearman correlation test; Statistical significance of *P value <0.05. 

 

The orrelation between FEMg and HbA1c by perform- 

ing a bivariate analysis focusing on parameters that showed a 

significant difference in all subjects was next studied. FEMg 

showed a significant correlation with HbA1c, serum glucose 

and eGFR. Whereas BMI, cholesterol, triglycerides, and 

blood pressure values did not show a significant correlation 

in both groups. In ND subjects, FEMg and eGFR have a 

negative correlation (rs=-0.446; P=0.004), while T2DM 

group showed not a significant correlation between this pa- 

rameter (rs=-0.285; P=0.079). However, FEMg and eGFR 

showed a significant and negative correlation in all subjects 

(Table 3). 

The r squared coefficient between Hb1Ac and FEMg was 

analyzed, where r2 = 0.11 (P <0.0069). HbA1c levels were 

explained by serum magnesium in 25%. See Fig. (4). 

Decision tree analysis was used to automatically deter- 

mine the optimal cut points for serum magnesium (≤1.8; F = 

47.49; P <0.001) and FEMg (≤5.7; F = 8.1; P <0.053) in re- 

lation to continuous HbA1c. For serum magnesium ≤1.8 the 

mean HbA1c was 10.2% and for >1.8 a mean it was 6.3%. 

For FEMg ≤5.7 the mean HbA1c was 6.8% and 9.12% for 

FEMg >5.7. The risk of having serum magnesium ≤1.8 was 

calculated for HbA1c <6.5%, the unadjusted Odds ratio was 

34.2 (CI 4.11-285.4; P <0.001). While a FEMg≤ 5.7 yielded 

an unadjusted Odds ratio of 9.47 (CI 1.8-47.6; P = 0.002). 

The results of the logistic regression are shown in Table 4, 

adjusted for age, systolic blood pressure, weight, and triglyc- 

erides. The Nagelkerke square r was 0.48 for the FEMg 

model and 0.55 for the adjusted serum magnesium model. 

 
4. DISCUSSION 

T2DM has been associated with deficiencies in dietary 

magnesium intake.  This has biological plausibility since it 

participates in the signaling pathways involved in glucose 

metabolism and insulin sensitivity, in addition to its role in 

phosphorylation [39-41]. 

The results showed a statistically significant difference 

between the T2DM group and the ND group in the serum 
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Fig. (4). Correlation analysis of FEMg (A) and Mgs (B) with Hb1Ac in non-diabetic and type 2 diabetes patients. Spearman correlation coef- 

ficient (rs); Statistical significance of *P value <0.05. Mgs: Serum magnesium levels. 

 
Table 4. Odds ratio for impaired HbA1c. 

 
 

n=62 
Odds Ratio§ 

CI 95% 

 

P value 

FEMg% 

 Normal secretion (≤5.7) 1  

 Impaired secretion (>5.7) 3.79 (0.62-22.8) 0.14 

Serum Mg 

 No hypomagnesemia (>1.8) 1  

 Hypomagnesaemia (≤1.8) 16.1(1.52-171.9) 0.021 

FEMg: Fractional Excretion of Magnesium; HbA1c: % Glycosylated hemoglobin percentage. § Adjusted for age, weight, triglycerides, and systolic blood pessure. 

magnesium levels and their fractional excretion. These find- 

ings are similar to other studies in which an association has 

been found between alterations in renal management of the 

ion and its deficiency in the organism [42]. 

Intracellular magnesium remains within narrow concen- 

tration limits, except in extreme situations, such as hypoxia 

or prolonged depletion of magnesium [43]. Magnesium defi- 

ciency is frequent in patients with diabetes and its correlation 

with insulin resistance should be more studied [44]. A study 

in 62 patients with type 1 and 2 diabetes, determined the 

prevalence of hypomagnesemia in carefully diagnosed diabe- 

tes patients and showed an association between serum mag- 

nesium and fasting glucose levels (r = -0.496) [45], which is 

very close to the correlation observed in this study between 

Hb1Ac and serum magnesium (-0.5006). 

The differences found in serum magnesium in this popu- 

lation suggest that in T2DM there is a decrease in intracellu- 

lar flow of magnesium, related to the homeostatic mecha- 

nism exposed by Romani et al., where it is suggested that in 

response to intracellular ion deficiencies, increases the out- 

put of magnesium from the inside to the outside of the cell 

through an ionic channel regulated by voltage and by intra- 

cellular concentrations of the same ion. The renal compensa- 

tory mechanism triggered by the juxtaglomerular apparatus 

modulates extracellular osmolarity, increasing the excretion 

of solutes such as magnesium [46]. No differences were ob- 

served between serum creatinine values between the groups 

studied, which suggests that there is no glomerular damage. 

Therefore, renal magnesium management might be adjusted 

for creatinine values for correct interpretation [47]. In the 

studied sample, serum magnesium maintains a significant 

difference between the group of ND subjects and individuals 

with DM. However, these values have not been considered a 

diagnostic criterion of the total state of the ion in the organ- 

ism [48]. Kappelery et al. reported in ND subjects that serum 

magnesium homeostasis remains within normal values [49]. 

This might be due to osmotic diuresis and increased magne- 

suria caused by high glucose levels and damage to the renal 

tubules. Patients with T2DM have been found with lower 

magnesium levels compared with ND subjects (0.79  mmol/L 

vs. 0.88  mmol/L) [12, 50]. Another group of authors noted a 

3.25-fold increased risk of diabetes at plasma magnesium 

levels  <0.863  mmol/L  (despite  0.75  mmol/L  being  consid- 

ered a ‘normal’ level) [12, 51]. Ozcaliskan et al. reported in 

119 T2DM patients serum HbA1c levels were significantly 

higher in patients with hypomagnesemia (8.0 ± 1.9% vs. 6.5 

± 1.2%, p < 0.001) [52]. In other words, patients with diabe- 

tes appear to be magnesium-deficient, and magnesium defi- 

ciency likely increases the risk of diabetes [12]. A meta- 

analysis showed that patients with type 1 diabetes mellitus 

who had lower serum magnesium levels, had higher levels of 

HbA1c and therefore, had a worse glycemic control com- 

pared to patients with higher serum magnesium levels [dif- 

ference between the  means  = 1.52 (1.01-2.03), P <0.00001] 

[27]. 

The results of magnesium in urine have not been differ- 

ent between the group of ND individuals and DM subjects, 
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since the elimination of magnesium is mainly managed at the 

renal level, increasing in urine when there is an excess of 

magnesium, falling by 1 mEq of Magnesium (~ 12 mg) dur- 

ing deficits, in addition to that our average results of urinary 

magnesium coincide with the ranges of values of ND sub- 

jects currently reported between 4.10 - 13.80 mg / dL in a 

single urination [53]. This parameter is easily influenced by 

the diet and the consumption of drugs by individuals [12]. 

Although there is evidence of the use of FEMg in hu- 

mans [54], the latest contributions have focused on animal 

models, to study the tubular activity of the nephron. These 

experiments allow controlling confusing variables such as 

fluid intake, food intake, and urine volume in a 24-hour pe- 

riod. However, it has been identified that in subjects present- 

ing hypomagnesemia with normal renal function, the estima- 

tion of FEMg is a diagnostic tool to identify significant mag- 

nesium losses, establishing a value greater than four percent 

[54, 55]. Our results show that by increasing FEMg, eGFR 

decreases, suggesting an association between tubular damage 

and glomerular filtration. In a cross-sectional study con- 

ducted in 762 subjects where 218 had diabetes, eGFR was 

estimated, reporting that those CKD patients showed a pro- 

gressive increase in electrolyte. Renal electrolyte manage- 

ment varies at different stages of chronic kidney disease 

(CKD), where FEMg appears to increase most among pa- 

tients with diabetes with CKD, suggesting that FEMg is a 

predictor of kidney damage [55]. In a Japanese population 

with risk factors for kidney disease, FEMg showed a signifi- 

cant correlation with estimated glomerular filtration in pa- 

tients with eGFR greater than 30 ml/min [56]. FEMg has 

recently been shown to reflect the tubular reabsorption and 

filtration function of magnesium, as well as to preserve in- 

tracellular magnesium [57]. An alteration in the structure and 

function of the tubular epithelium can affect the reabsorption 

capacity, resulting in a waste of tubular magnesium, which 

increases the FEMg value above the normal range. These 

findings suggest that elevated FEMg reflects the magnitude 

of tubular dysfunction [58, 59]. Žeravica et al. reported 

FEMg significantly higher in nondiabetic patients with CKD 

compared to the ND subjects (6.3 vs. 5.3 %, P=0.013) [60]. 

Our results showed mean of FEMg 5.2% in diabetic group 

and 3.4% in ND group (P=0.005). However, during chronic 

diseases where prolonged depletion of the ion occurs, this 

depletion has been associated with complications with a 

higher mortality rate, such as diabetic foot and cardiovascu- 

lar diseases [61]. 

Oral administration of magnesium sulfate has been 

shown to improve blood glucose level, this could be medi- 

ated by activation of the Akt2 signaling pathway [62]. In 

T2DM patients, PI3K/Akt signaling has been shown to in- 

crease insulin sensitivity [63]. 

Magnesium performs various functions in the pathogene- 

sis of cardiovascular diseases at the biochemical and cellular 

level. First, magnesium activates adenosine triphosphatase 

(ATPase), which is essential for the functioning of the cell 

membrane and is also the energy source of the Na + –K + 

pump. Our results show in T2DM group, higher values of 

systolic and diastolic blood pressure, which could lead to 

complications of the treatment of cardiovascular diseases 

during inadequate management of magnesium and its defi- 

ciencies [64]. In the correlation analysis performed only in 

the T2DM group between FEMg the values and systolic 

blood pressure obtained r=0.31 without statistical signifi- 

cance, this last point could be adjusted with the sample size 

used by other authors [65]. On the other hand, curiously, 

BMI has been a covariate to consider in all these studies 

mentioned above, which could result in a close relationship 

between magnesium status - BMI and other pathologies [12]. 

In our study population, BMI was not a variable with signifi- 

cant differences between the groups, with a higher BMI in 

ND subjects. However, the percentage of muscle between 

the groups was also higher ND subjects than T2DM subjects, 

explaining the increase in BMI of the ND group. Age be- 

tween groups was different, this bias was controlled by sta- 

tistical analysis, by including age in the logistic regression 

model. 

Hb1Ac has been associated with mortality and disease 

progression in T2DM [66, 67], therefore, a potentially thera- 

peutic element may be the modification of magnesium levels 

in people who suffer from it, considering FEMg an adequate 

reflection of its biological state. These results suggest that 

the level of magnesium in the blood and the FEMg are asso- 

ciated with Hb1Ac. Therefore, the control and monitoring of 

metabolic biomarkers commonly altered in T2DM, mainly 

Hb1Ac, prevent and delay the complications of the disease. 

A healthy lifestyle, with extensive food options with high 

nutritional content along with regular physical activity, 

maintains homeostasis of energy and inflammatory metabo- 

lism [68] . 

 
CONCLUSION 

In this population serum magnesium ≤1.8 is a greater risk 

factor for a high HbA1c percent, while FEMg was correlated 

with retrograde glycaemic regulation. FEMg and hypomag- 

nesemia probably are a predictive parameter for  diabetes 

type 2 diagnosis and progression. 
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