
Accepted Manuscript

Title: A systematic review and meta-analysis of randomized
controlled trials on the effects of magnesium supplementation
on insulin sensitivity and glucose control

Author: Luis E. Simental-Mendı́a Amirhossein Sahebkar
Martha Rodrı́guez-Morán Fernando Guerrero-Romero

PII: S1043-6618(16)30308-5
DOI: http://dx.doi.org/doi:10.1016/j.phrs.2016.06.019
Reference: YPHRS 3215

To appear in: Pharmacological Research

Received date: 13-4-2016
Revised date: 17-6-2016
Accepted date: 17-6-2016

Please cite this article as: Simental-Mendı́a Luis E, Sahebkar Amirhossein,
Rodrı́guez-Morán Martha, Guerrero-Romero Fernando.A systematic review and
meta-analysis of randomized controlled trials on the effects of magnesium
supplementation on insulin sensitivity and glucose control.Pharmacological Research
http://dx.doi.org/10.1016/j.phrs.2016.06.019

This is a PDF file of an unedited manuscript that has been accepted for publication.
As a service to our customers we are providing this early version of the manuscript.
The manuscript will undergo copyediting, typesetting, and review of the resulting proof
before it is published in its final form. Please note that during the production process
errors may be discovered which could affect the content, and all legal disclaimers that
apply to the journal pertain.

http://dx.doi.org/doi:10.1016/j.phrs.2016.06.019
http://dx.doi.org/10.1016/j.phrs.2016.06.019


A systematic review and meta-analysis of randomized controlled trials on the effects of 

magnesium supplementation on insulin sensitivity and glucose control 

 

Luis E. Simental-Mendía
a 

Amirhossein Sahebkar
b,c

 

Martha Rodríguez-Morán
a 

Fernando Guerrero-Romero
a 

 

a 
Biomedical Research Unit, Mexican Social Security Institute, Durango, México

 

b 
Biotechnology Research Center, Mashhad University of Medical Sciences, Mashhad, Iran 

c 
Metabolic Research Centre, Royal Perth Hospital, School of Medicine and Pharmacology, 

University of Western Australia, Perth, Australia 

 

Corresponding author: 

Fernando Guerrero-Romero, PhD 

Biomedical Research Unit, Mexican Social Security Institute 

Canoas 100, Col. Los Angeles 34067, Durango, Dgo., Mexico. 

Tel: (+52 618) 145-0481 

E-mail: guerrero.romero@gmail.com  

mailto:guerrero.romero@gmail.com


Graphical abstract 





Abstract 

A systematic review and meta-analysis was conducted to evaluate the effect of oral magnesium 

supplementation on insulin sensitivity and glucose control in both diabetic and non-diabetic 

individuals. 

PubMed-Medline, SCOPUS, Web of Science and Google Scholar databases were searched (from 

inception to November 25, 2015) to identify RCTs evaluating the effect of magnesium on insulin 

sensitivity and glucose control. A random-effects model and generic inverse variance method 

were used to compensate for the heterogeneity of studies. Publication bias, sensitivity analysis, 

and meta-regression assessments were conducted using standard methods. 

The impact of magnesium supplementation on plasma concentrations of glucose, glycated 

hemoglobin (HbA1c), insulin, and HOMA-IR index was assessed in 22, 14, 12 and 10 treatment 

arms, respectively. A significant effect of magnesium supplementation was observed on HOMA-

IR index (WMD: -0.67, 95% CI: -1.20, -0.14, p=0.013) but not on plasma glucose (WMD: -0.20 

mmol/L, 95% CI: -0.45, 0.05, p=0.119), HbA1c (WMD: 0.018 mmol/L, 95% CI: -0.10, 0.13, 

p=0.756), and insulin (WMD: -2.22 mmol/L, 95% CI: -9.62, 5.17, p=0.556). A subgroup 

analysis comparing magnesium supplementation durations of <4 months versus ≥4 months, 

exhibited a significant difference for fasting glucose concentrations (p<0.001) and HOMA-IR 

(p=0.001) in favor of the latter subgroup. 

Magnesium supplementation for ≥4 months significantly improves the HOMA-IR index and 

fasting glucose, in both diabetic and non-diabetic subjects. The present findings suggest that 

magnesium may be a beneficial supplement in glucose metabolic disorders. 

Keywords: magnesium; glucose control; insulin sensitivity; meta-analysis. 

  



1.1 Introduction 

In the last decades, prevalence of type 2 diabetes shows an epidemic growth [1, 2]; taking into 

account the incidence and diabetes mortality, it is expected that total diabetes prevalence 

(diagnosed and undiagnosed cases) will reach 25% to 28% by 2050 [3]. 

Normal glucose tolerance is maintained by a precise balance between insulin action on 

peripheral tissues and insulin secretion in a way that changes in insulin sensitivity are inversely 

counterbalanced by insulin secretion [4]. Hence, the euglycemic status is maintained as long as 

the individual continues the compensatory increase of ß-cell function in response to decreased 

insulin sensitivity. Insulin resistance plays a primary role in the pathogenesis of type 2 diabetes. 

In this regard, in populations with high prevalence of diabetes, insulin resistance is frequently 

found among nondiabetic offspring of subjects with type 2 diabetes [4], suggesting that in 

addition to obesity, a genetic background that involves decreased insulin sensitivity is implicated 

in the epidemic growth of diabetes. 

Magnesium is the second most abundant intracellular cation [5] and a cofactor of enzymatic 

pathways involved in the energy metabolism and modulation of glucose transport across cell 

membranes [6, 7]. Magnesium deficiency interferes with the tyrosine-kinase activity of the 

insulin receptor, and increases intracellular calcium concentration (7, 8), events that are 

associated with impaired insulin sensitivity [9-11]. Hence, it has been proposed that magnesium 

deficiency could play an important role in the development of glucose disorders and type 2 

diabetes. 

Recently, two meta-analyses of prospective cohort studies that analyzed the association between 

magnesium intake and risk of type 2 diabetes [12, 13], have shown that magnesium intake is 

inversely associated with the incidence of type 2 diabetes. In a meta-analysis of nine randomized 



double-blind controlled trials with a total of 370 patients with type 2 diabetes, performed in 

2006, Song et al. [14] assessed the evidence on the effect of oral magnesium supplementation on 

glycemic control in patients with type 2 diabetes. The results showed that oral magnesium 

supplementation for 4-16 weeks may be effective in reducing plasma fasting glucose levels; 

however, the effect of magnesium supplementation on long-term glycemic control (as indicated 

by glycated hemoglobin [HbA1c] levels) was unclear [14].
 

In this study, we performed a meta-analysis of randomized controlled trials (RCTs) in order to 

evaluate the effect of oral magnesium supplementation on insulin sensitivity and glucose control 

in both diabetic patients and non-diabetic individuals. 

 

1.2 Materials and methods 

1.2.1 Search Strategy 

This study was designed according to the guidelines of the 2009 preferred reporting items for 

systematic reviews and meta-analysis (PRISMA) statement [15]. PubMed-Medline, SCOPUS, 

Web of Science and Google Scholar databases were searched using the following search terms 

within titles and abstracts (also in combination with MESH terms): (magnesium OR magnesium 

supplementation OR magnesium supplement OR oral magnesium supplementation) AND 

(glucose OR HbA1c OR hemoglobin A1c OR glycated hemoglobin OR glycosylated 

hemoglobin OR insulin OR insulin resistance OR insulin sensitivity OR “HOMA”). The wild-

card term ‘‘*’’ was used to increase the sensitivity of the search strategy. The search was limited 

to articles published in English language. The literature was searched from inception to 

November 25, 2015.  

 



1.2.2 Study Selection 

Original studies were included if they met the following inclusion criteria: (i) being a RCT with 

either parallel or cross-over design, (ii) investigating the impact of magnesium supplementation, 

either as monotherapy or combination therapy, on plasma/serum glucose concentrations, (iii) 

treatment duration of at least 1 month, (iv) presentation of sufficient information on glucose 

concentrations at baseline and at the end of follow-up in each group or providing the net change 

values. Exclusion criteria were (i) non-interventional trials, (ii) lack of control group for 

magnesium supplementation, (iii) observational studies with case-control, cross-sectional or 

cohort design, and (iv) lack of sufficient information on baseline or follow-up glucose 

concentrations.  

 

1.2.3 Data extraction  

Eligible studies were reviewed and the following data were abstracted: 1) first author's name; 2) 

year of publication; 3) number of participants in the magnesium and control groups; 4) dose and 

duration of supplementation with magnesium; 5) age, gender and body mass index (BMI) of 

study participants; 6) circulating concentrations of glucose and insulin; 7) systolic and diastolic 

blood pressures; 8) homeostasis model assessment-estimated insulin resistance (HOMA-IR) 

index; and 9) HbA1c. 

 

1.2.4 Quality assessment 

A systematic assessment of bias in the included RCTs was performed using the Cochrane criteria 

[16]. The items used for the assessment of each study were as follows: adequacy of random 

sequence generation, allocation concealment, blinding of participants, personnel, and outcome 



assessment, addressing of dropouts (incomplete outcome data), selective outcome reporting, and 

other potential sources of bias. According to the recommendations of the Cochrane Handbook, a 

judgment of “yes” indicated low risk of bias, while “no” indicated high risk of bias. Labeling an 

item as “unclear” indicated an unclear or unknown risk of bias. 

 

1.2.5 Quantitative Data Synthesis 

Meta-analysis was conducted using Comprehensive Meta-Analysis (CMA) V2 software (Biostat, 

NJ [17]. Effect sizes were expressed as weighed mean difference (WMD) and 95% confidence 

interval (CI). WMD was estimated by calculating the mean difference (change score) in each 

single study using the following formula: (measure at the end of follow-up in the treatment group 

− measure at baseline in the treatment group) − (measure at the end of follow-up in the control 

group − measure at baseline in the control group). For single-arm cross-over trials, net change in 

plasma concentrations of glucose were calculated by subtracting the value after control 

intervention from that reported after treatment. Weighting of mean differences was then 

performed using the inverse variance method. All values were collated as percent change from 

baseline in each group. Standard deviations (SDs) of the mean difference were calculated using 

the following formula: SD = square root [(SDpre-treatment)
2
 + (SDpost-treatment)

2
 – (2R × SDpre-treatment 

× SDpost-treatment)], assuming a correlation coefficient (R) = 0.5. If the outcome measures were 

reported in median and range (or 95% confidence interval [CI]), mean and standard SD values 

were estimated using the method described by Hozo et al. [18] where standard error of the mean 

(SEM) was only reported, standard deviation (SD) was estimated using the following formula: 

SD = SEM × square root (n), where n is the number of subjects. 



A random-effects model (using DerSimonian-Laird method) and the generic inverse variance 

method were used to compensate for the heterogeneity of studies in terms of study design, 

treatment duration, and the characteristics of populations being studied [19]. Inter-study 

heterogeneity was assessed using Cochran Q test and I
2
 index. In order to evaluate the influence 

of each study on the overall effect size, sensitivity analysis was conducted using leave-one-out 

method, i.e. iteratively removing one study each time and repeating the analysis [20, 21]. 

 

1.2.6 Subgroup analyses 

Subgroup analyses were performed to estimate the effect size of magnesium supplementation on 

glycemic parameters in different subsets of studies categorized according to the presence of 

potential confounders. For this purpose, studies were categorized according to underlying disease 

(diabetics versus non-diabetic), treatment duration (< 4 months versus ≥ 4 months), type of 

administered magnesium salt (organic versus inorganic), baseline magnesium status 

(hypomagnesemia versus normomagnesemia), and country of study (Mexico versus other 

countries). The effect on each glycemic parameter was compared between corresponding 

subgroups. 

 

1.2.7 Meta-regression 

A weighted random-effects meta-regression using unrestricted maximum likelihood model was 

performed to assess the association between the overall estimate of effect size with potential 

confounders including elemental dose, duration of magnesium supplementation and baseline 

magnesium concentrations. 

 



1.2.8 Publication bias 

Potential publication bias was explored using visual inspection of Begg’s funnel plot asymmetry, 

Egger’s weighted regression, and “fail safe N” tests. Duval & Tweedie “trim and fill” method 

was used to adjust the analysis for the effects of publication bias [22].
 

 

1.3 Results 

1.3.1 Flow and characteristics of included studies 

Initially, after multiple database search, 67 published studies were identified and the abstracts 

were reviewed. Twenty-four non-original articles were excluded. Next, 17 did not meet the 

inclusion criteria and were also excluded. Thus, 26 full text articles were carefully assessed and 

reviewed for eligibility; of which 5 studies were excluded for not presenting numerical values 

(n=2), incomplete data (n=2), and having uncontrolled design (n=1). Finally, 21 studies were 

found to be eligible and included in the systematic review and meta-analysis. The detailed 

process of the search strategy is presented in Figure 1. 



 

A total of 1362 subjects were recruited from 21 RCTs, comprising 684 and 678 individuals into 

the magnesium and control groups (participants from the cross-over trials were incorporated in 

the intervention and control groups), respectively. Included studies were published between 1992 

and 2015. The clinical trials used different salts and doses of magnesium [23-43]; in this regard, 

10 different magnesium salts and 15 different doses were used in 21 studies (Table 1). 

 The range of intervention periods was from 1 month [25-27, 43] up to 6 months [33]. Study 

design of included studies were parallel [23, 24, 27-31, 33-36, 38-41] and cross-over [25, 26, 32, 

37, 42, 43]. Selected trials enrolled subjects with type 2 diabetes [23-25, 27-29, 32, 37, 39-42], 

type 1 diabetes [42], prediabetes [36], hypertension [41], insulin resistance [30], metabolic 



syndrome [38], metabolically obese and normal weight [35], overweight [31, 33, 43], obesity 

[31], elderly subjects [26], and healthy young men [34] (Table 1).
 



Table 1. Characteristics of included studies and baseline characteristics of study participants.  

Author Study design Target 

Population 

Treatment 

duration 

n Study groups Age, 

years 

Female 

(n, %) 

BMI, (kg/m2) Fasting glucose 

(mmol/l) 

Fasting insulin 

(pmol/l) 

HOMA-IR HbA1c 

(%) 

Magnesium 

(mmol/l) 

Paolisso et al. 
(1994) 

Randomized, 
double-blind, 

placebo-

controlled, 
cross-over 

Type 2 diabetes 1 month  
9 

9 

Overall population 
Magnesium 15.8 mmol/day 

Placebo 

73±7.5 4 (44.4) ND 8.0±0.3 ND ND ND 0.80±0.09 

Purvis et al. 

(1994) 

Randomized, 

double-blind, 
placebo-

controlled, 

cross-over 

Type 2 diabetes 6 weeks  

28 
28 

Overall population 

Magnesium 384 mg/day 
Placebo 

53.8±12.8 24 (85.7) 32.2±7.1 ND ND ND ND ND 

Gullestad et 

al. (1994) 

Randomized, 

double-blind, 

placebo-

controlled 

Type 2 diabetes 4  months  

25 

29 

Overall population 

Magnesium 15 mmol/day 

Placebo 

64±8  

ND 

ND 

 

25.4±3.7 

25.3±4.1 

 

8.8±2.3 

8.5±2.7 

 

ND 

ND 

 

ND 

ND 

 

7.3±1.5 

7.4±1.6 

 

ND 

ND 

Eriksson et 

al. (1995) 

Randomized, 

double-blind, 

cross-over 

Diabetes 3 months  

29 

29 
 

27 

27 

Insulin-dependent 

   Magnesium 600 mg/day 

   Ascorbic acid 2 g/day 
 

Non-insulin-dependent 

   Magnesium 600 mg/day 
   Ascorbic acid 2 g/day 

43±10.7 

 

 
 

61±15.6 

ND 

 

 
 

ND 

24.1±3.2 

 

 
 

28.9±4.1 

9.4±4.3 

 

 
 

10.1±3.1 

 
 

ND 

 

 
 

ND 

ND 

 

 
 

ND 

9.1±1.6 

 

 
 

9.3±1.5 

0.76±0.10 

 

 
 

0.74±0.10 

Eibl et al. 

(1995) 

Randomized, 

double-blind, 
placebo-

controlled 

Type 2 diabetes 3 months  

18 
20 

 

Magnesium 30 mmol/day 
Placebo 

 

63±8 
54±1.5 

 

7 (40) 
12 (60) 

 

27.5±3.2 
29.3±5 

 

ND 
ND 

 

ND 
ND 

 

ND 
ND 

 

7.2±0.7 
7.5±0.9 

 

0.73±0.1 
0.72±0.08 

de Lordes 

Lima et al. 
(1998) 

Randomized, 

double-blind, 
placebo-

controlled 

Type 2 diabetes 1 month  

35 
39 

54 

 

Magnesium 20.7 mmol/day 
Magnesium 41.4 mmol/day 

Placebo 

 

55.4±10.2 
51.2±11.0 

55.5±8.3 

 

24 (69.0) 
31 (79.5) 

41 (75.9) 

 

25.3±8.0 
25.5±6.5 

25.5±6.5 

 

10.3±3.3 
12.6±4.2 

12.9±4.3 

 

ND 
ND 

ND 

 

ND 
ND 

ND 

 

10.2±2.8 
9.0±2.4 

9.3±2.6 

 

0.70±0.18 
0.73±0.19 

0.72±0.14 

De Valk et 
al. (1998) 

Randomized, 
double-blind, 

placebo-

controlled 

Type 2 diabetes 3 months  
25 

25 

 
Magnesium 15 mmol/day 

Placebo 

 
63.0±8.2 

62.0±7.3 

 
9 (36.0) 

13 (52.0) 

 
28.7 (26.7-30.9)* 

27.1 (25.4-28.9)* 

 
11.8±3.6 

11.9±5.7 

 
ND 

ND 

 
ND 

ND 

 
8.65±1.45 

8.72±1.27 

 
0.79±0.04 

0.77±0.08 

Rodriguez-
Morán et al. 

(2003) 

Randomized, 
double-blind, 

placebo-

controlled 

Type 2 diabetes 4 months  
32 

31 

 
Magnesium 450 mg/day 

Placebo 

 
59.7±8.3 

54.1±9.6 

 
ND 

ND 

 
27.6±9.1 

28.6±4.2 

 
12.8±5.6 

14.2±3.9 

 
47.4±30.0 

48.6±34.8 

 
4.3±1.2 

4.7±1.5 

 
11.5±4.1 

11.8±4.4 

 
0.64±0.12 

0.65±0.09 

Barragán-

Rodríguez et 

al. (2008) 

Randomized 

clinical trial 

Type 2 diabetes 3 months  

12 

12 

 

Magnesium 450 mg/day 

Imipramine 25-150 mg/day 

 

69±5.9 

66.4±6.1 

 

ND 

ND 

 

ND 

ND 

 

10.8±3.3 

10.2±3.8 

 

ND 

ND 

 

ND 

ND 

 

8.9±1.6 

9.0±1.7 

 

0.53±0.02 

0.58±0.02 

Guerrero-
Romero et al. 

(2009) 

Randomized, 
double-blind, 

placebo-

controlled 

Diabetic 
hypertensive 

adults 

4 months  
40 

39 

 
Magnesium 450 mg/day 

Placebo 

 
58.9±8.5 

60.5±9.4 

 
21 (52.5) 

20 (51.3) 

 
29.9±5.2 

29.0±5.1 

 
13.6±3.7 

12.6±4.0 

 
ND 

ND 

 
ND 

ND 

 
13.4±3.9 

11.9±3.9 

 
0.62±0.10 

0.61±0.10 

Navarrete-

Cortes et al. 

(2014) 

Randomized, 

double-blind, 

placebo-
controlled, 

cross-over 

Type 2 diabetes 3 months  

56 

56 

Overall population 

Magnesium 360 mg/day 

Placebo 

52.8±8.4 36 (64)  

30.5±5.6 

30.5±5.8 

 

8.5 (7.0-13.4)** 

8.8 (6.3-12.5)** 

 

62.4 (43.5-101.4)** 

57.0 (35.8-94.8)** 

 

4.4 (2.8-6.8)** 

4.1 (2.5-6.4)** 

 

7.9 (6.4-10.4)** 

8.0 (6.5-10.3)** 

 

0.90 (0.82-0.98)** 

0.86 (0.82-0.95)** 

Solati et el. 
(2014) 

Randomized, 
double-blind, 

Type 2 diabetes 3 months  
25 

 
Magnesium 300 mg/day 

 
46.7±9 

 
18 (72.0) 

 
26.1±2.8 

 
10.2±0.8 

 
49.4±55.6 

 
2.4±2.7 

 
8.3±1.4 

 
0.88±0.13 



placebo-

controlled 

22 Placebo 50.1±6.9 16 (72.7) 26.8±5.2 10.9±1.5 47.3±59.7 2.3±3.0 8.3±1.9 0.83±0.23 

Cosaro et al. 

(2014) 

Randomized, 

double-blind, 

placebo-

controlled, 
cross-over 

Healthy young 

men 

2 months  

14 

14 

Overall population 

Magnesium 368 mg/day 

Placebo 

26.3±3.1 0 (0.0) 24.0±3.1  

5.0±0.3 

5.1±0.3 

 

41.6±22.2 

28.4±20.8 

 

1.4±0.8 

1.0±0.8 

 

5.5±0.1 

5.5±0.2 

 

0.81±0.05 

0.83±0.06 

Lima de 

Souza et al. 
(2014) 

Randomized, 

double-blind, 
placebo-

controlled 

Metabolic 

syndrome 

3 months  

30 
32 

 

Magnesium 400 mg/day 
Placebo 

 

44.6±9.7 
46.6±12.3 

 

30 (100.0) 
32 (100.0) 

 

33.7±6.7 
34.9±6.1 

 

5.7±0.8 
5.5±0.6 

 

85.4±48.6 
100.0±43.0 

 

3.2±2.0 
3.6±1.9 

 

ND 
ND 

 

0.74±0.05 
0.76±0.07 

Mooren et al. 

(2011) 

Randomized, 

double-blind, 
placebo-

controlled 

Overweight 6 months  

25 
22 

 

Magnesium 365 mg/day 
Placebo 

 

ND 
ND 

 

ND 
ND 

 

30.9±3.2 
29.9±2.3 

 

5.0±0.6 
4.8±0.4 

 

109.4±55.8 
97.1±44.9 

 

3.4±1.9 
2.9±1.4 

 

ND 
ND 

 

0.89±0.08 
0.89±0.08 

Paolisso et al. 

(1992) 

Randomized, 

double-blind, 

placebo-

controlled, 
cross-over 

Elderly subjects 1 month  

12 

25 

 

Magnesium 16.2 mmol/day 

Placebo 

 

77.8±7.2 

36.1±2 

 

6 (50.0) 

12 (48.0) 

 

24.5±2.7 

23.7±3 

 

5.1±0.3 

4.8±1.5 

 

73.0±38.1 

76.0±60.0 

 

ND 

ND 

 

ND 

ND 

 

0.79±0.02 

0.82±0.04 

Guerrero-

Romero et al. 

(2015) 

Randomized, 

double-blind, 

placebo-
controlled 

Prediabetes 4 months  

59 

57 

 

Magnesium 382 mg/day 

Placebo 

 

42.5±9.5 

42.3±8.0 

 

ND 

ND 

 

30.6±6.4 

31.7±4.7 

 

6.3±0.4 

6.1±0.4 

 

102.0±70.1 

108.3±54.1 

 

4.0±2.8 

3.9±1.9 

 

ND 

ND 

 

0.60±0.08 

0.64±0.06 

Rodríguez-

Morán et al. 
(2014) 

Randomized, 

double-blind, 
placebo-

controlled 

Metabolically 

obese, normal 
weight 

4 months  

24 
23 

 

Magnesium 382 mg/day 
Placebo 

 

31.9† 
39.5† 

 

16 (66.7) 
15 (65.2) 

 

22.4±1.6 
22.7±1.9 

 

6.1±0.3 
5.9±0.2 

 

61.1±18.7 
66.6±38.8 

 

4.0±0.7 
3.9±0.8 

 

ND 
ND 

 

0.55±0.10 
0.55±0.12 

Guerrero-
Romero et al. 

(2004) 

Randomized, 
double-blind, 

placebo-

controlled 

Insulin 
resistance 

4 months  
32 

31 

 
Magnesium 300 mg/day 

Placebo 

 
43.0±7.9 

42.2±6.8 

 
ND 

ND 

 
29.3±6.3 

29.1±3.1 

 
5.8±0.9 

5.7±0.4 

 
103.2±56.4 

123.0±47.4 

 
4.6±2.8 

5.2±1.9 

 
ND 

ND 

 
0.61±0.08 

0.62±0.08 

Lee et al. 
(2009) 

Randomized, 
double-blind, 

placebo-

controlled 

Overweight or 
obesity 

3 months  
75 

80 

 
Magnesium 300 mg/day 

Placebo 

 
39.6±7.9 

40.5±7.3 

 
37 (49.3) 

41 (51.2) 

 
26.7±2.8 

26.1±2.3 

 
5.0±0.5 

5.1±0.5 

 
77.7±31.9 

77.7±30.5 

 
2.5±1.0 

2.5±1.0 

 
ND 

ND 

 
0.94±0.06 

0.94±0.06 

Chacko et al. 

(2011) 

Randomized, 

double-blind, 

placebo-
controlled, 

cross-over 

Overweight 1 month  

13 

13 

Overall population 

Magnesium 500 mg/day 

Placebo 

44.4±13.0 4 (28.5) 28.2±1.8  

4.9±0.6 

4.7±0.5 

 

47.9±38.8 

51.3±29.8 

 

ND 

ND 

 

5.5±0.5 

5.6±0.5 

 

0.78±0.06 

0.78±0.05 

Values are expressed as mean ± SD 

*Distribution as geometric mean and 95% confidence interval 

**Median (IQR) 

†Mean only 

Abbreviations: ND, no data; BMI, body mass index; IQR, interquartile range. 



1.3.2 Risk of bias assessment 

Some studies were characterized by lack of information according random sequence generation 

and almost all trials had insufficient information about allocation concealment. In addition, 

several studies did not provide sufficient information to permit judgment of blinding of 

participants and personnel and blinding of outcome assessment, even one study exhibited high 

risk of bias in this regard [29]. However, all included studies showed low risk of bias according 

to selective reporting and incomplete outcome data. In Table S1 is found the quality of bias 

assessment of the included studies. 

 

1.3.3 Effect of magnesium supplementation on glycemic control 

Overall, the impact of magnesium supplementation on plasma concentrations of glucose, HbA1c 

and insulin, and HOMA-IR was assessed in 22, 14, 12 and 10 treatment arms, respectively. No 

significant effect of magnesium was observed on plasma concentrations of glucose (weighted 

mean difference [WMD]: -0.20 mmol/L, 95% CI: -0.45, 0.05, p=0.119; I
2
=84.61%; Figure 2), 

HbA1c (WMD: 0.018 mmol/L, 95% CI: -0.10, 0.13, p=0.756; I
2
=0%; Figure 2) and insulin 

(WMD: -2.22 mmol/L, 95% CI: -9.62, 5.17, p=0.556; I
2
=44.98%; Figure 2). However, a 

significant improvement of the HOMA-IR index was observed with magnesium supplementation 

(WMD: -0.67, 95% CI: -1.20, -0.14, p=0.013; I
2
=81.89%; Figure 2). 



1 



Results of the leave-one-out sensitivity analysis suggested that the effect of magnesium 

supplementation on all of the above-mentioned parameters is robust and not significantly driven 

by any single study. 

A subgroup analysis was performed to compare the effect size of magnesium supplementation on 

glycemic parameters between subsets of studies categorized according to underlying disease 

(diabetics versus non-diabetic), treatment duration (< 4 months versus ≥ 4 months), magnesium 

salt (organic versus inorganic), baseline magnesium status (hypomagnesemia versus 

normomagnesemia), and country of study (Mexico versus other countries). The results did not 

suggest any differential effect of magnesium on plasma glucose, HbA1c and insulin 

concentrations, as well as HOMA-IR between diabetic and non-diabetic populations, as well as 

between different salts (organic versus inorganic) of magnesium used (Table 2).  

Since the results of meta-regression, which come in the following section, suggested a significant 

association between the glycemic changes and duration of magnesium supplementation, another 

subgroup analysis was performed comparing the changes in glycemic parameters between the 

subsets of studies with magnesium supplementation durations of < 4 months versus the subset 

administering magnesium for ≥ 4 months. For all parameters, the effect size of magnesium 

supplementation was numerically greater in the subset of studies with supplementation periods of 

≥ 4 months compared with the subset of < 4 months (Table 2). For fasting glucose concentrations 

(p<0.001) and HOMA-IR (p=0.001), this difference reached statistical significance. The results 

of subgroup analysis also revealed significantly greater reductions in plasma glucose 

concentrations and HOMA-IR in the subsets of studies with hypomagnesemia (versus 

normomagnesemia; p=0.002 [glucose]; p=0.009 [HOMA-IR]) and Mexican location (versus 



other countries; p<0.001 [glucose]; p=0.008 [HOMA-IR]) (Table 2). The results of all subgroup 

analyses are summarized in Table 2. 

 

Table 2. Subgroup meta-analyses for the effects of magnesium supplementation on glycemic 

parameters. 

Subgroups WMD 95% CI p-value p-value* 

Glucose 

Diabetes Diabetic -0.07 -0.28, 0.14 0.523 0.247 

Non-diabetic -0.30 -0.62, 0.02 0.070 

Duration < 4 months -0.06 -0.26, 0.14 0.545 <0.001 

≥ 4 months -0.73 -0.85, -0.61 <0.001 

Magnesium 

salt 

Organic -0.05 -0.23, 0.13 0.600 0.327 

Inorganic -0.36 -0.75, 0.02 0.063 

Magnesium 

status 

Hypomagnesemia -0.54 -0.80, -0.28 <0.001 0.002 

Normomagnesemia 0.01 -0.15, 0.16 0.941 

Country Mexico -0.62 -0.85, -0.39 <0.001 <0.001 

Other -0.02 -0.16, 0.13 0.817 

HbA1c 

Diabetes Diabetic 0.002 -0.23, 0.23 0.984 0.879 

Non-diabetic 0.02 -0.11, 0.15 0.729 

Duration < 4 months 0.02 -0.09, 0.14 0.692 0.354 

≥ 4 months -0.71 -2.25, 0.83 0.368 

Magnesium 

salt 

Organic 0.03 -0.09, 0.15 0.640 0.357 

Inorganic -0.38 -0.99,0.23 0.218 

Magnesium 

status 

Hypomagnesemia -0.14 -0.55, 0.27 0.512 0.389 

Normomagnesemia 0.02 -0.10, 0.14 0.742 

Country Mexico -0.50 -1.24, 0.24 0.189 0.157 

Other 0.04 -0.07, 0.16 0.458 

Insulin 

Diabetes Diabetic 1.30 -3.93, 6.53 0.626 0.357 

Non-diabetic -4.48 -15.61, 6.65 0.430 

Duration < 4 months 1.72 -7.02, 10.46 0.700 0.101 

≥ 4 months -9.96 -20.85, 0.93 0.073 

Magnesium 

salt 

Organic 0.97 -5.98, 7.93 0.784 0.402 

Inorganic -5.62 -19.38, 8.14 0.424 

Magnesium 

status 

Hypomagnesemia -10.23 -23.13, 2.67 0.120 0.076 

Normomagnesemia 2.98 -3.86, 9.83 0.393 

Country Mexico -8.39 -20.78, 3.99 0.184 0.129 

Other 3.65 -5.75, 13.05 0.447 

HOMA-IR 



Diabetes Diabetic -0.44 -0.87, -0.02 0.040 0.410 

Non-diabetic -0.81 -1.56, -0.05 0.036 

Duration < 4 months -0.21 -0.74, 0.31 0.428 0.001 

≥ 4 months -1.29 -1.63, -0.95 <0.001 

Magnesium 

salt 

Organic -0.30 -0.74, 0.14 0.177 0.215 

Inorganic -0.88 -1.70, -0.07 0.033 

Magnesium 

status 

Hypomagnesemia -1.14 -1.72, -0.55 <0.001 0.009 

Normomagnesemia -0.14 -0.60, 0.33 0.561 

Country Mexico -1.13 -1.74, -0.52 <0.001 0.008 

Other -0.05 -0.55, 0.44 0.830 

*Comparison between subgroups. 

 

1.3.4 Meta-regression 

Meta-regression analysis was conducted to evaluate the association between changes in glycemic 

parameters and potential confounders including elemental dose, duration of magnesium 

supplementation and baseline magnesium concentrations. There was a significant inverse 

association between duration of supplementation and changes in plasma insulin (p=0.01) 

concentrations, as well as HOMA-IR (p=0.017) (Figure 3). 
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However, none of the parameters were significantly associated with the elemental dose of 

magnesium (Figure 4). 
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With respect to baseline magnesium concentrations, significant associations were found with 

HOMA-IR (p<0.001), insulin (p=0.018), and glucose (p<0.001) (Figure 5).  
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1.3.5 Publication bias 

Visual inspection of funnel plots suggested an asymmetry in the meta-analysis of insulin. Using 

“trim and fill” method, 1 potentially missing study was imputed, yet the statistical significance of 

effect sizes was not changed after imputation (Figure S1). 

Funnel plot inspection of glucose, HbA1c and HOMA-IR meta-analyses did not suggest any 

publication bias. The results of Egger’s linear regression, Begg’s rank correlation, and “fail safe 

N” tests are summarized in Table S2. 

 

1.4 Discussion 

In this meta-analysis of RCTs, we found that oral magnesium supplementation significantly 

improves the HOMA-IR index, but has no significant effect on plasma concentrations of glucose, 

insulin and HbA1c in both diabetic and non-diabetic subjects. However, in the subset of studies 

with supplementation periods equal or greater than 4 months, oral magnesium supplementation 

significantly improved both the fasting glucose concentrations and the HOMA-IR index 

compared with the subset with supplementation periods lower than 4 months. 

The results from follow-up and cross-sectional studies that have enrolled 394,877 and 28,040 

individuals, respectively, strongly recommend that magnesium intake is an attractive option for 

reducing the risk of developing type 2 diabetes and improving glucose metabolism [44-55]. With 

this regard, it has been reported that magnesium deficiency, throughout blockage of insulin 

pathways, dependents of kinases, and the triggering of the acute phase response is involved in 

the decreases of insulin sensitivity and thus in the impairment of glucose metabolism [56]. 

However, RCTs evaluating the effect of magnesium supplements on insulin sensitivity and 

glucose control have produced inconsistent results and tested different doses and formulations of 



magnesium supplements (magnesium chloride, magnesium aspartate, magnesium citrate, 

magnesium pidolate, magnesium oxide). To increase the statistical power of meta-analysis, we 

taken into account the total elemental magnesium prescribed, irrespective of the magnesium salt 

used. Our results support the notion that oral magnesium supplementation may exert a beneficial 

effect on insulin sensitivity, regardless of the metabolic glucose status. Nonetheless, no effect of 

magnesium supplementation on HbA1c was found. This result could be explained by the 

evidence showing that HbA1c is an index of overall glycemia over the preceding 3-4 months 

[57]; thus, it is possible that HbA1c may not reflect the effect on glycemic control of short-term 

clinical trials.  

Furthermore, a stratified subgroup analysis to compare organic versus inorganic magnesium salts 

does not showed significant differences, strongly suggesting that type of magnesium salts was 

not a source of bias.  

In addition to the magnesium salt and doses used, supplementation duration is another potential 

source of inter-study heterogeneity. In order to control this variable, a subgroup analysis was 

performed comparing the changes in glycemic parameters between the subsets of studies with 

magnesium supplementation durations lower than 4 months versus the subset administering 

magnesium supplements for equal or greater than 4 months. Our results showed a statistically 

significant effect of magnesium supplements on fasting glucose and HOMA-IR in the latter 

subgroup; a finding that highlight the importance of magnesium supplementation duration to 

reach the expected beneficial effects on glycemic control. In this regard, we previously reported 

a decrease in serum magnesium levels during the first month of magnesium supplementation 

[39]. 



Taking into account that magnesium is a predominantly intracellular cation [5], the 

normomagnesemia does not exclude with certainty the presence of magnesium deficit; 

furthermore, given that magnesium is strictly regulated by renal function, in a way that excess of 

magnesium rapidly increases its renal excretion [58], is that magnesium status at basal conditions 

could be related with efficacy of magnesium supplementation. In order to control this potential 

confounder we performed a subgroup analysis that showed a statistically significant effect of 

magnesium supplements on fasting glucose and HOMA-IR in the individuals who at baseline 

exhibited hypomagnesemia as compared with normomagnesemic individuals. These results 

strongly support the statement that beneficial effects of magnesium supplementation are 

dependent of magnesium status. Based on the abovementioned, further analysis, focused in 

baseline magnesium concentration is required in the field. 

According to the present results, the main questions that remains to be resolved, are not related to 

the benefits of magnesium supplementation on insulin sensitivity and glycemic control, but 

rather to the type, dose, and duration of administration of magnesium salts. On this regard, Song 

et al. [55] have estimated that for detecting a modest effect on HbA1c, 1769 participants per 

treatment group would be needed and that trial duration should be at least 4 months providing 

elemental magnesium more than 360 mg/day daily. With this regards, the decrease in serum 

magnesium levels that occur during the first month of magnesium supplementation [39], which 

maybe is related to a shift of magnesium into intracellular stores related with its compartmental 

redistribution, strongly suggests that duration of supplementation exerts an important role in its 

efficacy.  

Results from experimental studies have shown that several enzymatic processes, regulation of 

ATP-sensitive potassium channels, and the voltage-dependent calcium channel, that are 



implicated in the physiological insulin secretion, are stimulated by magnesium [59-63], 

suggesting that hypomagnesemia could decrease insulin secretion. In this context, we have 

previously reported that decrease in insulin sensitivity is not appropriately compensated by the 

increase in -cell function of the individuals with hypomagnesemia [64, 65]. However, clinical 

trials analyzing the effect of magnesium supplementation on insulin secretion are scarce [66]. In 

our meta-analysis, we did not find a significant effect of magnesium supplementation on insulin 

levels of diabetic and non-diabetic subjects. It is important to note that included studies in this 

meta-analysis reported insulin levels, but did not provide data about phases of insulin secretion, 

which may underestimate the effect of magnesium on insulin secretion.  

Interestingly, the results of meta-analysis did not suggest any differential effect of magnesium 

supplementation on plasma glucose, HbA1c, insulin concentrations, and HOMA-IR between 

diabetic and non-diabetic populations; and this finding suggests the potential benefit of 

magnesium supplementation as for both prevention and treatment of type 2 diabetes. 

In addition, given that the heterogeneity related with the underlying diet and/or genetic 

predisposition to disease could be a source of bias, a subgroup of analysis was conducted to 

compare Mexican studies with those in other countries. Although results showed that magnesium 

supplementation significantly reduce fasting glucose and HOMA-IR in the Mexican individuals 

as compared with individuals of other countries; is necessary to consider that 71.4% of Mexican 

studies (versus 14.2%) were designed for a follow-up ≥4 months, and that 85.6% of the enrolled 

subjects into Mexican studies (versus 14.2%) exhibited hypomagnesemia. Hence, it is probable 

that differences are related to study design rather than to genetic differences. 

Finally, is necessary to keep in mind that magnesium supplementation in the patients with 

chronic kidney failure should be closely monitored in order to avoid possible side effects related 



with decrease of renal clearance. 

Several limitations deserve to be mentioned for the present study: 1) The most important one was 

the small sample size in some of the included studies; 2) It has been noted that the optimal effect 

of magnesium supplementation is observed in the individuals with hypomagnesemia. 

Nonetheless, in the majority of included RCTs the target population was either not selected 

according to baseline magnesium status, or was normomagnesemic. 3) Although we took into 

account the elemental magnesium dose prescribed, the bioavailability of magnesium salts is still 

important issue that could introduce bias, because organic salts have a higher solubility, 

absorption, and therefore, bioavailability than inorganic salts [67]. 

 

1.4.1 Conclusions 

In conclusion, findings of the present meta-analysis indicated that magnesium supplementation 

for ≥4 months significantly improves the HOMA-IR index and fasting glucose in both diabetic 

and non-diabetic subjects. Findings that suggests that magnesium supplements may be a 

beneficial indication in glucose metabolic disorders. 
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Tables 

Table 1. Characteristics of included studies and baseline characteristics of study participants. 

Table 2. Subgroup meta-analyses for the effects of magnesium supplementation on glycemic 

parameters.  



Figure Legends 

Figure 1. Flow chart of the number of studies identified and included into the meta-analysis.   

Figure 2. Forest plot displaying weighted mean difference and 95% confidence intervals for the 

impact of magnesium supplementation on glycemic parameters. 

Figure 3. Random-effects meta-regression plots of the association between mean changes in 

glycemic parameters and duration of supplementation with magnesium. 

Figure 4. Random-effects meta-regression plots of the association between mean changes in 

glycemic parameters and dose of magnesium. 

Figure 5. Random-effects meta-regression plots of the association between mean changes in 

glycemic parameters and baseline magnesium concentrations. 

 

 


