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Letter to the Editor 

Nonlinear Reduction in Risk for Type 2 Diabetes by  
Magnesium Intake: An Updated Meta-Analysis of  
Prospective Cohort Studies* 

XU Tian1,^, CHEN Guo Chong2,^, ZHAI Lin3,^, and KE Kai Fu1,4,#

Observational studies between magnesium int- 
ake and risk of type 2 diabetes yielded inconsistent 
results. We conducted a system literature search of 
PubMed database through March 2015 for 
prospective cohort studies of magnesium intake 
and type 2 diabetes risk. Study-specific results were 
pooled in a random-effects model. Subgroup and 
sensitivity analysis were performed to assess the 
potential sources of heterogeneity and the 
robustness of the pooled estimation. Generalized 
least squares trend estimation was used to 
investigate the dose-response relationship. A total 
of 15 papers with 19 analyses were identified with 
539,735 participants and 25,252 incident diabetes 
cases. Magnesium intake was associated with a 
significant lower risk of type 2 diabetes (RR: 0.77; 
95% CI: 0.71-0.82) for the highest compared with 
lowest category. This association was not 
significantly modified by the pre-specified study 
characteristics. In the dose-response analysis, a 
magnesium intake increment of 100 mg/day was 
associated with a 16% reduction in type 2 diabetes 
risk (RR: 0.84; 95% CI: 0.80-0.88). A nonlinear 
relationship existed between magnesium intake 
and type 2 diabetes (P-nonlinearity=0.003). This 
meta-analysis further verified a protective effect of 
magnesium intake on type 2 diabetes in a nonlinear 
dose-response manner.  

The increasing prevalence of type 2 diabetes 
poses both clinical and public health challenges. As 
of 2013, 382 million people had diabetes worldwide 
and type 2 made up about 90% of the cases[1]. In 
China, diabetes may have reached an epidemic level 
with one in ten adults having the disease while most 
patients are unaware of their condition[2]. Finding 
novel and independent risk factors of diabetes   

has profound significance in total population 
prevention.  

Diet is considered closely associated the type 2 
diabetes development. Magnesium, as an essential 
cofactor for multiple enzymes involved in glucose 
metabolism[3-4], received considerable interest for its 
effect in diabetes prevention in epidemiological 
studies. Previous two meta-analyses[5-6] reported 
that higher magnesium intake was associated with a 
22% and 15% reduction in the risk of type 2 diabetes 
respectively. However, they did not test a possible 
nonlinear association between the exposure and the 
outcome. Furthermore, three new prospective 
cohort studies[7-9] were reported after their 
publications. Therefore, we conducted an updated 
meta-analysis and assessed whether there was a 
nonlinear relationship between magnesium intake 
and type 2 diabetes. 

We conducted a systematic literature search of 
PubMed database from inception to March 2015 
using the following search terms: ‘magnesium’ in 
combination with ‘diabetes’. Studies were included if 
they met the following criteria: the study design was 
prospective; the exposure of interest was 
magnesium intake including dietary or total (dietary 
and supplemental). Total magnesium was used if 
both were reported; the outcome of interest was 
type 2 diabetes incidence; and the adjusted risk 
estimates with 95% confidence intervals (CI) were 
reported. 

Key information of all included studies was 
recorded as follows: name of the first author, 
publication year, and study location; sample size and 
case number; duration of follow-up; dietary 
assessment methods; outcome assessment methods; 
the risk estimate and corresponding 95% CI for the 
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highest category of magnesium intake and variables 
adjusted in the analysis. We used the reported 
maximally adjusted risk estimates without control 
for blood glucose and/or insulin levels to avoid 
overadjustment. Two authors independently 
conducted the literature search, study selection and 
data extraction. Any disagreements were resolved by 
discussion. 

Considering that all included studies were 
cohort studies, the HRs and ORs were directly 
considered as RRs in this meta-analysis. A 
DerSimonian and Laird[10] random-effects model, 
which considers both within-study and between- 
study variations, was used to calculate the summary 
risk estimates. We pooled the RRs for the highest vs 
the lowest level from each included study in main 
analysis. To explore the potential sources of 
heterogeneity, we conducted several subgroup 
analyses stratified by geographic region (Asia or 
Non-Asia), length of follow-up (≥10 or <10 years), 
the number of case (≥500 or <500), body mass index 
(BMI) (≥25 or <25 kg/m2), sex (male or female), 
adjusted confounders (adjust for cereal fiber or not) 
and outcome assessment methods (pure self-report 
or not). We also conducted a sensitivity analysis by 
omitting one study at each turn and focusing on the 
studies of dietary magnesium intake to test the 
robustness of pooled results. 

Because the range of magnesium intake and the 
cutoffs for the categories varied among studies, we 
also estimated a RR with 95% CI of type 2 diabetes 
for a 100 mg/day increase in magnesium intake in a 
dose-response meta-analysis. The methods 
proposed by Greenland and Longnecker [11] and 
Orsini et al.[12] were applied, requiring the number of 

cases and total participants or person-years as well 
as the effect size with their variance estimates for at 
least three quantitative exposure categories. In 
addition, we modeled magnesium intake using 
restricted cubic splines with three knots at 
percentiles 10%, 50%, and 90% of the distribution[13]. 
The P value for nonlinear relationship was calculated 
by testing the null hypothesis that second spline 
regression coefficient is equal to zero. 

Statistical heterogeneity among studies was 
evaluated by Q and I2 statistic[14-15]. A P value below 
0.1 or an I2 above 50% represents substantial 
heterogeneity. Potential publication bias was 
assessed by Begg’s test (rank correlation method)[16] 
and Egger’s test (linear regression method)[17] . All 
analyses were performed using STATA version 12.0 
(StataCorp LP, College Station, Texas). P<0.05 was 
considered statistically significant except where 
otherwise specified. 

The detailed steps of our literature search are 
shown in Figure 1. We initially identified 1578 
articles from the database search and excluded 1558 
ones after evaluations of titles and abstracts. Twenty 
articles appeared relevant to this meta-analysis and 
were selected for full-text review. Five articles were 
excluded because they only reported serum 
magnesium and type 2 diabetes. Finally, we 
identified 15 papers[7-9,18-29] with 19 analyses of 
magnesium intake and risk of type 2 diabetes. Each 
of four studies[19,20,23,25] consisted of two separate 
estimates. 

The characteristics of the included prospective 
cohort studies are presented in Table 1. These 
studies were published between 1999 and 2014, 
with a follow-up duration ranging from 4 to 20 years. 
 

 

Figure 1. A flow chart of selection for prospective cohort studies between magnesium intake and risk of 
type 2 diabetes incidence. 
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They totally involved 539,735 participants and 
25,252 incident cases. The exposure and outcome 
assessments were mainly based on food frequency 
questionnaire and validated self-reported of 
physician diagnosis, respectively. Among the 15 
papers, eight were conducted in the United States, 
three in Japan, two in China, one in Australia and 
one in Germany. All studies defined type 2 diabetes 
as the outcome with one exception[21] that did not 
further distinguish diabetes subtypes. While it also 
confirmed that the great majority of cases were type 
2 diabetes.  

The results from the random-effects model 
combining the RRs for the association between 
magnesium intake and type 2 diabetes risk are 
shown in Figure 2. The summary RR for the   
highest compared with lowest intake was 0.77 (95% 
CI: 0.71-0.82), suggesting that higher magnesium 
intake was associated with a significant lower risk of 
type 2 diabetes. We observed moderate 
heterogeneity (P=0.014, I2=46.6%) and no evidence 
of publication bias (P for Begg test =0.18, P for Egger 
test=0.36). 

Table 2 represents the results of subgroup 
analyses according to some pre-specified factors. A 
significant inverse association between magnesium 
intake and type 2 diabetes was observed in all but 
one subgroup consisting of participants with BMI 

<25 kg/m2, and the association was not significantly 
modified by these characteristics (P for interaction 
≥0.207). The sensitivity analyses that omitted one 
study at a time and calculated the combined RR for 
the remaining studies yielded consistent results. The 
combined RRs were all statistically significant and 
similar with one another, with a narrow range from 
0.76 (95% CI: 0.72-0.80) to 0.78 (95% CI: 0.75-0.82). 
When we restricted to the studies of dietary 
magnesium intake, the summary RR for the highest 
compared with lowest intake was 0.77 (95% CI: 
0.72-0.83). 

On average, the combined RR of type 2 diabetes 
was 0.84 (0.80-0.88) for a 100 mg/day increase in 
magnesium intake with obvious heterogeneity 
among studies (P<0.001, I2=62.6%). We also 
observed a significant nonlinear dose-response 
relationship between magnesium intake and type 2 
diabetes risk (P-nonlinearity=0.003). The dose- 
response relationship between magnesium intake 
and type 2 diabetes risk is presented in Figure 3. 
Compared with an intake of 115 mg/d (mean intake 
in the lowest category) of magnesium, the RRs (95% 
CIs) of type 2 diabetes for intakes of 160mg, 200 mg, 
260 mg, 300 mg, 350 mg and 410 mg/d were 0.89 
(0.86-0.91), 0.8 (0.75-0.84), 0.68 (0.62-0.75), 0.63 
(0.57-0.7), 0.6 (0.55-0.66), and 0.58 (0.53-0.63) 
respectively. 

 

 

Figure 2. A forest plot of magnesium intake (highest vs lowest) and type 2 diabetes risk. 
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Table 2. Subgroup Analysis of Magnesium Intake and Diabetes Risk according to Included Studies 
Characteristics 

Group 
No of  

Estimates 
RR (95% CI) 

P for 
Eterogeneity 

I2 (%) 
P for 

Interaction 

Total 19 0.77 (0.71-0.82) 0.014 46.6  

Geographic region      

Asia 6 0.74 (0.62-0.88) 0.018 50.9 

Non-Asia 13 0.77 (0.71-0.84) 0.101 45.7 
0.681 

No of case      

≥500 10 0.79 (0.73-0.85) 0.022 53.6 

<500 9 0.70 (0.59-0.82) 0.106 39.3 
0.207 

Follow up years      

≥10 6 0.76 (0.70-0.82) 0.19 32.8 

<10 13 0.78 (0.69-0.88) 0.01 54.2 
0.581 

Gender      

Male 6 0.77 (0.71-0.83) 0.879 0 

Female 10 0.75 (0.68-0.83) 0.041 48.6 
0.803 

Adjusting for cereal fiber      

Yes 7 0.72 (0.63-0.81) 0.091 45.1 

No 12 0.79 (0.73-0.87) 0.054 43.4 
0.593 

BMI (kg/m2)      

≥25 7 0.73 (0.65-0.83) 0.303 12.1 

<25 4 0.88 (0.51-1.52) 0.02 69.3 
0.304 

Pure self-report in outcome assessment      

Yes 11 0.74 (0.69-0.79) 0.397 4.9 0.481 

No 8 0.8 (0.69-0.92) 0.007 63.9  

 

 

Figure 3. Relationship between 
magnesium intake and risk of type 2 diabetes 
incidence in a restricted cubic spline model. 
The lowest value of 115 mg/day of 
magnesium intake was used for the 
estimation of all relative risks. Solid line 
represents relative risk and long dashed lines 
represent 95% confidence intervals. 

Previous meta-analyses[5-6] did not evaluate a 
potential non-linearity between magnesium intake 
and type 2 diabetes. Therefore whether diabetes risk 
would decrease in a constant rate with magnesium 
intake increasing needs further research. Our study 
found a nonlinear relationship between magnesium 
intake and type 2 diabetes. The fitting curve showed 
that the risk of type 2 diabetes decreased with 
higher magnesium intake when intake was below 
260 mg/day while this trend slowed down after 300 
mg/day. As a matter of fact, 300 mg/day is an 
approximate and recommended intake level for 
women in the USA and men have a higher suggested 
value. This indicated that 300 mg/day of magnesium 
intake is a basic level for its effect against type 2 
diabetes. To those who aim to reduce type 2 
diabetes risk by increasing magnesium intake, 
awareness of their current level is necessary. 
Magnesium intake against type 2 diabetes may be 
more effective in baseline lower situations.  
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It was believed that the protective effect of 
magnesium on diabetes was mediated through 
glucose homeostasis via glucose metabolism, insulin 
sensitivity and insulin action[30]. Magnesium 
deficiency was thought to damage the proliferation 
and mass of β-cells, thus affecting insulin 
production[31]. Mg supplementation was also shown 
to prevent fructose-induced insulin insensitivity[3]. 
Although our meta-analysis only included 
observational studies, some other population-based 
intervention trials[32-35] also approved that 
magnesium supplementation improved insulin 
sensitivity, reduced insulin resistance and plasma 
fasting glucose levels in both non-diabetes subjects 
and diabetes patients.  

Moderate heterogeneity emerged in primary 
analysis while no interactions were observed among 
the predefined factors. This heterogeneity maybe 
derived from the difference of unreported 
characteristics among the included studies. In 
subgroup analysis, magnesium intake was not 
associated with a lower risk of type 2 diabetes in 
BMI<25 subjects. It is considered that overweight 
individuals are prone to insulin resistance and more 
susceptible to magnesium intake effects on 
improving insulin sensitivity[27]. However, a recent 
study reported a significant protective effect of 
magnesium on BMI<25 persons other than 
overweight individuals[8]. It was also included in our 
meta-analysis but did not alter the pooled 
estimation direction because of a small weight. 
Whether the magnesium-diabetes association is 
modified by BMI needs further researches.  

Our study had some important strengths. All 
included original studies in this meta-analysis used a 
prospective design, which eliminated the possibility 
of reverse causation and minimized selection bias. In 
addition, the large number of cases involved 
enhanced the statistical power of the current study. 
Furthermore, the dose-response analysis gave us a 
more direct exhibition of the relationship between 
magnesium intake and type 2 diabetes. Potential 
limitations of this study should also be considered. 
First, as a meta-analysis of observational studies, the 
chance for residual confounding effect can not be 
fully eliminated, especially unadjusted dietary 
factors correlated with both magnesium intake and 
diabetes. Another limitation is the misclassification 
of the exposure and the outcome because they were 
mainly based on self-administered questionnaires 
and self-reports. Moreover, all included studies did 
not evaluate the effect of magnesium intake change 

during follow-up period on outcome incidence.  
In conclusion, the present meta-analysis of 

prospective cohort studies further verified a 
protective effect of magnesium intake on type 2 
diabetes in a nonlinear dose-response manner. 
Increasing magnesium intake especially in those with 
low basic level would make a beneficial contribution 
to control type 2 diabetes risk in general population.  
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