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Objective. To assess the association between magnesium intake and risk of type 2 diabetes.
Design. Meta-analysis of prospective cohort studies.
Data Sources. We retrieved studies published in any
language by systematically searching MEDLINE from
1966 to February 2007 and by manually examining
the references of the original articles.
Study Selection. We included prospective cohort studies
reporting relative risks with 95% conﬁdence intervals
for the association between magnesium intake and
incidence of type 2 diabetes.
Results. The seven identiﬁed cohort studies of magnesium intake [from foods only (n = 4) or from foods

Introduction
Over the last decades, there has been a rapid increase
in the prevalence of type 2 diabetes in parallel with
the obesity epidemic [1]. Although obesity is the
strongest risk factor for type 2 diabetes, evidence is
mounting that certain foods and dietary factors may be
associated with this disease [2]. In particular, high
consumption of whole grains, beans, nuts, fruits and
vegetables has been related to a reduced risk of type 2
diabetes [2]. These foods are rich sources of
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and supplements combined (n = 3)] and incidence of
type 2 diabetes included 286 668 participants and
10 912 cases. All but one study found an inverse
relation between magnesium intake and risk of type 2
diabetes, and in four studies the association was statistically signiﬁcant. The overall relative risk for a
100 mg day)1 increase in magnesium intake was
0.85 (95% CI, 0.79–0.92). Results were similar for
intake of dietary magnesium (RR, 0.86; 95% CI,
0.77–0.95) and total magnesium (RR, 0.83; 95% CI,
0.77–0.89). There was no evidence of publication
bias (P = 0.99).
Conclusions. Magnesium intake was inversely associated with incidence of type 2 diabetes. This ﬁnding
suggests that increased consumption of magnesiumrich foods such as whole grains, beans, nuts, and
green leafy vegetables may reduce the risk of type 2
diabetes.
Keywords: cohort studies, diabetes, magnesium, metaanalysis.

magnesium, a trace mineral involved in over 300 enzymatic reactions in the body [3]. Magnesium is an
essential cofactor for multiple enzymes involved in
glucose metabolism and is hypothesized to play a role
in glucose homeostasis, insulin action and in the
development of type 2 diabetes [4–6]. Studies in animals have shown that a diet low in magnesium leads
to impaired insulin secretion and action [7] and that
magnesium supplementation lowers the incidence of
type 2 diabetes [8]. In humans, several experimental
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studies [9–13], but not all [14, 15], have suggested
that magnesium supplementation has beneﬁcial effects
on glucose metabolism, insulin action and ⁄ or insulin
sensitivity. In addition, cross-sectional studies have
found an inverse association between magnesium
intake and fasting insulin concentrations [16–19], a
good marker of insulin resistance. In the Atherosclerosis Risk in Communities (ARIC) Study, a doseresponse inverse relation between serum magnesium
concentrations and the incidence of type 2 diabetes
was observed amongst white participants [20].
The ARIC Study [20] did not ﬁnd an association with
dietary magnesium intake. However, several subsequent large prospective cohort studies have reported a
statistically signiﬁcant reduction in risk of type 2 diabetes associated with increased magnesium intake
[21–23].
The purpose of this study was to summarize the evidence from cohort studies of the association between
magnesium intake and risk of type 2 diabetes following the Meta-Analysis of Observational Studies in
Epidemiology (MOOSE) guidelines for meta-analyses
of observational studies [24].

Methods
Study selection
We conducted a literature search of MEDLINE (from
1966 to February 2007) using the search term magnesium combined with diabetes. We also examined
the reference lists of the retrieved articles. No language restrictions were imposed.
Studies were included if they met the following criteria: (i) presented original data from prospective
cohort studies; (ii) the exposure of interest was intake
of magnesium from foods (dietary) or foods and supplements combined (total); (iii) the outcome of interest was incidence of type 2 diabetes; and (iv) they
provided relative risks (RR) with 95% conﬁdence
intervals (CI). We identiﬁed seven cohort studies [19–
23, 25] (one article presented results from two separate cohorts [22]), which all provided the necessary
data to be used in the meta-analysis.

Data extraction
Information on study location, participant characteristics, sample size, assessment of type 2 diabetes,
adjustment for potential confounders and RR estimates with 95% CIs was abstracted independently by
two investigators. We used the most fully adjusted
RRs for all studies except for the study by Kao et al.
[20]; for that study, we used the reported RRs without
adjustment for fasting glucose and insulin levels to
avoid overadjustment.

Statistical analysis
We examined the dose-response relationship between
magnesium intake and risk of type 2 diabetes. Only
one study had analysed the magnesium intake as a
continuous variable [25]. For the other studies (where
categories were used), we estimated a RR for a
100 mg d-1 increase in magnesium intake by regressing the natural log RRs according to magnesium
intake categories on the median intake in each category. This was performed using the method described
by Greenland and Longnecker [26, 27] which takes
into account that the level-speciﬁc RRs are correlated.
Overall RR estimates were obtained from the DerSimonian and Laird random-effects model [28] applied
to the study-speciﬁc linear trends.
We used the Q and I2 statistics [29] to examine statistical heterogeneity amongst the studies included in
this meta-analysis. I2 is the proportion of total variation contributed by between-study variation [29].
Publication bias was evaluated with the Egger’s
regression asymmetry test [30]. All statistical analyses
were performed using stata, version 9.0 (StataCorp,
College Station, TX, USA).

Results
The seven cohort studies of magnesium intake and
type 2 diabetes [19–23, 25] (one article presented
results from two separate cohorts [22]), involved a
total of 286 668 participants and 10 912 incident
cases. Six studies were conducted in the United States
and one in Australia (Table 1). Two studies included
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Table 1 Characteristics of cohort studies of magnesium intake and type 2 diabetes
Country;

Participants;

No. of Type 2 diabetes Adjusted RR

Study [Ref.]

study name

mean follow-up

cases

assessment

(95% CI)a

Adjustments

Kao et al.,

United States;

11 896 men and

1106

Glucose levels,

Dietary magnesium

Age, sex, education, family history,

1999 [20]

Atherosclerosis

women aged

use of diabetic

0.98 (0.57–1.72)

BMI, WHR, sports index, diuretic

Risk in

45–64 years;

medication,

(black participants)

use, intakes of alcohol, calcium,

Communities

6 years

and self-report

1.08 (0.78–1.49)

and potassium

Study
Meyer et al.,
2000 [21]

United States;

(white participants)
35 988 women

Iowa Women’s

aged

Health Study

55–69 years;

1141

Self-report

Dietary magnesium
0.67 (0.55-0.82)

42 872 men aged

et al., 2004

Health

40–75 years;

[22]

Professionals’

11 years

WHR, physical activity, intakes of
total energy, alcohol, whole grains

6 years
Lopez-Ridaura United States;

Age, education, smoking, BMI,

and cereal ﬁbre
1333

Conﬁrmed
self-report

Total magnesium
0.72 (0.58–0.89)

Age, family history, hypertension,
hypercholesterolemia, smoking,
BMI, physical activity, intakes of

Follow-up

total energy, alcohol, glycemic

Study

load, polyunsaturated fats, trans
fatty acid, processed meat and
cereal ﬁbre

Lopez-Ridaura United States;

85 060 women

et al., 2004

Nurses’ Health

aged 30–55 years;

[22]

Study

17 years

4085

Conﬁrmed
self-report

Total magnesium
0.73 (0.65–0.82)

Age, family history, hypertension,
hypercholesterolemia, smoking,
BMI, physical activity, intakes of
total energy, alcohol, glycemic
load, polyunsaturated fats, trans
fatty acid, processed meat, and
cereal ﬁbre

Song et al.,
2004 [19]

United States;

38 025 women

Women’s

aged ‡ 45 years;

Health

6 years

918

Conﬁrmed
self-report

2004 [25]

van Dam

Australia;

0.88 (0.71–1.10)
Total magnesium

Study
Hodge et al.,

Dietary magnesium

Age, family history, smoking, BMI,
physical activity, intakes of total
energy and alcohol

0.89 (0.71–1.10)
31 641 men and

365

Conﬁrmed
self-report

Dietary magnesium
0.73 (0.51–1.04)b

Age, sex, education, country of

Melbourne

women aged

Collaborative

40–69 years;

weight change, physical activity,

Cohort Study

4 years

intakes of total energy and alcohol

United States;

41 186 women

et al., 2006

Black Women’s

aged 21–69 years;

[23]

Health Study

6 years

1964

Conﬁrmed
self-report

Dietary magnesium
0.65 (0.54–0.78)

birth, family history, BMI, WHR,

Age, education, family history,
smoking, BMI, physical activity,
intakes of total energy, alcohol,
coffee, sugar-sweetened drinks, red
meat, processed meat, and calcium

BMI, body mass index; CI, conﬁdence interval; RR, relative risk; WHR, waist-to-hip ratio.
a
Relative risk for the highest versus the lowest category of magnesium intake; relative risks were incidence rate ratios from Cox proportional
hazards models, except for the studies by Kao et al. [20] and Hodge et al. [25], which used odds ratios obtained by logistic regression to
estimate relative risks. bRelative risk for a 500 mg d)1 increment.
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both men and women, one study consisted entirely of
men, and four studies consisted of women only. All
studies used food-frequency questionnaires to collect
dietary data. Four studies presented results for the
dietary magnesium intake [20, 21, 23, 25], two for
total magnesium intake [22], and one for both dietary
and total magnesium intake [19]; for that study, we
used the results for total magnesium intake in the
overall analysis. The estimated median magnesium
intake in the studied populations ranged from
168 mg d)1 (US black women) [23] to 348 mg d)1
(male health professionals) [19]. The mean range of
magnesium intake between the highest and the lowest
category across studies was about 150 mg d)1. In all
studies, age, sex, body mass index, physical activity
and alcohol consumption were considered as potential
confounders.
The estimated RRs of type 2 diabetes for a
100 mg d)1 increase in magnesium intake for each of
the seven studies are shown in Fig. 1. A statistically
signiﬁcant inverse association between magnesium
intake and type 2 diabetes was observed in four studies [21–23], and a nonsigniﬁcant inverse association
was found in two studies [19, 25]. In analysis of all
studies, the overall RR of type 2 diabetes for a
100 mg d-1 increase in magnesium intake was 0.85
(95% CI, 0.79–0.92). There was statistically signiﬁ-

cant heterogeneity amongst studies (Q = 22.09,
P = 0.002, I2 = 68.3%). In a sensitivity analysis in
which one study at a time was removed and the rest
analysed, the RR ranged from 0.84 (95% CI, 0.77–
0.91) when the study by Kao et al. [20] was excluded
to 0.87 (95% CI, 0.82–0.93) when the study by van
Dam et al. [23] was excluded. Restricting the analysis
to the three studies that controlled for cereal ﬁbre
intake [21, 22] yielded a RR of 0.81 (95% CI, 0.77–
0.86), without heterogeneity amongst studies
(Q = 1.00, P = 0.60, I2 = 0%). The results were similar for intake of dietary magnesium (RR, 0.86; 95%
CI, 0.77–0.95; n = 5) and total magnesium (RR, 0.83;
95% CI, 0.77–0.89; n = 3). There was statistically
signiﬁcant heterogeneity amongst the studies of dietary magnesium (Q = 18.04, P = 0.003, I2 = 72.3%)
but not amongst studies of total magnesium intake
(Q = 3.48, P = 0.18, I2 = 42.5%). The Egger’s test
provided no evidence of publication bias (P = 0.99).

Discussion
Findings from this meta-analysis of cohort studies
support a statistically signiﬁcant inverse association
between magnesium intake and the risk of type 2 diabetes. The overall estimate indicated a 15% reduction
in risk of type 2 diabetes for a 100-mg d-1 increase in
magnesium intake, which is approximately equivalent

Relative risk
(95% CI)
0.86 (0.63–1.18)
1.00 (0.82–1.22)
0.86 (0.75–0.99)
0.82 (0.74–0.91)
0.80 (0.74–0.86)
0.90 (0.81–1.01)
0.94 (0.87–1.01)
0.71 (0.62–0.81)
0.85 (0.79–0.92)

Study
Kao et al., 1999*
Kao et al., 1999†
Meyer et al., 2000
Lopez-Ridaura et al., 2004 (HPFS)
Lopez-Ridaura et al., 2004 (NHS)
Song et al., 2004
Hodge et al., 2004
van Dam et al., 2006
Overall
0.6

0.7

0.8 0.9 1
Relative risk

1.1 1.2

Fig. 1 Relative risks for the association between magnesium intake (for a 100 mg d)1 increase) and incidence of type 2 diabetes. Squares represent study-speciﬁc relative risks (the square sizes are proportional to the weight of each study in the overall
estimate); horizontal lines represent 95% conﬁdence intervals (CIs); diamond represent the overall relative risk estimate with its
95% CI. *Black participants. White participants. HPFS, Health Professionals’ Follow-up Study; NHS, Nurses’ Health Study.
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to the magnesium content in four slices of whole
grain bread, four cups of cooked oatmeal, one cup of
beans, ¼ cup of nuts, four tablespoons peanut butter,
½ cup of cooked spinach, or three bananas per day.
Our study has several strengths. First, our quantitative
assessment was based on data from prospective cohort
studies, which eliminated recall and selection biases. In
addition, the included studies had large numbers of
incident cases of type 2 diabetes. Hence, meta-analysis
of these studies provides high statistical power for
estimating the relationship between magnesium intake
and type 2 diabetes.
There are also some limitations that should be considered when interpreting the results from this metaanalysis. First, as a meta-analysis of observational
studies, the possibility of confounding as a potential
explanation for the observed inverse association
between magnesium intake and type 2 diabetes cannot
be excluded. For example, individuals with high consumption of magnesium-rich foods may be leaner,
more physically active, and more likely to be nonsmokers than those with low intake of magnesium
[19, 22, 23]. Such characteristics have been associated
with a reduced risk of type 2 diabetes [2]. Although
all studies included in this meta-analysis adjusted for
body mass index and physical activity and all but two
studies [20, 25] adjusted for smoking, there remains
the potential for residual confounding by inadequately
measured covariates. Moreover, it cannot be ruled out
that other nutrients or dietary factors that are correlated with magnesium intake may be responsible for the
observed association. For instance, cereal ﬁbre intake
tends to be correlated with the magnesium intake and
has been inversely associated with risk of type 2 diabetes [2]. Nevertheless, the inverse relationship
between magnesium intake and type 2 diabetes
remained in the studies that controlled for intake of
cereal ﬁbre [21, 22] and ⁄ or whole grains [21, 23].
A second limitation is that all studies assessed diet with
a self-administered food-frequency questionnaire and
in all but two studies [22], dietary intake was based on
responses to a single questionnaire administered only at
baseline. Hence, some misclassiﬁcation of exposure is
212
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inevitable and this misclassiﬁcation would tend to weaken any true relationship between magnesium intake
and type 2 diabetes. The heterogeneity amongst study
results may, in part, be related to different accuracy in
the assessment of the magnesium intake as well as differences in baseline magnesium intake across studies.
A third limitation is that cases of type 2 diabetes were
ascertained by self-report in all but one study [20].
Although positive self-report may be reasonably accurate, some incident cases would have been missed.
Underascertainment of diabetes could have affected
the results if diabetes detection was associated with
the magnesium intake.
Fourth, there was heterogeneity amongst the results of
individual studies in the overall analysis. However,
the association between magnesium intake and incidence of type 2 diabetes was markedly consistent,
and differences in risk estimates were largely in the
magnitude rather than the direction of the association.
Finally, because our meta-analysis was based on published studies, publication bias could be of concern.
Nevertheless, we found no evidence of such bias in
this meta-analysis.
The potential protective role of magnesium intake
against type 2 diabetes may be due to improvement of
insulin sensitivity. Studies in animals have demonstrated
an adverse effect of magnesium deﬁciency on glucoseinduced insulin secretion and insulin-mediated glucose
uptake [7, 31]. In contrast, magnesium supplementation
was shown to prevent fructose-induced insulin resistance [32] and reduce the development of diabetes in a
rat model of spontaneous type 2 diabetes [8].
A recent cross-sectional study showed that magnesium intake was associated with insulin sensitivity in a
threshold fashion [33]. It was found that magnesium
intake of more than 325 mg d)1, which is close to the
recommended dietary allowance (420 mg d)1 for men
and 320 mg d)1 for women) [34], might not provide
further beneﬁt with respect to insulin sensitivity [33].
Hence, increased intake of magnesium may be more
beneﬁcial amongst individuals with some degree of
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magnesium deﬁciency. Of note, the strongest inverse
relation between magnesium intake and risk of type 2
diabetes was found in the study population with the
lowest estimated magnesium intake [23].
The relation between magnesium intake and the incidence of type 2 diabetes could potentially be modiﬁed
by other factors affecting insulin resistance, such as
excess body weight and physical inactivity. In one
study [19], a signiﬁcant inverse association between
magnesium intake and type 2 diabetes was observed
only in overweight (BMI ‡ 25 kg m)2) women. The
relationship between magnesium intake and type 2
diabetes was not modiﬁed by BMI or physical activity
in two other cohorts [22].
In conclusion, ﬁndings from this meta-analysis of
cohort studies indicate that increased intake of magnesium may reduce the incidence of type 2 diabetes. This
observational evidence should be treated as compelling
but not deﬁnitive. Additional large cohort studies that
comprehensively control for potential dietary confounders are warranted. Whether long-term magnesium
supplementation reduces the risk of type 2 diabetes
needs to be addressed in intervention studies. Whilst it
is premature to recommend magnesium supplementation to prevent type 2 diabetes, increased consumption
of magnesium-rich foods such as whole grains, beans,
nuts and green leafy vegetables seems prudent.
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