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ABSTRACT

A meta-analysis of prospective studies was conducted to examine the association of total, supplemental, and dietary magnesium intakes with risk of
all-cause, cancer, and cardiovascular disease (CVD) mortality and identify the dose–response relations involved in these association. We performed
a systematic search of PubMed, Scopus, Google Scholar, and ISI Web of Knowledge up to April 2020. Prospective cohort studies that reported
risk estimates for the association between total, supplemental, and dietary magnesium intakes and risk of mortality were included. Random effects
models were used. Nineteen publication with a total of 1,168,756 participants were included in the current meta-analysis. In total, 52,378 deaths from
all causes, 23,478 from CVD, and 11,408 from cancer were identified during the follow-up period of 3.5 to 32 years. Dietary magnesium intake was
associated with a lower risk of all-cause [pooled effect size (ES): 0.87; 95% CI: 0.79, 0.97; P = 0.009; I2 = 70.7%; P < 0.001] and cancer mortality (pooled
ES: 0.80; 95% CI: 0.67, 0.97; P = 0.023; I2 = 55.7%; P = 0.027), but not with CVD mortality (pooled ES: 0.93; 95% CI: 0.82, 1.07; P = 0.313; I2 = 72.3%;
P < 0.001). For supplemental and total magnesium intakes, we did not find any significant associations with risks of all-cause, CVD, and cancer
mortality. However, linear dose–response meta-analysis indicated that each additional intake of 100 mg/d of dietary magnesium was associated
with a 6% and 5% reduced risk of all-cause and cancer mortality, respectively. In conclusion, higher intake of dietary magnesium was associated
with a reduced risk of all-cause and cancer mortality, but not CVD mortality. Supplemental and total magnesium intakes were not associated with
the risk of all-cause, CVD, and cancer mortality. These findings indicate that consumption of magnesium from dietary sources may be beneficial in
reducing all-cause and cancer mortality and thus have practical importance for public health. Adv Nutr 2021;12:1196–1210.
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Introduction
Magnesium is involved in several physiological functions in
the body (1). It plays a key role in DNA synthesis, energy
production, protein synthesis, muscle and nerve function,
blood glucose control, active transmembrane transports
of ions, oxidative phosphorylation, and glycolysis (1–3).
Moreover, it is a cofactor of hundreds of enzymes involved
in essential reactions in the body (1, 3).

Despite the abundant distribution of magnesium in
foods (1, 3), studies in several parts of the world have
indicated its deficient intakes, such that in US adults the

dietary magnesium intake is ∼70% lower than the dietary
reference intake (DRI) (4–6). Magnesium deficiency has been
associated with an increased risk of metabolic syndrome
(7), type 2 diabetes (8), cardiovascular disease (CVD) (9),
and colorectal cancer (10, 11). Magnesium deficiency has
also been associated with insulin resistance, inflammation,
and elevated blood pressure and coagulation (3, 12–14).
Although several studies have examined the association
between dietary and supplemental magnesium intake and
all-cause mortality, findings are controversial. While some
prospective cohort studies reported an inverse association
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between dietary and supplemental magnesium intake and
risk of cardiovascular (9, 15, 16), cancer (15, 17), and
all-cause mortality (15, 18), others failed to demonstrate
such associations (19–23). In a 2016 meta-analysis, dietary
magnesium intake was investigated in relation to risk of all-
cause mortality (24) and the investigators reported increase
in magnesium intake was associated with a reduced risk
of all-cause mortality. However, these investigators did not
examine supplemental and total magnesium intakes with
risk of mortality. In addition, they did not investigate the
association with cancer and CVD mortality. Furthermore,
≥6 additional cohort studies (16–18, 25–27) have been
published since the release of that meta-analysis, which
highlights the necessity of an updated and comprehensive
meta-analysis. This study was therefore performed to system-
atically review the available literature on the association of
dietary, supplemental, and total magnesium intakes with risk
of all-cause, CVD, and cancer mortality and to quantify the
probable association through a dose–response meta-analysis
of prospective cohort studies.

Methods
The present meta-analysis was designed and reported based
on the PRISMA (Preferred Reporting Items for Systematic
Reviews and Meta-Analyses) statement (28).

Search strategy
We systematically searched online databases, including Clar-
ivate Web of Science, PubMed, Scopus, and Google Scholar
up to April 2020. The following keywords were used in the
systematic search: (“magnesium” OR “dietary magnesium
intake” OR “magnesium supplementation” OR “magnesium
supplements”) AND (“mortality” OR “survival” OR “death”
OR “fatal”) AND (“human” OR “humans”). Full information
about the search terms is provided in Supplemental Table 1.
We did not restrict the time of publication or language in our
search. Duplicate citations were deleted.

Eligibility criteria
We included studies that met the following criteria: 1)
observational cohort studies or longitudinal RCTs that were
conducted on human adults, 2) studies that provided HR or
RR or ORs with 95% CIs for the association between dietary,
supplemental, or total intakes of magnesium as the exposures
of interest and mortality from all causes, CVD, and cancer
considered as the outcomes of interest.

Excluded studies
We excluded comments, letters, short communications,
reviews, meta-analyses, ecologic studies, and animal studies
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during the screening of publications. Also, studies conducted
on children, adolescents, pregnant women, chronic kidney
disease patients, hemodialysis patients, end-stage cancer
patients, and critically ill patients were excluded. Moreover,
studies that considered plasma magnesium or intravenous
infusion of magnesium as the exposure, and those that
assessed the association of magnesium intake with incidence
of chronic diseases, rather than mortality, were excluded.
A flow diagram of the study selection process is shown in
Supplemental Figure 1.

Data extraction
Two independent researchers (AB and OS) extracted the
following information: first author’s name, publication year,
study design, location of study, patient mean age and/or age
range, gender, sample size of the cohort, incidence of death,
duration of follow-up, exposure, method of assessment
of exposure, mean and/or range of magnesium intake,
comparison categories and relevant effect sizes of comparison
categories along with 95% CI, and covariates adjusted for
in the statistical analysis. When the data were reported
separately for men and women, each section was considered
a separate study.

Risk of bias assessment
A version of the Newcastle Ottawa Scale (NOS) designed
for nonrandomized studies was used to assess the quality
of prospective studies (29). Studies were categorized into
low, moderate, and high quality (or risk of bias) based
on the scores 0–3, 4–6, and 7–9, respectively. The prin-
cipal investigator (AE) was consulted for in case of any
discrepancies.

Statistical analysis
All reported RRs and HRs (and their 95% CIs) for com-
parison of the highest compared with lowest categories of
total, dietary, and supplemental magnesium intakes were
used to calculate the log RR and its SE. Because a random-
effects model can take between-study variations into account
(30), this model was used to calculate the overall effect
size. Heterogeneity between studies was evaluated using
Cochran’s Q test and the I2 statistic, and I2 values >50% were
considered to have significant between-study heterogeneity
(31). In studies that reported RR or HR for the lowest
category of magnesium intake compared with the highest
category, we computed the highest compared with the lowest
estimates using a method suggested by Orsini et al (32). If a
significant between-study heterogeneity was determined, we
conducted subgroup analysis to find out the possible sources
of heterogeneity. These analyses were performed according
to the duration of the study, geographical area, gender and
number of participants, type of FFQ collection, mean or
median BMI (kg/m2) of study participants, and statistical
controlling for total energy intake. The fixed-effects model
was performed to assess between-subgroup heterogeneity.
Sensitivity analysis was conducted to determine if any single
study contributed more to the heterogeneity than another.
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Publication bias was examined through visual inspection on
Begg’s funnel plots. Formal statistical assessment of funnel
plot asymmetry was performed using Egger’s regression
asymmetry test.

For the dose–response meta-analysis, we used a method
suggested by Greenland (33) and Orsini (32) to compute
the trend of RR and HR estimates and their 95% CIs across
categories of magnesium intake. The total number of deaths
and the total number of participants for each category and the
HRs and RRs with CIs for ≥3 quantitative categories of expo-
sure were extracted. We considered the midpoint of dietary
magnesium intake in each category. For studies that reported
the magnesium intake as a range, we estimated the midpoint
in each category by calculating the mean of the lower and
upper bound. When the highest and lowest categories were
open ended, the lengths of these open-ended intervals were
assumed to be the same as those of the adjacent intervals.
A 2-stage random-effects dose–response meta-analysis was
applied to examine a possible nonlinear association between
magnesium intake and mortality. We performed this analysis
through modelling of magnesium intake and restricted
cubic splines with 4 knots at fixed percentiles of 5, 35,
65, and 95% of the distribution. According to the Orsini
method (32), restricted cubic spline models were calculated
using a generalized least-squares trend estimation method,
that consider the correlation within each set of specified
RRs and HRs. Then, we combined all the study-specific
estimates by the use of the restricted maximum likelihood
method in a multivariate random-effects meta-analysis (34).
A probability value for nonlinearity was estimated using null
hypothesis testing in which the coefficient of the second
spline was considered equal to 0. The 2-stage generalized
least-squares trend estimation method was used to examine
a linear dose–response association of an additional 100 mg/d
from magnesium with mortality. We estimated study-specific
slope lines, and then we combined these lines to obtain
a total average slope (32). Finally, we combined study-
specific slope lines through a random-effects model. All
statistical analyses were applied using STATA version 14
(STATA Corp.). P values < 0.05 were considered sta-
tistically significant for all tests including Cochran’s Q
test.

Results
Literature search
We found 12,222 articles in our systematic search, plus 6
articles through hand searching. Of these, 2805 articles were
excluded due to duplication and another 9357 papers that
were not relevant were excluded. After reviewing the full text
of the 60 remaining articles, 40 additional papers were ex-
cluded for the following reasons: 20 articles did not consider
magnesium intake and risk of mortality, 3 reported studies
that used intravenous or dialysate magnesium, 2 assessed
plasma magnesium, 3 reported studies conducted in ICU
patients, 1 reported a study conducted in pediatric patients,
2 were just commentary, 3 were on multivitamin intake and

mortality, 1 was on vitamin D and mortality, and 5 had
abstracts without reports of effect size (35–39). Finally, 20
reports of cohort studies were included in this systematic
review (9, 15–23, 25–27, 40–46) and 19 were qualified for
the meta-analysis (9, 15–23, 25–27, 40, 41, 43–46); 19 studies
had reported effect sizes for all-cause mortality (9, 15–23, 25–
27, 40, 41, 43–46), 12 studies for CVD mortality (9, 15, 16,
18, 19, 21, 22, 27, 41, 43, 44, 46), and 8 papers for cancer
mortality (15, 17, 18, 20–22, 40, 43). A flow diagram of the
study selection is provided in Supplemental Figure 1. From
these 20 included publications in the systematic review, the
studies by Mursu et al. (22) and Inoue-Choi et al. (42) were
conducted on the same dataset, the Iowa Women’s Health
Study. The study by Mursu et al. (22) was included in our
main analysis because of its comprehensiveness. Moreover,
the study of Li et al. (16) was excluded from the dose–
response analysis due to lack of reporting number of cases.
Studies on supplemental magnesium intake had reported the
effect sizes for only 2 categories of taking compared with
not taking the supplements. Because we needed the effect
sizes for ≥3 categories to do the dose–response analysis,
we were not able to use these studies in the dose–response
analysis.

Characteristics of included studies
Characteristics of included prospective cohort studies are
presented in Tables 1–3. The numbers of participants in
these cohort studies ranged from 1169 to 153,569 people,
with an age range between 20 and 89 y. A total of 1,168,756
participants were included in these 19 publications. Follow-
up duration ranged from 4.7 to 26 y. In total, 52,378 deaths
from all causes, 23,478 from CVD, and 11,408 from cancer
were identified in these studies. Dietary magnesium intake
ranged from 126 to 523 mg/d, and range of total magnesium
intake was 185 to 469 mg/d. Mean or range of supplemental
magnesium intake had not been reported in the included
studies. As mentioned above, when 2 studies were published
based on similar datasets, we calculated the sample size
from the most comprehensive one. Ten publications had
reported effect size for women (9, 16, 17, 19, 22, 23, 40, 43,
45, 46), 3 for men (9, 21, 43), and 7 for both genders (15,
17, 18, 20, 26, 27, 41). In total, 11 studies were conducted
in the United States (16–19, 22, 23, 25, 40, 44–46), and
8 in non-US countries (9, 15, 20, 21, 26, 27, 41, 43). Of
these publications, 15 had reported effect sizes for dietary
magnesium (9, 15–18, 20, 21, 23, 26, 27, 40, 41, 43, 44, 46),
8 for total magnesium (17–19, 23, 25, 26, 40, 45), and 3 for
supplemental magnesium (17, 18, 22). To assess magnesium
intake, 15 reported studies had used an FFQ (9, 15–17, 19–
23, 26, 27, 40, 42–44, 46) and 4 had used dietary records
or recalls (18, 25, 41, 45). All publications reported studies
with consideration of baseline data of magnesium intake in
their analysis (single measurement), whereas 1 study had
used the average of repeated measurements of magnesium
intake as the main exposure (44). In most reported studies
cohort analyses were controlled for some conventional risk
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factors, including energy intake (n = 17) and BMI (n = 18).
According to the NOS, 16 articles had a low risk of bias.

Findings from the systematic review
Out of 19 studies about all-cause mortality, 15 studies had
considered dietary magnesium intake (9, 15–18, 20, 21, 23,
26, 27, 40, 41, 43, 44, 46); of these studies, 7 (15–18, 40,
44, 46) had demonstrated significant inverse association and
8 (9, 20, 21, 23, 26, 27, 41, 43) no significant association
between dietary magnesium intake and risk of all-cause
mortality. Three studies (17, 18, 22) had reported effect sizes
for supplemental magnesium intake: 2 studies (17, 18) had
reported no significant association with all-cause mortality,
and 1 reported a significant increased risk (22). In total,
8 studies (17–19, 23, 25, 26, 40, 45) reported total magnesium
intake in relation to risk of all-cause mortality: 2 (17, 18) had
reached an inverse association, whereas 6 others (19, 23, 25,
26, 40, 45) did not find any link between total magnesium
intake and all-cause mortality.

Out of 12 publications on CVD mortality (9, 15, 16, 18,
19, 21, 22, 27, 41, 43, 44, 46), 10 studies had considered
dietary magnesium intake (9, 15, 16, 18, 21, 27, 41, 43, 44,
46): 4 studies (15, 16, 44, 46) revealed a protective association,
while 6 others (9, 18, 21, 27, 41, 43) reported no significant
association. Out of 2 studies (18, 22) about supplemental
magnesium intake and CVD mortality, 1 study (22) had
reported an increased risk, while the other study revealed
no significant association (18). None of 2 studies about total
magnesium intake and CVD mortality reported a significant
association (18, 19).

Out of 8 studies that reported effect size for cancer
mortality (15, 17, 18, 20–22, 40, 43), 7 studies had assessed
dietary magnesium intake: 3 had reported a decreased risk
(15, 17, 18), while 4 other studies did not find a significant
association (20, 21, 40, 43). Out of 3 publications about
supplemental magnesium intake and cancer mortality (17,
18, 22), none had reported a significant association. Out
of 3 publications about total magnesium intake and cancer
mortality (17, 18, 40), 2 studies (18, 40) had reported no
significant association, while the study of Zhong et al. (17)
reported a protective association.

Findings from the meta-analysis on magnesium intake
and all-cause mortality
Investigating the association between dietary magnesium
intake and risk of all-cause mortality in 15 articles (9, 15–
18, 20, 21, 23, 26, 27, 40, 41, 43, 44, 46) that involved
a total of 900,825 participants with 27,132 deaths, we
found a significant protective association between dietary
magnesium intake and risk of all-cause mortality [pooled
effect size (ES) comparing the highest and lowest intakes:
0.87; 95% CI: 0.79, 0.97; P = 0.009), with a high heterogeneity
among the studies (I2 = 70.7%; P < 0.001) (Figure 1).

Three studies, with a total of 170,522 participants and
19,307 cases of death, were included in the analysis of sup-
plemental magnesium intake and risk of all-cause mortality
(17, 18, 22). We found that supplemental magnesium intake

was not associated with increased risk of all-cause mortality
(pooled ES: 1.05; 95% CI: 0.97, 1.13; P = 0.502; I2 = 20.6%;
P = 0.284) (Figure 1).

With regard to total magnesium intake, based on 7 studies
with a total of 176,111 participants and 6,039 deaths (17–19,
23, 26, 40, 45), we found no significant association with risk
of all-cause mortality (pooled ES: 0.84; 95% CI: 0.68, 1.05;
P = 0.12). However, significant between-study heterogeneity
was observed (I2 = 60.5%; P = 0.01) (Figure 1).

Findings from the meta-analysis on magnesium intake
and CVD mortality
Ten studies, with a total of 791,883 participants and 16,212
deaths, had assessed the association between dietary mag-
nesium intake and risk of CVD mortality (9, 15, 16, 18,
21, 27, 41, 43, 44, 46). The summary effect size for CVD
mortality comparing the highest and lowest categories of
dietary magnesium intake was 0.93 (95% CI: 0.82, 1.07;
P = 0.313), indicating no significant association. Significant
between-study heterogeneity was documented (I2 = 72.3%;
P < 0.001) (Figure 2).

For supplemental magnesium intake and CVD mortality,
2 published studies, which included a total of 66,497 partici-
pants with 6422 deaths, were considered (18, 22). Combining
information from these 2 studies, we did not find any
significant association (pooled ES comparing supplement use
with nonuse: 1.05; 95% CI: 0.85, 1.31; P = 0.63; I2 = 66%;
P = 0.08) (Figure 2).

Analyzing the association of total magnesium intake and
risk of CVD mortality, based on 2 studies that included a total
of 63,326 participants with 844 deaths (18, 19), we found no
significant association (pooled ES comparing the highest and
lowest intakes: 0.96; 95% CI: 0.63, 1.46; P = 0.84; I2 = 43.3%;
P = 0.18) (Figure 2).

Findings from the meta-analysis on magnesium intake
and cancer mortality
Seven studies reported data for dietary magnesium intake
and cancer mortality (15, 17, 18, 20, 21, 40, 43), with a
total of 322,471 participants and 4913 cancer deaths. The
summary effect size for cancer mortality comparing the
highest with the lowest categories of dietary magnesium
intake was 0.80 (95% CI: 0.67, 0.97; P = 0.023), indicating
a significant inverse association between dietary magnesium
intake and risk of cancer mortality. There was a significant
heterogeneity among studies (I2 = 55.7%; P = 0.027)
(Figure 3).

Considering the supplemental magnesium intake, we
found a nonsignificant positive association between taking
supplemental magnesium and risk of cancer mortality, based
on 3 publications (17, 18, 22) with a total of 170,522
participants and 5659 cancer deaths (pooled ES: 1.11; 95%
CI: 0.98, 1.26; P = 0.092), with no significant between-study
heterogeneity (I2 = 0%; P = 0.81) (Figure 3).

Total magnesium intake was investigated in 3 studies with
a total of 132,920 participants and 836 cancer deaths (17,
18, 40). We did not find any significant association between
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FIGURE 1 Forest plot for association between total, dietary, and supplemental magnesium intakes and risk of all-cause mortality.
Diamonds represent pooled estimates from random-effects analysis.

total magnesium intake and risk of cancer mortality (ES:
0.67; 95% CI: 0.36, 1.24; P = 0.206); however, between-
study heterogeneity was significant (I2 = 71.8%; P = 0.02)
(Figure 3).

Findings from linear and nonlinear dose–response
analysis
Out of 19 articles, 13 studies (9, 15, 17, 20, 21, 23, 26, 27, 40,
41, 43, 44, 46) were included in the dose–response analysis on
the association between dietary magnesium intake and all-
cause mortality (Figure 4). We found a significant nonlinear
association (P-nonlinearity = 0.01). Moreover, linear dose–
response meta-analyses demonstrated that each additional
intake of 100 mg/d of dietary magnesium was associated with
a 6% reduced risk of all-cause mortality (pooled ES: 0.94;
95% CI: 0.91, 0.97; P < 0.001) (Supplemental Figure 2). In

the dose–response analysis of dietary magnesium intake and
CVD mortality, based on 8 publications (9, 15, 21, 27, 41,
43, 44, 46), out of 10 papers, we did not find a significant
nonlinear association (P-nonlinearity = 0.34) (Figure 4).
According to linear dose–response analysis, an additional
100 mg/d dietary magnesium intake was not associated with
a risk of CVD mortality (pooled ES: 0.97; 95% CI: 0.94,
1.01; P = 0.12) (Supplemental Figure 3). We included 6
publications (15, 17, 20, 21, 40, 43) out of 7 papers including
analysis of the nonlinear dose–response association of
dietary magnesium intake and mortality from cancer, where
we found no significant association (P-nonlinearity = 0.08).
However, the linear dose–response analysis demonstrated
that each 100-mg/d additional intake of dietary magnesium
was associated with a 5% decreased risk of cancer mortality
(pooled ES: 0.95; 95% CI: 0.91, 0.99; P = 0.03) (Supplemental
Figure 4).
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FIGURE 2 Forest plot for association between total, dietary, and supplemental magnesium intakes and risk of cardiovascular mortality.
Diamonds represent pooled estimates from random-effects analysis.

Five publications reported adequate data for the dose–
response analysis on the association between total mag-
nesium intake and all-cause mortality (17, 19, 23, 26,
40). We found no significant nonlinear associations (P-
nonlinearity = 0.508) (Figure 4). Also, linear dose–response
analysis indicated no significant association between an
additional intake of 100 mg/d of total magnesium and risk
of all-cause mortality (pooled ES: 0.95; 95% CI: 0.87, 1.03;
P = 0.22) (Supplemental Figure 2).

A protective significant nonlinear association was
observed between total magnesium intake and risk of
cancer mortality based on 2 publications (17, 40) (P-
nonlinearity = 0.01) (Figure 4). However, linear dose–
response analysis revealed that each 100 mg/d additional
intake of total magnesium was not associated with a risk of
mortality from cancer (pooled ES: 0.88; 95% CI: 0.77, 1.01;
P = 0.071) (Supplemental Figure 4).

Findings from subgroup and sensitivity analyses and
publication bias
Subgroup analyses were performed to examine the robust-
ness of the results and explore the potential source of
heterogeneity across studies. These analyses were conducted
based on predefined criteria, including gender, study loca-
tion, duration of follow-up, number of participants, dietary
assessment based on the interview, mean BMI of study
participants, and statistical adjusting for total energy intake.
Supplemental Table 2 shows findings from the different sub-
groups. A significant inverse association was seen between
dietary magnesium intake and all-cause mortality in women
and in studies conducted in the United States and Western
countries and those performed on a population with a mean
BMI ≥25. With regard to dietary magnesium intake and
risk of CVD mortality, a significant protective association
was observed in women and in studies performed in the
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FIGURE 3 Forest plot for association between total, dietary, and supplemental magnesium intakes and risk of cancer mortality.
Diamonds represent pooled estimates from random-effects analysis.

United States and Western countries, studies that applied self-
reported FFQs, studies with >15,000 participants, studies
with a baseline mean BMI ≥25, and studies that controlled
for energy intake. With regard to dietary magnesium intake
and cancer mortality, a significant inverse association was
observed in studies with participants of both genders, those
conducted in the United States and Western countries,
those with a follow-up duration <10 y, those that applied
interviewer-based FFQ, and those with a mean BMI ≥25.
Concerning total magnesium intake and risk of all-cause
mortality, the significant protective association persisted
across most of the subgroups, including studies conducted in
the United States, studies with participants of both genders,
studies without adjustment for BMI, studies with >15,000
participants, studies with interviewer-based FFQ, and studies
with a mean BMI ≥25.

Based on sensitivity analysis, we found that the obtained
combined effect sizes for magnesium intake and risk of
mortality did not depend on a particular study. Moreover,

visual inspection of funnel plots revealed no evidence of
publication bias in the performed analyses.

Discussion
In this systematic review and meta-analysis of prospective
cohort studies, a significant inverse association was observed
between dietary magnesium intake and risk of mortality from
all causes and cancer; however, no significant association
was seen between supplemental and total magnesium intakes
and risk of all-cause, CVD, as well as cancer mortality. In
addition, dietary magnesium intake was not associated with
CVD mortality. On the other hand, a dose–response analysis
revealed that an additional intake of 100 mg/d dietary
magnesium was significantly associated with 6% and 5%
decreased risks of all-cause and cancer mortality, respectively.
To the best of our knowledge, this is the most comprehensive
systematic review and meta-analysis of prospective cohort
studies to investigate the association of total, supplemental,
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FIGURE 4 Nonlinear dose–response results. (A) Total magnesium intake and all-cause mortality. (B) Dietary magnesium intake and
all-cause mortality. (C) Total magnesium intake and cancer mortality. (D) Dietary magnesium intake and cancer mortality. (E) Dietary
magnesium intake and cardiovascular mortality. Dietary and total magnesium intakes were modeled with restricted cubic splines in a
multivariate random-effects dose–response model. It should be noted that the number of ESs for conducting nonlinear association
between total magnesium intake and risk of cardiovascular mortality was inadequate; therefore, the analysis for this was not done. The
black line indicates the linear model; the solid black line indicates the spline model and the dotted lines represent 95% CIs. ES, effect size.
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and dietary magnesium intakes and risk of all-cause, CVD,
and cancer mortality.

In the current meta-analysis, we found that only dietary
magnesium intake was associated with decreased risk of all-
cause mortality. Nevertheless, there is no clear association
between dietary, supplemental, and total magnesium intakes
and risk of mortality from CVD. In line with our findings,
a meta-analysis of cohort studies published in 2016 reported
that increased dietary magnesium intake was associated with
a reduced risk of all-cause mortality, but not with incident
coronary artery disease or total CVD events (24). Unlike our
findings, in a meta-analysis in 2016 with 449,748 participants
and 10,313 CVD deaths, an inverse association was seen
between dietary magnesium intake and risk of CVD death
(47). However, in that study the total numbers of participants
and CVD deaths included were lower than those included in
our meta-analysis. Another meta-analysis was conducted in
2019 to evaluate the association between serum and dietary
magnesium and risk of CVD and coronary artery disease
events; in which the investigators reported that high dietary
magnesium intake or serum magnesium concentrations were
inversely associated with a risk of total CVD and coronary
artery disease incidence (48). It is worth mentioning that
we also observed an inverse association between dietary
magnesium intake and CVD mortality in most subgroups.
Overall, it seems that further well-design studies are required
to clarify the association between dietary magnesium intake
and risk of CVD mortality.

In the present meta-analysis, dietary magnesium intake
was protectively associated with the risk of cancer mor-
tality. Moreover, our dose–response analysis indicated that
each additional 100 mg/d increase in dietary magnesium
intake was associated with a decreased risk of mortality
from cancer. To our knowledge, there is no earlier meta-
analysis investigating dietary magnesium intake in relation
to the risk of cancer mortality. Studies conducted on
the association between dietary magnesium intake and
risk of colorectal cancer suggested an inverse correlation
between increasing dietary magnesium intake and risk of
colorectal cancer (10, 49, 50). Moreover, a meta-analysis
in 2019 indicated that higher magnesium intake might
have a protective role in cancer, especially colorectal cancer
(51).

Concerning supplemental magnesium intake, a system-
atic review and meta-analysis in 2017 showed that, like
the findings of the current study, supplemental magnesium
intake was not associated with CVD events or risk of all-cause
and cancer mortality (52). Despite several health benefits
of supplemental magnesium demonstrated in earlier studies
(53), it must be noted that we performed the analysis on only
3 studies to find the association of supplemental magnesium
intake with all-cause and cancer mortality and only 2 studies
about CVD mortality. This information is too limited to
come to a conclusion, and further studies are needed in
this area. Compared to supplemental magnesium, dietary
magnesium intake may gradually increase magnesium con-
centrations, and it is safe and effective (24). Moreover, foods

rich in magnesium, including whole grains, green vegetables,
nuts, and beans, provide a wide range of healthy components
(e.g., chlorophyll, fiber, and antioxidants) for the human body
(3).

Subgroup analyses of dietary magnesium intake and
mortality showed that the protective association remained
significant in most subgroups. For instance, we observed
that study location might be an explanatory factor for
between-study heterogeneity. This finding might be due
to the differences in genetics, dietary patterns, and study
quality as well as characteristics of study participants.
Mean BMI of study participants was another factor that
was associated with between-study heterogeneity. As we all
know, nutrient requirements increase with increasing body
weight (54). Therefore, in overweight and obese people
obtaining an appropriate amount of magnesium is important
given the role of magnesium in several health conditions.
Currently, the recommended dietary intake of magnesium
in overweight and obese people is not different from that
in normal-weight individuals. Given that obesity per se is
associated with increased risk of mortality and the protective
association between dietary magnesium intake and mortality
we found in the current study, the inclusion of high amounts
of magnesium in the diet of overweight and obese individuals
might result in longer life in these people. Therefore, revising
the requirements for magnesium in these people is suggested.
Although we did not find any significant association between
dietary magnesium intake and risk of CVD mortality, this
association was protective in most subgroups. For instance,
this protective association was seen in studies in which
the analysis was controlled for total energy intake. Given
the important role of total energy intake on diet–disease
associations, it seems that the association between dietary
magnesium intake and risk of CVD mortality was masked
when this important factor was not taken into account.
Generally speaking, it seems that in the studies in which all
the covariates were taken into account dietary magnesium
intake was found to be a possible protective factor against
mortality.

Several potential mechanisms might explain the inverse
association of magnesium intake with all-cause and cancer
mortality. Magnesium has several crucial roles in human
health, including its antiplatelet effect (55), maintaining
glucose and insulin homeostasis (56, 57), improving lipid
metabolism (58, 59) and endothelial function (60), and
enhancing vascular and myocardial contractility (60, 61).
Therefore, these proposed mechanisms may play a role
in its effect on risk of death. Magnesium has essential
roles in DNA synthesis and repair and the maintenance
of genomic stability (62, 63). So, inadequate magnesium
intake may induce tumor progression and angiogenesis as
well as genetic instability (64). Furthermore, magnesium
deficiency is related to chronic inflammation, which may
be reflected in increased concentrations of C-reactive
protein, IL-6, fibrinogen, total homocysteine, and NF-
κB (65–67). Overall, it seems that magnesium can affect
the risk of mortality through exerting direct and indirect
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effects on gene stability and expression and controlling
inflammation.

The current meta-analysis has several strengths. First, the
large number of participants and deaths in the included
studies allowed us to detect a more reliable association
between magnesium intake and risk of mortality. Second, we
performed a dose–response analysis to assess the linear and
nonlinear correlations. Third, the effect of recall and selection
bias is negligible due to the inclusion of prospective cohort
studies in the current meta-analysis. Finally, to our knowl-
edge these data provide the most comprehensive insight to
date into the association between total, supplemental, and
dietary magnesium intakes and risk of mortality. However, as
with all studies, this study has some limitations as well. Due
to the observational nature of the included studies, residual
confounding may have affected the association of magnesium
intake and mortality. Although several potential confounders
were adjusted for in most studies, some reports did not
consider other components of diet, including some nutrients
or total energy intake as covariates. Lack of adjustment for
dietary calcium and potassium intake, which coexist in most
food sources of magnesium, might affect the independent
association between magnesium intake and mortality. In
addition, we were unable to include some studies in the
dose–response analysis due to lack of sufficient information.
Due to the limited number of effect sizes available regarding
supplemental magnesium intake and mortality, our findings
should be interpreted cautiously. Measurement errors in
the included studies, due to their observational nature,
might also attenuate the association of dietary magnesium
intake with risk of mortality. As most studies included
are from Western countries, the possible extrapolation
of these findings to other populations should be done
cautiously.

In conclusion, we found a significant inverse association
between dietary magnesium intake and risk of mortality from
all causes and cancer; In contrast, we observed no significant
association of supplemental and total magnesium intake with
all-cause, CVD, and cancer mortality. Practically, 100 mg/d
additional intake of dietary magnesium was associated with
6% and 5% lower risks of all-cause and cancer mortality,
respectively. These findings have practical importance for
public health, supporting the consumption of magnesium
from dietary sources as being beneficial in reducing all-cause
and cancer mortality.
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