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Introduction

Type 2 diabetes (T2D) is a life style disorder characterised
by insulin resistance in insulin sensitising organs and
impaired insulin secretion by pancreatic B-cells ‘. An
epidemiological outbreak of T2D is a major concern for
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Abstract

Background: Cardiovascular disorders remain the leading cause of death in
type 2 diabetic patients. In the present study, a systematic review and a
meta-analysis of randomised controlled trials (RCTs) were conducted aim-
ing to evaluate the effect of magnesium supplementation on type 2 diabetes
(T2D) associated cardiovascular risk factors in both diabetic and nondia-
betic individuals.

Methods: PubMed, Scopus, Cochrane, Web of Science and Google Scholar
databases were searched from inception to 30 June 2016 aiming to identify
RCTs evaluating the effect of magnesium supplementation on T2D associ-
ated cardiovascular risk factors. The data were analysed using a random
effect model with inverse variance methodology. Sensitivity analysis, risk of
bias analysis, subgroup analysis, meta-regression and publication bias analy-
sis were also conducted for the included studies using standard methods.
Results: Following magnesium supplementation, a significant improvement
was observed in fasting plasma glucose (FPG) [weighted mean difference
(WMD) = —4.641 mg dL™ !, 95% confidence interval (CI) = —7.602, —1.680,
P = 0.002], high-density lipoprotein (HDL) (WMD = 3.197 mg dL ™', 95%
CI = 1.455, 4.938, P < 0.001), low-density lipoprotein (LDL) (WMD =
—10.668 mg dL™!, 95% CI = —19.108, —2.228, P = 0.013), plasma triglyc-
erides (TG) (WMD = —15323 mg dL™', 95% CI = —28.821, —1.826,
P =0.026) and systolic blood pressure (SBP) (WMD = —3.056 mmHg, 95%
CI = —5.509, —0.603, P = 0.015). During subgroup analysis, a more benefi-
cial effect of magnesium supplementation was observed in diabetic subjects
with hypomagnesaemia.

Conclusions: Magnesium supplementation can produce a favourable effect
on FPG, HDL, LDL, TG and SBP. Therefore, magnesium supplementation
may decrease the risk T2D associated cardiovascular diseases, although
future large RCTs are needed for making robust guidelines for clinical
practice.

the world healthcare system, generating a large healthcare
burden across the globe. The prevalence of diabetes has
been speculated to increase from 250 million at present
to 592 million by 2035 **. Developing countries are at
higher risk (69%) compared to developed countries
(20%) “.Cardiovascular disorders (CVD) remain the
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leading cause of death in T2D patients ®”. Various risk
factors associated with CVD include hypertension, dyslip-
idaemia, impaired glucose metabolism and smoking. The
overall risk of CVD associated morbidity and motility in
T2D involves a complex interplay between these factors
&9 The focus of current patient oriented T2D therapy is
on controlling hyperglycaemia, along with decreasing the
risk of CVD to improve the quality of life and life expec-
tancy of T2D patients '

Long-term hyperglycaemia results
microvascular complications in T2D. Elevated glucose

in macro- and

levels cause glycation of lipoproteins within the body.
Glycated lipoproteins have differential handling by
lipoprotein receptors, which potentiates atherogenicity.
Moreover, glycated lipoprotein has increased susceptibility
towards oxidation, which increases oxidative stress in
T2D patients. Diabetic dyslipidaemia (also known as
atherogenic dyslipidaemia) is prevalent in T2D patients at
high risk of macrovascular complications. It is charac-
terised by elevated triglyceride (TG) remnants and small
dense low-density lipoprotein (LDL) levels, along with
decreased high density-lipoprotein (HDL) levels. Elevated
blood pressure (BP) also increases the risk of CVD. It has
been reported that, with each 10 mmHg increase in sys-
tolic blood pressure (SBP), the risk of CVD increases by
15%. Therefore, consideration should be given to CVD
associated risk factors along with hyperglycaemia in the
management of T2D. Management of diabetic dyslipi-
daemia and BP is demonstrated to be more beneficial
than targeting hyperglycaemia alone for decreasing the
risk of macro- and microvascular complications in T2D
(11,12)

Life style modifications and adjuvant dietary supple-
mentation are areas of active research in the management
of T2D. Magnesium (Mg) supplementation is included
among them. Mg is the fourth most abundant cation in
the human body with maximum intracellular distribution
(99%) ¥, The ARIC study demonstrated an inverse
association between serum magnesium levels and the risk
of developing T2D in the general population, which sug-
gests a beneficial role of Mg in the prevention of T2D
(4 Mg is essential cofactor of more than 300 enzymes
(including enzymes involved in glycolysis). Therefore, Mg
is critical for intracellular carbohydrate metabolism '), It
also acts as a cofactor of tyrosine kinase enzyme and thus
is involved in post-receptor signalling of insulin. Mg reg-
ulates the release of calcium from the rough endoplasmic
reticulum (as a cofactor of CaATPase) in pancreatic
B-cells, thus modulating insulin secretion from the pan-
creas "™ Mg produces a positive effect on diabetic
dyslipidaemia by modulating the activity of lipoprotein
lipase (LPL), desaturase (DS) and lecithin-cholesterol acyl
transferase (LCAT). Impaired activity of LPL and DS
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leads to elevated TG levels and an increased saturated to
unsaturated fatty acid ratio, respectively. This results in
increased vulnerability to macrovascular changes associ-
ated with T2D. In addition, LCAT plays a critical role in
maintaining lipoprotein balance within the body. An
impairment in activities of LPL and LCAT results in
increased TG, LDL and very LDL (VLDL) and decreased
HDL %, Mg also decreases BP by causing vascular
smooth muscle relaxation, which results in decreased vas-
cular tone V. Inflammation and oxidative stress in T2D
are also reported to be associated with hypomagnesaemia
(HM) because serum Mg levels are inversely associated
with C-reactive protein, interleukin (IL)-1f, IL-6, induci-
ble nitric oxide synthase, interferon-y and malondialde-
hyde levels ">'”. Therefore, HM may be a critical risk
factor for T2D and other associated co morbidities.

Various cross-sectional and longitudinal studies con-
firms the association of Mg intake with insulin sensitivity
and glucose homeostasis "> ?®. Two meta-analyses %
have been conducted aiming to determine the effect of
Mg supplementation on insulin sensitivity and glucose
homeostasis (involving an intervention duration of 4—
24 weeks with both organic and inorganic salt forms).
Both studies confirmed the significant association of Mg
intake with insulin sensitivity and glucose homeostasis.
However, in a meta-analysis by Song et al.,*” the long-
term effect of Mg supplementation was uncertain (as was
evident from glycated haemoglobin levels), whereas, in a
meta-analysis by Simental-Mendia et al. ©*), the effect of
Mg supplementation on CVD risk factors was not evalu-
ated. Various observational studies also suggest a benefi-
cial role of Mg in reducing the risk of CVD ©'3%,

In the present study, we performed a systematic review
and meta-analysis of randomised controlled trials (RCTs)
to evaluate the beneficial effect of Mg supplementation
on T2D associated CVD risk factors. The present meta-
analysis includes studies carried out in T2D subjects or in
populations at high risk of T2D.

Methods

Search strategy and selection criteria

A search was conducted in accordance with the Preferred
Reporting Items for Systematic Review and Meta-analysis
(PRISMA) statement (2009) 39 We searched PubMed,
Scopus, Cochrane, Web of Science and Google Scholar
databases from inception to 30 June 2016, including arti-
cles in press and online ahead of publication using a
search strategy with Medical Search history (MeSH)
terms: (randomised controlled trial OR Controlled trials
OR randomised OR Placebo) AND (Magnesium OR
Magnesium therapy OR Magnesium supplementation)
AND (NIDDM OR Type 2 Diabetes OR Type II Diabetes

© 2017 The British Dietetic Association Ltd.
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OR Non-Insulin Dependent Diabetes OR Insulin resis-
tance OR Insulin sensitivity OR Hyperglycaemia OR
Impaired glucose tolerance). Truncations (*) were used at
appropriate places to ensure that all variations of search
terms were included. The search was restricted to the
English language only. Wherever studies were available as
an online abstract or were inaccessible, their full text was
obtained either from the journal publisher or from the
study authors by personal request. Additional information
wherever required was obtained from the corresponding
author of a study by request. Studies compliant with the
following inclusion criteria were included in present sys-
tematic review:

e  RCTs with parallel or cross-over design

e  Enrolled participants >18 years of age

° Participants were either T2D or at high risk of
developing T2D (e.g. prediabetics, hypertensive, over-
weight or obese)

° Evaluated effect of Mg supplementation (both
organic and inorganic) on T2D associated CVD risk fac-
tors

e A supplementation duration of at least 1 month

e  The presence of sufficient data to interpret pre- and
post-treatment changes in desired outcomes.

Studies not compliant with the above inclusion criteria
were excluded. We also excluded case controlled studies,
multiple reports of same trial and observational studies
(cross-sectional as well as longitudinal designs).

Both investigators in the present study carried out an
independent search for suitable trials and evaluated titles
and abstracts during prescreening. After prescreening, the
full text of the remaining studies was evaluated for poten-
tial inclusion in the present systematic review. Any dis-
crepancy regarding the decision for including or
excluding a particular study was resolved after mutual
discussion.

Data collection and quality assessment

Data collection forms were developed in accordance with
the Cochrane Handbook of Systematic Reviews of Interven-
tions “?. Each study was given with a unique study ID
(an integer) and the following information was extracted
from the included studies:

e  Last name of first author and year of publication

e  Number of participants in both treatment and con-
trol group (in cross-over studies, same number of partici-
pants considered in both groups)

e  Population characteristics, including age, body mass
index, HM or normomagnesaemic (NM)

e  Dose of Mg and its related salt form

e  Duration of supplementation

e  Baseline and final values in each group for any of:

© 2017 The British Dietetic Association Ltd.
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Fasting plasma glucose (FPG), fasting plasma insulin
(FPI), glycated haemoglobin (HbA;c), total cholesterol
(TC), HDL, LDL, TG, SBP and diastolic blood pressure
(DBP)

Assessment of the risk of bias was performed in accor-
dance with the Cochrane Handbook of Systematic Reviews
of Interventions “*”). Separate forms were generated for
each study with its unique study ID (initially assigned
during data collection). Each study was evaluated for its
sequence generation method, allocation of sequence con-
cealment, blinding and dropout details, selective outcome
reporting and other potential sources of bias.

Data synthesis and analysis

Collected data of different outcomes, wherever needed,
was converted into uniform measurement units using
established conversion factors. FPG, TC, HDL, LDL and
TG values were recorded as mg dL™'. Insulin values were
recorded as plU mL™'. SBP and DBP values were
recorded as mmHg. These measuring units were adopted
to increase the utility of systematic review in clinical
practice. Comprehensive meta-analysis (cMma), version 2
(Biostat, Eaglewood, NJ, USA) was used for the meta-
analysis. Effect of intervention was assessed in form of
weighted mean difference (WMD) at a 95% confidence
interval (CI). WMD was calculated using inverse variance
methodology. The following formulae were used to calcu-
late the change score (or intervention effect):

e For studies in which baseline values were available:

Change score = (Ty — Tj,) — (Cr — Cp) (1)

where Tyis the final value of outcome in treatment
group; T, is the baseline value of outcome in treatment
group; Cyis the final value of outcome in control group;
and C, is the baseline value of outcome in control group.
e For cross-over trials

Change score = Ty — Cf (2)

wherever the SEM was reported for a particular group,
this was converted to the SD by multiplying it by the
square root of number of subjects present in that group.
Wherever results were recorded as median value with
range, conversion into mean and SD was performed as
suggested by Hozo et al.*’. Wherever variation was
recorded as range, the SD was calculated by subtracting
the lower limit from the upper limit followed by division
of outcome with #-value at 95% CI. The #-value was cal-
culated in ExceL (Microsoft Corp., Redmond, WA, USA)
using the formula: =tinv(1—0.95, n—1), where, n is the
number of subjects in a particular group. Random effect
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model (DerSimonian-Laird method) and a generic inverse
variance method were used for meta-analysis. Inter-study
variability was assessed by the Cochrane Q and I? index “.
Sensitivity analysis was performed as suggested by the
Cochrane Handbook of Systematic Reviews of Interventions “%
via the ‘leave-out one method’. In this method, one study was
removed at a time and the meta-analysis was repeated with
the remaining treatment arms and any effect of elimination
on summary estimate was evaluated.

Subgroup analysis

Subgroup analysis was performed to assess the effect of
population and intervention characteristics on outcome
measure. There were two population based subgroup
analysis criteria: diabetic or nondiabetic population and
HM (<074 mmol L' or 1.8 mg dL™Y) or NM
(>0.74 mmol L' or 1.8 mg dL™") population. Interven-
tion subgroup analysis had two criteria: <3 months of
treatment duration or >3 month treatment duration and
the type of magnesium salt used in intervention (inor-
ganic or organic). Variation among subgroups was evalu-
ated on the basis of the P-value at 95% CI.

Meta-regression

Weighted random effect meta-regression was performed
to evaluate the association between possible confounders
and outcome measure. In the present analysis, elemental
magnesium dose per day and treatment duration (in
weeks) were considered as possible confounders.

H. Verma and R. Garg

Assessment of publication bias

Publication bias was analysed by visual assessment of
asymmetry in Begg’s funnel plot. Kendall’s tau with con-
tinuity correlation, Egger’s linear regression test, corrected
effect size test (trim and fill test) and the classical Fail safe
N test were also used to assess the effect of publication
bias on reported outcome.

Results

We found 88 records during the initial search of all data-
bases. Of these, 35 were non-original records. Twenty
three did not meet the inclusion criteria. The remaining
studies were considered after analysing the full text. Of
4243 ywere excluded because one ¥

43 was a confer-

these, two studies
was a case—control study and the other
ence abstract (i.e. no data were available). The full text of
one study “* was not available online. On request, the
journal publisher provided the full text. The design details
of two studies “**** were obtained from their corre-
sponding authors on request. Finally, 28 studies were
included in the present review “®7". In accordance with
the PRISMA statement, the details of the search strategy
and its outcomes are presented in Fig. 1.

A total of 1694 subjects were included in present study.
Of these, 834 subjects belong to the treatment arm,
whereas 860 belong to the placebo arm. Studies were con-
ducted from 1989 to 2015. A summary of selected studies
is provided in the Supporting information (Table S1).

Non-original studies = 35

‘g Studies found from databases (PubMed,
g Scopus, Cochrane, Web of Science, Google
| Scholar) = 88
3
o
A 4
£ Remaining studies screened for iclusion
5 critesia from tile and abstract = 53
L]
-]

Studies excluded as didn’tmatch
inclusion criteria = 23

(1) Conference abstract— no data
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A 4
Full text articles assessed for eligibility = 30
= Excluded studies:
= | (1)Case control
= >
available
S’

E ¥
-5 Studies mcluded m systematic review and
] meta-analysis = 28

Figure 1 Details of the search strategy and its
outcomes.
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Assessment of the risk of bias

Under sequence generation analysis, no study was found
to have a high risk of bias. Allocation concealment was
unclear in all studies. Blinding of participants, personnel
and outcome assessors was associated with a low risk of
bias. There was only one study by Solati et al. ©°® that
was associated with a high risk of bias. All studies
reported adequate data for inclusion in the meta-analysis.
No study included in the present meta-analysis was found
to have a high risk for selective reporting outcomes (see
Supporting information, Table S2).

Effect on outcomes related to type 2 diabetes associated
cardiovascular disease related risk factors

The effect of Mg supplementation of FPG, FPI, HbA,c,
TC, HDL, LDL, TG, SBP and DBP was assessed via meta-
analysis of 27, 15, 14, 15, 20, 12, 21, 19 and 19 treatment
arms. After Mg supplementation, significant improvement
was observed in FPG (WMD = —4.641 mg dL™', 95%
CI = —7.602, —1.680, I* = 83.353, P = 0.002) (Fig. 2), HDL
(WMD = 3.197 mg dL™!, 95% CI= 1455 4938,
P = 67.250, P = 0.00032) (Fig. 2), LDL (WMD = —10.668
mg dL™', 95% CI= —19.108, —2.228, I’= 71.201,
P =0.013) (Fig. 2), TG (WMD = —15.323 mg dL ', 95%
CI = —28.821, —1.826, I* = 53.267, P = 0.026) (Fig. 2) and
SBP (WMD = —3.056 mmHg, 95% CI = —5.509, —0.603,
I? =59.191, P = 0.015) (Fig. 2). Insignificant improvement
or no improvement was observed in FPI (WMD =
—0.481uIU mL ™', 95% CI = —1.462, —0.500, I* = 57.774,
P =0.336) (Fig. 2), HbA;c (WMD = —0.001%, 95% CI =
—0.132, 0.130, I* = 0.000, P = 0.989) (Fig. 2), TC (WMD =
—4.323 mg dL™', 95% CI = —10.841, 2.195, I = 55.102,
P =0.194) (Fig. 2) and DBP (WMD = —1.369 mmHg, 95%
CI = —3.023, 0.285, I> = 64.749, P = 0.105) (Fig. 2). As is
evident from the value of I, the included studies had moder-
ate to considerable heterogeneity associated with them.

Sensitivity analysis (leave-out one method) showed that
results were robust and were not over influenced by the
results of a particular study.

Subgroup analysis

Both population and interventional subgroup analysis did
not show any significant variation in the case of HbA;¢
and TC at 95% CI. A significant differential effect was
observed in rest of outcomes at 95% CI (see Supporting
information, Table S3). In the diabetic versus nondiabetic
population, significant differences were observed in FPG
(P = 0.003), HDL (P < 0.001), LDL (P = 0.003) and TG
(P = 0.041), whereas an insignificant difference was observed
in the case of FPI (P = 0.301). Statistically significant

© 2017 The British Dietetic Association Ltd.
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variation was also observed among the HM and NM groups
in the case of FPG (P = 0.001), FPI (P = 0.013), HDL
(P <0.001) and LDL (P = 0.039), whereas variation was
insignificant in the case of TG (P = 0.797). Different Mg salts
had a variable effect only in the case of FPG (P < 0.001) and
HDL (P < 0.001) at 95% CI, whereas, there was no differen-
tial effect on other outcomes. Duration of therapy
(<3 months or >3 months) also had a significant variable
effect for all outcomes except in the case of FPI (P = 0.171).

Meta-regression analysis

At 95% CI, elemental Mg dose was found to be inversely
associated with FPG (P = 0.084), TC (P = 0.002), HDL
(P <0.001), LDL (P=0.008), TG (P =0.028), SBP
(P <0.001) and DBP (P < 0.001) (see Supporting infor-
mation, Fig. S1). Duration of therapy had inverse associa-
tion with FPG (P <0.001) only when the rest of
parameters did not show a significant association at 95%
CI (see Supporting information, Fig. S2).

Risk of publication bias

Visual evaluation of funnel plot for all outcomes (see
Supporting information, Fig. S3) was performed. Data
related to Kendall's tau with continuity correlation,
Egger’s linear regression test, trim and fill test and the fail
safe N test for all outcomes are shown in the Supporting
information (Table S4). The trim and fill test shows
imputation of three studies and one study in the case of
FPI and TG, respectively, although there was no signifi-
cant variation in the outcome summary estimate. Egger’s
regression test showed significant variation only in the
case of TG (P = 0.015), whereas all other outcomes did
not show any significant bias in any of the tests.

Discussion

Hyperglycaemia plays an important role in the develop-
ment of macro- and microvascular complications in T2D
because it affects the glycation of lipoproteins as and also
increases their vulnerability towards oxidation '*'?. We
observed an overall beneficial effect of Mg supplementa-
tion on FPG. We also observed a differential effect of Mg
supplementation during subgroup analysis. A significant
beneficial effect of Mg supplementation was observed in
the diabetic population with hypomagnesaemia. Hence,
analysis of baseline serum Mg levels may be important
before rationalising Mg supplementation. Significant vari-
ation was also observed in the case of treatment duration.
Both short-term and long-term therapy were found to be
effective in the management of FPG, although >3 months
of supplementation produces a greater beneficial effect on
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(a)
Siggy name Staistics for each study
Difference Standard Lowsr  Uppet
inmeans  gros  Vatance limd  limd Z-Value Poyvalue

Panitssa 1980 12600 1423 2025-15380 —0811 —B858 0,000

Panlisso 1622 100 342 4990 2390 5499 0840 DdDY

Packisso 1504 0.000 -2353 2353 0000 1.000

Guillestad 1954 12600 15490 23‘95“—1??!0 42060 D13 0416

rvis 1 100 16 -36975 26775 ~0.314 0754

Cosica 1994 —8.000 13109 171 551—33.691 17654 0610 D543

Eriksson 1595 =200 14055 16766234756 20356 =052 0609

e valk1598 -30.600 321191!]50_155—&4139 37930 —0944 D345

Lima 1958 ~12600 24713 610.743-51037 35837 —0510 0610

Lima 1958 9000 24505 GOD4EB-39.020 57024 0367 0713

Rhedriguez 2003 -41400 10240 104.860-61470-21330 —4.043 0DUODD

Lal20 11500 9521 S0645 7161 30161 1208 0237

ﬂuamm—ﬂnmtmzw—1ﬂﬁl}ﬂ 2509 629415717 =5883 —4305 0,000

Yokata 2004 6095 37160-13948 9948 —0328 0743

mmumwmzmzw 24230 SET.OHI-50690 44290 0132 0895

Guerrero-Romens 2008 0.000 6893 4T7S51(-13510 13510 0000 1000

Lee 2005 0000 1504 zzsa -a.m 2948 0000 1000

Barbagalls 2010 0200 1474 2629 —0.126 0,892

Chacko 2011 3700 1748 315863635 59456 _Duse 0933

Moaren 2011 3300 5078 2573113900 5998 D780 0433

Guerero-Romero 2011 =5400 1653 2733 -B64D =260 -3266 0.001

Mavarrete-Cortes 2084 0000 S081 25817 -G978 0478 0000 1000

Solati2014 -10700 2710 445214835 —6565 -5071 0.000

deSourae Siva2014  2.000 2.9 THB32 3485 7485 D715 DATS

Cosaro 2014 3240 2385 5630 1435 7915 1358 0174

SimeriakMonda 2014 -12600 5518 3048£-23415 1785 -2283 0022

Rnodriguez -Maoran 2014-9.200 2159 466213432 4968 —4261 0000

Guaroro-Romero 201511400 1206 145413763 6037 -9.455 0.000

—4 B41 1511 2283 -7602 —1680 -3.072 0002

(b)

Study name Statistics for each study
Differance Lower Upper
inmeans  limit imit  P-Value

Paolisso 1989 1.000 —1.498 3498 0433

Paolisso 1992 0.150 =1.114 1.414 0816

Rhedriguez 2003 -0.230 —6.265 5.805 0.940

Guerrero-Romere 2004 =9.600 <57.079 37.879 0.692

Yokota 2004 -2.190 -3.568 -0.812 0.002

Lee 2009 1.300 -0.812 3412 0228

Chacko 2011 -2600-12855 7655 0619

Mooren 2011 -2.500 —6.830 1.830 0.258

Guerrero-Romero 2011 -2.340 —4.247 -0.433 0.016

Navarrete-Cortes 2014  1.040 0222 1.858 0.013

Solati 2014 2550 -3.074 8.174 0374

de Souza e Silva 2014 -1900 -5.090 1.280 0243

Cosaro 2014 1.500 —-1.928 4.928 0.391

Rhedriguez -Moran 2014-3.000 =5.723 -0.277 0.031

Guerrero-Romere 2015 -0.800 -3.222 2.022 0654
-0.481 -1.462 0500 0338

(c)

Study name Statistics for each study
Difference Lower Upper
inmeans  limit imit  P-Value

Gullestad 1994 0400 -0418 1218 0338

Corica 1994 -0.100 —0.749 0549 0.763

Eibl 1995 -0.200 0958 0558 0605

Erksson 1895 0400 0432 1232 0346

de Valk 1998 0.000 —0.894 0.8%4 1.000

Lima 1998(a 0.200 —0.753 1.153 0.681

Lima 1998(b -0.300 —1.381 0.781 0.587

Rhedriguez 2003 -2100 =3.522 -0.678 0.004

Baragan-Rodriguez 2008-0.100 —1.232 1.032 0862

Guerrero-Romere 2008 0.200 -0.685 1.085 0658

Chacko 2011 0100 =1.284 1.484 0887

Navamete-Cortes 2014  -0.200 -1.462 1.062 0.756

Solati 2014 0290 <0649 1229 0545

Cosaro 2014 0000 =0.152 0152 1.000

=0.001 =0.132 0130 0.98%9
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Differance in means amd 955 C1_

]
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——

=100.00

Magnesium Placebo

—50.00

0.00

50,00 100.00

Difference in means and 95% CI

f

-60.00 -30.00
Magnesium

0.00

30.00
Placebo

60.00

Difference in means and 95% CI

T

|
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=]
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Figure 2 Meta-analysis of the effect of magnesium supplementation on: (a) fasting plasma glucose, (b) fasting plasma insulin, (c) glycated
haemoglobin, (d) total cholesterol, (e) high-density lipoprotein, (f) triglycerides, (g) low-density lipoproteins, (h) systolic blood pressure and (i)

diastolic blood pressure (P < 0.05).
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(d)
Study name Statistics for each study
Difference Lower ulppar
inmeans  limit i F-Value
Purvis 1994 -5.300-21.798 11.198 0.529
Corica 1994 -9.900-34.767 14.9587 0435
Eibl 1995 0.000-23.356 2335 1.000
Eriksson 1995 0.000-21.428 21.428 1.000
de Valk 1998 23.980-10.793 58.753 0177
Rhodor‘laguez 2003 -23.200-57.664 11.264 O0.187
Lal 2003 -39.600-58.771-20.429 0.000
Guerrerc-Romero 2004-30,940-52.005 -9.875 0.004
Yokota 2004 2600 -7.229 12429 0604
Lea 2009 =-1.930-12.125 B8.265 0.711
Mooren 2011 6.960-18.033 31953 0585
Navarrete-Cortes 2014 -1.610 -6556 3.336 0.523
Solati 2014 -6.500-28.265 15.265 0.558
de Souza e Silva 2014 17.000 -2.982 36.982 (0.095
Cosaro 2014 1.940-21.879 25759 0.873
-4.323-10841 2195 0.194
()
Study name Statistics foreach study
Difference  Lower Upper
in means lirmit limit  P-Value
Purvis 1994 2,300 -6.165 10.765 0.59434
Corica 1994 2,700 -4130 9710 0.42943
Eipl 1695 7.730 —1.044 16.504 0.08421
Eriksson 1995 1160 -5.273 7.593 0.72378
de Valk 1998 -5.80C -15.183 3.583 0.22569
Rhodriguez 2003 3.860 1.049 5771 0.00008
Lal 2003 15.400 10488 20.312 0.00000
Guemmero-Romero 2004 7.740  2.887 12,502 0.00177
Yokota 2004 2.000 2709 6.709 0.40521
Barragan-Rodriguez 2008 3.600 -10,952 18152 0.62777
Guemrero-Romero 2000 11.600  4.777 18423 0.00086
Lee 2000 0.380 -2115 2875 0.76534
Mooren 2011 1940 -4.147 8027 0.53218
Guemero-Romere 2011 3.870 -0.747 8.487 0.10042
Mavarrete-Contes 2014 1.550 0.331 2,769 0.01269
Solati 2014 -1.950 -7.672 3.772 0.50419
deSouza e Siva 2014 4900 0078 9.722 0.04639
Cosaro 2014 3100 -3.588 9.788 0.36363
Rhodriguez -Moran 2014-0.80C -7.328 5.728 0.81017
Guermrero-Romero 2015 -1.200 -4.877 2477 0.52238
3197 1.455 4.938 0.00032
()
Study name Statistics for each study
Difference Lower Upper
in means  limit limit P-Value
Purvis 1994 0.500-21.816 22.8160.96497
Corica 1994 —8.700-32226 14826046857
Eibl 1985 =7.730-20649 14.1890.48944
Rhedriguez 2003 -3.870-42 198 34.4580.84313
Lal 20 —48.000-66 558 —29.4420.00000
Guermero-Romero 2004 -34.800-55.812-13. ?aso nm 1 ?
Lea 2009 3090 -11.825 5.6450
Moaoran 2011 1.600 -9.676 32 3?50 23526
Mavarete-Cortes 2014 —11 220-15.015
Solati 2014 -25 ?TO-H 856 —a BE-‘ID D-O21 3
de Scouza e Silva 2014 31.7140.23285
Cosaro 2014 -0 390 23 333 23.1080.97405

Figure 2 Continued.
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(@)

Study name Statistics foreach study
Difference Lower Upper
inmeans  limit limt  Palue

Purvis 1994 -40.740-164.487 83.007 0.51876

Corica 1994 -6.100 -45474 33.274 0.76140

Eibl 1995 -8.850 -60.23% 42533 0.73568

Eriksson 1995 8.850 -40.237 57.937 0.72381

de Valk 1998 7.970 -46.81C 62.750 0.77552

Rhodriguez 20032 -17.720 -85528 50.058 0.60852

Lal 2002 -35500 -689064 -2036 0.03760

Guerrero-Romero 2004 -44.280 -82.868 -5692 0.02451

Yokota 2004 —76.600 —134.841 —18.359 0.00994

Barragan-Rodriguez 2008 -47.000 -89.571 —4.429 0.03047

Guerrero-Romero 2008 26570 -34.88¢ 88.029 0.39681

Lee 2009 8.860 -22.701 40.511 0.58324

Chacko 2011 11.400 -45232 68.033 0.69319

Mooren 2011 -16.830 -89.752 56.093 065102

Guemero-Romero 2011 =17.710 -69.044 33.624 0.49803

Navarrete-Cores 2014 14.180 2006 26.354 002243

Solati 2014 -16.800 -69.83% 36.235 0.53460

de Souza e Silva 2014 =5000 =34.742 24743 074179

Cosaro 2014 -3.540 -36.37¢ 29.293 0.83264

Rhodriguez -Moran 2014 -80.200-186.555 26.155 0.13942

Guemero-Romero 2015 —60.600 —93 41€ —27.781 0.00030

-15.323 -28.821 -1.826 0.02608

(h)

Study name Statistics foreach study
Difference Lower Upper
in means limit mit  F-value

Purvis 1994 =701C -19.261 5241 026208

Eriksson 1995 2000 -7.799 11.799 068913

de Valk 1998 11.800 -2.250 25.850 0.09974

Rhodriguez 2003 5200 -6.800 17.200 0.39569

Lal 2003 3.000 -3.095 0.095 0.33466

Guerrero-Romero 2004 -200C -6.759 2759 0.41016

Yokota 2004 -5.50C -8.027 -2.973 0.00002

Barragan-Rodriguez 2008 1.100 -14.792 16.992 0.89208

Guerrero-Romero 2009 -9.10C -16.496 -1.704 0.01588

Lee 2009 -360C -7.658 0.458 0.08211

Barbagallo 2010 1.000 -22 328 24.328 093304

Mooren 2011 -1.70C -9.619 6.219 0.67395

Guerrero-Romero 2011 -4 20C -8101 -0.209 0.03485

Solati 2014 =-14.40C -19.345 -0.455 0.00000

de Souza e Silva 2014 -4.00C -15.562 7.562 0.49774

Cosaro 2014 6.500 -1.453 14.453 0.10916

Simental-Mendia 2014 -590C -16.518 4.718 0.27611

Rhodriguez -Moran 2014-7 20C -14.045 -0.355 0.03924

Guerrero-Romero 2015 —1.50C -6.930 3930 058825

-3.05€ -5.509 -0.603 0.01460

()

Study name Statistics for each study
Difference  Lower Upper
inmeans  limit imit  ~-Value

Purvis 1994 —227C -9928 5388 0.56127

Eriksson 1995 —1.00C -6.542 4.542 0.72361

de Valk 1998 5500 0179 11.421 0.04314

Rhi uez 2003 3600 -3.831 11.031 0.34233

Lal 2003 5450 2013 8887 0.00189

Guermrero-Romero 2004 -0.10C -4.136  3.936 0.96127

Yokota 2004 —4.00C -9.003 1.003 0.12360

Barragan-Rodriguez 2008-0.20C -3.203 2.803 0.89614

Guerrero-Romero 2009 —410C -7.842 -0.358 0.03174

Lee 2000 =210C -5201 1.001 0.18437

Barbagallo 2010 -3.00C -5.530 -0.470 0.02014

Mooren 2011 =160C -7.864 4664 061666

Guerrero-Romero 2011 -3.81C -7.393 -0.227 0.03714

Solati 2014 =T.15C -11.350 -2.950 0.00085

de Souza e Siiva 2014 -0.10C -5.682 5482 0.97199

Cosaro 2014 1.700 -1.480 4.889 0.29600

Simental-Mendia 2014 190 -8.556 4,756 0.57584

Rhodriguez -Moran 2014-8.00C -12.288 -3.712 0.00026

Guerrero-Romero 2015 -0.90C -5.374 3.574 0.69340

-1.368 -3.023 0285 0.10473

Figure 2 Continued.
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FPG (P = 0.001). Our results regarding the short-term ben-
eficial effect of Mg supplementation on FPG are different
from the results reported by Simental- Mendia et al. ®* and
this may be the result of a greater number of clinical studies
being included in the present meta-analysis.

Mg affects insulin secretion by modulating the opening
of a voltage-gated calcium channel in the pancreatic
B-cell "®'7) The included studies did not check the effect
of Mg supplementation on insulin secretion, although
they reported its effect on FPI. Overall, we did not
observe any significant effect of Mg on FPI but, during
subgroup analysis, a significant improvement in FPI was
observed in the HM population (P = 0.013). Hence, ade-
quate intracellular Mg levels may play an important role
in insulin secretion.

We did not find any beneficial effect of Mg supplemen-
tation on HbA,c during the overall and subgroup analy-
sis. This might be a result of the shorter treatment
duration. The actual effect of intervention on HbA,- can
be assessed with a treatment duration longer than 3—
4 months. Therefore, to determine the effect of Mg sup-
plementation on HbA,-, longer duration trials are
needed.

Serum Mg levels are reported to be associated with
improved serum levels of VLDL, LDL, HDL and TG (31-38)
Our results depict an overall beneficial effect of Mg on
TG, HDL and LDL. Significant variation was observed
among diabetic or nondiabetic populations, as well as
HM or NM populations, and also with <3 months or
>3 months of treatment duration. The results of the pre-
sent study show a positive effect of Mg supplementation
on diabetic dyslipidaemia, with a more pronounced effect
in HM patients. A beneficial effect of Mg supplementa-
tion on HDL and LDL can be obtained after short-term
usage, whereas long-term usage is required to obtain a
beneficial effect on TG. Hence, Mg supplementation may
produce a beneficial effect in diabetic dyslipidaemia. Our
results did not show any beneficial effect of Mg supple-
mentation (both overall and at subgroup levels) on TC
levels. Interestingly, we found a positive effect of Mg sup-
plementation on HDL levels in the NM population. This
may be because of considerable heterogeneity associated
with the subgroup or it could be related to the fact that
all treatment arms in NM subgroup had mean baseline
HDL levels <50 mg dL'. Normal HDL levels ranges
from 40 to 60 mg dL™'. Mg supplementation may shift
these baseline values towards the higher side of the nor-
mal range. Nevertheless, our hypothesis needs clinical
validation.

As discussed earlier, an elevated BP also increases the
risk of CVD. During the meta-analysis, we found an
overall moderate beneficial effect of Mg supplementation
on SBP, although there was no effect on DBP, which may

© 2017 The British Dietetic Association Ltd.
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be because of the high degree of heterogeneity associated
with the population. It is important to note that only
four studies were carried out in hypertensive subjects.
Hence, more trials need to be conducted in T2D patients
with HT to determine any beneficial effect of Mg on SBP
and DBP.

Subgroup analysis of different salt forms shows a sig-
nificant variable effect on various outcomes. This might
be the result of a quantitative interaction occurring dur-
ing the meta-analysis because more studies were con-
ducted with an inorganic salt form. Therefore, to increase
the power of the analysis and to assess the effect of the
dose of Mg on various confounders, we converted the
dose of all salts forms into their elemental Mg content.
Meta regression analysis showed an inverse association
between Mg dose and all outcomes (except FPI and
HbA,c). From the meta-analysis data, it was evident that
significant beneficial effects can be obtained with an ele-
mental Mg dose of 300-400 mg. Nevertheless, the
bioavailability aspect of different salts of Mg should be
considered before making any clinical decision.

There are several limitations of the present meta-analy-
sis that deserves attention.

First, the included studies had a small population size.
Second, although beneficial effects were observed in HM
populations, the majority of trials were either conducted
in NM or did not consider baseline serum Mg levels.
Third, fewer trials were conducted in HT patients. Hence,
although we observed an overall beneficial effect of Mg
supplementation on SBP, its effects in HT patients are
still uncertain. Fourth, during the meta-regression analy-
sis, we converted the dose of magnesium salts into their
elemental magnesium content, whereas we did not con-
sider the bioavailability aspects of different salts, therefore
possibly introducing biasness into the analysis. Organic
forms are reported to be more bioavailable than inorganic
forms because of a higher solubility in the gastrointestinal
milieu 7%, Fifth, obesity is reported to be associated with
an increased risk of CVD ®, although the majority of
included trials did not correlate body weight to CVD,
which can be a potential source of bias. Finally, bias in
the results can also be introduced as a result of factors
affecting lipid levels within the body. These include renal
disease, hypothyroidism, genetically determined lipopro-
tein disorder, alcohol abuse and oestrogen replacement
therapy '?’. Such factors were not considered in any of
the included studies.

Conclusions

The present meta-analysis indicates that Mg supplementa-
tion can produce a favourable effect on FPG, TG, HDL,
LDL and SBP in T2D patients with HM, although current
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research is not sufficient for making robust guidelines for
clinical practice. There is an urgent need for large RCTs
focussing on the many unexplored aspects of Mg supple-
mentation in T2D associated CVD. Noteworthy among
them are a consideration of body weight as a possible
confounder for CVD development, bioavailability aspects
of different salt forms of Mg, various conditions affecting
the lipid metabolism in the body and the effect of Mg
supplementation in T2D patients with HT.
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Supporting information

Additional Supporting Information may be found online
in the supporting information tab for this article:
Figure S1. Meta-regression analysis of the effect of ele-

mental magnesium dose on: (a) fasting plasma glucose,
(b) fasting plasma insulin, (c) glycated haemoglobin, (d)
total cholesterol, (e) high-density lipoprotein, (f) triglyc-
erides, (g) low-density lipoproteins, (h) systolic blood
pressure and (i) diastolic blood pressure (P < 0.05).

Figure S2. Meta-regression analysis of effect of dura-

tion of therapy on: (a) fasting plasma glucose, (b)
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fasting plasma insulin, (c) glycated haemoglobin, (d)
total cholesterol, (e) high-density lipoprotein, (f)
triglycerides, (g) low-density lipoproteins, (h) systolic
blood pressure and (i) diastolic blood pressure
(P < 0.05).

Figure S3. Funnel plots for assessment of publication
bias: (a) fasting plasma glucose, (b) fasting plasma insu-
lin, (c) glycated haemoglobin, (d) total cholesterol, (e)
high-density lipoprotein, (f) triglycerides, (g) low-density
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lipoproteins, (h) systolic blood pressure and (i) diastolic
blood pressure (P < 0.05).

Table S1. Summary of the different studies included in
the systematic review.

Table S2. Assessment of the risk of bias in accordance
with the Cochrane risk of bias assessment tool.

Table S3. Subgroup analysis of various study outcomes at
a 95% confidence interval.

Table S4. Assessment of the risk of publication bias.
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