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Abstract

The aim of this study was to determine the effects of Mg supplementation on anthropometric indices consisting of body weight, waist circum-
ference (WC), BMI and body fat percentage. In this systematic review and dose-response meta-analysis, we searched PubMed, Cochrane
Library, Scopus, Web of Science and Google Scholar from databases inception up to February 2020 for relevant randomised controlled trials.
Quality of evidence was evaluated using the Cochrane Collaboration Tool. All the outcomes of this meta-analysis were pooled using the random
effect model. Analysis of dose-response for Mg dosage was carried out using a fractional polynomial model. The systematic review and meta-
analysis include twenty-eight randomised clinical trials, comprising 2013 participants. There were no significant changes in anthropometric
indices after Mg supplementation in the overall analysis. However, subgroup analysis revealed that Mg supplementation decreases WC in sub-
jects with BMI > 30 kg/m? (obese) (twelve trials, 7 997 participants; weighted mean difference = —2-09 cm, 95 % CI —4-12, —0-07, P = 0-040;
P =0%). Dose-response analysis revealed a non-significant non-linear effect of supplementation dosage on anthropometric indices. The results
suggest that Mg supplementation is associated with lower WC only in obese subjects. However, more high-quality studies are needed to clarify

the nature of this association.
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Obesity is a medical situation with abnormal or excessive
adipose tissue accumulation”. Obesity is characterised by
imbalance between energy intake and energy expenditure®®.
According to WHO report in 2016, the number of subjects
with overweight and obesity in the world is approximately 1-9
billion and 650 million, respectively (almost 30 % of global
population)®. Over 3 million people each year die from obesity
(5% of the worldwide deaths)®. Obesity is a major risk factor for
range of chronic diseases including diabetes, CVD and cancer®.
Also, it imposes plenty of economic burden into individuals,
their families and nations. It is estimated that the burden costs
2:8 % of Global Gross Domestic Product (approximately 2 trillion
USD)®. All the aforementioned reasons emphasis on priority of
obesity in public health in both developed and developing
countries”. The successful key for any weight loss is compre-
hensive lifestyle management including diet, physical activity
and behaviour modification. Indeed, any safe and effective

weight loss programme should include following components:
healthy eating plans that reduce energy without ruling out spe-
cific foods or food groups, regular physical activity and/or exer-
cise instruction and behaviour changes that are based on your
cultural needs, but these are extremely challenging over a long
time period®!Y. Many natural materials have been surveyed for
obesity treatment that develop as anti-obesity products such as
drugs, natural dietary and herbal products'?. Recently, comple-
mentary and alternative treatments such as weight loss supple-
ments are common®. Mg supplement is one of them, which
possess potential anti-obesity effects’. Mg is most abundant
the second and fourth in intracellular and body, respectively™.
Mg is an essential cofactor for numerous biological processes
and is required for energy production, oxidative phosphoryla-
tion, glycolysis, protein and nucleic acid synthesis, ion transport
and cell signalling!®. To produce energy from macronutrients,
there are several metabolic pathways that are dependent on Mg.

Abbreviations: BF%, body fat percentage; BW, body weight; RCT, randomised clinical trial; WC, waist circumference; WMD, weighted mean difference.
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Furthermore, Mg and ATP make a complex (Mg-ATP) that pro-
vides energy for metabolic processes in mitochondria”. As a
result of mentioned mechanisms, Mg deficiency has a role in aeti-
ology of obesity. It is found that serum Mg has a correlation with
obesity in several studies™®. Thus, the serum Mg level was neg-
atively correlated with BMI, systolic BP, diastolic BP, waist cir-
cumference (WC) and fasting insulin level™. It was
hypothesised an anti-obesity effect of Mg due to capability of
forming soaps with fatty acids in the intestine that can reduce
the absorption of fat from the diet®”. Although, there are direct
studies rarely about the effect of Mg supplement on obesity, but
several studies have reported it as secondary outcome. Some
clinical trials did not show any significant effect of Mg supple-
ment on obesity parameters®! 2. However, Mg supplementa-
tion improved anthropometric indices in five randomised
clinical trials (RCT)“*37. Because of controversy of effects
and also no existence of meta-analysis to date, the present study
aimed to conduct a precise and vast systematic review and dose—
response meta-analysis of all published reports on the effect of
Mg supplementation on body weight (BW), BMI, WC and body
fat percentage (BF%) in adults.

Methods
Protocol and registration

The reported items for systematic reviews and meta-analysis
guidelines were followed in the conduct of the present
study“®. The Population, Intervention, Comparison, Outcome,
Study design (PICOS) criteria included Population: adult,
Intervention: oral Mg supplementation, Comparison: placebo,
Outcomes: anthropometric indices including BW, WC, BMI and
FM% and Study design: RCT were used for this systematic review
and meta-analysis. Our study protocol was not registered on any
website; however, it is available from the authors upon request.

Literature search and inclusion criteria

An online search was conducted using the databases including
PubMed, The Cochrane Library, Scopus, Web of Science and
Google Scholar up to February 2020. We used text words and medi-
cal subject headings to identify the potential interest articles. The
search terms included the following combinations of keywords:
(‘magnesium’ OR ‘magnesium’[tiab]) AND supplement*{Title/
Abstract) OR ‘magnesium’[Mesh]) OR ‘magnesiumltiab]) AND
oral¥[Title/Abstract] AND (‘intervention studies’ OR ‘intervention’
OR ‘controlled trial’ OR ‘randomized’ OR ‘randomized’ OR ‘random’
OR ‘randomly’ OR ‘placebo’ OR ‘assignment’ OR ‘blind"). Our search
is limited to studies that published randomised placebo-controlled
trials (RCT). There is no restriction on language and time as per
defined time frame. Because the anthropometric indices are secon-
dary outcome, we used keywords of the intervention studies.
Electronic database searches were completed along with reference
list and citation hand searches.

Study selection and data extraction

First, electronic and manual search results were exported to End-
Note software, version X7 (Thomson Reuters) and duplicate

publications were removed. Then, eligible articles were sorted
by title, abstract and related full texts of publications. Finally,
all human RCT (either parallel or cross-over designs) that exam-
ine the effects of Mg supplementation on anthropometric indices
were included. If studies (1) Mg was administrated in combina-
tion with other components, minerals or botanicals (unless a
separate arm controlled the effect of the mixed substance); (2)
were publications with duplicate data; (3) without a placebo
group; (4) without sufficient data and (5) unavailable full text
were excluded. The following data were extracted: author’s first
name, year of publication, country of origin, study design, sex,
mean age and BMI of participants, total sample size, study dura-
tion and dosage of Mg supplementation. When the data were
reported at multiple measurements, only the outcomes at the
end of the intervention were included in the analysis. All proc-
esses from systematic search to the data extraction were fol-
lowed independently by two research experts (M. R. and
A. Gh.) (kappa statistic for agreement for quality assessment;
0-91). Probable discrepancy was resolved under the supervision
of the third expert’s opinion (Gh. A)).

Assessment of methodological quality

The Cochrane Risk of Bias tool was used for quality assessment
as follows: sequence generation, allocation and concealment,
blinding, incomplete outcome data, selective outcome reporting
and other sources of bias. According to the Cochrane guideline
handbook, the words ‘yes’, ‘no’ and ‘unclear’ corresponded to
low, high and unknown risk of bias, respectively. According
to the mentioned domains, the overall quality of study was con-
sidered as good (low risk for all items), fair (low risk more than
three items) and poor (low risk for equivalent and less than three
items)“. Also, quality assessment was also undertaken by two
authors (M. R. and A. Gh.) separately.

Statistical analysis

All analyses were performed using STATA software version 12
(STATACorp.). The pooled weighted mean difference (WMD)
and its 95 % CI was used to assess the effects of Mg supplemen-
tation on anthropometric indices. Mean change and its sp in
anthropometric indices including weight (kg), WC (cm), BMI
(kg/m?) and body fat (%) within the intervention and placebo
groups was used to calculate the effect size for meta-analysis.
In studies in which mean change was not directly reported in
intervention and control groups, it was calculated by the minus
of the post-intervention data from the baseline value. Besides, if
only sp for the baseline and final values were provided, the sp for
the net changes was imputed according to the method of
Borenstein et al.®” using a correlation coefficient of 0-5. Due
to the fact that included RCT were performed in different set-
tings, random-effects models were used to conduct all meta-
analyses. The heterogeneity between studies was examined
by the I-squared () index. Heterogeneity was considered sta-
tistically significant if P < 0-05 or 22 > 50 %, We conducted sub-
group analysis according to the median Mg supplement dose
and the mean of duration of treatment, BMI, age and sex patients
to assess the impact of this variable on outcomes. Rather, sensi-
tivity analysis was performed to explore the extent to which
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Fig. 1. Preferred Reporting ltems for Systematic Reviews and Meta-analysis flow diagram of the study selection process.

inferences might depend on a particular study or group of
studies. Begg’s rank correlation test and Egger’s weighted regres-
sion test were used to investigate any possible bias. A P value
of <0:05 was considered as statistically significant.

Results
Literature search

Our search was based on 2954 articles through databases search-
ing. Two thousand nine hundred seventeen records were
excluded due to irrelevance to the inclusion criteria and dupli-
cation. Among thirty-seven remaining articles, nine records were
excluded. Finally, twenty-eight articles (with thirty arms treat-
ment)*'~752 were calibrated in the present systematic review
and meta-analysis. The process of study identification is pre-
sented in Fig. 1.

Study characteristics

Included studies have been published between 1994 and 2019.
A total of 2013 subjects (1033 cases and 980 controls) were
included in the analysis. All studies had parallel design. Out of
twenty-eight included studies, four studies performed in
Europe® 34149 ten  in  America@0:2830-323537.3844.45  an|
fourteen studies in Asia®?!-2427:29,33,36,40,42:464752) " The interven-
tion period ranged between 4 and 48 weeks. The supplementa-
tion dose of Mg ranged from 168 to 625 mg/d. All of included
studies were conducted on both sexes except six studies that
(353641454752 and one study on
men®. Included studies were carried out in cases with

were conducted in women

hypertension®?, diabetes and prediabetes®?,3-2527,30,32.57,38 4249
obesity?233:3452 " the metabolic syndrome?®4547:
alcoholic  fatty liver disease®, insulin resistance
depression® and healthy volunteers®®4?, Detailed character-
istics of included trial were presented in Table 1.

non-
(34,37
34,3 )’

Quality assessment

Present quality assessment of included studies was based on the
Cochrane Collaboration Risk of Bias tool. Among twenty-eight
included RCT, the quality of twelve, fifteen and one study was
poor, fair and good, respectively. All studies showed low risk
of bias based on selective reporting. The details of the risk of bias
in individual studies according to the domains used by the
Cochrane Collaboration’s tool are provided in Table 2.

Publication bias

Neither Begg’s test nor Egger’s test revealed any significant evi-
dence for publication bias on anthropometric indices (P values
for Begg’s test for BW=0-73, WC=0-89, BMI=0-10 and
BF% = 0-34 and Egger’s test for BW = 0-66, WC = 0-34, BMI = 0-88
and BF% = 0-66). The removing of studies, one by one, did not
substantially change the effect of Mg supplementation on BW,
BMI, WC and BF%.

Effect of magnesium supplementation on body weight

Totally, sixteen eligible studies(21:23-25273033,30,38-41,45-4752) jth
eighteen treatment arms, including a total of 1079 participants,
examined the effect of Mg supplementation on BW.
Combining their findings based on random-effects model, data
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Table 1. Characteristics of eligible studies

Clinical trial Mean Mean Sample size Period
Authors (year) Country design Population age BMI Sex case/placebo  Dose (mg) (weeks) Outcomes
Witteman et al. Netherlands  Parallel ~ Women with HTN 57-2 - Women 47/44 485 mg/d 24 Weight
(1994)
ltoh et al. (1997) Japan Parallel Healthy 65 236 Both 23/10 548 mg/d 4 Weight
Zorbas et al. (1999)  Greece Parallel ~ Male athletes 245 248 Men 10/10 23 mg/kg weight body 48 Weight
Rodriguez Moran Mexico Parallel  T2DM 569 281 Both 32/31 2-5g MgCl, 16 Weight, BMI
et al. (2003)
Guerrero-Romero Mexico Parallel Diabetic hypertensive adults with hypomagnesaemia 595 295 Both 40/39 450 mg/d 16 BMI
et al. (2009)
Day et al. (2010) Australia Parallel Postmenopausal women 58 246  Women 34/33 1500-1800 mi 12 Weight, BMI
magnesium
bicarbonate
Rodriguez- Mexico Parallel  Non-hypertensive obese women 48 36-8 Women 15/15 450 mg/d 16 BMI, WC
Hernandez et al. =
(2010) @
Mooren et al. (2011)  Germany Parallel Normomagnesaemia, overweight, insulin resistant, non- 50 30-45 Both 25/22 365 mg/d 24 BMI a
diabetic subjects =
Moslehi et al. (2012)  Iran Parallel  Middle-aged overweight women 58 28 Women 35/34 250 mg/d 8 Weight, BMI 2
Abbasi et al. (2012)  Iran Parallel ~ Overweight or obese subjects 65 291 Both 21/22 500 mg/d 8 Weight, BMI z
Solati et al. (2013) Iran Parallel  T2DM 48-4 2654  Both 25/22 300 mg/d 12 BMI %
Karandish et al. Iran Parallel Participants with NAFLD 36 31.2 Both 34/34 350 mg/d 12 Weight, BMI t'BT
(2013) )
Rodriguez-Moran Mexico Parallel  Metabolically obese, normal-weight individuals 357 225 Both 24/23 382 mg/d 16 BMI, WC =1
etal. (2014) 8
Navarrete-Cortes Mexico Parallel  T2DM 52.8 305 Both 56/56 360 mg/d 12 BMI, WC S‘
et al. (2014) =1
Lourdes Lima et al. Brazil Parallel ~ Women with MS without diabetes 456 353 Women 30/32 400 mg/d 12 Weight, BMI g
(2014) andWC 8
Simental-Mendia Mexico Parallel Prediabetes men and women (non-pregnant) 4045 32.05 Both 58/56 382 mg/d 12 Weight, BMI g
et al. (2014) and WC Q
Guerrero-Romero Mexico Parallel Prediabetes men and women (non-pregnant) 425 311 Both 59/57 382 mg/d 12 BMl and WC &
et al. (2015) =3
Rajizadeh et al. Iran Parallel Depressed people with hypomagnesaemia 32 271 Both 26/27 500 mg/d 8 BMI %
(2016) o
Khammas et al. Iraq Parallel  MetS women 51.5 34.85 Women 30/17 168 mg/d 8 Weight, BMI
(2017) and WC
Razzaghi et al. Iran Parallel ~ Subjects with grade 3 diabetic foot ulcer 596 272 Both 35/35 250 mg/d 12 Weight, BMI
(2017)
Toprak et al. (2017)  Turkey Parallel  Hypomagnesaemia, pre-diabetic and obese patients 56-3 339 Both 57/61 365 mg/d 12 BMI, WC
Rodriguez-Ramirez Mexico Parallel ~ Pre-HTN men and women (non-pregnant) with 517 283 Both 18/18 360 mg/d 16 BMI
et al. (2017) hypomagnesaemia
Zghoul et al. (2018) Kuwait Parallel  Type 2 diabetes patients 52 337 Both 47/32 336 mg/d 12 Weight
Sadeghian et al. Iran Parallel Hypomagnesaemia patients diagnosed with type 2 42 31.05 Both 40/40 250 mg/d 12 Weight, BMI
(2018) diabetes and early-stage nephropathy and WC
Rodriguez-Moran Mexico Parallel  Individuals with the MetS and hypomagnesaemia 399 301 Both 100/98 382 mg/d 16 BMI, WC
et al. (2018)
Talari et al. (2019) Iran Parallel Diabetic haemodialysis patients 603 266 Both 27/27 250 mg/d 24 Weight, BMI
Rashvand et al. Iran Parallel  T2DM 49 29-5 Both 18/19 500 mg/d 8 Weight, BMI
(2019) and WC
Solati et al. (2019) Iran Parallel ~ Overweight and non-diabetic subjects 406 2886 Both 35/35 300 mg/d 24 BMI

LY9

HTN, hypertension; T2DM, type 2 diabetes mellitus; WC, waist circumference; NAFLD, non-alcoholic fatty liver disease; MetS, metabolic syndrome.
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Table 2. Risk of bias assessment for included randomised controlled clinical trials %
Blinding of Blinding of Incomplete Other
Sequence Allocation participants outcome outcome Selective sources Overall risk of
Authors (publication year) generation concealment and personnel assessors data reporting of bias bias
Witteman et al. (1994) U L L L L U L Fair quality
Itoh et al. (1997) U L L L L U L Fair quality
Zorbas et al. (1999) u L U U L U u Poor quality
Rodriguez Moran et al. (2003) U L L L H U U Poor quality
Guerrero-Romero et al. (2009) U L L L L U U Fair quality
Day et al. (2010) L U L U U U U Poor quality
Rodriguez-Hernandez et al. L L L L L U L Fair quality
(2010)

Mooren et al. (2011) L L L U L U U Fair quality
Moslehi et al. (2012) L L L H U U U Poor quality
Abbasi et al. (2012) L u U U L U u Poor quality
Solati et al. (2013) U L L U L U U Poor quality
Karandish et al. (2013) u L L U L U L Fair quality
Simental-Mendia et al. (2014) L L L U L U U Fair quality
Rodriguez-Moran et al. (2014) L L L U L U U Fair quality
Navarrete-Cortes et al. (2014) L L L U L U L Fair quality
Lourdes Lima et al. (2014) u u L H L U u Poor quality
Guerrero-Romero et al. (2015) L L L L L U L Good quality
Rajizadeh et al. (2016) L L L U U U U Poor quality
Khammas et al. (2017) L U L U L U U Poor quality =
Razzaghi et al. (2017) L L L L U U L Fair quality &
Rodriguez-Ramirez et al. (2017) L L L U L U U Fair quality =
Toprak et al. (2017) L L L U L U L Fair quality 2
Sadeghian et al. (2018) L L L L H U U Poor quality ;
Talari et al. (2008) L L L U U U u Poor quality =~
Rodriguez-Moran et al. (2018) L L L U L U L Fair quality
Zghoul et al. (2018) L H H H L U U Poor quality
Rashvand et al. (2019) L L L U L U U Fair quality
Solati et al. (2019) U L L U L U L Fair quality

H, high risk of bias; L, low risk of bias; U, unclear risk of bias.
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Study %
ID WMD 95%ClI Weight
Zghoul* (2018) ; 010 -7-87,8:07 2-88
Zghoult (2018) - 000 —648, 648 4-36
Simental-Mendia (2014) | 6-80 1-50,12-10 6-51
Day (2010) ‘ 003 —4-86, 4-80 7-83
Khammas (2017) ] 260 -9-12,3-92 429
Sadeghian (2018) } —-0-80 —6-44,4-84 575
Talari (2018) |: 010 -7-05, 685 378
Razzaghi (2017) 0-00 -6-16, 6-16 4-81
Kazue Itoh (1997) l: -1-40 -7-37,4-57 512
Rodriguez Moran (2003) Ij -0-10 -5:18,4-98 7-09
Zorbas* (1999) 0-00 -5-43,543 6-20
Zorbast (1999) I: -0-60 -6-17,4-97 5-88
Moslehi (2012) 010 -3-97,4-17 11-03
abbasi (2012) ll -1-00 -6-98,4-98 511
Karandish (2013) : 025 -7-05,7-55 343
Rashvand (2019) I; -0-13 -6-77, 6-51 4-14
Lourdes Lima (2014) Ii 0-90 -8-20, 10-:00 2:20
Witteman (1994) ‘ 010 —4-26, 4-46 9-59

i

|

L

0

-121

121

Fig. 2. Forest plot of the effect of magnesium supplementation on body weight. WMD, weighted mean difference. * Placebo group was obese; t placebo group was non-

obese.

analysis did not show any significant effect of Mg supplementa-
tion on BW (WMD 0-16kg, 95% CI —1-19, 1-51, P=0-810)
compared with the control group, also there were no significant
heterogeneity for weight (7 =0-0%, P=0-97), Fig. 2.

Subgroup analysis based on the median dose of intervention
(>360 and <360 mg/d), duration of supplementation (>12 and
<12 weeks), mean BMI of subjects (BMI > 28 and <28 kg/mz),
mean age of participants (age of >50 and <50 years) and sex
(men, women and both) effect remained non-significant in all
of subgroup analysis as outlined in Table 3.

Effect of magnesium supplementation on waist
circumference

Overall, twelve clinical trials(23:24:2028:30-32.35.43-4547) including a
total of 997 subjects reported the effect of Mg consumption on
WC. Pooled effect size did not show any significant effect of
Mg supplementation on WC (WMD —1-161 cm, 95 % CI —2-78,
0-46, P=0-16). Also, between-study heterogeneity was NS
(P =0-0%, P=0-450), Fig. 3.

Subgroup analysis based on the median dose of supplemen-
tation (dose > 380 and <380 mg/d), mean BMI (> 30 and < 30),
mean age (<45 and >45 years), mean duration of intervention
(£12 and <12 weeks) and sex (women and both) showed only
a significant effect in mean BMI > 30 kg/m? subset (WMD —2-09 cm,
95 % CI —4-12, —0-07, P=0-040) (Fig. 4) and also a similar reduc-
tion in WC was observed in the mean age >45 subset, but this is
NS (WMD —2-10 cm, 95 % CI —4-38, 0-18, P=0-070) as outlined
in Table 3.

Effect of magnesium supplementation on BMI

The pooled estimation from the random-eftects model that per-
formed on twenty-five studies?'-3%42-47.52 (twenty-six treatment
arms) including 1931 participants showed that Mg had no signifi-
cant effect on BMI (WMD —0-10 kg/m? 95% CI —0-39, 0-19,
P=0-500). Also, between-study heterogeneity was NS
(#=0-0%, P=0-980), Fig. 5.

Subgroup analysis based on the median dose of supplemen-
tation (>360 and <360 mg/d), mean duration of intervention
(>12 and <12 weeks), mean BMI (BMI > 30 and <30 kg/mz),
mean age (>50 and <50years) and sex (women and both)
showed non-significant effect of Mg supplementation on BMI
as outlined in Table 3.

Effect of magnesium supplementation on body fat
percentage

The pooled estimation from five studies®#353940:52  (six

treatment arms) including 244 participants showed that Mg
had no significant effect on body fat (WMD 0-40 %, 95 % CI
—0-61, 0-69, P=0-90). Also, between-study heterogeneity
was NS (Z=0-0%, P=0-900), Fig. 6. Subgroup analysis
based on the median dose of supplementation (>400 and
<400 mg/d), mean duration of intervention (>14 and
<14 weeks), mean BMI (BMI > 29 and < 29 kg/m?), mean age
(>38 and <38 years) and sex (men, women and both) showed
a non-significant effect in short duration (<14 weeks) subset
(WMD —0-54 %, 95 % CI —2-08, 0-99, P=0-480) as outlined in
Table 3.
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Table 3. Result of subgroup analysis on anthropometrics indices of included studies in the meta-analysis
(Weighted mean differences (WMD) and 95 % confidence intervals)

P for between

P for subgroup
Subgrouped by No. of trials WMD 95 % ClI P heterogeneity P (%) heterogeneity
Body weight 18 0-160 -1.192, 1.512 0-816 0-978 0
Dosage (mg) (< and > median)
<360 9 -0-293 —2.241, 1-655 0-768 1 0 0-526
>360 9 0-581 —1.296, 2-458 0-544 0-607 0 0-526
Intervention duration (weeks) (< and > mean)
<12 13 0-292 —1.354, 1.937 0728 0-840 0 0784
>12 5 -0-112 —2.482, 2.257 0-926 1 0 0784
BMI (kg/m?) (< and > mean)
<28 7 -0-229 -2.252, 1.794 0-825 1 0 0-865
>28 10 0-552 —1.446, 2.550 0-588 0-650 0 0-865
Age (years) (< and > mean)
<50 8 0-876 —1-136, 2-888 0-394 0-567 0 0-347
>50 10 -0-429 —2.254, 1-396 0-645 1 0 0-347
Sex
Men 2 -0-29 —-4.18, 3-60 0-883 0-880 0 0-866
Women 5 -0-21 —-2:50, 2.08 0-857 0-961 0 0-866
Both 11 0-51 -1.35, 2:36 0-592 0777 0 0-866
wWC 12 -1-161 —2.787, 0-464 0-161 0-457 0
Dosage (mg) (< and > median)
<380 9 -1-290 —3.089, 0-508 0-160 0-220 25 0742
>380 3 —0-586 —4.384, 3-213 0762 0975 0 0742
Intervention duration (weeks) (< and > mean)
<12 8 -1.633 -3:432, 0-166 0-075 0-338 11-8 0-230
>12 4 0-942 —2-855, 4.739 0-627 0-692 0 0-230
BMI (kg/m?) (< and > mean)
<30 5 0-542 -2-188, 3-.272 0-697 0-823 0 0-128
>30 7 -2.097 -4.120, —0-073 0-042 0-320 14-4 0128
Age (years) (< and > mean)
<45 6 -0-193 —2.508, 2-122 0-870 0-965 0 0-250
>45 6 -2-103 —4.387, 0-180 0-071 0-128 415 0-250
Sex
Women 2 -2.91 -7-15,1.32 0177 0-424 1.6 0-379
Both 10 0-51 -1.35, 2:36 0-353 0-337 0 0-379
BMI
Dosage (mg) (< and > median) 27 -0-100 —0-395, 0-195 0-506 0-988 0
<360 14 —-0-021 —0-389, 0-348 0912 1 0 0-484
>360 13 —0-240 —-0-731, 0-251 0-338 0616 0 0-484
Intervention duration (weeks) (< and >mean)
<12 weeks (mean) 18 —-0-230 —-0-690, 0-229 0-326 0-892 0 0-469
>12 weeks 9 —0-009 —0-393, 0-376 0-964 0-990 0 0-469
BMI (kg/m?) (< and > mean)
<30 14 —0-063 —0-417, 0-292 0729 0-923 0 0711
>30 13 -0-183 —-0-713, 0-347 0-498 0-930 0 0711
Age (years) (< and > mean)
<50 14 —-0-033 —0-386, 0-320 0-855 0792 0 0-500
>50 13 -0-254 —0-788, 0-281 0-353 0-993 0 0-500
Sex
Women 4 -0-07 -1,087 0-892 0-954 0 0-939
Both 23 -01 -041, 0-21 0512 962 0 0-939
Body fat (%)
Dosage (mg) (< and > median)
<400 6 0-040 —-0-619, 0-699 0-905 0-907 0
>400 4 0-038 -0-637, 0-714 0911 0-691 0 0-984
Intervention duration (weeks) (< and > mean) 2 0-069 —2-876, 3-015 0-963 0-767 0 0-984
<14 weeks 3 —0-546 —2.082, 0-991 0-486 0-706 0 0-408
>14 weeks 3 0172 —0-557, 0-901 0-644 0918 0 0-408
BMI (kg/m?) (< and > mean)
<29 3 0-013 —-0-681, 0-707 0971 0-506 0 0-808
>29 3 0-285 —1.798, 2.367 0-789 0-938 0 0-808
Age (years) (< and > mean)
<38 3 0-183 —0-538, 0-904 0-620 0-904 0 0-341
>38 3 —-0-678 —2-295, 0-939 0411 0-802 0 0-341
Sex
Men 2 0-0 -0.74, 074 1 1 0 1
Women 1 0-0 -2.07, 2.07 1 1 0 1
Both 3 0-0 -2.01, 2.01 1 1 0 1

WC, waist circumference.
* Effect size was calculated by random-effects model.
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Study %
ID WMD 95% ClI Weight
!
|
Simental-Mendia (2014) —_—t— 0-80 —4-03, 563 11-34
.
Rodriguez-Moran (2014) —-0-30 -5-50, 4-90 9-78
|
Rodriguez-Moran (2018) } -0-70 -16-69, 1529 1-03
|
Rodriguez-Ramirez (2017) l 490 -2-58,12:38 472
|
Khammas Hasan (2017) 1 -516  -11-40, 1-08 6:79
|
Sadeghian (2018) -190  -7-05,3:25 9:98
Navarrete-Cortes (2014) —%—0— 0-02 —4-60, 4-64 12:35
Rodriguez-Hernandez (2010) j -0-80 -10-53, 8:93 2:79
|
Rashvand (2019) : -0-07 -5-98,5-84 7-56
|
Lourdes Lima (2014) -1-00 —6-76, 4-76 797
|
Toprak (2017) G E— -560 -9-61,-1-59 16-47
|
Guerrero-Romero (2015) 1 1-30 —4-05, 6-65 9-22
|
Overall (12 = 0-0%, P = 0-457) <> -116  —2:79,0-46 100-00
l
|
|
T ‘ T

-16-7 0

167

Fig. 3. Forest plot of the effect of magnesium supplementation on waist circumference. WMD, weighted mean difference.

Dose-response meta-analysis

Dose-response analysis not revealed a significant effect of Mg
supplementation dosage on anthropometric indices including
BW, BMI and WC (» 0-028, P-non-linearity =0-543, r 0-2-88,
P-non-linearity = 0-129, r 82-04, P-non-linearity = 0-2406, respec-
tively) and based on duration of intervention on BW, BMI and
WC (r —0-20, P-non-linearity= 0-218, r 0-015, P-non-linearity

=0-776, r =1017-7, P-non-linearity =0-552, respectively)
(Fig. 7).
Discussion

The results of our meta-analysis of twenty-eight RCT studying the
impact of Mg supplementation on anthropometric measure-
ments in adults showed a reduction in WC measurement in
obese (BMI > 30 kg/mz). However, there was no significant
association between Mg supplement and others anthropometric
parameters. Our meta-analysis verified the effectiveness of anti-
obesity effect of Mg supplementation just in subjects with obesity
of the population. The outcome that Mg supplement may have a
decreasing effect on WC in certain subgroups (subjects with
obesity) is supported by Mg capability of forming soaps with
fatty acids in the intestine (and so reducing the digestible energy
content of the die)®®. On the other hand, Mg is a cofactor of
enzyme cholesterol acyltransferase and lipoprotein lipase,
which take part in lipoproteins metabolism®®. Numerous exper-
imental studies have confirmed that Mg deficiency cause an
increase in the TAG serum levels and abdominal obesity due

to decrease in chylomicron clearance and activity of lipoprotein
lipase®. With regard to all possible mechanisms of Mg anti-
obesity effect, there is no an exact mechanism for it yet. Also,
several human studies show that hypomagnesaemia is signifi-
cantly associated with high risk of obesity especially abdominal
obesity®3?, To the best of our knowledge, our study is the first
meta-analysis on this topic, and the findings show that Mg sup-
plementation may significantly reduce WC only in subjects with
obesity but has no effect in other subjects and measurements
related to obesity. Since the baseline BMI mean was more than
30 in most studies, one of the reasons for justification our results
may be associated with BMI status. Another reason for explain-
ing this finding may be related to healthy condition of partici-
pants. It is worth mentioning that there is no significant
change after adjusting for duration of intervention, dose and
age in all anthropometric indices. There are several limitations
that should be mentioned when interpreting the findings in
the present meta-analysis. First, there are a few studies on the
topic ‘the effect of magnesium supplementation on anthropo-
metric indices in healthy subjects’ and also the number of
included studies in this meta-analysis was not adequate to reach
a firm conclusion. Second, the most of the included studies were
organised in the two countries, Mexico and Iran, which though
strengthen internal validity of the findings but decrease their
overall generalisability. Third, the magnitude of changes in
anthropometric indices may not be equal and reliable during
the intervention. Finally, the data analysis in most of studies
was not adjusted for confounding variables such as lifestyle
behaviours including diet, physical activity and tobacco use.
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Study %
ID WMD 95% CI Weight
1
Above 30 kg/m? :
Simental-Mendia (2014) ————— 080 403,563 11:34
1
Khammas Hasan (2017) + -5-16 -11-40, 1-08 6:79
Sadeghian (2018) —— -1:90 -7-05,3:25 9:98
Rodriguez-Hernandez (2010) i: -0-80 -10-53, 8-93 2:79
Lourdes Lima (2014) —— -1:00 -6:76, 476 797
Toprak (2017) —_——— : -5:60 -9:61,-1-59 16-47
Guerrero-Romero (2015) : 1-30 —4-05, 665 9:22
Subtotal (/2 = 14-4%, P = 0-320) <> 210 —4-12,-0-07 64-55
1
1
1
Less than 30 kg/m? :
Rodriguez-Moran (2014) + -0-30 -5-50, 4-90 978
Rodriguez-Moran (2018) & :¢ -0-70 -16-69, 15-29 1-03
1
Rodriguez-Ramirez (2017) —— 490 -2-58,12-38 4:72
1
Navarrete-Cortes (2014) —}—o— 0-:02 —4-60, 4-64 12:35
Rashvand (2019) —o 007 -598,584 7-56
1
Subtotal (/2= 0-0%, P = 0-823 0-57  -2-19,3-27 3545
( o ) <:>
1
1
Heterogeneity between groups: P = 0-128 :
Overall (12 = 0-0%, P = 0-457) <fl>> -116  —279, 046 100-00
1
1
1
I I
-16-7 0 167

Fig. 4. Forest plot of the effect of magnesium supplementation sub grouped by BMI > 30 and <30 kg/m? on waist circumference. WMD, weighted mean difference.

Therefore, it is obvious that conducting well-designed rando-
mised controlled trials with different racial populations are
essential in future. Despite the above limitations, this is the first
study to investigate systematically and meta-analytically the
effect of Mg supplementation on anthropometric indices. So,
our study can make a good perspective to the researcher in
the future. Several studies have demonstrated that hypomagne-
saemia was associated with the pathogenesis of obesity7.000D,
On the other hand, the anti-obesity effects of Mg supplements
are not supported by firm evidence'®?. It is valuable to note that,
based on Recommended Dietary Allowances, Mg deficiency is a
common global complication. The Institute of Medicine (USA)
Food and Nutrition Board set estimated average requirement
of Mg at level of 255-265 mg/d for females and 330-350 mg/d
for males®®. Mg is a fundamental divalent metal ion and a critical
cofactor for numerous enzymes involved in the metabolism of
fats, proteins and carbohydrates and also helps insulin to act bet-
ter©309 As well as, it is essential for the activity of lecithin cho-
lesterol acyltransferase and lipoprotein lipase enzyme, which
has an important role in increasing level of serum HDL and
decreasing TAG levels, respectively. Moreover, Mg is a regula-
tory factor in cholesterol biosynthesis®>. Mg-ATP complex is

also a main factor in glucose and insulin metabolism, mainly
through its impact on kinase tyrosine activity, by transferring
phosphate from ATP to protein. In addition, Mg may directly
affect GLUT-4 and help to uptake glucose into cells®?,
Eventually, Mg deficiency may promote pathogenesis of obesity
by altering the aforementioned functions. In this regard, studies
have found that low intake of Mg and hypomagnesaemia is
strongly associated with obesity and insulin resistance®’~"®,
Present meta-analysis showed that Mg supplementation caused
reduction in WC in subjects with obesity. A high prevalence of
Mg deficiency has been previously indicated in this popula-
tion®®°V_ Hirschler et al. 7" have showed that hypomagnesae-
mia was associated with central obesity, defined as WC more
90 cm. Also, numerous studies indicated that patients with cen-
tral obesity and hypomagnesaemia are more susceptible to show
abnormal parameters of fasting blood glucose and lipid pro-
file®77%. The low serum level of Mg in patients with diabetes
was principally caused by reduced insulin sensitivity, which
leads to enhancement of Mg excretion in urine’?. Impacts of
insulin resistance could illustrate a strong association between
central obesity and low concentration of Mg747>. We observed
that Mg supplementation had no significant impact on BW, BMI
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Study %

ID WMD  95% ClI Weight
Simental-Mendia (2014) :! 2g 1-80 -0-41,4-01 177
Rodriguez-Moran (2014) —_— 0-00 -0-99, 0-99 8-84
Rodriguez-Moran (2018) —’_\L— -0-40 -2-08,1-28 3:09
Rodriguez-Ramirez (2017) f g 2-:30 -1-52,6:12 0-59
Zghoul* (2018) T 000 -231,231 163
Zghoult (2018) G — 0-00 -1-88,1-88 2:46
Day (2010) — 0-03 -1-58,1-64 3-34
Guerrero-Romero (2009) > -0-10 -2-30, 210 1-80
Khammas Hasan (2017) »> }I -0-62 -2-95,1-71 1-59
Christoph Mooren (2010) R 0-00 -1-68, 1-68 310
Rajizadeh (2016) - -2:90 -542,-0-38 1-37

Sadeghian (2018) = -0-50 -2-69, 1-69 1-81
Talari (2018) - -010 -2-81, 261 118
Solati (2013) A‘I -0-20 -2-67,227 1-43
Razzaghi (2017) " -0-10 -2-30,2:10 1-79
Rodriguez-Moran (2003) *| -0-20 -3-80, 3-40 0-67
Moslehi (2012) —_—T———— 0-10 -1-35,1-55 412
Abbasi (2012) -4 -040 -2:64,1-84 173
Karandish (2013) »> —0-06 -2-44,2-32 1-53
c Navarrete-Cortes (2014) . -0-10 -2-21,2-01 1-96
C_) Rodriguez-Hernandez (2010) »> }I —040 —4-44,3-64 0-53
R Rashvand (2019) + -012 -2-37,213 1-71
b Solati (2019) — 0-00 -0-47,0-47 39:02
> Lourdes Lima (2014) »> -0-20 -3-42,3-02 0-84
Z Toprak (2017) —— -078 -1-79,023 857
Guerrero-Romero (2004) ‘} -0-30 -2-70, 210 1-51
H6 Guerrero-Romero (2015) ; - 0-80 -1-27,2:87 2:04
Overall (12 = 0-0%, P = 0-988) <> -010 -0-39, 0-19 100-00
= l
c T ‘ T
5 612 0 612
O
- Fig. 5. Forest plot of the effect of magnesium supplementation on BMI. WMD, weighted mean difference. * Placebo group was obese; T placebo group was non-obese.
_S,
k=)
'C
(a'a)]

Study %
ID WMD 95% CI Weight

Karandish (2013) 0-50 —2-44,3-44 5-00

Moslehi (2012) -1-00 -2-93,0-93 11-59

Rodriguez-Hernandez (2010) 040 -3-27,4-07 3-22

-053 -547,441 178

Rashvand (2019)

Zorbas* (1999) [ -0-00 -1-10,1-10 35-96
|
Zorbast (1999) _—— 0-30 -0-71,1-31 42-45
Overall (/2 =0:0%, P=0-907) 0-04 -0-62,0:70 100-00
T f T
-5-47 0 547

Fig. 6. Forest plot of the effect of magnesium supplementation on body fat percentage. WMD, weighted mean difference. * Placebo group was obese; 1 placebo group
was non-obese.
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Fig. 7. Non-linear dose-response associations between magnesium supplementation and absolute mean differences. Dose—response relationships between
magnesium supplementation and absolute mean differences in BMI (kg/m? — twenty-five trials) (a and b), waist circumference (WC) (cm — twelve trials) (c and d)
and weight (kg — sixteen trials) (e and f) based on dose of magnesium (mg/d) are depicted.

and BF% in all subgroups. However, the Coronary Artery Risk
Development study in 5115 American young adults, aged
18-30 years, after 30-year follow-up found that Mg intake was
negatively associated with incidence of obesity. According to this
follow-up, intakes of foods rich in Mg, including whole grains, nuts
and seeds, legumes, and dark-green vegetables, can decrease
obesity risk7. In the present study, we found that Mg supplemen-
tation intake has a negative association with WC, which supports
this hypothesis. It is important to note that most of included studies
in this meta-analysis have reported anthropometrics indices as sec-
ondary outcomes. Hence, difference in anthropometrics measure-
ment between intervention and placebo groups may be due to
estimations bias. Our dose-response analysis showed that neither
dosage nor duration of Mg supplementation led to significant
changes in BMI, BW and WC. Further, this hypothesis ‘the high
dose of supplementation Mg and/or long duration of intervention
can have an effect to decrease anthropometric measurements’
seems to be not effective. The weakness of significant association
between Mg supplementation and anthropometric indices may be
related to several factors. First, the effect of Mg supplementation on
anthropometric indices may depend on Mg status at the beginning
of the study and variation of serum level of Mg at baseline. Second,
diets with high content of Mg such as whole grains, nuts, fruits and
vegetables may have more strong anti-obesity effects rather than
the single nutrient intake as supplement. In addition to Mg, many
other components of foods including fibres, vitamin E, several
B-vitamins and lignans may contribute to the beneficial effects
on obesity””. Finally, the small number of trials led to decline
our ability to diminish subgroup and publication bias analysis
for BW, WC, BMI and BF%. Our study has several advantages.
First of all, our study is the first meta-analysis of RCT to review sys-
tematically the effects of Mg supplementation on anthropometric
indices in adults. Second, our results were firm and strong because
all included studies were RCT. Finally, analysis was based on

subgrouping conducted to assess the effects of various subgroups
and confounder variables.

In conclusion, the present meta-analysis on clinical trials
revealed that supplementation with Mg significantly decreased
WC in subjects with obesity (BMI > 30 kg/m?), and also it had no
effect on BMI, BW and BF% in all subgroups. Although Mg sup-
plementation generally had no statistically significant effects on
anthropometric indices, but it may be effective on subjects with
obesity. High-quality, long-time, large population studies and
further investigation and assessment of the efficacy and effective
dose of Mg supplementation on anthropometric indices in future
research are required.

Acknowledgements

The authors are thankful to the student research committee of
Isfahan University of Medical Sciences.

The present study with code 198210 was supported by the
Nutrition Research Committee of School of Nutrition and Food
Science Isfahan University of Medical Sciences.

M.R.,A.G.H,S. H.and G. H. A. designed the research; M. R.
and A. G. H. conducted the research; M. R. analysed the data;
M. R. and A. G. H. wrote the paper. All authors read and
approved the final manuscript.

The authors declare that they have no conflict of interest.

The present study was approved by the Ethical Committee of
Isfahan University of Medical Sciences.

References

1. Smith SC Jr (2007) Multiple risk factors for cardiovascular dis-
ease and diabetes mellitus. Am J Med 120, S3-S11.

2. Hubert HB, Feinleib M, McNamara PM, et al. (1983) Obesity as
an independent risk factor for cardiovascular disease: a 26-year

ssaud Ais1anun abpriquie) Ag auljuo paystignd ££0€0002S L LL000S/LL0L0L/BIo 10p//:sd1y


https://doi.org/10.1017/S0007114520003037

o

British Journal of Nutrition

.\I‘

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Magnesium supplement and anthropometric indices

follow-up of participants in the Framingham Heart Study.
Circulation 67, 968-977.

World Health Organization (2016) Obesity and Overweight.
Fact Sheet. Geneva: World Health Organization.

World Health Organization (2009) Global Heaith Risks:
Mortality and Burden of Disease Attributable to Selected
Major Risks: Geneva: World Health Organization.

Barouki R, Gluckman PD, Grandjean P, et al. (2012)
Developmental origins of non-communicable disease: implica-
tions for research and public health. Environ Health 11, 42.
Dobbs R, Sawers C, Thompson F, et al. (2014) Overcoming
Obesity: An Initial Economic Analysis. Brazil: McKinsey
Global Institute.

Cakmur H (2017) Obesity as a growing public health problem.
In Adiposity — Epidemiology and Treatment Modalities. https://
www.intechopen.com/books/adiposity-epidemiology-and-
treatment-modalities/obesity-as-a-growing-public-health-problem
Ramage S, Farmer A, Apps Eccles K, et al. (2013) Healthy strat-
egies for successful weight loss and weight maintenance: a sys-
tematic review. Appl Physiol Nutr Metab 39, 1-20.

Azizi F, Mirmiran P & Azadbakht L (2004) Predictors of cardio-
vascular risk factors in Tehranian adolescents: Tehran Lipid and
Glucose Study. Int J Vitam Nutr Res 74, 307-312.

Dulloo AG (2011) The search for compounds that stimulate
thermogenesis in obesity management: from pharmaceuticals
to functional food ingredients. Obes Rev 12, 866—-883.
Soeliman FA & Azadbakht L (2014) Weight loss maintenance: a
review on dietary related strategies. J Res Med Sci 19, 268.
Derosa G & Maffioli P (2012) Anti-obesity drugs: a review about
their effects and their safety. Exp Opin Drug Saf 11, 459-471.
Kang JG & Park C-Y (2012) Anti-obesity drugs: a review about
their effects and safety. Diabetes Metab J 36, 13-25.

Jeong]J, Lee B, Kim D, et al. (2018) Mechanism of action of mag-
nesium lithospermate B against aging and obesity-induced ER
Stress, insulin resistance, and inflammsome formation in the
liver. Molecules 23, 2098.

Vormann J (2003) Magnesium: nutrition and metabolism. Mol
Aspects Med 24, 27-37.

Shils ME & Shike M (2006) Modern Nutrition in Health and
Disease. Philadelphia, PA: Lippincott Williams & Wilkins.
Buchachenko A, Shchegoleva L & Breslavskaya N (2009)
Paramagnetic complexes of magnesium as mediators in enzy-
matic ATP synthesis: DFT calculations of magnetic parameters.
Chem Phys Lett 483, 77-80.

Guerrero-Romero F & Rodriguez-Moran M (2013) Serum mag-
nesium in the metabolically-obese normal-weight and healthy-
obese subjects. Eur J Internal Med 24, 639-643.

Jose B, Jain V, Vikram NK, et a/. (2012) Serum magnesium in
overweight children. Indian Pediatr 49, 109-112.

He K, Liu K, Daviglus ML, et al. (2006) Magnesium intake and
incidence of metabolic syndrome among young adults.
Circulation 113, 1675-1682.

Talari HR, Zakizade M, Soleimani A, et al. (2019) Effects of magne-
sium supplementation on carotid intima-media thickness and
metabolic profiles in diabetic haemodialysis patients: a randomised,
double-blind, placebo-controlled trial. BrJ Nutr 121, 809-817.
Solati M, Kazemi L, Majd NS, et al. (2019) Oral herbal supple-
ment containing magnesium sulfate improve metabolic control
and insulin resistance in non-diabetic overweight patients: a
randomized double blind clinical trial. Med J Islam Repub
Iran 33, 2.

Sadeghian M, Azadbakht L, Khalili N, et a/. (2019) Oral magne-
sium supplementation improved lipid profile but increased
insulin resistance in patients with diabetic nephropathy: a
double-blind randomized controlled clinical trial. Biol Trace
Elem Res 193, 23-35.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

30.

37.

()
)
N

Rashvand S, Mobasseri M & Tarighat-Esfanjani A (2019) The
effects of choline and magnesium co-supplementation on meta-
bolic parameters, inflammation, and endothelial dysfunction in
patients with type 2 diabetes mellitus: a randomized, double-
blind, placebo-controlled trial. J Am Coll Nutr 38, 714-721.
Zghoul N, Alam-Eldin N, Mak IT, et al. (2018) Hypomagnesemia
in diabetes patients: comparison of serum and intracellular mea-
surement of responses to magnesium supplementation and its
role in inflammation. Diabetes Metab Syndr Obes 11, 389-400.
Rodriguez-Moran M, Simental-Mendia LE, Gamboa-Goémez CI,
et al. (2018) Oral magnesium supplementation and metabolic
syndrome: a randomized double-blind placebo-controlled
clinical trial. Adv Chronic Kidney Dis 25, 261-266.

Razzaghi R, Pidar F, Momen-Heravi M, et al. (2018) Magnesium
supplementation and the effects on wound healing and meta-
bolic status in patients with diabetic foot ulcer: a randomized,
double-blind, placebo-controlled trial. Biol Trace Elem Res
181, 207-215.

Rodriguez-Ramirez M, Rodriguez-Moran M, Reyes-Romero MA,
et al. (2017) Effect of oral magnesium supplementation on the
transcription of TRPM6, TRPM7, and SLC41A1 in individuals
newly diagnosed of pre-hypertension. A randomized, double-
blind, placebo-controlled trial. Magnesium Res 30, 80-87.
Rajizadeh A, Mozaffari-Khosravi H, Yassini-Ardakani M, et al.
(2017) Effect of magnesium supplementation on depression
status in depressed patients with magnesium deficiency: a
randomized, double-blind, placebo-controlled trial. Nutrition
35, 56-60.

Simental-Mendia LE, Rodriguez-Morin M & Guerrero-Romero F
(2014) Oral magnesium supplementation decreases C-reactive
protein levels in subjects with prediabetes and hypomagnese-
mia: a clinical randomized double-blind placebo-controlled trial.
Arch Med Res 45, 325-330.

Rodriguez-Moran M & Guerrero-Romero F (2014) Oral magne-
sium supplementation improves the metabolic profile of
metabolically obese, normal-weight individuals: a randomized
double-blind placebo-controlled trial. Arch Med Res 45,
388-393.

Navarrete-Cortes A, Ble-Castillo JL, Guerrero-Romero F, et al.
(2014) No effect of magnesium supplementation on metabolic
control and insulin sensitivity in type 2 diabetic patients with
normomagnesemia. Magnesium Res 27, 48-50.

Abbasi B, Kimiagar M, Shirazi M, et al. (2012) Effect of magne-
sium supplementation on calorie intake and weight loss of
overweight or obese insomniac elderly subjects: a double-
blind randomized clinical trial. Iranian ] Nutr Sci Food
Technol 7, 31-40.

Mooren FC, Kruiger K, Volker K, e al. (2011) Oral magnesium
supplementation reduces insulin resistance in non-diabetic
subjects —a double-blind, placebo-controlled, randomized trial.
Diabetes Obes Metab 13, 281-284.

Rodriguez-Hernandez H, Cervantes-Huerta M, Rodriguez-
Moran M, et al. (2010) Oral magnesium supplementation
decreases alanine aminotransferase levels in obese women.
Magnesium Res 23, 90-96.

Day RO, Liauw W, Tozer LMR, et al. (2010) A double-
blind, placebo-controlled study of the short term effects
of a spring water supplemented with magnesium bicar-
bonate on acid/base balance, bone metabolism and
cardiovascular risk factors in postmenopausal women.
BMC Res Notes 3, 180.

Guerrero-Romero F & Rodriguez-Mordan M (2009) The effect of
lowering blood pressure by magnesium supplementation in
diabetic hypertensive adults with low serum magnesium levels:
a randomized, double-blind, placebo-controlled clinical trial.
J Hum Hypertens 23, 245-251.

ssaud Ais1anun abpriquie) Ag auljuo paystignd ££0€0002S L LL000S/LL0L0L/BIo 10p//:sd1y


https://www.intechopen.com/books/adiposity-epidemiology-and-treatment-modalities/obesity-as-a-growing-public-health-problem
https://www.intechopen.com/books/adiposity-epidemiology-and-treatment-modalities/obesity-as-a-growing-public-health-problem
https://www.intechopen.com/books/adiposity-epidemiology-and-treatment-modalities/obesity-as-a-growing-public-health-problem
https://doi.org/10.1017/S0007114520003037

o

British Journal of Nutrition

656

38.

39.

40.

41.

42.

43.

44.

46.

47.

48.

49.

50.

57.

M. Rafiee et al.

Rodriguez-Moran M & Guerrero-Romero F (2003) Oral
magnesium supplementation improves insulin sensitivity
and metabolic control in type 2 diabetic subjects: a randomized
double-blind controlled trial. Diabetes Care 26, 1147-1152.
Zorbas YG, Kakurin VJ, Afonin VB, et al. (1999) Magnesium
supplements’ effect on magnesium balance in athletes during
prolonged restriction of muscular activity. Kidney Blood Press
Res 22, 146-153.

Itoh K, Kawasaki T & Nakamura M (1997) The effects of high
oral magnesium supplementation on blood pressure, serum
lipids and related variables in apparently healthy Japanese sub-
jects. Br J Nutr 78, 737-750.

Witteman JC, Grobbee DE, Derkx FH, et al. (1994) Reduction of
blood pressure with oral magnesium supplementation in women
with mild to moderate hypertension. Am J Clin Nutr 60, 129-135.
Solati M, Ouspid E, Hosseini S, et al. (2014) Oral magnesium
supplementation in type II diabetic patients. Med ] Islam
Repub Iran 28, 67.

Toprak O, Kurt H, Sari Y, et al. (2017) Magnesium replacement
improves the metabolic profile in obese and pre-diabetic
patients with mild-to-moderate chronic kidney disease: a
3-month, randomised, double-blind, placebo-controlled study.
Kidney Blood Press Res 42, 33-42.

Guerrero-Romero F, Simental-Mendia L, Hernandez-Ronquillo
G, et al. (2015) Oral magnesium supplementation improves
glycaemic status in subjects with prediabetes and hypomagne-
saemia: a double-blind placebo-controlled randomized trial.
Diabetes Metabol 41, 202-207.

de Souza MdLL (2014) Magnesium replacement does not
improve insulin resistance in patients with metabolic syndrome:
a 12-week randomized double-blind study. / Clin Med Res 6, 456.
Karandish M, Tamimi M, Shayesteh AA, et al. (2013) The effect
of magnesium supplementation and weight loss on liver
enzymes in patients with nonalcoholic fatty liver disease.
J Res Med Sci 18, 573.

Hasan EK, Mshimesh BAR, Khazaal FAK, et al. (2017) Effects of
magnesium 1-lactate on metabolic syndrome features in a sam-
ple of Iraqi women. Int J Pharm Sci Rev Res 45, 242-250.
Moher D, Liberati A, Tetzlaff J, et al. (2009) Preferred reporting
items for systematic reviews and meta-analyses: the PRISMA
statement. Ann Intern Med 151, 264-269.

Higgins JP, Altman DG, Getzsche PC, et al. (2011) The
Cochrane Collaboration’s tool for assessing risk of bias in rand-
omised trials. BMJ 343, d5928.

Borenstein M, Hedges LV, Higgins JP, et al. (2011) Introduction
to Meta-Analysis. Chichester: John Wiley & Sons.

Higgins JP & Green S (2006) Cochrane Handbook for
Systematic Reviews of Interventions 4.2.6 (updated September
2000). Chichester: John Wiley & Sons.

Moslehi N, Vafa M, Rahimi-Foroushani A, et al. (2012) Effects of
oral magnesium supplementation on inflammatory markers in
middle-aged overweight women. J Res Med Sci 17, 607-614.
Drenick EJ (1961) The influence of ingestion of calcium and
other soap-forming substances on fecal fat. Gastroenterology
41, 242-244.

Sales CH, dos Santos AR, Cintra DEC, et al. (2014) Magnesium-
deficient high-fat diet: effects on adiposity, lipid profile and
insulin sensitivity in growing rats. Clin Nutr 33, 879-888.
Rayssiguier Y (1986) Magnesium, lipids and vascular diseases.
Experimental evidence in animal models. Magnesium 5, 182-190.
Johansson H-E, Zethelius B, Ohrvall M, et al. (2009) Serum
magnesium status after gastric bypass surgery in obesity.
Obes Surg 19, 1250-1255.

Zaakouk AM, Hassan MA & Tolba OA (2016) Serum magne-
sium status among obese children and adolescents. Egypt
Pediatr Assoc Gaz 64, 32-37.

58.

59.

60.

61.

62.

63.

64.

65.
60.

67.

68.

9.

70.

71.

72.

73.

74.

75.

70.

77.

ul Hassan SA, Ahmed I, Nasrullah A, et al. (2017) Comparison of
serum magnesium levels in overweight and obese children and
normal weight children. Cureus 9, e1607.

Guerrero-Romero F, Flores-Garcia A, Saldana-Guerrero S,
et al. (2016) Obesity and hypomagnesemia. Eur J Intern Med
34, 29-33.

Demerdash H (2015) Obesity and trace elements. Obes Res
Open J 2, 98-100.

Kokot T, Malczyk E, Wilemska-Kucharzewska K, et al. (2019)
Serum magnesium and abdominal obesity and its conse-
quences. In Nutrition in the Prevention and Treatment of
Abdominal Obesity, pp. 383-391 [RR Watson, editor].
London: Academic Press.

Lopez-Lopez P, Rojas-Sobarzo L & Arredondo-Olguin M (2018)
Benefits of selenium, magnesium, and zinc in obesity and met-
abolic syndrome. In Obesity, pp. 197-211 [AM del Moral and
CM Aguilera Garcia, editors]. London: Academic Press.
Nielsen FH (2010) Magnesium, inflammation, and obesity in
chronic disease. Nuir Rev 68, 333-340.

Rosolova H, Mayer O Jr & Reaven G (2000) Insulin-
mediated glucose disposal is decreased in normal subjects with
relatively low plasma magnesium concentrations. Metabolism
49, 418-420.

Inoue I (2005) Lipid metabolism and magnesium. Clin Calcium
15, 65-76.

Volpe SL (2013) Magnesium in disease prevention and overall
health. Adv Nutr 4, 3785-383S.

Bertinato J, Xiao CW, Ratnayake WN, et al. (2015) Lower serum
magnesium concentration is associated with diabetes, insulin
resistance, and obesity in South Asian and white Canadian
women but not men. Food Nutr Res 59, 25974.
Jastrzgbska-Mierzyfiska M, Ostrowska L, Hady HR, et al. (2012)
Assessment of dietary habits, nutritional status and blood bio-
chemical parameters in patients prepared for bariatric surgery: a
preliminary study. Videosurgery Other Miniinvasive Tech 7, 150.
de Oliveira ARS, Cruz KJC, Morais JBS, et al. (2015) Magnesium
status and its relationship with C-reactive protein in obese
women. Biol Trace Elem Res 168, 296-302.

Huerta MG, Roemmich JN, Kington ML, et al. (2005)
Magnesium deficiency is associated with insulin resistance in
obese children. Diabetes Care 28, 1175-1181.

Hirschler V, Esteban M, Gonzalez C, et al. (2016) Association
between waist circumference and magnesium and uric acid
in indigenous Argentinean children living at high altitude.
Cardiovasc Hematol Agents Med Chem 14, 134-140.
Hadjistavri LS, Sarafidis PA, Georgianos PI, et al. (2010) Beneficial
effects of oral magnesium supplementation on insulin sensitivity
and serum lipid profile. Med Sci Monit 16, CRO-CRO.

Wei J, Zeng C, Li X=X, et al. (2016) Association among dietary
magnesium, serum magnesium, and diabetes: a cross-sectional
study in middle-aged and older adults. ] Health Popul Nutr 35, 33.
Watson RR, Preedy VR & Zibadi S (editors) (2013) Magnesium
in Human Health and Disease, 1st ed., pp. 3-5. New York:
Humana Press.

Mooren F, Kruiger K, Volker K, et al. (2011) Oral magnesium
supplementation reduces insulin resistance in non-diabetic
subjects —a double-blind, placebo-controlled, randomized trial.
Diabetes Obes Metab 13, 281-284.

Lu L, Chen C, Yang K, et al. (2020) Magnesium intake is
inversely associated with risk of obesity in a 30-year prospec-
tive follow-up study among American young adults. Eur J Nutr
(epublication ahead of print version 24 February 2020).

Liu S, Willett WC, Manson JE, et al. (2003) Relation between
changes in intakes of dietary fiber and grain products and
changes in weight and development of obesity among
middle-aged women. Am J Clin Nutr 78, 920-927.

ssaud Ais1anun abpriquie) Ag auljuo paystignd ££0€0002S L LL000S/LL0L0L/BIo 10p//:sd1y


https://doi.org/10.1017/S0007114520003037

	The effect of magnesium supplementation on anthropometric indices: a systematic review and dose-response meta-analysis of clinical trials
	Methods
	Protocol and registration
	Literature search and inclusion criteria
	Study selection and data extraction
	Assessment of methodological quality
	Statistical analysis

	Results
	Literature search
	Study characteristics
	Quality assessment
	Publication bias
	Effect of magnesium supplementation on body weight
	Effect of magnesium supplementation on waist circumference
	Effect of magnesium supplementation on BMI
	Effect of magnesium supplementation on body fat percentage
	Dose-response meta-analysis

	Discussion
	Acknowledgements
	References


