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Abstract Muscle strength, an independent predictor of met-
abolic disorders, disability, and mortality, reduces gradually
with advancing age. Little is known about the influence of
nutritional intervention on muscle strength in middle-aged.
The aim of the present study is to examine whether magne-
sium could improve body composition and muscle strength
in middle-aged overweight women. In this double-blinded,
placebo-controlled, randomized trial, a total of 74 healthy
middle-aged overweight women (25≤BMI≤30 kg/m2) re-
ceived either 250 mg magnesium in the form of magnesium
oxide or placebo daily for 8 weeks. Body composition was
assessed using Bioelectrical Impedance Analysis (BIA).
Handgrip strength and knee extension strength were mea-
sured with isometric dynamometry. Functional mobility was
assessed using Time Get Up and Go Test (TGUG). A
significant increase in mean lean body mass was observed
(P=0.05) accompanied with a significant decrease in fat

mass (P=0.02) solely in the magnesium group at the end
of 8 weeks compared to baseline values but the changes did
not reach significant as compared to placebo group. Hand-
grip strength and TGUG improved in the magnesium group
compared to baseline but they were not significant com-
pared to placebo. There were no significant differences in
increasing knee extension strength in the magnesium group
as compared with placebo. Baseline values of serum mag-
nesium and muscle strength of participants did not indicate
any influences on response to magnesium supplementation.
Our findings indicate that magnesium as magnesium oxide,
250 mg/day, for 8 weeks do not lead to a significant greater
gain in muscle strength and function compared to placebo.
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Introduction

Muscle strength is considered as an indicator of functional
and nutritional status, which can predict osteoporotic frac-
ture [1, 2], disability, and all-cause mortality in middle-aged
and elderly [3–5]. Muscle strength has also been found to be
a strong predictor of metabolic syndrome, independent of
age, body size, insulin resistance, and abdominal fat [6–8],
suggesting that interventions designed to prevent metabolic
disorders should develop to improve muscle fitness in addi-
tion to reducing fatness.

Aging is generally accompanied by the gradual loss of
muscle strength and muscle mass, leading to functional
impairments, disability, and metabolic consequences [9,
10], which exert a significant burden on both individuals
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and the community. This age-related loss of muscle strength
seems to be a greater public health concern for women
because of an earlier development of muscle weakness,
living longer and exhibiting higher rates of disabilities
[11]. Declining muscle strength in some degree is as a part
of normal aging, but it can be delayed or accelerated by a
variety of factors including nutritional status, overweight,
and physical activity [10]. Different rate of the reduction in
muscle strength across the population also confirmed the
important influences of modifiable behavioral factors on
muscle strength [12]. Existing studies, which are mostly
observational, indicate the potential effects of dietary pat-
terns [13], quality of diet, and intakes of protein, vitamin D,
and antioxidant nutrients on muscle strength [12].

Magnesium plays essential roles in various physiological
processes involve in muscle function such as energy produc-
tion, transmembrane transport, electrolyte balance, and mus-
cle contraction and relaxation [14]. Despite the several dietary
sources of magnesium, subclinical or marginal magnesium
deficiency is prevalent worldwide [15]. Inadequate magne-
sium intake was related to decrease work economy during
submaximal exercise; increased oxygen utilization tomaintain
ATP production [16]. Moreover, serum magnesium was pos-
itively associated with muscle strength in older persons, inde-
pendent of disease and metabolic disturbances [17], but it is
not clear whether magnesium supplementation can improve
muscle strength. Therefore, the present study aimed to inves-
tigate the effect of magnesium supplementation on body com-
position, muscle strength, and functional mobility in
apparently healthy middle-aged overweight women.

Methods

Participants

In this study, participants were recruited from staff at the
Tehran University of Medical Sciences (TUMS) through
advertisements. Volunteers could be included in the study
if they were female, aged 40–55 years, had a body mass
index 25≤BMI≤30 kg/m2, were not suffering from any
chronic diseases, including diabetes mellitus or other endo-
crine disorder, liver and gastrointestinal disorder, hyperten-
sion, cardiovascular disease, and kidney disease, were not a
smoker, and were not taking magnesium-containing medi-
cations, laxative, or hormone products.

Study Design

The study was a randomized, double-blinded and placebo-
controlled trial with 8-week duration. The 74 volunteers met
the criteria which were randomly allocated into two groups:
magnesium group (n=37) received one tablet of magnesium

(250 mgmagnesium oxide, equivalent to 150 mg of elemental
magnesium) and placebo group received one placebo tablet
daily with lunch. The placebo was made of corn starch,
lactose, and stearic acid and had an identical appearance to
the magnesium oxide. Participants were asked not to change
their usual dietary intake and physical activity during the
study. All participants were informed of the objectives and
protocol of the study; written informed consent was obtained
from them before their participation in the study. The study
protocol was approved by the ethics committee of the School
of Public Health of Tehran University of Medical Sciences,
and was registered at the Iranian Registry of Clinical Trials
(IRCT) as ID No. IRTC138805312365N1.

Randomization and Compliance

Participants were allocated randomly using a random num-
ber table; for this, a study leader who was not involved in
study protocol created the randomization list assigning par-
ticipants to the magnesium or the placebo group. Twenty-
eight magnesium and placebo tablets were placed into 148
unlabelled identical containers; two containers per each
subject were provided for treatment during two 4-week
periods. The study leader labeled these containers with
participant numbers using the randomization list. Compli-
ance with treatment was assessed by pill counts. For this, all
participants returned their two containers at the end of the
each 4-week interval.

Serum Magnesium, Anthropometric, Dietary Intakes,
and Physical Activity Measurements

Blood samples were collected after 10–12 h overnight
fasting before and after the intervention and serum was
obtained by centrifugation at 3,000–4,000 RPM for
10 min. Serum magnesium concentrations were mea-
sured using colorimetric method by an automatic ana-
lytical instrument (Hitachi 912; Roche Diagnostics). The
sensitivity of the method allows for the determination of
magnesium in amounts between 0.05 to 5 mg/dL. Inter-
and intra-assay coefficients of variation for magnesium
measurement were 1.43 % and 0.83 %, respectively.

Anthropometric, dietary intakes and physical activity
variables were obtained twice, before and after intervention.
Body weight was measured to the nearest 0.1 kg while the
participants were minimally clothed and without shoes.
Height was measured to the nearest 0.5 cm in standing
position without shoes while the shoulders were in a normal
position. Body mass index (BMI) was calculated as body
weight (kg) divided by height squared (m2). Body compo-
sition including body fat mass (FM), lean body mass
(LBM), and the percentage of FM and LBM were taken
by Bioelectrical Impedance Analyzer (Quad scan 4000;
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Bodystat). Calibration of the Quad scan BIA analyzer was
checked before testing according to the user’s guide instruc-
tions; the actual resistance obtained at 50 kHz from the
analyzer current being run through a 500-Ω calibration
resistor was tested. The resistance was within the calibration
specification of 496–503 Ω.

Dietary intakes were assessed with a 24-h food recalls
completed for 2 days (1 week day and 1 weekend day) by
expert dietitians. Since the Iranian food composition table
(FCT) is incomplete, and is limited to raw materials and few
nutrients, nutrient intakes were calculated using nutritionist
4 software (N-squared Computing, San Bruno, CA). How-
ever, the Iranian FCT was used for some national foods that
are not included in the FCT of USA. Physical activity levels
were determined by the short form of the International
Physical Activity Questionnaire (IPAQ) and expressed as
Met-Min/Weeks [18].

Muscle Performance

Upper body strength was assessed by handgrip strength test,
lower body strength was assessed by knee extension
strength test, and functional mobility was assessed quanti-
tatively using Time Get Up and Go Test (TGUG) before and
after the intervention.

Handgrip strength was measured in kg in dominant hand
using a calibrated hand-held dynamometer (digital hand dy-
namometer “DIGI-ІІ,” Korea). Participants were seated on
standard armchair with shoulder adducted and neutrally rotat-
ed, elbow flexed to 90º, and the forearm and wrist were in a
neutral position [19]. Participants were instructed to grip the
dynamometer with maximum strength smoothly in response
to a voice command, without rapid wrenching or jerking
motion. The size of the grip was set to hand size of participants
so that it fit comfortable [20]. Three measurements were made
on dominant hand with 1 min rest between trials, and the
maximum of these measurements was used for analyses. To
exhibit the maximal force, the participants were strongly
encouraged each time during the test. Test–retest reliability
for handgrip strength test determined by using 10 participants
measured 7 days apart showed a high correlation of 0.96 with
no differences in mean strength levels.

Isometric knee extension strength was measured with a
calibrated hand held dynamometer (Nicholas Manual Mus-
cle Tester; Lafayette Inc) in kg in dominant leg. The dom-
inant leg was determined by asking the participants which
leg they use to kick a ball [21]. The participants were seated
on straight-back standard chair with their hips and knees
flexed 90º. The dynamometer was placed proximal to the
ankle joint of participants, and they were asked to lift their
leg [22]. During testing, the participants were strongly en-
couraged to increase the force to the greatest possible grad-
ually while the tester was opposing. Knee extension strength

was measured three times with a between measurement
interval of 1 min, and the maximum of these measurements
was used. Test–retest reliability for knee extension strength
showed a correlation of 0.97 in 10 participants tested on
7 days apart. Hand-held dynamometers were properly “ze-
roed” before each measurement according the manufac-
turer’s instructions to insure calibration and accuracy.

For TGUG test, the participants were seated with their
back against the chair and arms resting on the chair. They
were asked to stand upright on the word “go,” walk at
normal pace 3 m to the marked point, turn to chair, and sit
down. Participants got acquainted with procedure by doing
a trial prior to data collection, then the test was performed
twice and the mean value in seconds (s) was used[23, 24].

Statistical Analysis

The number of participants estimated for each group was 31
at 80 % power and α of 0.05 to detect a difference of 4 kg in
handgrip strength between groups with an SD of 5.6 kg
[25]. To allow for dropouts, it was decided to recruit 37
participants for each group.

Statistical analysis was performed with Statistical Pack-
age for Social Sciences (SPSS, Inc., Chicago, IL, USA)
version 15.0. The Kolmogorov–Smirnov test was applied
to assess normality of data. All quantitative variables had
normal distribution except physical activity. Paired-samples
t test was used to compare baseline and 4-week values in
each group. Differences between two groups at baseline, at
week 8, and its change after 8 weeks were examined with
independent-samples t test. Comparison of non-normally
distributed data of physical activity was conducted using
Wilcoxon-signed ranks and the Mann–Whitney U test.
Changes of variable after 8 weeks in each groups was
calculated as week 8 values minus baseline values. The
percentage of the change was also determined as (week 8
values−baseline values)/baseline values×100. Data are
presented as mean±standard deviations (SD), unless stated
otherwise. In addition, to examine whether baseline values
of serum magnesium or muscle strength indices were effect
modifiers for the effects of magnesium supplementation on
muscle strength, a linear regression model was used with
changes from baseline to 8 weeks in outcome measures as
the dependent variable and treatment group, baseline values,
and interaction terms of baseline value and treatment group
as independent variables. A two-tailed P value≤0.05 was
considered significant statistically.

Results

Of 74 participants initially included in the study, 3 in the
placebo group and 2 in the magnesium group withdrew
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because of non-compliance with the intervention. Compli-
ance with treatment was approximately 93 % for each
group. No significant differences between the groups were
seen for age, weight, BMI, physical activity and serum
magnesium at baseline (Table 1). In addition, no significant
changes in weight, BMI, physical activity, and serum mag-
nesium were observed within each group during the study.

The mean dietary intake of energy, protein, carbohydrate,
total fat, fiber, selenium, and magnesium was not signifi-
cantly different between the two groups at baseline and after
8 weeks (Table 1). Likewise, these dietary intake variables
did not change significantly within each group during the
study. Based on dietary intakes of magnesium at baseline,
91.4 % in the magnesium group and 94.1 % in the placebo
did not consume the American Estimated Average Require-
ment (EAR) of 265 mg/day for magnesium.

Body composition variables were not different signifi-
cantly between groups at baseline. At the end of the study,
lean mass increased (1.6 %; P=0.05) and fat mass decreased
(−3.8 %; P=0.02) in the magnesium group compared to
baseline, while no significant changes were seen in any of
these variables in the placebo group (Table 2). However, the
changes did not reach significant compared with placebo
group.

There were no significant differences between groups in
regards of handgrip strength, knee extension strength, and
TGUG test at baseline and after the end of 8-week interven-
tion. Handgrip strength increased from 26.3±5.5 to 27.8±
4.5 kg (P=0.002) in the magnesium group and from 26.7±
5.0 to 27.8±4.7 kg (P=0.03) in the placebo group at the end
of week 8 compared to baseline, but the increase was not
significantly different between the two groups (Fig. 1a).
Knee extension strength raised from 22.8±6.1 to 23.8±
5.4 kg in the magnesium group and from 21.6±5.5 to 22.8
±5.3 kg in the placebo group during the study, but none of
these changes reached significant (Fig. 1b). The mean
TGUG test decreased from 7.5±1.1 to 7.3±1.0 s in the
magnesium group (P=0.041) as compared to baseline, while
no significant change was observed in the placebo group
(Fig. 1c). No significant difference was observed in TGUG
test between two groups at week 8.

The effects of baseline serum magnesium and muscle
strength indices were examined to investigate whether those
with low baseline serum magnesium or muscle strength had
higher gain in muscle strength in response to magnesium
supplementation. However, no significant interaction between
treatment group and baseline muscle strength indices were
observed for handgrip strength (Pfor interaction=0.69) and knee
extension strength (Pfor interaction=0.86). In addition, baseline
serum magnesium did not show any effect modifier for
the effect of magnesium supplementation on hand grip
strength (Pfor interaction=0.74), knee extension strength
(Pfor interaction=0.37), and TGUG (Pfor interaction=0.86).

Discussion

In the present study, daily intake of 250 mg magnesium in
the form of magnesium oxide for 8 weeks did not lead to
greater gains in handgrip strength and knee extension
strength in the magnesium group as compared with placebo.
The failure to show a significant improvement in muscle
strength in the magnesium group compared with the placebo
may be explained by several reasons:

The dose of magnesium might have been insufficient to
exert any significant improvements in muscle strength. In a
study of young untrained men, the only other clinical trial
study to investigate magnesium supplementation on muscle
strength in healthy subjects, magnesium supplementation as

Table 1 Characteristics of participants in the magnesium and placebo
groups at baseline and after 8 weeksa, b

Variable Magnesium (n=35) Placebo (n=34)

Age, years 46.5±3.8 46.1±4.6

Weight, kg 69.6±8.9 68.2±8.4

BMI, kg/m2 28.0±3.2 28.1±2.9

Pre-menopause, n (%) 20 (58.8) 21 (60.0)

Serum magnesium, mg/dL 2.2±0.2 2.2±0.2

Physical activity, Met-min/weekc

Baseline 438.0 (396.0) 420.0 (693.0)

Week 8 363.0 (445.5) 383.6 (465.0)

Energy intake, kcal/day

Baseline 1,494.9±386.6 1,514.2±432.6

Week 8 1,541.5±411.7 1,406.8±407.8

Carbohydrate intake, g/day

Baseline 195.6±62.8 195.2±66.0

Week 8 209.2±65.7 188.7±66.4

Total fat intake, g/day

Baseline 58.0±17.0 60.5±21.0

Week 8 58.6±20.0 53.7±18.7

Protein intake, g/day

Baseline 54.0±16.9 53.5±16.2

Week 8 53.3±14.6 51.1±14.6

Fiber, g/day

Baseline 11.3±4.4 11.7±5.3

Week 8 12.6±4.8 11.4±4.6

Dietary magnesium intake, mg/day

Baseline 158.1±61.9 154.0±58.4

Week 8 157.2±55.6 150.6±49.8

a Values are shown as means±SDs unless otherwise noted
b Baseline values are presented for age, weight, BMI, pre-menopause
no., and serum magnesium
cMedian (interquartile range)
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magnesium oxide in combination with strength training for
7 week leaded to a greater knee extension torque in the
magnesium group as compared to the placebo. In that study,
total magnesium intake, including diet and supplements, was
8 mg/kg body weight/day [26], while the mean intake of
magnesium in the magnesium group of our participants with
considering the magnesium intake from diet was less than
6 mg/kg. It has been suggested that to see an increase in
muscle strength following creatine supplementation, reaching
creatine to the specific level within muscle is necessary [27]. It
is also possible that to observe any significant improvements
in muscle strength, magnesium inmuscle should be reached to
an optimal level, which remains to be elucidated.

Bioavailability of magnesium from magnesium oxide
could also affect responses of the participant to magnesium
supplementation. Both elemental magnesium content in a
magnesium preparation and its bioavailability can influence
the response to the magnesium supplement. Relatively poor
bioavailability of magnesium from magnesium oxide has
been indicated [28, 29] in spite of the fact that this form of
the magnesium supplement has higher elemental magne-
sium content (approximately 60 %) compared to other forms
of supplements [30]. It has also been shown that magnesium
bioavailability of magnesium oxide from the effervescent
tablets is better than from its capsules [31].

Magnesium supplementation period may have been too
short to increase muscle strength. The 8-week supplemen-
tation period in our study was based on the study by Brilla et
al. [26], where magnesium supplementation combined with
training for 7 weeks increased muscle strength significantly.

We also supposed that differences in baseline magnesium
status or baseline muscle strength might have effects on the
response to the magnesium supplementation; individuals
with lower baseline serum magnesium or baseline muscle
strength responded better to magnesium supplementation.
However, we did not find any effect modifier for either
baseline serum magnesium or baseline muscle strength in
response to magnesium supplementation.

The TGUG test is the time needed to complete a series of
functionally important tasks including stand up from a stan-
dard armchair, walk 3 m, turn down, and sit down and is
an effective method of assessing functional mobility [24].
Samson et al. found higher correlations between muscle

Table 2 Body composition of
participants at baseline and after
8 weeks treatment with magne-
sium or placeboa

aValues are shown as means±
SDs
bP value according to paired t
test

Variable Magnesium P valueb Placebo P valueb

Baseline Week 8 Baseline Week 8

Body fat,% 37.6±3.8 36.4±4.8 0.03 38.1±3.8 37.9±3.8 0.57

Fat mass, kg 26.4±5.2 25.4±5.5 0.02 26.1±5.0 25.9±5.0 0.42

Body lean, % 62.3±3.8 63.6±4.9 0.03 61.9±3.8 62.1±3.7 0.49

Lean mass, kg 43.3±5.0 44±5.4 0.05 42.1±4.6 42.1±4.6 0.90

Fig. 1 Handgrip strength (a), knee extension strength (b), and Time
Get Up and Go (TGUG) test (c) at baseline and after 8 weeks treatment
with magnesium or placebo. Values are shown as means±SDs
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strength and TGUG tests in women than men [23], indicating
that women may exert more mobility difficulties due to re-
ducing muscle strength with age. In our study, a significant
improvement on the TGUG in the magnesium group as com-
pared to baseline values might be related to improved muscle
strength but it does not seem to be significant clinically.

In present study, 250 mg magnesium in the form of
magnesium oxide for 8 weeks had no effect on serum
magnesium. No significant changes in serum magnesium
during the study might reflect either the lack of significant
response to the modest dose of magnesium supplementation
or lack of validity of the serum magnesium. Serum magne-
sium concentrations are the most frequently used measure of
magnesium status, even though it has been shown that it has
slight responses to changes in magnesium intake [16]. Some
studies suggest that serum magnesium did not alter linearly
in response to magnesium supplementation though the pat-
terns proposed for the response are not consistent [32–34].
In addition, it has been proposed that magnesium supple-
mentation has no significant effect on total serum magne-
sium concentrations if participants have no evidence of
magnesium deficiency [32, 35] while it can improve se-
rum magnesium in individuals with hypomagnesemia
(<1.8 mg/dL) [33, 36]. In our study, the total serum
magnesium of the participants was within normal range
of 1.8–2.6 mg/dL except one person in the magnesium
group who had serum magnesium of 1.7 mg/dL. How-
ever, high dose of magnesium (600 mg) in the form of
pidolate for 12 weeks could increase serum magnesium
significantly in the participants with normal serum mag-
nesium [37], suggesting that differences in form of
magnesium salt and doses used might be also possible
sources of divergence in serum magnesium response
after magnesium supplementation between studies. To
accurately address responses to magnesium supplemen-
tation, determinations of serum magnesium in combina-
tion with other indices of magnesium status at different
intervals of time following magnesium supplementation
needs to be considered in future research.

Data from our study showed a significant mean increase
in LBM of 0.7 kg, and a significant reduce in FM of 1 kg in
the magnesium group. In this study, all participants were
instructed not to eat or drink 4 to 5 h prior to the test, not to
consume coffee or alcohol 24 h prior to the test, and not to
exercise 12 h prior to testing in order to reduce the influ-
ences of hydration status and other factors that might affect
the results of the test. Since dietary intakes and physical
activity did not change during the study and the changes in
body composition were significant only in the magnesium
group, the changes in these variables might be attributable to
magnesium supplementation. These changes in body com-
position is clinically important, since both body fat mass and
fat-free mass have been associated with metabolic disorders

as well as muscle strength [38, 39]. If confirmed that mag-
nesium intake causes the favorable changes in body com-
position in further studies, it might be one of the mechanism
that magnesium intake can reduce several diseases.

Magnesium can influence muscle function and perfor-
mance through its roles in energy production, muscle con-
traction and relaxation, and oxygen uptake. Growing studies
indicate that magnesium is involved in modulation of ana-
bolic hormones secretion [40, 41] and inflammation [42,
43]; the known leading causes of declining muscle strength
[44, 45]. Therefore, it is possible that magnesium may have
indirect or long-term impacts on muscle strength and muscle
mass through its effect on inflammation and anabolic hor-
mone which deserve investigations.

There were some limitations in the present study. First,
the dose of magnesium administered was rather modest.
Second, response to magnesium supplementation was
assessed by serum magnesium and ionized serum magne-
sium or intracellular magnesium concentrations were not
determined. Third, in order to confirm treatment compliance
determined by pill count, urinary magnesium concentrations
were not measured.

In conclusion, 250 mg magnesium in the form of magne-
sium oxide for 8 weeks in middle-aged overweight women
had no significant effects on upper and lower muscle strength
compared with placebo. These results might have been a
factor of insufficient loading of magnesium at skeletal muscle
due to inadequate dose of magnesium, poor bioavailability of
magnesium oxide, short period of supplementation, or the
combination of these factors. This study provides some evi-
dence indicating that magnesium might affect both fat and
lean body mass. Further study is required, in which magne-
sium supplemented in another form or combined with resis-
tance exercise, to determine the effects of magnesium
supplementation on body composition and muscle perfor-
mance indices in both young and old individuals. The long-
term association between magnesium intake and muscle
strength regarding to its relationship with inflammation and
anabolic hormones are also needed to be investigated.
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