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The role of oral magnesium supplements for the management

of stable bronchial asthma: a systematic review and meta-
analysis

Faisal Abuabat’, Abdulaziz AlAlwan', Emad Masuadi?, Mohammad Hassan Murad®, Hamdan Al Jahdali* and Mazen Saleh Ferwana®

Asthma is a chronic lung disease characterized by airway inflammation and hyper-responsiveness of airway smooth muscles. There
is growing evidence that magnesium may have a role in managing asthma through its dual effect as an anti-inflammatory and
bronchodilating agent. To assess the efficacy of oral magnesium supplements in chronic asthmatic patients. In addition to
searching through Clinicaltrials.gov/ and references for oral magnesium supplement studies, we performed a database search in
Medline, CINAHL, CENTRAL, and Embase. We contacted the authors of the included trials to ask for additional information. We
included randomized controlled trials that compared oral magnesium supplements versus placebo, in addition to standard asthma
treatment in mild-moderate asthmatic adults and children (older than 6 years). Two reviewers independently performed the study
selection, data abstraction, and the assessment of the risk of bias. Eight trials at moderate risk of bias enrolling a total of 917
patients were included. Oral magnesium improved FEV1 at week 8 (5.69 (L/min); 95% Cl: 1.92, 9.46; I*: 45%). There was no significant
improvement in FEV1 at other follow up periods. There was no significant change in FVC, Methacholine challenge test, the
frequency of bronchodilator use, or symptoms score. There were no data on mortality or quality of life. Oral magnesium
supplements may lead to improvement in FEV1 that was only demonstrated at eight weeks; but no effect on any other outcome.
Until future evidence emerges, oral magnesium cannot be recommended as adjuvants to standard treatment for mild to moderate
asthmatic individuals.
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INTRODUCTION

Asthma is a chronic inflammatory disease that affects ~300 million
people worldwide,' reaching up to 18% of the population in
certain countries.'?

Symptoms of asthma include coughing, wheezing, chest
tightness, and other respiratory complaints. Most of the time
these symptoms are mild and can be controlled with inhalers and
avoidance of known allergens, but other times they can lead to
exacerbations that can be life threatening. An estimated annual
300,000 deaths worldwide are attributed to asthma.>*

The mainstay of management is a beta-agonist and corticoster-
oids inhaler. However, new investigations into the pathogenesis of
the disease are emerging. For example, many reports have
observed that low blood levels and low dietary intake of
magnesium are factors that possibly contribute to the develop-
ment of asthma.’™ In addition, low levels of magnesium have
been detected in asthmatics compared with non-asthmatics,
especially those that have presented to the emergency depart-
ment with exacerbations.®™'2

Magnesium deficiency has a role in many diseases in addition to
asthma, including migraines, depression, and epilepsy.®”'3'>

Although the exact role magnesium has in asthma is not
completely understood, it is known that it functions as an anti-
inflammatory agent in addition to its role in inhibiting the effect of
calcium to contract smooth muscle.®'¢"°

Previous trials showed that magnesium use through intrave-
nous or inhaled routes does have a role in managing asthma in
acute exacerbations.?®" However, studies published on the
benefits of oral supplements have reported unclear conclu-
sions.”273% Major problems with these trials regarding randomi-
zation, placebo use, intervention duration, outcome
measurements, and baseline level of serum magnesium may
explain the conflicting results.

The role of intravenous and inhaled magnesium in the
management of acute asthma has been extensively studied and
the guidelines are well established.?”*® IV or inhaled routes can be
used as a last resort for severe, persistent asthma that fails to
respond to conventional treatment.>*° Nevertheless, oral mag-
nesium is not included in these guidelines.

Our aim in this study was to conduct a meta-analysis of all
published reports on the effect of oral magnesium for the
management of chronic asthma.

"Family Medicine Residency Program, King Abdulaziz Medical City, National Guard Health Affairs, King Abdullah International Medical Research Center, King Saud bin Abdulaziz
University for Health Sciences, Riyadh, Saudi Arabia; *Department of Medical Education, King Saud bin Abdulaziz University for Health Sciences, King Abdullah International
Medical Research Center, King Abdulaziz Medical City, National Guard Health Affairs, Riyadh, Saudi Arabia; 3Evidence-Based Practice Center, Mayo Clinic, Rochester, Minnesota,
USA; “King Saud bin Abdulaziz University for Health Sciences, King Adulaziz Medical City, National Guard Health Affairs, King Abdullah International Medical Research Center,
Riyadh 11665, Saudi Arabia and °King Saud bin Abdul-Aziz University for Health Sciences; National & Gulf Center for Evidence Based Health Practice, King Abdullah International
Medical Research Center, Family Medicine & Primary Healthcare Department, King Abdul-Aziz Medical City, Ministry of National Guard - Health Affairs, Riyadh, Saudi Arabia
Correspondence: Mazen Saleh Ferwana (ferwanam@ngha.med.sa)

Received: 20 May 2018 Accepted: 18 January 2019
Published online: 18 February 2019

NP| nature partner
pJ journals

Published in partnership with Primary Care Respiratory Society UK


https://doi.org/10.1038/s41533-019-0116-z
mailto:ferwanam@ngha.med.sa

F. Abuabat et al.

RESULTS
Search results

A total of 5353 citations were identified by searching the
databases; a manual search of the references and ongoing trials
revealed an additional 24 articles. After screening the titles and
abstracts and removing duplicates, 13 trials met our criteria. Full
articles were retrieved and a further five articles were excluded,
including crossover trials,>**' on-going RCTs with no published
results,*? and a narrative review.*> A total of eight trials were
included in the present report32343644-47 FEigure 1 shows a
flowchart depicting the process of selection and exclusion.*®

Study description

Of the eight enrolled articles, six were in English, one in Persian,
and one in Russian.*>* The trials were conducted in, Hungary, UK,
USA, Brazil, Iran, and Russia. The total population was 917; four
trials included adults and children, the other four only children,
with age groups ranging from 4 to 60 years old. The enrolled
subjects were labeled with either mild or moderate asthma. Type
and dose of magnesium supplements were different across each
trial; 200-290 mg Mg-citrate was used in three RCTs,**™*¢ two trials
used 340mg Mg-citrate,***’ 450mg Mg amino-chelate was
utilized in two trials***> and one study chose 300mg Mg-
glycine3* Durations of treatment were 4-26 weeks. Measured
outcomes included changes in FEV13%3436444647 59
FVC32343647  frequency of bronchodilator use*3*44% asthma
symptom scores,*>***® and methacholine challenge test.>23%3¢ A
summary of the characteristics is provided in Table 1.

Risk of bias. The Cochrane ROB assessment tool was used to
evaluate the eight included trials (Supplementary Figures S1 & S2).
We identified a low ROB in the assessed sequence generation in
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Fig. 1 PRISMA study selection flowchart
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three articles**>3¢ whereas the ROB was unclear in the

remaining articles. Allocation concealment was unclear across all
trials. Five trials displayed a low ROB regarding blinding,3%34-3647
whereas the ROB was unclear in two trials,***® and high-risk in one
study.*® No dropouts were reported in four trials,>***™*® whereas
the remaining trials reported dropouts with a variety of reasons
provided3?3>3547 None of the articles provided their study
protocol; therefore, selective outcome reporting could not be
assessed.

Outcomes

FVC. Three trials reported FVC (Fig. 2a).3*3%%” A fourth study was
excluded because it reported the change in FVC using a different
unit.3? There was no statistically significant difference in FVC at
8 weeks, 26 weeks, or overall.

FEV1. Five trials reported FEV1 results (Fig. 2b). 3436444647 A ixth
study was excluded from the analysis because it used different
units.3? Data were available to assess the effect at weeks 4, 8, 12,
and 26. The mean difference in FEV1 was only statistically
significant at week 8 (5.69; 95% Cl: 1.92, 9.46) with moderate
heterogeneity (% 45%).

Bronchodilator use. Four trials included bronchodilator use (Fig.
2¢).32447%6 A fifth study was excluded due to the results that were
reported as number of days rather than number of puffs as
recorded in the other trials>* Subgroup analysis was used
according to duration at 4, 8, 12, 16, and 24 weeks. There was
no statistically significant difference at any follow up period.
Symptoms scores. Both Bede et al.*® and Petrov et al.** showed
significant improvement in daytime symptoms after 12 weeks in
the intervention group but not in other measures. Kazaks et al. >
on the other hand used two questionnaires (AQLQ and ACQ) to
assess subjective measures, statistically significant improvements
were noted after 6.5 months in the AQLQ.

PD20 inhaled methacholine challenge test. Three trials performed
a PD20 inhaled methacholine challenge test3%3***% Subgroup
analysis was used at weeks 8, 16, and 24 (Supplementary Figure
S3). The mean difference was not significant at week 8 but
reached statistical significance at week 16 (—0.14; 95% Cl: —0.28,
—0.0).

Supplementary Table 1 presents GRADE summary of finding for
all outcomes.

Quality of evidence. The quality of evidence (i.e., certainty in the
estimates) was low, reduced because of risk of bias (lack of clear
allocation concealment) and imprecision (mostly nonsignificant
results and small sample size). The outcomes available in the trials
were surrogate outcomes except for symptoms score and possibly
bronchodilators use.

DISCUSSION

This systematic review and meta-analysis was performed to
evaluate the effects of oral magnesium on chronic asthma. The
results of the measured outcomes was overall precise and
nonsignificant (except for FEV1 at week 8). None of the trials
reported on mortality or adverse events. Certainty in these
estimates is low. There was some high heterogeneity, which could
be explained by different type, dose, or duration of the
intervention across the experimental groups in the involved RCTs.
We excluded crossover RCTs due to uncertainty over washout
periods of magnesium. We have identified ongoing trials
registered in Clinicaltrials.gov, which might have future implica-
tions on the conclusion reached in this study.**?
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Mg Supplements Placebo Mean difference Mean difference
A Study or subgroup Mean SD Total Mean SD Total Weight IV, dom, 95% CI v, 95%Cl
1.1.1Week 8
FathiA2013 721 118 50 132 47 50 37.9% 5.89(2.34,9.44) —
Gontijo-Amaral C 2007 103 17.48 18 1033 44 19 164% -0.03[-8.35,8.29 . E—
Subtotal (95% CI) 68 69 543% 4.17[-1.09,9.44] i

Heterogeneity: Tau®= 6.88; Chi*= 1,65, df= 1 (P= 0.20); /2= 39%
Test for overall effect Z= 1.55 (P=0.12)

1.1.3 Week 26
Kazaks A 2010 12 589 27 0513 256 457%
Subtotal (95% CI) 27 25 457%

Heterogeneity: Not applicable
Test for overall effect Z= 0.60 (P= 0.55)

Total (95% Cl) 95 94 100.0%
Heterogeneity: Tau®= 7.92; Chi*= 6.09, df = 2 (P= 0.05), /2= 67%

Test for overall effect: Z=1.24 (P=0.22)

Test for subaroup differences: Chi*=1.41, df=1 (P=0.24),/?= 29.1%

Mg Supplements Placebo
B Study or subgroup Mean SD Total Mean SD_Total Weight
2.1.1Week 4
Bede O 2003 5 1214 54 1 12988 3B/ 71.9%
Bede O 2008 108 14.04 24 71 1332 16 281%
Subtotal (95% CI) 78 51 100.0%

Heterogeneity Tau®= 0.00; Chi*= 0.00, df= 1 (P= 0.95); /2= 0%
Testfor overall effect: Z=1.68 (P= 0.09)

21.2Week 8

Bede 0 2003 5 1241 54 2 1046 35 29.9%
Bede 0 2008 128 16.64 24 12 1178 16 13.9%
FathiA2013 104 82 50 21 545 50 445%
Gontijo-Amaral C 2007 14.4 19.47 18 59 902 19 11.7%
Subtotal (95% CI) 146 120 100.0%

Heterogeneity: Tau?= 6.37; Chi*= 5.46, df = 3 (P= 0.14);/2= 45%
Testfor overall effect: Z = 2.96 (P= 0.003)

21.3Week 12

Bede 0 2003 75 118 54 3 985 35 41.0%
Bede O 2008 948 23 24 956 12 16 59.0%
Subtotal (95% CI) 78 51 100.0%

Heterogeneity: Tau®= 11.21; Chi*= 4.96, df= 1 (P= 0.03);/2= 80%
Testfor overall effect: Z= 0.53 (p= 0.60)

2.1.5Week 26
Kazaks A 2010 03 641 27 -18 849 25 100.0%
Subtotal (95% CI) 27 25 100.0%

Heterogeneity: Not applicable
Testfor overall effect: Z= 1.00 (P=0.32)

Testfor subaroup differences: Chi*= 2.44, df= 3 (P=0.49), /2= 0%

0.70(-1.58, 2.98] t
0.70 [-1.58, 2.98]

2.55[-1.49, 6.58] e
}

N . n
-10 -5 5 10
Favours Placebo Favours Mg Supplements

Mean difference Mean difference
IV, Random, 95% CI IV, Random, 95% CI

4.00(-1.39,9.39) ]
3.70(-4.91,12.31) —
3.92 [—-0.65, 8.48] 1

0.80 [-8.01,9.61]
8.30(5.57,11.03]
8.50 [-1.37,18.37) —

— -

| s

r—
3.00(~1.79,7.79] —_—

— .

————

5.69 [1.92, 9.46] ——
L -

4.50(~0.03,9.03)
—0.80([-1.89, 0.29] -
1.37[-3.74, 6.48] e

210(-2.01,6.21) -—t
210 [-2.01,6.21] e

-10 -5 5 10
Favours Placebo Favours Mg Supplements

Mg Supplements Placebo Mean difference Mean difference
C Study or Mean SD Total Mean SD Total Weight IV, Rand 95% CI v, 95% CI
2.2.1 Week 4
Bede 0 2003 -01 257 28 -03 124 19 97.2%  0.20(-0.90,1.30]
Bede O 2008 =07 143 24 04 6.08 16 28% -1.10[-7.55,5.35)
Subtotal (95% CI) 52 35 100.0% 0.16 [-0.92,1.25] ‘

Heterogeneity: Tau*= 0.00; Chi*= 0.15, df=1 (P=0.70); /2= 0%
Test for overall effect Z=0.29 (P=0.77)

2.2.2 Week 8
Bede 0 2003 -08 257 28 -03 124 18 072% -0.50(-1.60,0.60) —i—
Bede 0 2008 -53 143 24 -36 608 16 28% —1.70(-8.15,4.75)

Subtotal (95% CI) 52 35 100.0% -0.53[-1.62,0.55] -
Heterogeneity: Tau®= 0.00; Chi*= 0.13, df= 1 (P= 0.72); /2= 0%

Test for overall effect Z= 0.96 (P= 0.34)

2.2.3 Week 12

Bede 0 2003 -1 257 28 -06 124 19 B862% —-0.40[-150,070] —i—
Bede O 2008 -1 143 24 -62 608 16 25% -4.80[-11.25165] ¢

Pelroy 2014 328 588 25 -286 511 25 11.3% -043(-3.48, 262

Subtotal (95% CI) 77 60 100.0% -0.51[-1.54,0.51] i

Heterogeneity: Tau®= 0.00; Chi*=1.74, df= 2 (P=0.42);/?°= 0%
Test for overall effect Z=0.98 (P=0.33)

2.2.4 Week 16
Fogarty A 2003 -0.1 0965 79 0.1 0965 81 100.0%
Subtotal (95% CI) 79 81 100.0%

Heterogeneity: Not applicable
Test for overall effect Z=1.31 (P=0.19)

22.5Week 24
Petrov 2014 -346 499 25 =31 447 25 100.0%
Subtotal (95% CI) 25 25 100.0%

Heterogeneity: Not applicable
Testfor overall effect: Z=0.27 (P=0.79)

Test for subaroup differences: Chi*=1.14, df= 4 (P= 0.89),/%= 0%

Fig. 2 a FCV comparison of Mg supplements vs. placebo, b FEV1
comparison of Mg supplements vs. placebo

The role of magnesium in bronchial asthma has been discussed
in the recent GINA guidelines. The evidence supports the use of
intravenous magnesium in acute situations, especially with
asthmatics that do not respond to initial management. However,

Published in partnership with Primary Care Respiratory Society UK

-0.20 -0.50,0.10)
-0.20 [-0.50, 0.10)

-0.36 [-2.99, 2.27] i—_—
—0.36 [-2.99, 2.27]

+ t t +

-4 -2 2 4
Favours Mg Supplements Favours Placebo

comparison of Mg supplements vs. placebo, ¢ bronchodilator use

the routine use of intravenous magnesium in acute or chronic
asthma is not supported by evidence.”® Nevertheless, the use of
oral magnesium for the prevention of asthma exacerbations or to
improve control has not been discussed in the GINA report. Other
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supplements, such as vitamin D, were mentioned in GINA.* In the
present study, only FEV1 was shown to be significantly improved
with oral magnesium.

However, encouraging findings were found especially in Kazak’s
study including a significant increase in the concentration of
methacholine required to cause a 20% drop in FEV1 at 6 months,
and a 5.8% improvement in PEFR and an improvement in
subjective measures (AQLQ, ACQ) all noticed at 6.5 months in
subjects who were in the treatment group. Therefore, there is a
need for future large, high quality RCTs to reliably determine the
role of oral magnesium in asthma management. To our knowl-
edge, this is the first systematic review and meta-analyses
evaluating the use of magnesium supplements as an adjunct
treatment to inhalers for asthmatics.

There are several limitations to this study. First, sample sizes are
considered relatively small for a common disease like asthma,
some trials recruited less than fifty participants.>****> Second,
important data were missing in some of the trials; strategies we
used to overcome this problem were discussed in the methodol-
ogy above. Additionally, we were not able to assess the effect of
the intervention on reducing the dose of inhaled steroid, because
it was only reported in a single study which showed no benefit.3

Furthermore, GINA guidelines defined adults as those 6 years
old and above. This dichotomy is not used in many of the
available studies. Clearer details regarding trial methodology,
particularly about sequence generation and allocation conceal-
ment would help future systematic reviewers appraise the
literature more properly. Additionally, clear stratification by oral
magnesium dose and duration of therapy can help produce more
precise and useful estimates. Finally, none of the RCTs provided
their research protocol.

The use of magnesium supplements as an adjuvant to standard
asthma treatment in mild to moderate asthmatic patients is not
supported by high quality evidence. Apart from one point at week
8 where the FEV1 had significantly improved, no other benefits
from oral magnesium supplements were seen. Until future higher
quality evidence emerges, oral magnesium cannot be recom-
mended for mild to moderate asthma.

METHODS

Search strategy

A medical librarian (MVN) performed a comprehensive literature
search on April 2016. Searched databases were as follows:
Medline, CINAHL, Cochrane Central Register of Controlled Trials
(CENTRAL), Embase, and on-going clinical trials (https://
clinicaltrials.gov/). The main search concepts were asthma and
oral magnesium; Boolean operators: OR (for combining syno-
nyms), AND (to combine concepts), and truncations were used
when appropriate. A review of references and a manual search of
relevant articles was completed. Additionally, we contacted the
authors of the trials to minimize chances of missed articles. The
search was updated on May 2017. No restrictions to study type,
time, or language were applied.

Inclusion and exclusion criteria

We included RCTs that investigated the use of oral magnesium as
an adjunct to asthma inhalers. Asthma was defined in accordance
with the authors of the included trials, which were either clinically,
objectively (spirometry), or both. All trials fulfilled the inclusion
criteria as follows: (1) Population: mild and moderate asthmatic
older than 6 years [6 years was the cut-off based on the global
initiative for asthma (GINA) guidelines];® (2) Intervention: all
preparations of oral magnesium, regardless of name or dosage;
(3) Comparisons: placebo or no treatment; (4) Outcomes:
frequency of rescue asthma exacerbation, ER visits or hospital
admissions, objective measures: FEV1, FVC, and PEF, daytime
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symptoms, daytime activity, night-time symptoms, frequency of
bronchodilator use, use of oral or inhaled steroids, side effects,
and mortality; (5) Timing: treatment for any duration was included;
(6) Study type: RCTs, blinded or open-labeled. Crossover trials
were excluded.

Study selection

Two reviewers (AA and FA) separately scanned the titles and
abstracts of all articles, and when needed, the full text was
retrieved and reviewed to identify all relevant articles. A third
author (MF) resolved any disagreements.

Data extraction

Important data were extracted using a piloted form, which
incorporated all attributes of the studies, including author,
publication year, country, setting, design, sample size, intervention
(dose and type), placebo, patient’s age and sex, severity, study
duration, inclusion and exclusion criteria, outcomes, and limita-
tions. Data was extracted by AA and FA and reviewed by MF. We
contacted the author of the study in question for any missing
information.

Methodological quality assessment

The risk of bias (ROB) was assessed using the Cochrane ROB
assessment tool;*® this was done independently by AA and FA and
disagreements were resolved by MF.

Statistical analysis
We combined the results using RevMan 5.3.5. There were five
outcomes, which included FVC, FEV1, methacholine challenge test,
bronchodilator use, and symptoms score. All outcomes were
considered continuous data; therefore, we used the weighted
mean difference (WMD).****> A random-effects model was used to
pool the results because of anticipated high heterogeneity due to
the different characteristics and qualities of the included studies.
Subgroup analysis was used according to the duration of the
intervention. Subgrouping was not performed based on severity
because the included RCTs did not separate data based on
severity except for one,** which data were combined. To assess for
heterogeneity, we used the I level of 50% or above, and Cochrane
Q test which was considered significant if the p-value < 0.05.
Symptoms were considered an important clinical outcome.
Symptom scores were reported differently in each trial, therefore it
was not feasible to combine across trials in meta-analysis.
Therefore, symptom scores were reported narratively and
separately in the results section.

Four RCTs were available for analysis.3%4474¢

Missing data

The standard deviations (SD) of the mean difference before and
after treatment was missing in select trials. Therefore, we
contacted the authors of each study and received no response,
thus we recalculated the data whenever the p-value was available,
and when neither the p-value nor SD was available, we used the
SD of similar studies.***® In addition, the FEV1 and FVC units were
not defined in one study, we contacted the author with no
response, and thus we excluded these outcomes.>? The present
study was approved by King Abdullah International Medical
Research Center IRB committee on November 15, 2016 (research
number RC16/084/R).
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