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ABSTRACT

Asthma is a chronic inflammatory disorder of thenay characterized by airway hyper responsivenessjrrent
episodes of wheezing, breathlessness, chest tgghtaed coughing. Low dietary magnesium (Mg) iniakaences
the occurrence and management of asthma. The ciowahmedications for the asthma treatment usudéigrease
the body’s magnesium value and stores. Some sthélies indicated the existence of the Mg deficiencgcute
asthma. Accordingly, it has been suggested tha&a®gmproves the lung function and causes bronchdditahs
an emergency treatment for asthma attack.

INTRODUCTION

Asthma is a chronic inflammatory disorder of thevaiy in which associated with airway hyper respegisess that
leads to recurrent episodes of wheezing, breatidsss chest tightness, and coughing (1). Low dietergnesium
(Mg) intake can have an influence on the occurremzkmanagement of asthma (2-6). The medicatiosd imsthe
treatment of asthma decrease the body’'s magnesilme \and storage (7). Mg is an essential elememtuofan
body, but the mechanisms of its beneficial actimngpulmonary function are not completely known.

Human body is almost receiving Mg by competitiorthagalcium entry via blocking voltage dependenticath

channels (8, 9). Mg inhibit contraction of vascudad, which blocks the release of acetylcholinenfrcholinergic
nerve terminal and histamine from bronchial smawiiscles (in vitro) by involved as an acetylcholinkibitor

mast cells. It is also stimulates synthesis ofimitxide and prostacyclin (10). Mediators from hafliband mast
cells lead to increase in cellular calcium conaatian (11). Consequently, Mg is a natural calcthmnnel blocker,
which can influence in cellular calcium concentat{12, 13).
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However, some studies indicated the existence @fMlg deficiency in acute asthma. Accordingly, itsHaeen
suggested that MgS@mproves the lung function and causes bronchadilias an emergency treatment for asthma
attack (11, 14, 15). While, the influence of oragnesium supplementation in asthma control, isodémown (16).

To the best of our knowledge, only few studies reggba significant improvement in lung functionpatients with
asthma following the use of Mg (17). Besides, nodgt exists about the effect of using oral magnesium
supplementation on levels of IL-17 in patients wathma. Hill et al. showed that short-term changgietary Mg
improves the clinical symptoms, but not the pulmgrfanction test in adult patients with asthma @)garty et al.
showed that Mg had no effect in adults with astliga

This study was designed to determine the effedivof months exposure to oral Mg supplementation sthraa
symptoms, lung functions, and quality of life irtipats experiencing mild and moderate persistethinze.

MATERIALS AND METHODS

Study design and population:This randomized, double-blind, placebo controllelthical trial was performed on
112 patients with mild and moderate persistentragtirom a hospital affiliated by Ahwaz Jundishapuoiversity of
Medical Sciences. The study was approved by Et@iasimittee of Ahvaz Jundishapur University of Medlica
Sciences and all the participants signed the indarconsent before enrolling in the study.

Inclusion criteria: Patients at 19 to 55 years of age who met thendi&t@ criteria for mild to moderate asthma
according to the current Global Initiative for Asta (GINA) guidelines, with mild or moderate asthnaad
nonsmoker, used only beta-agonists or inhaled aastieroids (ICS) as asthma medications, were iedudhe
diagnosis was based on clinical history and spitam@ulmonary testing. Mild asthma was defined fasced
expiratory volume in 1 second (FEV1) >80 %, variahiFEV1<20-30% and for moderate asthmatic FEV1=60
80%, variability FEV1>30% (14). None of the subgeshowed any evidence of hospitalization for astimthe last

6 months.

Exclusion criteria: Patients with an evidence of abnormal kidney fiomgt other lung disease, uncontrolled
hypertension, cardiovascular disease, immunodefigier infection with human immunodeficiency vir(i$lV),
taking any treatment likely to affect magnesiumaapson or excretion, including diuretics or caltiwcontaining
medications or have any change in own diet, wittiezut use of theophylline or leukotriene antaganistmoking,
psychiatric disorders, and pregnancy or breastiggdivere excluded.

Intervention: Venous blood samples were collectedsérum magnesium and IL-17 estimation at therimégg and
end of study. Participants were randomly assigneztbhsume 340 mg (14.0 mmol) of Mg as Mg citratedsgy or
placebo for two months. The amount of Mg used ia thudy was the standard RDA of 340 mg. Outcomesew
changes in subjective measures of asthma contrishgmary function tests, bronchial inflammationddvig status.
At baseline visit 1and again (within two monthseaftisit 1) at month 2, all subjects were givennpothary function
tests (PFT) and IV Mg load test (0.1 mmol Mg/kgyldh-17 in serum. On enrollment into the study ainth 0O,
subjects were randomly divided to consume 340 migl@fitrate (each capsule with 170 mg Mg to be tatkegice
daily with food), or a placebo (appearing capsuglastaining cellulose mixture) for two months. Tl@domization
was performed using the random digit methods. Arplaaist prepared capsules containing placebo (gciThe
magnesium or glycine capsule presented a similpeajance. The difference between the two groupsowiysthe
presence or absence of Mg. Subjects were alsa dekeomplete the Asthma Control Questionnaire (ACI3)
and Asthma Quality of Life Questionnaires (AQLQY)1Patients were asked to hold their breath foedlseconds
after each inhalation, and then to exhale slowly tlree seconds. FEV1 was measured one min afdr ea
inhalation. Serum dosage of Mg was collected insabjects, in the baseline and end of study perdatmal
magnesium values in our laboratory were 1.8-2.6divig/males and 1.9-2.5 mg/dl in females. Hepa&diblood
samples were used for analysis of serum Mg. Adt@rnight fasting, venous blood sample was obtafinech
subjects. After transferring the aspirated bloodatmetal—free test tube containing sodium hepalssma was
separated within 30 minutes (20). Because asthmaligonic inflammatory disease and Mg deficierscggsociated
with impaired lung function and increased systeimflammation (13, 21). We tested any changes inl¢kels of
serum IL-17 in all the participants.

Outcomes: The experimental protocol include clihisaaluation, serum dosage of Mg, lung functiontsd®FT),
serum dosage of IL-17. Pulmonary function testfuished of forced vital capacity (FVC), forced exping volume
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at first second (FEV1) and FEV1/FVC ratio. The paeters were recorded as the best of the three blatgents
did not have any respiratory infections during pinevious 15 days. The pulmonary function valueE€, FEV1
were described and analyzed as percent predictadsvéor the study subjects. The predicted valuesevbased on
the GINA. Subjective measurements of asthma contvete assessed with the validated Quality of Life
Questionnaire (AQLQ) and Asthma Control Questior&A\CQ) of Juniper et al. (18, 19) The AQLQ is sish of
four subjective domains related to functional oates (symptoms, emotions, exposure to environmestitalli,
and activity limitation) associated with asthma tcon The ACQ score is included of six subjectiventhins
(morning symptoms, nocturnal waking, activity liatibns, and shortness of breath, wheezing, anddggtaist use)
and FEV1% predicted. Information was collected byguestionnaire including the age, sex, family higtof
asthma, weight, height and history of hospitalaatbecause of attack asthma in recent one year.

Statistical analysis: Main outcomes were changeméasures of pulmonary function, ACQ and AQLQ sspre
measures of inflammation, and Mg status. Statistinalysis was concluded by using SPSS softwargata. Each
outcome was compared within treatment groups bregditest for parametric data and the Wilcoxometjrank
test for non-parametric data. Between groups coisquas were done using analysis of variance (ANOWA}he
Mann-Whitney's test. All analyses were two-tailadd p values: 0.05 were considered as significant.

RESULTS

Of the 112 subjects recruited to take part in thel\s six withdrew after one week in the treatmeetiod (placebo
arm) because of concerns that study tablets wéeetiafg their fitness, and five subjects did nottiggpate in serum
Mg test (supplement arm), and one subject in ootogpl traveled to another city, therefore our ctete data
available on 100 subjects (53 males and 47 femalég) intervention and placebo groups were matcbedidering
demographic characteristic (Table 1).

Table 1. Demographic characteristics of the asthmat patients participated in this study

Characteristics Mg (Magnesiuny) placebo H
Sex (Number (%))
Male 25(50%) 28(56%) 0.548
Female 25(50% 22(44%
Age (year, Mean + SD 36.38 £9.72 3456 +8.28 16.3
Weight (kg) 71.10+12.41 73.34+11.76 0.445
Height (cm) 166.6 + 8.95 167.3+9.08 0.787
BMI (kg/m?) 25.6 +3.82 26.19+3.69 0.430

Table 2. Pulmonary function tests data of the Mg ath placebo groups during the study period

. Mg (n = 50) Placebo (n = 50)
Variable (%) Mean + SC Mean + SC
pre post P pre post P
FVvC 72.28+15.15] 7950+ 17.75 0<0.001 73.76914. 75.08 +14.31 0.05%
FEV; 67.35+18.16| 77.77+13.99 0<0.001 69.24 +16.3771.36 + 16.60 0.009
FEV,/FVC 75.29 + 10.10] 83.71 + 8.67 0<0.001 75.88+ 9.3 75.91 + 14.33 0.984

Table 3. Magnesium contents at the baseline and twoonths in the study groups

Mg Status Baseline Two months P
Mg 230+0.4. | 2.47+0.6. | 0.03¢
S-Mg (mmol/l)
Placebo 24.7 + 0.5€ 2.61+0.6p 0.041
P 0.114 0.273
Difference between the groups 0.785

After two months of oral Mg supplementation, sigzaht changes in FVC (P=0.002), FEV1 (P=0.000), EEYC
ratio (P=0.000) were observed (Table 2). So after thonths of oral Mg supplementation, the FVC, FE\4ve
increased and the FEV1/FVC ratio value has decdesigeificantly.

Comparable to the baseline blood samples, the otrat®n of Mg in serum (S-Mg) at month 0, in dlktsubjects

was within the normal range (Table 3). At that titiee mean serum Mg concentration was 2.30 + 0.g/tinm the
Mg group and 2.47 + 0.61mg /dl in the placebo grthe reference range in our laboratory is 1.86-rdg/dl in
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males and 1.9-2.5 mg/dl in females.) after two rsrihtervention, the mean serum Mg concentratios 247 +
0.56 mg/dl and 2.61 £ 0.69 mg/dl in the Mg and etaxgroups, respectively (P= 0.785).

2.5

P=10.113

[
h
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Figure 1. Comparison of IL-17 levels between the Nireceiving and placebo groups

Among all the subjects, the baseline overall séorédQLQ ranged from 2.5 to 5.6 on a one to seveimtg scale.
The mean was 3.49 indicating that asthma caused 8onitation of quality of life “only a little oftie time,” which
is consistent with a diagnosis of mild to modersgthma. After two months of Mg supplementationréhgere no
significant different change in mean score of AQ(p20.81).

No significant between-group differences were nofetween all the participants, at the baselineesémr asthma
control ranged from 0.6 to 3.8 on a 0 to six-paicale. The mean score of 3.8 suggested that astlamaot well
controlled in our study subjects. After Two monthifsMg supplementation, there was significant imgnoent
(measured as a decrease) in the overall ACQ meae by 1.4042 + 0.7027 in the Mg group (P = 0.00)the

placebo group, the change in ACQ mean score 0f9d.2410.4256 was not significant (P = 0.00). Sigrafit

improvements were seen only in the Mg group aftermonths.

At month 2, there were no significant differencetween placebo (mean; 95% CI) (2.07 £ 1.03) andgktyips
(1.75£ 0.98) in term of the IL-17 Concentrationgy(Fe 1).

DISCUSSION

The purpose of the present study was to evaluaedaily oral Mg supplementation (340 mg) for twonths
would improve pulmonary function tests, subjectimeasures of asthma control and quality of life,nbloal
inflammation, and measures of Mg status in aduits mild to moderate asthma. Our findings show thaijects in

the Mg treatment group presented a significant owpment in subjective measures of asthma contiirarolved

in significant changes in FEV1, FVC and FEV1/FVChefe were no significant changes in measures of
inflammation and Mg status in either group.

The literature shows only three studies investigpthe effect of oral Mg supplementation in adaltsl one study in
children that presenting conflicting results (2.19). These studies were very different in the neind§ participants,
duration of intervention, and the type of Mg suppéatation. Hill et al. studied 17 asthmatic sulgddllowed a
low Mg diet for two periods of three weeks, sepadaby one week run-infwash-out, in which the pasignok

either Mg (400 mg/d) or placebo supplementation.
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A high Mg intake was associated with improvemensymptom scores, although not in objective measufes
airway reactivity. The authors suggested that géomperiod was necessary to evaluate the benefat@bf oral Mg
in patients with asthma (9). Fogarty et al. perfedna study on 100 patients with asthma who recedrati Mg
supplementation (450 mg/d) during 16 weeks. Findfigy get no evidence of any beneficial effect of M
supplementation, and suggested that likely theidifig was due to their patients that were well xalgd on
conventional asthma medications (2). Kazak (201Ql.econducted a study on 55 patients who usey beta-
agonists or inhaled corticosteroids (ICS) as asthredications.

Subjects consume 340 mg of Mg or a placebo forngohths. Peak expiratory flow rate (PEFR) showed8&65
predicted improvement over time in those consuntivegMg. There was significant improvement in AQL@an
score units and ACQ score only in the Mg groupr&td months of Mg supplementation. They claimeat the 300
mg dose range of Mg supplementation is insufficfenthe treatment of patient with asthma(17). 8ime have an
inaccurate indication of the amount of Mg we neadda on the RDA, we do not know how much magnessum
needed and how long of time is required to replemsagnesium stores.

Our study showed that two months Mg supplementatioreased FVC, FEV1, whereas decreased FEV1/FYE ra
values significantly in intervention group compatedhe placebo. In contrast to our result Hillletand Amaral
and colleagues didn’t report any significant imgment in FEV1, FVC and FEV1/FVC ratio (9, 22).

The mean AQLQ score of 3.26 for all participantemtoliment declared that asthma caused some lasiation
of their quality of life. Both groups were expodedasthma exacerbation triggers (such as dust, smegather, and
air pollution) during the study. After interventiowe could not find any significant improvementguality of life
scores. The mean ACQ overall score of 3.59 in gipghts at month 0 indicated a weak asthma coriBdi After
two months of Mg supplementation, we observed aifsigint difference between Mg and placebo subjétts
asthma control. The improvement in symptoms wasistent with a study by Hill et al. (9).

To evaluate the effect of Mg supplementation omayr inflammation, we used IL-17, a noninvasive nearkf
airway inflammations. Our study was the first peried in asthmatic patients, aiming to investigate éffect of
oral magnesium on IL-17 as inflammation marker.

There were no significant differences between thegbo and the Mg groups in IL-17 concentratiortsisToral Mg
supplementation may not affect the IL-17 conceitnat

Mild Mg deficiency is difficult to detect since sgn Mg concentration is maintained within a narramge by the
small intestine and kidney and may be replenished/f stores in bone and muscle. In our study m®dvig

values were within normal limits for both groupkistresults are like as other articles (8, 23) desten of 100
participants (3 in the Mg-supplemented group, thaplacebo group) had serum Mg below <1.6 mmd/inanths
0. Hypomagnesemia has been associated with sestlimag while individuals with mild or moderate asthhave
normal Mg concentrations (13). A study of Mg suppdmtation in children with asthma showed no sigatiit

change in S-Mg after they consumed 300 mg Mg/dviormonths (22).

Another randomized, placebo-controlled, doubledlparallel group study of 300 men and women wheived
450 mg/day Mg chelate for four months showed nami@ant change in S-Mg, although 24-hour urinarg M
excretion increased (2). In contrast to our resatsandomized placebo-controlled cross-over ofpé&@ple with
asthma who were asked to consume a low Mg diet-@@0 mg/day) found that S-Mg and 24- hour urinary M
excretion were higher at the end of the 400 mghgytreatment than placebo (9).

This study has important implications for the prati@n and treatment of asthma. It presents imprer@rm both
objective and subjective measures of lung function.

CONCLUSION
Our study showed that patients with mild to modeigthma who received inhaled fluticasone in coatlmn with
oral Mg supplementation presented improvement inction test of lung and subjective measures ofnagtbontrol

compared with those receiving placebo. Althoughdhe conflicting research regarding Mg supplemigoraand
asthma outcomes, this study suggests a possibkfitiah effect of Mg, a low-price mineral, for theontrol of
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asthma. Limitations are that, we did not evaluateany Mg in 24 hours and just emphasize on serugnavd the
trial was two months duration. The advantage ofgdgplementation may also have been limited byfttsthat
duration of study could be important for our resukurthermore other factors that may affect pulangriunction
test or proper use of inhaler were not assessedristudy.
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