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Abstract
Objective: Magnesium (Mg) is thought to be an important element in the pathogenesis of acute asthmaattacks. We hypothesized that erythrocytic Mg would be decreased during an acute asthma exacerbation. Weaimed at investigating plasma and erythrocytic Mg in acute asthmatic children.
Methods: This case-control study included 30 Egyptian outpatients with acute asthma. Thirty healthymatched children were included as controls. All candidates had measurements of plasma and erythrocytic Mglevels before and after treatment.
Findings: No significant differences were detected in plasma Mg levels between cases and controls (1.53±0.33mmol/L versus 1.67±0.50 mmol/L respectively, P =0.2). However, erythrocytic Mg levels were significantlyreduced in cases when compared to controls (1.06±0.43 mmol/L versus 2.57±0.59 mmol/L respectively,
P<0.001). Plasma Mg levels did not significantly change in acute asthmatics before and after their rescuetreatment (1.53±0.33 mmol/L versus 1.68±0.31mmol/L respectively, P=0.07). In contrast, the study detecteda significant increase in erythrocytic Mg levels in cases after their treatment from acute attacks (1.06±0.43mmol/L versus 1.56±0.23 mmol/L respectively, P<0.001), with significant negative correlation with severityof attack (Spearman’s rho=-0.647, P<0.001).
Conclusion: Erythrocytic Mg levels were significantly lower during the acute asthma, and were negativelycorrelated with severity of exacerbation, while plasma Mg did not significantly change. Only erythrocytic Mglevels were significantly elevated after receiving rescue treatment.
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IntroductionAsthma continues to be the most prevalentchronic disease in childhood[1]. Continuous effortsare still exerted to understand the natural historyand pathogenesis of this disease in order toalleviate its burden on children and theirfamilies[2]. Magnesium (Mg) is an abundantintracellular cation. It is involved in numerousphysiological functions, including protein folding,

intracellular signaling, enzymatic reactionsinvolving protein and nucleic acid metabolismsand enzyme catalysis[3]. Mg is involved inpathophysiological reactions related to asthma; ithas been shown to relax bronchial smoothmuscles in vitro and to dilate asthmatic airways invivo[4]. Inhibition of release of acetylcholine fromcholinergic nerve terminals and of histamine frommast cells, promotion of nitric oxide synthesis andprostacycline generation are all associated with
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changes in intracellular Mg concentrations. It hasbeen shown that intravenous administration orinhalation of Mg could alleviate symptoms in acuteasthma[5].Our study hypothesized that erythrocytic(intracellular) Mg would be decreased during anacute asthma exacerbation. Low intracellular Mgconcentrations in adults[6] and children[7] withacute asthma have been previously reported.However, published works addressing this issueare relatively few. More efforts need to beconducted in order to build stronger evidence.The present study aimed at measuring Mgconcentrations in plasma and erythrocytes ofchildren with acute asthma exacerbations,comparing them to matched healthy controls.

Subjects and Methods
Study DesignThis is a case-control study that was conducted atUniversity Children’s Hospital, Faculty ofMedicine, Cairo University and Heliopolis Hospitalin Cairo, Egypt, in the period from November,2009 to November, 2010. Thirty Egyptian patientswere included as cases. They were outpatientssuffering from acute asthma attack and treated inthe emergency departments. Thirty healthy age-and sex-matched non-asthmatic children wereincluded in this study as controls. Sample size wascalculated using Power and Sample Size Calculatorversion 3.0.34 [Freeware] based on the followingparameters: power=0.82, case/control ratio=1,standard deviation=0.05 and type-I error=0.5.
Inclusion and Exclusion CriteriaCases fulfilled the following inclusion criteria:Aged 2 to 16 years, diagnosed as asthmaticsaccording to Global Initiative for Asthma (GINA)guidelines[8] and had acute asthma attack (mild,moderate or severe) according to GINAGuidelines[8] at the time of inclusion. Patients wereexcluded if they had chest infection/chest diseaseother than asthma, if they had diseases known tocause hypomagnesemia, if they had received Mg-containing drugs or drugs that might affect the

hydration and/or Mg status of the body, if theyreceived any rescue treatment for acute asthmawithin 24 hours before inclusion or if they refusedto participate in the study. Short-actingbronchodilators given were in the form ofnebulized salbutamol sessions of 5 minutes eachfor a maximum of 2 sessions 15 minutes apart,systemic steroids were added to severe cases.Those who needed more treatment were excludedto avoid the effect of therapy on Mgconcentrations.
Ethical ConsiderationsThe study design conformed to the RevisedHelsinki Declaration of Bioethics[9], and wasapproved by the Research Ethics Committee ofDepartment of Pediatrics, Faculty of Medicine ofCairo University. Participant’s anonymity waspreserved and an informed written consent wasobtained from parents and/or surrogates of allstudy candidates before enrollment.All candidates were subjected to a completeclinical study (thorough history and physicalexamination). The following investigations wereperformed: complete blood counts (CBC) andmeasurement of plasma and erythrocytic Mglevels immediately before taking anybronchodilator therapy and within half an hourafter that. No Mg-containing medications wereused in this study. Venous blood samples werewithdrawn without tourniquet into heparinizedmetal-free test tubes and a CBC was performedimmediately. Samples were centrifuged at 650gfor 10 minutes and plasma and erythrocytes wereseparated, then 100 microliters of erythrocyteswere lysed by addition of 1.5 ml of double-distilledwater. Hemolysed samples were excluded fromthe study. Both plasma and lysed erythrocyteswere stored at -20°C until the time of analysis.Erythrocytic and plasma Mg levels were analyzedusing atomic absorption spectrophotometery.
Statistical AnalysisThis was performed using Minitab 16 software(Minitab Inc. USA). The following tests were used:Frequency distributions, means±standarddeviation, t-test, chi-square test and tests ofcorrelation. P-values <0.05 were consideredsignificant. The 95% confidence intervals (95% CI)were calculated when appropriate.
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Fig. 1: Correlation between plasma Mg and severity of asthma attack
FindingsGroups were matched as regards age and sex.Acute asthmatics were significantly higher in vitalsigns, total leucocytic and eosinophilic counts(P<0.001). There was no significant differencebetween groups as regards plasma Mg levels.However, erythrocytic Mg levels were significantlyreduced in cases when compared to controls(P<0.001). About 26% of patients had mild attack,while nearly 67% had moderate attack and 6.6%had severe attack (Table 1). There was asignificant improvement of vital signs of patientsafter treatment (P<0.001) but no significantchange in leucocytic or eosinophilic counts.Plasma Mg levels did not significantly change inacute asthmatics before and after their rescuetreatment. In contrast, the study detected asignificant increase in erythrocytic Mg levels in

patients after their treatment (P<0.001) (Table 2).There was no significant correlation betweenplasma Mg and severity of attack (Fig. 1).However, there was a significant negativecorrelation between erythrocytic Mg and severityof attack (P<0.001) (Fig. 2).

DiscussionPlasma levels of Mg were not significantlydifferent between acute asthmatic children andcontrols. This agrees with the results of previoussimilar works; Sedighi et al[7] conducted a studythat reported no significant differences in plasmaMg (P=0.06). Again, Aggarwal et al[10] reportedthat plasma Mg levels remained within normal.
Table 1: Comparison between cases and controls

Cases (30) a Controls (30) a 95% CI P-value
Age (years) 8.23(3.02) 8.36 (3.164) -1.61; 1.63 0.997
Sex (male/female) 15.15 15/15 - 0.998
Heart rate (per minute) 98.90 (6.58) 91.87(6.12) 3.75; 10.32 < 0.001
Respiratory rate (per minute) 38.73 (3.34) 31.80(4.29) 4.94; 8.92 < 0.001
Temperature (°C) 37.14 (0.22) 36.97(0.185) 0.07; 0.28 0.001
Cough (present/absent) 21.9 - - -
Severity of acute attackb 8.20.2 - - -
RBCs (106/cmm) 4.36 (0.57) 4.28 (0.48) -0.71; 0.87 0.819
TLC (1000/cmm) 7.46(2.32) 5.40 (1.35) 1.08; 3.05 < 0.001
Eosinophils (cells/cmm) 361.5 (132.7)8 174.7 (76.83) 130.40; 243.20 < 0.001
Plasma Mg (mmol/L) 1.53 (0.33) 1.67 (0.50) - 0.36; 0.07 0.193
Erythrocytic Mg (mmol/L) 1.06(0.43) 2.57 (0.59) -1.77; -1.24 < 0.001a mean (standard deviation) or frequency; b mild, moderate and severe attacks;CI, confidence intervals; RBCs, red blood cells; TLC, total leucocytic count
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Table 2: Comparison of cases before and after attack treatment
Cases (30) Before treatment a After treatment a 95% CI P-value

Heart rate (per minute) 98.90 (6.58) 89.50 (3.36) 6.68 – 12.12 <0.001
Respiratory rate (per minute) 38.73 (3.34) 30.33 (2.19) 6.93 – 9.86 <0.001
Plasma Mg (mmol/L) 1.53 (0.33) 1.68 (0.31) - 0.32 – 0.01 0.07
Erythrocytic Mg (mmol/L) 1.06 (0.43) 1.56 (0.23) - 0.67 – (- 0.31) <0.001a Mean (standard deviation); CI, confidence intervals

Emelyanov et al[11] reported similar results. Incontrast to plasma Mg, our study detected thaterythrocytic Mg levels were significantly lowerduring acute asthmatic episodes when comparedto controls and there was a significant negativecorrelation between erythrocytic Mg and severityof asthma attack. These findings support thestudy’s hypothesis. It is suggested that reducedintracellular Mg might have partly precipitatedacute asthma attack. Zervas et al[6] reportedsimilar results in adults during acute asthma; theyconcluded that acute asthma was associated withlower erythrocyte Mg content while plasma levelsremained unchanged. Sedighi et al[7] reportedsignificantly reduced erythrocytic Mg in acuteasthmatic children compared to controls.Our study attempted to further investigate theintracellular and extracellular Mg concentrationsof the same group of acute asthmatics before andafter receiving rescue treatment (no Mg treatmentwas given). It was found that plasma Mg levels didnot differ significantly. However, erythrocytic Mgconcentration was found to increase significantlyafter receiving treatment for acute asthma. Thisreflects that Mg content of the body - measured

intracellularly in erythrocytes - was deficient atthe onset of acute asthma attack, that it started toincrease after the attack, and that this changecould not have been detected if we relied onplasma Mg measurement. Low erythrocytic Mgreflects relative Mg deficiency in other cell typespertinent to asthma, like inflammatory cells,smooth and skeletal muscle cells. This agrees withthe findings of Hashimoto et al[12] who reportedthat 40% of asthmatic patients demonstrated Mgdeficiency, and that the low Mg concentration inerythrocytes reflected decreased Mg stores inpatients with bronchial asthma. Some studies,however, did not find any significant difference inMg concentrations (both intracellular andextracellular) between asthmatics and normalsubjects. This includes the studies of Kazaks etal[13] and de Valk et al[14]. Although these studiesdo not agree with our results, yet they wereconducted on adults and focused mainly on milderdegrees of exacerbations, which might explain thedifferent findings.Our study added to the relatively few worksconducted on children and it did find a significantnegative correlation between intracellular Mg and

Fig. 2: Correlation between erythrocytic Mg and severity of asthma attack
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conducted on children and it did find a significantnegative correlation between intracellular Mg andseverity of attack. However, there were points ofweakness: the small sample size, the use oferythrocytes instead of other cells more relevantto asthmatic inflammation and the lack ofpulmonary function testing. It is recommended torepeat this study on a larger scale with alongitudinal design to allow for follow up.
ConclusionErythrocytic Mg levels in asthmatics weresignificantly lower than in normal controls duringthe acute asthma attacks in children, and werenegatively correlated with severity of the attack,while plasma Mg did not significantly change.Moreover, only erythrocytic Mg was significantlyelevated after receiving rescue treatment.
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