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Abstract

Objective: Magnesium (Mg) is thought to be an important element in the pathogenesis of acute asthma
attacks. We hypothesized that erythrocytic Mg would be decreased during an acute asthma exacerbation. We
aimed at investigating plasma and erythrocytic Mg in acute asthmatic children.

Methods: This case-control study included 30 Egyptian outpatients with acute asthma. Thirty healthy
matched children were included as controls. All candidates had measurements of plasma and erythrocytic Mg
levels before and after treatment.

Findings: No significant differences were detected in plasma Mg levels between cases and controls (1.53+0.33
mmol/L versus 1.67+0.50 mmol/L respectively, P =0.2). However, erythrocytic Mg levels were significantly
reduced 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 rescue
treatment (1.53+0.33 mmol/L versus 1.68+0.31mmol/L respectively, P=0.07). In contrast, the study detected
a significant increase in erythrocytic Mg levels in cases after their treatment from acute attacks (1.06+£0.43
mmol/L versus 1.56+0.23 mmol/L respectively, P<0.001), with significant negative correlation with severity
of attack (Spearman’s rho=-0.647, P<0.001).

Conclusion: Erythrocytic Mg levels were significantly lower during the acute asthma, and were negatively
correlated with severity of exacerbation, while plasma Mg did not significantly change. Only erythrocytic Mg
levels were significantly elevated after receiving rescue treatment.

Iranian Journal of Pediatrics, Volume 22(Number 4), December 2012, Pages: 463-467

Key Words: Asthma; Children; Erythrocytes; Magnesium

intracellular  signaling, enzymatic reactions
involving protein and nucleic acid metabolisms
and enzyme catalysisBl. Mg is involved in

Introduction

Asthma continues to be the most prevalent

chronic disease in childhood!1l. Continuous efforts
are still exerted to understand the natural history
and pathogenesis of this disease in order to
alleviate its burden on children and their
familiesf2. Magnesium (Mg) is an abundant
intracellular cation. It is involved in numerous
physiological functions, including protein folding,

pathophysiological reactions related to asthma; it
has been shown to relax bronchial smooth
muscles in vitro and to dilate asthmatic airways in
vivoll, Inhibition of release of acetylcholine from
cholinergic nerve terminals and of histamine from
mast cells, promotion of nitric oxide synthesis and
prostacycline generation are all associated with
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changes in intracellular Mg concentrations. It has hydration and/or Mg status of the body, if they
been shown that intravenous administration or received any rescue treatment for acute asthma
inhalation of Mg could alleviate symptoms in acute  within 24 hours before inclusion or if they refused
asthmalsl. to participate in the study. Short-acting

Our study hypothesized that erythrocytic bronchodilators given were in the form of
(intracellular) Mg would be decreased during an nebulized salbutamol sessions of 5 minutes each
acute asthma exacerbation. Low intracellular Mg for a maximum of 2 sessions 15 minutes apart,
concentrations in adultsl®l and childrenl”l with systemic steroids were added to severe cases.
acute asthma have been previously reported. Those who needed more treatment were excluded
However, published works addressing this issue  to avoid the effect of therapy on Mg
are relatively few. More efforts need to be concentrations.
conducted in order to build stronger evidence.

The present study aimed at measuring Mg
concentrations in plasma and erythrocytes of  The study design conformed to the Revised
children with acute asthma exacerbations, Helsinki Declaration of Bioethicsl®l, and was
comparing them to matched healthy controls. approved by the Research Ethics Committee of

Department of Pediatrics, Faculty of Medicine of
Cairo University. Participant’s anonymity was
preserved and an informed written consent was
obtained from parents and/or surrogates of all
study candidates before enrollment.

Ethical Considerations

Subjects and Methods All candidates were subjected to a complete
] clinical study (thorough history and physical
Study Design examination). The following investigations were

This is a case-control study that was conducted at performed: complete blood counts (CBC) and
University Children’s Hospital, Faculty of measurement of plasma and erythrocytic Mg
Medicine, Cairo University and Heliopolis Hospital levels immediately  before taking any
in Cairo, Egypt, in the period from November, bronchodilator therapy and within half an hour
2009 to November, 2010. Thirty Egyptian patients  after that. No Mg-containing medications were
were included as cases. They were outpatients  used in this study. Venous blood samples were
suffering from acute asthma attack and treated in withdrawn without tourniquet into heparinized
the emergency departments. Thirty healthy age- metal-free test tubes and a CBC was performed
and sex-matched non-asthmatic children were immediately. Samples were centrifuged at 650g
included in this study as controls. Sample size was  for 10 minutes and plasma and erythrocytes were
calculated using Power and Sample Size Calculator ~ separated, then 100 microliters of erythrocytes
version 3.0.34 [Freeware] based on the following  were lysed by addition of 1.5 ml of double-distilled
parameters: power=0.82, case/control ratio=1, water. Hemolysed samples were excluded from

standard deviation=0.05 and type-I error=0.5. the study. Both plasma and lysed erythrocytes
] ) o were stored at -20°C until the time of analysis.
Inclusion and Exclusion Criteria Erythrocytic and plasma Mg levels were analyzed

Cases fulfilled the following inclusion criteria: using atomic absorption spectrophotometery.
Aged 2 to 16 years, diagnosed as asthmatics

according to Global Initiative for Asthma (GINA)  Statistical Analysis

guidelinest® and had acute asthma attack (mild, = This was performed using Minitab 16 software
moderate or severe) according to GINA  (Minitab Inc. USA). The following tests were used:
Guidelinesl®l at the time of inclusion. Patients were Frequency distributions, means+standard
excluded if they had chest infection/chest disease deviation, t-test, chi-square test and tests of
other than asthma, if they had diseases known to correlation. P-values <0.05 were considered
cause hypomagnesemia, if they had received Mg-  significant. The 95% confidence intervals (95% ClI)
containing drugs or drugs that might affect the  were calculated when appropriate.
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Fig. 1: Correlation between plasma Mg and severity of asthma attack

Findings

Groups were matched as regards age and sex.
Acute asthmatics were significantly higher in vital
signs, total leucocytic and eosinophilic counts
(P<0.001). There was no significant difference
between groups as regards plasma Mg levels.
However, erythrocytic Mg levels were significantly
reduced 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 a
significant improvement of vital signs of patients
after treatment (P<0.001) but no significant
change in leucocytic or eosinophilic counts.
Plasma Mg levels did not significantly change in
acute asthmatics before and after their rescue
treatment. In contrast, the study detected a
significant increase in erythrocytic Mg levels in

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

Discussion

Plasma levels of Mg were not significantly
different between acute asthmatic children and
controls. This agrees with the results of previous
similar works; Sedighi et all”l conducted a study
that reported no significant differences in plasma
Mg (P=0.06). Again, Aggarwal et all1% reported
that plasma Mg levels remained within normal.

Table 1: Comparison between cases and controls

Cases (30) 2

Age (years) 8.23(3.02)
Sex (male/female) 15.15
Heart rate (per minute) 98.90 (6.58)
Respiratory rate (per minute) 38.73 (3.34)
Temperature (°C) 37.14 (0.22)
Cough (present/absent) 219
Severity of acute attackP 8.20.2
RBCs (10¢/cmm) 4.36 (0.57)
TLC (1000/cmm) 7.46(2.32)
Eosinophils (cells/cmm) 3615 (132.7)8
Plasma Mg (mmol/L) 153 (0.33)
Erythrocytic Mg (mmol/L) 1.06(0.43)

Controls (30) 2 95% CI P-value
8.36 (3.164) -1.61;1.63 0.997
15/15 - 0.998
91.87(6.12) 3.75;10.32 <0.001
31.80(4.29) 4.94;8.92 <0.001
36.97(0.185) 0.07;0.28 0.001
4.28 (0.48) -0.71; 0.87 0.819
5.40 (1.35) 1.08;3.05 <0.001
1747 (76.83)  130.40; 24320 <0.001
1.67 (0.50) - 0.36; 0.07 0.193
257 (0.59) -1.77;-1.24 <0.001

amean (standard deviation) or frequency; Pmild, moderate and severe attacks;
Cl, 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 treatment2 After treatment 2 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) -032-001 0.07
Erythrocytic Mg (mmol/L) 1.06 (0.43) 1.56 (0.23) -067-(-031) <0.001

2 Mean (standard deviation); Cl, confidence intervals

Emelyanov et allll reported similar results. In
contrast to plasma Mg, our study detected that
erythrocytic Mg levels were significantly lower
during acute asthmatic episodes when compared
to controls and there was a significant negative
correlation between erythrocytic Mg and severity
of asthma attack. These findings support the
study’s hypothesis. It is suggested that reduced
intracellular Mg might have partly precipitated
acute asthma attack. Zervas et all®l reported
similar results in adults during acute asthma; they
concluded that acute asthma was associated with
lower erythrocyte Mg content while plasma levels
remained unchanged. Sedighi et alll reported
significantly reduced erythrocytic Mg in acute
asthmatic children compared to controls.

Our study attempted to further investigate the
intracellular and extracellular Mg concentrations
of the same group of acute asthmatics before and
after receiving rescue treatment (no Mg treatment
was given). It was found that plasma Mg levels did
not differ significantly. However, erythrocytic Mg
concentration was found to increase significantly
after receiving treatment for acute asthma. This
reflects that Mg content of the body - measured

intracellularly in erythrocytes - was deficient at
the onset of acute asthma attack, that it started to
increase after the attack, and that this change
could not have been detected if we relied on
plasma Mg measurement. Low erythrocytic Mg
reflects relative Mg deficiency in other cell types
pertinent to asthma, like inflammatory cells,
smooth and skeletal muscle cells. This agrees with
the findings of Hashimoto et all*2l who reported
that 40% of asthmatic patients demonstrated Mg
deficiency, and that the low Mg concentration in
erythrocytes reflected decreased Mg stores in
patients with bronchial asthma. Some studies,
however, did not find any significant difference in
Mg concentrations (both intracellular and
extracellular) between asthmatics and normal
subjects. This includes the studies of Kazaks et
all*3l and de Valk et all*4l, Although these studies
do not agree with our results, yet they were
conducted on adults and focused mainly on milder
degrees of exacerbations, which might explain the
different findings.

Our study added to the relatively few works
conducted on children and it did find a significant
negative correlation between intracellular Mg and

OO0 Gy

Severity of asthma attack

14

rho =-0.647
P = 0.001

0% P g o @

O 0 Bo ©

0.0 0.5

15 2.0

Erythrocytic Mg (mmol)
Fig. 2: Correlation between erythrocytic Mg and severity of asthma attack
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conducted on children and it did find a significant
negative correlation between intracellular Mg and
severity of attack. However, there were points of
weakness: the small sample size, the use of
erythrocytes instead of other cells more relevant
to asthmatic inflammation and the lack of
pulmonary function testing. It is recommended to
repeat this study on a larger scale with a
longitudinal design to allow for follow up.

Conclusion

Erythrocytic Mg levels in asthmatics were
significantly lower than in normal controls during
the acute asthma attacks in children, and were
negatively correlated with severity of the attack,
while plasma Mg did not significantly change.
Moreover, only erythrocytic Mg was significantly
elevated after receiving rescue treatment.
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