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Abstract
	 Background: This study aimed to  determine the intracellular (red blood cell (RBC)) 
magnesium levels in children with chronic bronchial asthma and to determine the relationship 
between the magnesium level and peak expiratory flow rate (PEFR), type of asthma treatment, and 
level of asthma control.
	 Methods: A cross-sectional study was conducted at the Paediatric Clinic, Sarawak General 
Hospital. A total of 100 children, aged 6–12 years with chronic bronchial asthma, were recruited 
according to the study criteria. Venous blood samples were obtained to measure the intracellular 
(RBC) magnesium level using the GBC Avanta Flame Atomic Absorption Spectrophotometer.
	 Results: Mean age was 8.57 (SD 1.18) years, and 63% of the participants were male. Mean 
duration of asthma was 62.2 (SD 32.3) months. A normal intracellular magnesium level was found 
in 95% of the participants, with a mean of 2.27 (SD 0.33) mmol/L. Two-thirds of the participants had 
a normal peak flow expiratory rate (> 80% of predicted value). About 85% were using both reliever 
and controller. Almost half of the participants (49%) had chronic asthma that was well-controlled. 
No significant relationship was found between magnesium level and age (r = –0.089, P = 0.379), 
gender (t = 0.64, P = 0.52), duration of asthma (r = –0.03, P = 0.74), PEFR (t = 0.41, P = 0.68), 
current level of asthma control (t = 0.02, P = 0.97), and current treatment (t = 0.414, P = 0.680).
	 Conclusions: There was no significant intracellular magnesium deficiency in children with 
chronic bronchial asthma. There was no significant relationship between therapeutic medications 
used for treatment of children with chronic asthma and intracellular magnesium levels.
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Introduction

	 Bronchial asthma is a chronic inflammatory 
disease of the airways and is one of the leading 
causes of childhood morbidity worldwide. 
Currently, in the US alone, an estimated 7.1                                                                                                
million children under 18 years suffer from 
asthma, of which 4.1 million developed an asthma 
attack in 2011 (1). In a study conducted in Kuala 
Lumpur, 13.8% of local primary school children 
were found to be asthmatic (2).
	 Magnesium plays a crucial role in the 

regulation of bronchial smooth muscle                          
contractility and hyper-responsiveness (3). There 
have been many studies on the relationship 
between asthmatic exacerbation and blood 
magnesium level, but findings and conclusions of 
these studies have varied. Studies in adult patients 
have shown that low serum magnesium levels 
were associated with an increased risk of asthma 
attacks and subsequent hospitalisations compared 
to the risk in patients with normal magnesium 
levels (4–6). Studies in children have reported 
significantly lower intracellular magnesium levels 
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in children with acute bronchial asthma than non-
asthmatic children (7). Other studies showed no 
significant difference in serum magnesium level 
during and in between asthmatic exacerbations          
in asthmatic children (8).
	 As magnesium is mainly an intracellular 
cation, the serum magnesium level reflects only 
a small proportion of total magnesium ions 
in the body (3). As such, serum magnesium 
measurement is not a reliable predictor of asthma 
severity (9). Intracellular (red blood cell(RBC)) 
magnesium level, on the other hand, has been 
documented as an important determinant of 
bronchial hyper-reactivity (7). Some studies in 
adult patients with chronic asthma have shown 
that there is a significant decrease in their 
erythrocyte magnesium level but not in their                                                                                                          
serum magnesium level (10–13). Other studies 
in adults, however, have shown no significant 
difference in intracellular magnesium levels 
between attacks (14,15). Therefore, it is not clear 
whether low magnesium level in chronic asthmatic 
children is associated with higher frequency of 
asthmatic exacerbation.
	 Anti-inflammatory and bronchodilator 
medications used in the treatment of asthma 
may cause magnesium depletion in humans (16).                                                                                                             
High magnesium intake is associated with better 
lung function and less risk of bronchial hyper-
reactivity and wheezing (17). By giving oral 
magnesium supplementation, lung function and 
frequency of attacks are improved (18,19). In 
clinical trials, children with acute bronchial asthma 
were reported to have remarkable improvement 
in short-term pulmonary function when given 
high doses of intravenous magnesium sulphate 
for moderate to severe asthmatic exacerbation 
(20–24). Conversely, some studies in children and 
adults showed no beneficial effect of intravenous 
magnesium sulphate in the management of acute 
severe asthma (25,26). Nevertheless, meta-
analyses and systematic reviews of intravenous 
magnesium sulphate for treating acute asthma 
have shown benefit in children with acute asthma 
(27,28).
	 Studies both using extracellular and 
intracellular magnesium level as determination 
of the magnesium level in the body have been 
reported; however, intracellular magnesium 
has been demonstrated to be a better measure 
of magnesium status in patients than serum 
magnesium level (13,29). This is because serum 
magnesium reflects short-term variations in 
magnesium intake and is not representative of the 
total body magnesium stores.
	 Although there have been substantial studies 

on the relationship of blood magnesium level and 
bronchial asthma, there have been few such studies 
in paediatric patients. The aim of this study was 
to investigate the intracellular (RBC) magnesium 
level in children with chronic bronchial asthma 
and to determine its relationship with peak 
expiratory flow rate (PEFR), duration of asthma, 
type of asthma treatment, and level of asthmatic 
control.

Materials and Methods

	 This was a cross-sectional study conducted at 
the Paediatric Clinic of Sarawak General Hospital 
in Kuching, Malaysia from 1st August 2011 to 31st 
May 2012. Kuching, the capital city of Sarawak, 
is the fourth largest urban area in Malaysia. 
With an estimated population of 579 900 people, 
Kuching has a diverse population consisting of 
Chinese, Malay, and indigenous groups such as 
Iban, Bidayuh, Melanau, and Orang Ulu, amongst 
others.

n = (1.96σ)2

∆

	 The required sample size was calculated 
based on estimation of a mean in the population.
	 Using the standard deviation of 0.1 mmol/L 
(7), estimating the true mean to within 0.02 SD 
with 95% confidence, the minimum sample size 
required was 90. As a 10% attrition rate was 
anticipated, the final minimum sample size was 
100. All asthmatic patients who came for their 
regular follow-up at the Paediatric Clinic at 
Sarawak General Hospital during the period of 
data collection were recruited. Once identified, 
these patients were assigned to the researchers’ 
consultation room for a check-up followed by 
interview. Patients with chronic bronchial asthma 
(defined as having bronchial asthma duration of ≥ 
1 year) were recruited for the study. In accordance 
with the Global Initiatives for Asthma (GINA), 
diagnosis of bronchial asthma was made based 
on clinical history and ≥ 15% reversibility of 
lung function test (PEFR) with bronchodilator 
administration or a diurnal variation in PEFR 
of ≥ 20%. PEFR reversibility is mainly based on 
the patient’s follow-up clinical note (20). Patients 
with chronic bronchial asthma who were less 
than six years of age, those with other associated 
diseases that could potentially cause magnesium 
deficiency (namely, kidney disease, bone disease, 
gastrointestinal disease, cardiovascular disease, 
hormonal disorder, metabolic disorder, recent 
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infection), and those who were taking calcium 
antagonists, diuretics, digoxin, laxatives, or 
vitamin D were excluded from this study.
	 Informed consent was obtained from the 
parents. Participants were interviewed and 
clinically evaluated, and PEFR was measured. For 
classification into controlled and uncontrolled 
asthma, patients were assessed based on attack 
frequency over the previous three months, and 
their current level of asthma control was based 
on frequency of daytime symptoms, nocturnal 
symptoms or awakening because of asthma, 
frequency of using reliever treatment, reduced 
lung function (PEFR), and any limitation of daily 
activities including exercise. Controlled asthma 
was defined as no (≤ 2 times/week) daytime 
symptoms, no limitation of daily activities 
including exercise, no nocturnal symptoms or 
awakening because of asthma, no (≤ 2 times/
week) need for reliever treatment, normal or near 
normal lung function results, and no exacerbation. 
Both partly controlled and uncontrolled asthma 
were categorised as uncontrolled asthma. The 
patient was diagnosed with partly controlled 
asthma if any of the following were experienced: 
daytime symptoms more than twice per week, 
using rescue treatment more than twice per 
week, any limitation of activity, nighttime cough, 
and reduced lung function < 80% of predicted 
or personal best (30). If the patient experienced 
three or more of the above criteria, the condition 
was defined as uncontrolled asthma. Information 
on the patient’s age, gender, duration of bronchial 
asthma, and current treatment was obtained from 
each subject and checked against their case notes. 
Height was measured to determine the predicted 
normal PEFR value.
	 Venous blood samples were collected from 
participants using vacuum tubes.  The intracellular 
(RBC) magnesium concentration was measured 
using the GBC Avanta Flame Atomic Absorption 
Spectrophotometer with absorption at 285.2 
nm (GBC Scientific, Australia). The normal 
intracellular Mg value measured in the laboratory 
was 1.7 to 2.9 mmol/L.
	 The PEFR was determined using Wright’s 
peak flow meter (Ferraris Medical Ltd, Edmonton, 
London, UK). The peak flow rate was measured 
with the subject standing. The mouthpiece of 
the meter was placed in the subject’s mouth, 
and lips were sealed around the mouthpiece. As 
PEFR measurements depend significantly on 
the subject’s effort and technique, instructions 
for proper use were given and followed by a 
demonstration of technique prior to measurement. 

PEFR measurements can be accurately performed 
by most patients older than five years (31). Each 
subject was asked to perform the test three times, 
and the highest of the three readings was used as 
the recorded value of PEFR. This highest recorded 
PEFR value was compared to the values on the 
predicted curves for Malaysian children (32).
	 This study protocol was approved by 
the Ethics Committee of Ministry of Health 
Malaysia (NMRR-11-317-8642). Data was entered 
and analysed using SPSS statistical package 
version 20 (IBM Corporation, New York). For 
descriptive data, the percentage, mean, and 
standard deviation were used. Normality testing 
of the data was carried out using boxplot and 
the Kolmogorov-Smirnov test. If the data were 
found to be normally distributed, a parametric 
test such as Pearson correlation was used to 
test the association between intracellular (RBC) 
magnesium level, age, and duration of asthma.  
The independent t test was used for the association 
between intracellular (RBC) magnesium level, 
gender, and PEFR. For all tests, a P value of less 
than 0.05 was significant.

Result

	 A total of 100 children were studied; 63% 
were male, and 37% were female. The mean age 
was 8.57 years (SD 1.18). The mean duration of 
asthma was 62.2 months (SD 32.3) (ranging from 
12 to 132 months). The mean intracellular (RBC) 
magnesium level was 2.27 mmol/L (SD 0.33) 
(range 1.5–3.54 mmol/L). Normal intracellular 
(RBC) magnesium levels were found in 95% of 
children. Abnormal PEFR (< 80% of predicted 
value) was found in 24% of children. The majority 
of children in this study (85%), were using both 
reliever and controller medications, whereas a 
smaller proportion (15%) were using only reliever 
medications. Asthma was well-controlled in 49% 
of children (Table 1).
	 Both boxplot and Kolmogorov-Smirnov tests 
showed data to be normally distributed. Statistical 
analysis (Table 2) revealed that there was no 
significant relationship between intracellular level 
of magnesium and age (r = -0.089, P= 0.379), or 
the duration of asthma (r = -0.033, P = 0.741). 
There was no significant difference in mean 
intracellular (RBC) magnesium level between 
male and female children (t = 0.644, P = 0.521). 
No significant relationship was demonstrated 
between PEFR (t = 0.412, P = 0.681), current level 
of asthma control (t = 0.027, P = 0.978), and the 
current treatment (t = 0.414, P = 0.680) (Table 3).
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Table 1: Demographic characteristic of the 100 children with asthma
Variable N (%) Mean (SD) Range
Age (year) 8.57 (1.181) 6–13
Gender

Male 63 (63)
Female 37 (37)

Duration of asthma (months) 62.2 (32.3) 12–132
Intracellular Mg level (mmol/L) 2.27 (0.331) 1.5–3.54

Normal 95 (95)
Abnormal 5 (5)

Peak Expiratory Flow Rate
Normal (> 80%) 76 (76)
Abnormal (80% and below) 24 (24)

Current level of asthma control
Controlled 49 (49)
Uncontrolled 51 (51)

Current treatment
Reliever 15 (15)
Reliever & controller 85(84)

Table 2: Correlationa between intracellular         
Mg level with age and duration of 
having asthma (N = 100)

Mg level
Age –0.089
Duration of asthma –0.033
aPearson correlation test, significant at P ≤ 0.05.

Discussion

	 The majority (95%) of the participants in this 
study were found to have normal intracellular 
(RBC) magnesium levels. A high intracellular 
magnesium level was found in 4% of the children, 
and the prevalence of hypomagnesaemia was 
1%. The low prevalence of hypomagnesaemia in 
our study is similar to other previous studies in 
adults (14,15) which demonstrated no significant 
difference in intracellular (RBC) magnesium in 
asthmatic patients between attacks and stable 
asthma.  Another study in patients from Palermo, 
Italy, however, showed a higher prevalence of 
hypomagnesaemia in asthmatic patients (10) 
than seen in our study. Our low prevalence of 
hypomagnesaemia may be attributed to the type 
of food in Asian diets, which consist of rice and 
rice products as the main staple food, along with 

green vegetables and soya bean. These foods have 
been found to be rich in magnesium, shown in a 
study by Wang JL et al (33) in Taiwan.
	 In patients with chronic, stable asthma, 
the intracellular (RBC) magnesium levels may 
not be affected compared to levels obtained 
during an asthma attack.  This is because during 
an acute asthma attack, bronchoconstriction 
induced by histamine challenge or exacerbation 
leads to a significant fall in erythrocyte 
magnesium level (34). It is postulated, that, 
when bronchoconstriction occurs, magnesium is 
forced out of the intracellular space, thus leading 
to depletion in the erythrocyte magnesium level 
(12).
	 The age of the patients in this study ranged 
from 6–12 years. Most previous studies on 
intracellular (RBC) have been carried out in an 
older adult population. As it has been shown that 
the intracellular magnesium level varies markedly 
with age (35), the difference in age range of 
patients from different studies could explain the 
discrepancies in results reported.
	 A recent published study showed no 
significant effect of regular controller therapy 
usage on magnesium level (12,15).  This is in 
accordance with our study where there was no 
significant difference in erythrocyte magnesium 
level in either treatment group.
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Table 3: t testa results comparing gender, PEFR, asthma control and treatment on intracellular Mg           
level (N = 100)

Mg level 
Mean (SD) mmol/L

Mean difference 
(95% CI)

P value

Gender 0.521
Male 2.28 (0.331) 0.044 (–0.09,0.18)
Female 2.24 (0.333) 0.044 (–0.09,0.18)

PEFR 0.681
Normal 2.27 (0.343) 0.032 (–1.12, 0.19)
Abnormal 2.24 (0.293) 0.032 (–1.12, 0.18)

Current level of asthma control 0.978
Uncontrolled 2.27 (0.371) 0.002 (–0.13,0.13)
Controlled 2.26 (0.291) 0.002 (–0.13,0.13)

Current treatment 0.680
Reliever 2.30 (0.339) 0.04 (–0.15,0.23)
Reliever & Controller 2.26 (0.331) 0.04 (–0.17, 0.24)

aIndependent t test, significant at P < 0.05.

	 In our study, mean erythrocyte magnesium 
level was slightly higher in boys than girls. This 
was different from the finding in a previous study 
(8). We also found that there was no significant 
association between duration of asthma and 
intracellular magnesium level. It is thought that 
redistribution of magnesium mainly takes place 
during an acute asthma attack, and this leads to 
a significant fall in intracellular magnesium level 
(36,37).
	 The limitations of this study are that it did not 
include healthy children without asthma, and the 
study population was relatively small. Moreover, 
we only used PEFR for a lung function test, and 
we did not enquire about the dietary history of 
the children. The children’s magnesium-rich diet 
might have explained why there was no significant 
difference in the level of magnesium in these 2 
cohorts.

Conclusion

	 In this study, we found that there was 
no significant difference in intracellular 
magnesium levels between uncontrolled and 
controlled chronic asthmatic patients. Moreover, 
medications used for asthma had no effect on 
intracellular magnesium levels. Further studies 
with larger numbers of children are required 
to verify that there is no relationship between 
intracellular magnesium and asthma control.
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