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ABSTRACT: Magnesium is important in the regulation of bronchomotor tone, and
low dietary intake of magnesium has been associated with airway hyperresponsive-
ness in epidemiological studies.

The concentration of magnesium in serum, erythrocytes and urine in 49 patients
with asthma (29 males, aged 15±65 yrs) and in 25 normal subjects (15 males, aged 17±
36 yrs) was studied by atomic absorption.

Magnesium concentrations were significantly lower in erythrocytes and urine in
both atopic (n=26) and nonatopic (n=23) asthmatic patients as compared with the
control group, whereas serum concentrations did not differ. The concentration of
magnesium in erythrocytes was not related to the degree of airway obstruction as
measured by forced expiratory volume in one second (FEV1) but was significantly
correlated with airway hyperresponsiveness measured as the provocative concentra-
tion causing a 20% fall in FEV1 to inhaled acetylcholine (r=0.64; p<0.05). In addition,
a magnesium tolerance test showed increased retention of magnesium (58.9% of
administered dose in asthmatic patients compared with 8.9% in normal subjects,
p<0.05).

In conclusion, the low cellular concentration of magnesium may be associated with
airway hyperresponsiveness in asthmatic patients.
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Magnesium is involved in the regulation of bronchial
tone, mast cell secretion and neuromuscular conductivity
[1]. A high dietary magnesium intake is associated with
better lung function, and a reduced risk of airway hyperre-
activity and wheezing in a general population [2]. Magne-
sium sulphate gives a dose-dependent bronchodilator effect
and decreases airway hyperresponsiveness to methacholine
and histamine in asthmatic patients [3±7], although not all
studies have confirmed this [8±11]. In a single case report
hypomagnesemia appeared to induce air-way hyperrespon-
siveness to histamine and was reversed after magnesium
infusion [12]. Dietary supplementation with magnesium
resulted in improvement of symptoms in asthmatic pa-
tients [13]. Magnesium levels, therefore, may have clini-
cal importance in asthma.

The aim of the present study was to investigate the con-
centrations of magnesium in serum, erythrocytes and daily
urine and its relationship with airway obstruction and air-
way hyperresponsiveness in patients with asthma.

Methods

Patients

Twenty-six patients (15 males, 11 females) with atopic
bronchial asthma, 23 nonatopic asthmatic patients (14
males, 9 females) in clinical remission (aged 15±65 yrs,
median age 36 yrs) were examined at the Hospital Thera-
peutic Clinic of Pavlov's Medical University, St Pet-
ersburg, Russia. Laboratory tests were performed at the
Department of Thoracic Medicine, National Heart and
Lung Institute, London, UK. Patients were diagnosed ac-
cording to the American Thoracic Society definition of
asthma [14]. Diagnosis was based upon clinical history,

reversibility of forced expiratory volume in one second
(FEV1) >15% and diurnal variability of peak expiratory
flow rate >20%. Their mean duration of asthma was
10.3�1.0 yrs (mean�SEM), and their mean FEV1 at the time
of the study was 81.9%�3.7% predicted (mean�SEM).
Thirty-five patients were nonsmokers and 14 were exsmok-
ers. Patients stopped receiving medications (b2-agonists,
disodium cromoglycate, inhaled steroids, theophylline) at
least 72 h before the measurement. None had never re-
ceived systemic steroids within 3 month of the treatment.

Twenty-five healthy nonasthmatic nonsmoking subjects
(15 males, 10 females) aged 17±36 yrs (median age 30 yrs)
from the same population served as a control group. They
were chosen according to the following criteria: 1) nega-
tive allergic, pulmonary, digestive and occupation history;
2) normal airway conductance; and 3) negative acetylcho-
line challenge test.

The study was approved by the Local Ethics Committee.
The participants were informed in writing and their consent
was obtained orally.

Lung function tests

Pulmonary function tests included airway resistance,
specific airway conductance (Respiratory system 3000;
Ohio Medical Products, Madison, OH, USA), forced vital
capacity, FEV1, mid-expiratory flow at 25, 50 and 75% of
vital capacity (Pneumoscreen II; Jaeger, Hoechberg, Ger-
many). Acetylcholine challenge test was performed ac-
cording to the method described by OREHEK et al. [15],
with the provocative concentration causing a 20% fall in
FEV1 (PC20) as a measure of airway responsiveness.
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Magnesium concentration

The concentrations of magnesium in serum, erythro-
cytes and 24 h urine were measured by atomic absorption
spectrometry (Model 508; Hitachi, Tokyo, Japan) in dup-
licate.

Erythrocytes were separated from 20 mL heparinized
blood. This amount was sufficient for the examination of
patients and the relation between erythrocyte magnesium,
airway obstruction and hyperresponsiveness. Samples were
taken at 09:00±10:00 h after overnight fast. After cen-
trifugation erythrocytes were washed twice with isotonic
(290 mosmol.L-1) lithium chloride solution (145 mmol.L-1).
Erythrocytes were counted in a celloscope and then lysed
by the addition of deionized water. Proteins were pre-
cipitated by 6% trichloracetic acid. The lysate was frozen
and stored at -208C until assay.

A magnesium tolerance test was performed in 16
asthmatic patients and six normal subjects according to the
method described by RYZEN et al. [16]. After baseline 24 h
urine collection patients were given 0.2 mEq.kg lean body
weight-1 of intravenous magnesium in 50 mL of 0.9%
sodium chloride during 4 h. Twenty-four hour urine sam-
ples beginning with the infusion were again collected for
determination of urine magnesium excretion. Percentage
magnesium retained was calculated.

Statistics

Student's unpaired two-tailed t-test, ANOVA (Fisher's
test) and correlation coefficient (r) were used for statistical
methods (Microsoft Excel 5; Redwood, WA, USA and
Statistica for Windows 5; Stat Soft, Tulsa, OK, USA).
Calculations were made with 95% confidence intervals
(CI) and a p-value <0.05 was considered significant.

Results

The concentrations of magnesium in blood and daily
urine in different groups are shown in table 1. The differ-
ence between the concentration of plasma creatinine in
asthmatic patients (0.09 mmol.L-1) and healthy subjects
(0.10 mmol.L-1) was not significant (p>0.05). The concen-
trations of magnesium in serum in asthmatic patients did
not differ from those in healthy subjects. The concentra-
tions of magnesium in erythrocytes and daily urine in both
groups of asthmatic patients were significantly lower than
in the control group. The mean of retention of magnesium
during parenteral magnesium tolerance test was 58.9�
5.0% (mean�SEM) of administrated dose in asthmatic sub-
jects (95% CI 47.9±69.5) and 8.9�3.3% in the control
group (95% CI 0.3±17.4; p<0.05).

The concentrations of magnesium in erythrocytes and
urine were not related (r=0.01 and -0.10, n=43 respectiv-
ely, p>0.05) to the severity of airways obstruction, as mea-
sured by per cent predicted FEV1. However, there was a
significant correlation between the concentration of mag-
nesium in red cells and PC20 to acetylcholine (r=0.64;
n=25, p<0.05) (fig. 1).

Discussion

The concentration of magnesium in the serum of asth-
matic patients did not differ significantly from that found
in healthy subjects. However, magnesium is an intracel-
lular ion and the correlation between its level in serum and
cells is poor [17]. In contrast, a low magnesium concen-
tration in erythrocytes and daily urine was found in asth-
matic patients compared to the normal subjects. A par-
enteral magnesium tolerance test showed significantly
higher retention of magnesium in patients with asthma
compared with control subjects. This may reflect a relative
magnesium deficiency in several cell types, including infl-
ammatory cells, smooth and skeletal muscles. These data
are in agreement with a previous report of low concentra-
tions of magnesium in skeletal muscles and polymor-
phonuclear leukocytes in asthmatic patients [18, 19].

To assess the clinical relevance of magnesium deficien-
cy, the relationship between the concentration of magnes-
ium in erythrocytes, FEV1 and airway hyperresponsiveness

Table 1. ± Concentrations of magnesium in serum, erythrocytes and urine in asthmatic patients and normal subjects

Normal subjects
(n=25)

Atopic asthmatics
(n=26)

Non-atopic asthmatics
(n=23) F-value p-value

Serum mmol.L-1 0.83�0.024 0.84�0.025 0.87�0.030 1.04 >0.05
(0.78±0.88) (0.79±0.89) (0.82±0.93)

Erythrocytes mmol.1013 cells-1 2.19�0.047 1.91�0.059** 1.90�0.068** 8.72 <0.001
( 2.09±2.28) (1.78±2.03) (1.7±2.04)

Urine mmol.24 h-1 6.13�1.06 3.69�0.26 3.71�0.33* 6.73 <0.003
(3.69±8.58) (3.16±4.22) (3.02±4.39)

Values are presented as mean�SEM with 95% confidence intervals in parenthesis. F-value: Fisher's test. *: p<0.05; **: p<0.001 for
asthmatic versus normal subjects.
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Fig. 1. ± Correlation between concentration of magnesium in erythro-
cytes and airway hyperresponsiveness to acetylcholine (provocative con-
centration causing a 20% fall in forced expiratory volume in one second
(PC20)) in asthmatic patients.
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to acetylcholine were determined. Although no correla-
tion between the concentration of magnesium in red blood
cells and FEV1 was found, the concentration of mag-
nesium in erythrocytes was significantly correlated with
the PC20 to acetylcholine. It is possible to speculate that a
low intracellular magnesium concentration may promote
airway hyperresponsiveness in asthmatic patients. This ob-
servation may explain why the administration of mag-
nesium and a higher magnesium intake reduced airway
hyperresponsiveness [2, 6, 7].

Magnesium deficiency is known to increase intracellular
concentrations of calcium, the degree of lipid peroxidation
and secretion of histamine and inflammatory cytokines (in-
terleukin (IL)-1, IL-6) [20, 21]. Magnesium also inhibits
cholinergic transmission [22]. This may explain why an
intracellular magnesium deficiency may be associated with
airwayinflammationandairwayhyperreactivityinasthmatic
patients.Thefindingsof thepresent studyare incontrastwith
the data of DE VALK et al. [23] who reported similar magnes-
ium concentration in blood cells of asthmatic patients and
control subjects. However, this may reflect the differences in
magnesium intake between different countries.

The cause of magnesium deficiency in asthmatic pa-
tients is unknown. It is unlikely to result from the usage of
antiasthma medications (b2-agonists, theophylline and in-
haled steroids) as the patients in the present study stopped
receiving all drugs for at least 72 h before the study. The
low magnesium concentration was found in both allergic
and nonallergic patients, so it cannot be due to atopy. It is
possible that the magnesium deficiency may result from a
low magnesium intake. Magnesium is obtained principally
from cereals, nuts, green vegetables and dairy produce.
However, it is lost in the cooking or refining of food, so
diets that provide a high proportion of daily calorie re-
quirements from refined or processing foods are likely to
be low in magnesium. Low magnesium intake may be
involved in the aetiology of asthma [2]. Magnesium def-
iciency resulting in airway hyperresponsiveness has been
reported to be reversed after administration of magnesium
in a single case report [13]. On the other hand, the low con-
centration of magnesium may be genetically determined
[24]. Further investigation is needed to assess the factors
that underlie magnesium deficiency in asthmatic patients.

In conclusion, this study has revealed magnesium de-
ficiency in erythrocytes and its relation with airway hyper-
responsiveness inasthmatic patients. These findingsprovide
evidence that low intracellular magnesium concentration
may be associated with airway hyperresponsiveness in pa-
tients with asthma. Further studies are needed to determine
whether long-term magnesium supplements and a higher
dietarymagnesiumintakehaveafavourableeffect inasthma.
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