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 Background: Magnesium is an abundant intracellular divalent 

cation, and has significant efficacy on the respiratory system. 

Its homeostasis links with calcium and potassium electrolytes. 
Small airway diseases (SAD) of the lung can be induced 

among sulfur mustard gas-exposed victims(SM). The purpose 

of the present study was to determine status of magnesium, 

calcium and potassium among SM victims in Iran. 
Method: The current study followed design of the protocol. 

Victims of the SM gas-exposed were sequentially enrolled 

among patients with defined criteria of SAD. 
Results: A total of 145 victims completed criteria of the study.  

Means of total Mg, Ca and K serum concentrations were 1.96 

± 0.2 SD, 9.42 ±   0.53 SD and 4.16 ± 0.36SD, respectively.  
Frequency of hypomagnesemia, hypocalcemia and 

hypokalemia was found 16.6%, 9.7% and4.8%, respectively. 
Conclusion: Noticeable deficiency of magnesium, calcium and 

potassium was disclosed among sulfur mustard-induced 

chronic SAD. Evaluation of recent electrolytes improves the 

outcome management of SAD. 
 
Copyright©2012 Department of Forensic Medicine and Toxicology. All 

rights reserved. 

Implication for health policy/practice/research/medical education:  
Evaluation of recent electrolytes improves the outcome management of small airway diseases. 
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1. Introduction: 

Magnesium (Mg) is a micronutrition trace 
element, fifth electrolyte and second 
abundant intracellular divalent cation (1). 
It contributes as a cofactor in over 300 

enzymatic reactions and every body 

requires its integral function (2). Mg has 
significant effects on the respiratory 
system stability (3). Homeostasis of Mg 
requires action of potassium and calcium 

(4). Serum Mg measurement is the only 
routine evaluation accepted in the world. 
The serum assay of Mg is sensitive and 
reflects Mg deficiency but not specific. It 

cannot disclose body store of Mg (5).  
Hypomagnesemia is defined as a serum 
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Mg concentration of less than 1.8 mg/DL 
and is often presented clinically as the 
acquired feature (6). 

Sulfur mustard (SM) is a serious and toxic 
vesicant warfare agent (7). It was used as 
mass production on the veterans in combat 
of Iraq-Iran since 1980-1988, and 

remained over 50,000 veterans in Iran (8).  
Respiratory system which is one of the 
most prevalent target systems is exposed to 
SM action (9). Pathology of airways is 

dosed -depended. Low to moderate dose 
exposure effect on the upper respiratory 
tract and high dose can influence on the 
lower part of respiratory airway, and 

damages the paranchemal lungs. The small 
airway diseases of the lung (SAD) consist 
of pathological changes of inflammation 
and fibrosis restricted to airways less than 

2 mm in diameter; respiratory and terminal 
bronchioles (10). A number of SAD has 
been induced by SM (11, 12). 
Hypomagnesemia was reported in a 

number of common respiratory diseases 
(13). Serum Mg status and related 
effective electrolytes on its homeostasis 
have not been reported among SM induced 

diseases as yet.  
The aim of this study was to determine 
serum magnesium, calcium and potassium 
concentrations among sulfur mustard-

induced chronic small airway diseases. 
 

2. Materials and Methods: 
This is a is cross-sectional study conducted 

in Shaheed Beheshti University of Medical 
Sciences (SBUMS), Loghman Hakim 
general teaching hospital, Tehran– Iran.  
Target population sequentially enrolled in 

the study was among veterans exposed to 
SM concomitant with small airway 
diseases.  The date of chemical contact 
was between 1980 -1985 years. Inclusion 

criteria consisted of adults, male sex, 
confirmed SM contact in accordance with 
following defined criteria and chronic 
small airway pulmonary diseases induced 

by SM based upon literature review. SM 
exposure accepted if veterans’ documents 
based history taking, having review of 

medical records and Janbazan foundation 
ID as well as known sequels of SM.    
 History taking was performed at two 

levels; in person interview and 
questionnaire. Highlight topics considered 
include: the areas of contact, initial date of 
exposure, hospitalization period and early 

signs of chemical contact.  In addition, 
they are having at least one of the 
prevalent contact sequels as: ocular lesions 
and or SM induced dermatopathy. SM 

induced chronic SAD based on the 
searching database including; bronchial 
asthma (14, 15), bronchiectasis (16-18), 
bronchiolitis and interstitial lung fibrosis 

associated with SAD (19-21). Small 
airway diseases were defined based on the 
standard -definition criteria, imaging and 
pulmonary function testing.  

Any subjects that caused omission from 
the continuance of the study were as 
following  backgrounds; using  magnesium 
supplement and  Loop and thiazide-type 

diuretics, alcohol consumption ,small 
bowel bypass surgery, Neoplasia, 
cardiovascular,  acute or chronic diarrhea, 
malabsorption and steatorrhea syndrome , 

acute pancreatitis, renal diseases and 
convulsive disorders. Further evaluation 
performed if the patient information was 
not sufficient in chest clinic.  

Blood samples were obtained in the 
following conditions; at the morning with 
fasting state eight hours, sitting position, 
using tourniquet, vein blood. 

Measurements were carried out in the 
unique laboratory.  The cut point for Mg, 
K, Ca and IgE were 1.8 mg/dl, 3.5 mEq/dl, 
8.5 mg/dl and >180 unite/dl. 

Measurements of laboratory data 
performed with commercial kits including 
Mg (Pars Azemon Co Ltd), Ca (Darman 
Kave Res Lab. Isfahan, Iran) and IgE 

(Padtan Elm co). 
Collected data was analyzed with SPSS 
program - software16. The variables were 
summarized as Mean±SD and frequency. 

ANOVA test was performed between 
different variables. Significant value was 
<0.05 (two tailed). 
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3. Results: 

A total of 145 victims completed criteria 
of the present study. Mean age ± SD was 
47.7±7.8 years, ranged between 35-60 
years; Median= 48. Entire victims were 

male.  Figure 1 shows age distribution and 
electrolyte deficiency in SM induced SAD. 
 Means of total serum Mg, Ca and K 
concentrations were 1.96±0.2 SD, 

9.42±0.53 SD and 4.16±0.36 SD, 
respectively.  Frequencies of hypomag-
nesemia, hypocalcemia and hypokalemia 
were found 16.6%, 9,7% and 4.8%, 

respectively. Table 1 reveals 
characterizations of subset groups with 
Mg, Ca and K deficiencies in sample 
population. Mg and Ca deficiencies were 

better presented in the 2nd age class. 
One-way ANOVA test was carried out 
between factor of Mg concentrations and 
depended lists of age, Ca and k. 

statistically no significant differences were 
found between them. 
 

4. Discussion: 

The outcome of the study revealed that 
prevalence of Mg deficiency was 

noticeable in chronic SAD induced by SM.  

The clinical feature of hypomagnesemia is 
nonspecific.  Symptomatic threshold level 
of Mg deficiency manifests in less than 1.2 
mg/dl (22). We had not below the recent 

cut of point in the study. Prevalence of 
hypomagnesemia was reported among few 
respiratory diseases with airflow limitation 
(13, 23, 24). Chronic hypomagnesemia 

was detected in the pulmonary diseases. 
Prevalence and frequency of Mg 
deficiency was reported in population of 
the prolonged care patients (3.5% and 

12.5%, respectively) (25).  Population at 
risk of Mg deficiency is relatively more 
common (26, 27). Detection of Mg 
deficiency is often missed clinically. A 

survey of evaluation of mg status among 
patients coming to the primary care 
hospital indicated that 47% of serum Mg 
was lower than the normal set point. 

Request of Mg level measurement was 
performed by an initial physician visiting 
10% of the study population whereas 90% 
of them were missed (28).  Mg status is a 

risk factor in cardiovascular diseases and  

Fig. 1.  It reveals age distribution and serum magnesium, calcium and potassium deficiency in the 

sulfur mustard induced small airway disease. 
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has beneficial effects on the pulmonary 
function (29), development of bronchial  
hyper-responsiveness, mast cell 
stabilization, stimulation of synthesis of 

nitric oxide and prostacyclin and inhibition 
of cholinergic transmission in the limited 
airway diseases (30).  
The causes of Mg deficiency are related to 

dieting, intestinal absorption, Mg loss and 
internal redistribution. 
Magnesium is an intracellular electrolyte, 
and only 1% of the total body Mg is found 

in serum. Mg homeostasis is regulated by 
kidney.  The recommended dietary 
allowance (RDA) of Mg is 280-350 mg 
daily (31). We don’t study the regular diet 

of target population. However, 
asymptomatic Hypomagnesemia was 
observed among Iranian urban population 
(4.6%) (32). In general diet consumption, 

Medications are the causal factor in 
inducing Mg deficiency.  The more 
frequent medications which are used in the 
management of airway limited pulmonary 

diseases are corticosteroids, theophylline, 
aminophylline (33) and beta-two agonist 
bronchodilators. The most popular beta- 
two agonists are salbutamol. It causes to 

shift Mg into the cells (34). Another 
mechanism of induced hypomagnesemia is 
excretion through kidney, which 
developed by aminophylline (35). 

Stress associated with any sources can 
increase cathcholamine levels. It can 
increase the uptake of Mg by adipocytes 
and releases free fatty acid into circulation, 

and produces a complex with plasma Mg 
(36).   
Mg homeostasis is regulated with ATPase- 
ion pump action and is integrated with 

intracellular sodium, potassium and 
alterations in calcium flux. Post-traumatic 
stress disorders (PTSD) follow the combat 
veterans. It was reported among Iranian 

veterans as a chronic state (37). 
Hypomagnesemia can be associated with 
another common electrolyte deficiency. It 
contributes 40% to hypokalemia and 22-

32% in hypocalcemic patients (38). 
Potassium and Mg have close homeostasis 
relation, and hypokalemia predicts the 
presence of hypomagnesemia .The exact 

mechanism of manifestation of 
hypokalemia in the hypomagnesemia 
status has not been understood, but may be 
related to transporter systems (30).  

There is positive correlation between 
hypocalcemia and hypomagnesemia (39). 
Our finding revealed noticeable 
hypocalcemia in target population. Mg is 

an agonist of CaR and modulates transport 
and intracellular Ca concentration (40). 
However, hypomagnesemia can influence 
on the ionized Ca level through changed- 

end organ responsiveness to PTH (41). 
Rising of ionized Ca induces Mg wasting 
via kidney rout. 
In conclusion, noticeable deficiencies of 

magnesium, calcium and potassium were 
disclosed among sulfur mustard induced 
chronic SAD. Evaluation of recent 
electrolytes improves the outcome 

management of SAD. 
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Table 1:  It shows characterizations of serum magnesium, calcium and potassium subsets deficiencies 

of sample population among sulfur mustard induced small airway diseases. 

Subsets Number Mean   ±  SD of 

age 

Mean   ±   SD of 

value 

Frequency% 

Magnesium 24 50.12  ±   7.56 1.67   ±   0.04 16.6 

Calcium 14 51.43  ±    7.29 8.2    ±     0.16 9.7 

Potassium 7 42.7    ±    2.62 3.42 ±      0.18 4.8 
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