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    The Prospect of Serum Magnesium and 
an Electrolyte Panel as an Adjuvant  

Cardiac Biomarker in the Management  
of Acute Myocardial Infarction
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ABSTRACT
Background: Ischemic heart disease accounts 12.2% deaths 
worldwide. Serum magnesium (Mg+) status is often ignored 
in Acute Myocardial Infarction (AMI). Studies showed altera-
tions in the levels of serum electrolytes including magnesium 
in AMI. 

Aim:  To evaluate serum Mg+ and other electrolytes as adju-
vant markers in the diagnosis of AMI.

Design and Settings: Case control study was conducted in 
South Indian male population with AMI within six hours of on-
set of symptoms.

Patients and Methods: Study includes sixty patients with AMI 
and 100 controls. Serum electrolytes were estimated using 

electrolyte analyzer. Data were compared by using student‘t’ 
test. ROC was drawn to find out optimum cutoff for diagnos-
ing AMI. Pearson’s correlation was done to see the association 
among the markers.

Results:  Serum Ca, Mg, K and Na electrolytes were significant-
ly lower (‘p’<0.001) in AMI. Ca:Mg, K:Mg, and Na:K ratios were 
significantly higher when compared to controls (‘p’<0.001). 
There was significant correlation of serum Mg levels with other 
cardiac markers (Total CK, CK–Mb, Troponin –T) of AMI (‘p’ 
<0.05).ROC  analysis of Na:Mg (40.9), Ca:Mg (3.43) and K:Mg 
(2.74) ratios showed optimum cutoffs  in  diagnosis of AMI.

Conclusion: Serum Mg, Ca:mg, K:mg and Na:K ratios could 
be useful adjuvant markers in diagnosis of AMI.      

 Ramesh Ramasamy, sathish BaBu muRugaiyan, niRanjan gopal, Rachel shalini   

InTRODuCTIOn
The prevalence of myocardial infarction (MI) is more in the middle 
income world; (WHO report, 2004) and it is well known that males 
are more commonly affected than females.  In the era of evidence 
based medicine, biochemical markers have become a prime  
factor in the diagnostic evaluation of patients with symptoms of 
myocardial infarction, which include myoglobin, troponins and 
creatine-kinases, ischsemia modified albumin (IMA), heart fatty 
acid-binding protein, hsCRP, brain natriuretic peptide, etc [1-4].  

Magnesium is the second most abundant intracellular cation and 
it is vital for more than 300 enzymatic reactions which are in-
volved in various metabolic processes in our body, but still, it is 
often a parameter which is overlooked by the clinicians [5].  Mag-
nesium is a cardio protective element because of its β adrenore-
ceptor blocking action, antiplatelet action and inhibitory effect on 
the cardiac conducting system [6,7].  The ion stabilizing effect 
of magnesium helps in maintaining stable intra and extracellular 
concentrations of other electrolytes. Studies have documented 
significant alterations in magnesium (Mg+2) and other electrolytes 
in patients with Acute Myocardial Infarction (AMI) [8,9]. 

The status of intracellular Mg+2 is closely linked to the cellular 
ionic balance of sodium, potassium and calcium. Magnesium de-
ficiency is associated with a decrease in the intracellular potas-
sium and an increase in the calcium and sodium concentrations. 
Moreover, Mg deficiency can even potentiate oxidative injuries on 
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the post ischaemic myocardium [10]. However, the correlation  
between  the serum electrolytes and the established biochemical 
and clinical markers remains unclear till date. Despite the numer-
ous reports on the use of magnesium as an adjuvant therapy in 
MI, its effective use in the diagnosis of AMI is still not validated. 
So, the present study was conducted to explore the role of mag-
nesium and other electrolytes in the diagnosis and management 
of myocardial infarction.

MATERIALS AnD METHODS
After obtaining  an ethical clearance from the institute, the present 
study was conducted on the male population, which included 100 
healthy volunteers and 60 patients with recent onset acute myo-
cardial infarction according to the European Society of Cardiology 
(ESC), the American College of Cardiology (ACC), the American 
Heart Association (AHA) and the World Heart Federation (WHF) 
jointly [11]. The  age of the study groups  was  50- 65 years. The 
patients with Diabetes, a past history coronary disease with or 
without heart failure, hepatorenal disorders, tuberculosis and en-
docrinal disorders and those who received drugs which affected 
the magnesium levels were excluded from the study.  The blood 
samples were collected within 12 hours after the onset of chest 
pain. The samples which were collected from the patients were 
separated at 3000 rpm minutes by using a Remi-clinical centrifuge. 
Sera were separated from the samples and they were used for the 
estimation of Magnesium, Troponin, and Creatine –kinase by IFCC 
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iCa/Mg ratio of showed an optimum cut off at 3.43 with 96% sen-
sitivity and  78% specificity, with  a significant area under the curve 
(AUC=0.883). The K/Mg ratio showed an optimum cut off at 2.74 
with 89% sensitivity and  80% specificity, with a significant  area 
under the curve (AUC=0.924) in the Acute Myocardial Infarction 
patients [Table/Fig-5]. 

DISCuSSIOn
In the present study, the serum magnesium, ionized calcium, 
sodium and potassium levels were significantly lower in the AMI 
patients, which was similar to those which were seen in other 
studies [12-15]. Our study also supported the hypothesis that the 
alterations  in the electrolyte levels could prompt the pathological 
events in coronary heart diseases [12]. A study which was done 
by Shimoswa T et al., demonstrated that the action of magnesium 
on the vascular smooth muscles was primarily mediated through 
the L-type calcium channels. When the status of the magnesium 
concentration is low in the body, the normal vascular muscle tone 
will be lost, which can worsen the event of a myocardial infarc-
tion [16]. 

A study  which was done by Singh RB et al., stated that the 
addition of Mg and K salts to the AMI treatment regimen could 
enhance the tissue levels of these cations, leading to a significant 

approved commercial reagent kits which had adapted to an Olym-
pus Auto analyzer.  The serum levels of sodium, potassium and 
ionized calcium were estimated by using an ion selective electrode  
and an instrumentation labelled Electrolyte analyzer. 

STATISTICAL AnALySIS
The data was analyzed by using the SPSS software, version 17. 
The values were expressed  as mean and standard deviation. The 
independent “t” test was performed to compare the mean values 
between the cases and the controls. Pearson’s correlation analysis 
was performed to assess the association between the various test 
parameters. A p value of <0.05 was considered to be significant. 
Receiver Operating Curves (ROCs) were drawn to find the opti-
mum sensitivity, specificity and the cut-off values.  The sample size 
was calculated by using the Master 2.0 software, CMC, Vellore, 
India with a power of 80%.

RESuLTS
As compared to the control group, the patients with AMI were found 
to have significantly low levels of serum magnesium, calcium, so-
dium and potassium, with ‘p’ values of <0.001 [Table/Fig-1]. There 
was a significant increase in the serum total CK, CK–Mb, Troponin 
–T and the relative index, with ‘p’ values of <0.001. The serum Ca/
Mg and K/Mg values and the Na/K  ratio were significantly higher in 
the AMI patients  as compared to those in the control group,  with 
‘p’ values of <0.001 [Table/Fig-2]. As has been depicted in [Table/
Fig-3], there were significant correlations of the serum magnesium 
ratios with CK–Mb and Troponin in the AMI patients with ‘p’ values 
of <0.05.

[Table/Fig-4]. The Receivor Operating Charesteristic curve (ROC) of 
Na/Mg  showed  an optimum cut off at 40.9 with 100% sensitivity 
and  90% specificity, with a significant area under the curve. The 

[Table/Fig-3]: Correlation analyses of serum electrolyte panel ratios 
with other biochemical parameters in acute myocardial infarction
Pearson correlation analysis was done;p < 0.05 considered significant 

parameters optimum cutoff sensitivity specificity auc

Ca/Mg ratio 3.43 96% 78% 0.883

K/Mg ratio 2.74 89% 80% 0.924

Na/Mg 40.9 100 90 1.00

parameters ‘r’ value  ‘ p’ value 

Ca/Mg ratio Vs CK nac 0.424 <0.001

Ca/Mg ratio Vs CK-MB 0.899 <0.001

Ca/Mg ratio Vs Troponin  0.872 <0.001

K /Mg ratio Vs CK nac 0.524 <0.001

K /Mg ratio Vs CK-MB 0.781 <0.001

K /Mg ratio Vs Troponin 0.822 <0.001

parameters control 
(n=100)

acute 
myocardial
infarction 

(n=60)

p Value 

Serum Mg (mmol/L)        1.57±0.2 0.78±0.1* <0.001  

Serum Na (mmol/L) 135.4±3.1 125.4±2.5* <0.001    

Serum K (mmol/L) 3.8 ± 0.2 2.5±0.19* <0.001    

Serum 5.1± 0.2 3.17±0.14* <0.001    

ionized ca (mg/dl)

Serum Total CK (IU) 216.3 ± 32.4 594.8±90.1* <0.001    

Serum CK-Mb (IU)  3.1± 2.56 55.7±6.4* <0.001    

Serum Troponin –T 0.038±0.03 0.608±0.15* <0.001    

Relative index 1.55±0.2 9.48±1* <0.001

parameters control 
(n=100)

acute myocardial
infarction (n=60)

p Value 

Ca/Mg ratio 3.27±0.44 4.1± 0.67* <0.001  

K/Mg ratio 2.46±0.36 3.2 ±0.47* <0.001    

Na/k ratio 35.5±2.1 49.8±0.37* <0.001    

[Table/Fig-1]: Mean and S.D of serum electrolytes and magnesium 
levels in AMI cases and controls.
Data presented are mean ± SD. The *depicts p < 0.05 in comparison with Control 
group; Analysis of data was done independent  “t”-test

[Table/Fig-2]: Comparison of serum Ca/Mg, K/Mg, Na/K ratio between 

control and AMI patient
Data presented are mean ± SD. The *depicts p < 0.05 in comparison with Control 
group; Analysis of data was done independent “t”-test  

[Table/Fig-4]: ROC of serum electrolyte and its ratios in diagnosis of 
Acute Myocardial Infarction

[Table/Fig-5]: Roc of ratios of serum Mg ratio with acute myocardial 
infarction 
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be cost effective and time saving adjuncts in the management of 
myocardial infarction. Further studies are needed to establish the 
utility of these markers as  effective cardiac biomarkers. 
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reduction in the complications and the mortality after 2 years [17].   
The possible mechanism for the low concentrations of sodium 
and potassium in AMI is  the impairment of the Na/K pump and 
the Na/Ca exchanger. The active transport of these ions across 
cell membrane involves ATPase, which is in turn, dependent on 
Mg for its activity [18]. 

Although Mg+ and Ca+ share similar chemical properties, their 
actions are opposite to those of one another. The theory of Seelig 
and Heggtveit states that the magnesium deficient status and 
an altered electrolyte concentration  are caused by the reduction 
of the Na/K ATPase activity, leading to sodium accumulation in 
the cardiac myocytes. Elevated myocardial sodium levels would 
result in the reversal of the Na+/k+ exchange and a rise in the 
intracellular calcium levels [19].This intracellular shift in calcium 
decreases the ionized calcium levels in the serum. This explains 
the electrical instability in the hearts of magnesium deficient indi-
viduals. In our study, we compared the levels of magnesium with 
those of other routine electrolytes and we also calculated the Ca: 
Mg, the K: Mg and the Na: K ratios which were comparatively 
higher in the AMI patients than in the control groups.  The Ca: 
Mg and the K: Mg ratios showed  significant correlations with 
other established cardiac markers like creatine kinase- MB and 
troponin.The present study showed that at the optimum cut-off 
of 3.43, the Ca: Mg ratio had a sensitivity of 96% and a specificity 
of 78% to detect AMI. The optimum cut-off for the Na/Mg ratio 
was 40.9 with 100% sensitivity and 90% specificity and the K/
Mg ratio showed an optimum cut-off  at 2.74 with 89% sensitiv-
ity and 80% sensitivity  for the diagnosis of AMI. Only one study 
which was done by Speich M et al., documented an alteration in 
the Mg: Ca and the K: Na ratios in heart muscles after an acute 
myocardial infarction [20]. 

Few previously documented reports have shown a correlation be-
tween the magnesium levels  and other electrolytes, but studies 
which were related to a correlation  between magnesium and the 
cardiac enzymes showed inconclusive results [21,22]. This can 
be due to the variations in the time of the sample collection and 
the infarct size [23]. In our study, there was a negative correlation 
between the cardiac markers and the K/Mg ratio and the Ca/
Mg ratio. This  could be because of a greater decrease in the 
levels of Mg than in those of calcium and potassium. Further, the 
decrease in the serum potassium concentration was greater than 
that of sodium in the AMI patients. More than the serum Mg lev-
els, the intracellular Mg concentration reflects the total Mg status 
accurately. This may be the reason why many studies could not 
establish the exact role of the serum Mg measurement in AMI. To 
overcome this and also keeping in mind the fact that measuring 
the intracellular Mg could be time consuming, in this study, we 
calculated the ratios of serum Mg and other electrolytes to ex-
plore their relevance in the management of AMI. However, in this 
study, we didn’t correlate the ratios with the infarct size or the left 
ventricular function, which could have provided more information 
regarding the relationship between these ratios and the clinical 
outcome of the patients with AMI. This could be the scope of 
future studies, to further document the utility of these ratios in the 
day to day management of AMI.

COnCLuSIOnS
The Ca: Mg, the K: Mg and the Na: K ratios should be included in 
the routine panel as a part of the management of AMI. These could 
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