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ABSTRACT
Magnesium (Mg) and potassium (K) are the major intracellular cations whose presence in
the serum are low, but minor changes of those may show a remarkable change in the
various body functions specially in the heart. The study was designed to find out the
correlation between serum Mg and K in acute myocardial infarction (AMI), chronic
ischemic heart disease (CIHD) and normal healthy volunteers. It was carried out over a
period of 18 months in the Department of Biochemistry, Bangabandhu Sheikh Mujib
Medical University (BSMMU) in collaboration with Department of Cardiology, Sir
Salimullah Medical College & Mitford Hospital (SSMC & MH) and Atomic Energy
Center, Dhaka. A total of 101 subjects were included in which 32 subjects were AMI, 34
CIHD and 35 normal healthy volunteers. Serum glucose and serum creatinine were
estimated to exclude diabetes and renal dystrophies. Estimation of serum CK-MB and
ECG tracing were done as diagnostic tools of AMI and to categories the subjects into
various groups. Serum Mg was estimated by Atomic absorption spectrophotometer and
serum K by Ion sensitive electrode. The present study shows that there is a strong positive
correlation of serum Mg and K in AMI, CIHD and healthy control subjects (r = 0.566,
p<0.01 level). So it is suggested to estimate and supplement both Mg and K in IHD
patients for their better management.
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Introduction

gradient of Na (sodium) and K (potassium)
across myocardial cell membranes. Mg has an
essential role on the electron transport system
for transmembrane ion flux, excitationcontraction coupling, energy metabolism and
prevention of early atherosclerotic changes3.

Magnesium (Mg) is one of the most abundant
intracellular cations in the body. Approximately
40% of the Mg contained in the adult human
body resides in the muscles and soft tissue,
about 1% in the extracellular fluid (ECF), and
Deficiency of Mg causes a great variety of
rest in the skeleton1. The plasma Mg level is
manifestations including growth failure and
maintained remarkably constant in healthy
death of young plants and animals. Mg
individuals2.
deficiency is associated with initiation and
Mg is an essential co-factor for sodium- propagation of free radical myocardial tissue
potassium adenosine triphosphatase (Na-K- damage through oxidation of myoglobin, which
ATPase), an enzyme that influences cardiac is essential for intracellular transport and storage
irritability by regulating the concentration of oxygen (O2)4. Mg deficiency increases
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cardiac irritability and facilitates cardiac
arrhythmias5, causes coronary artery vasospasm,
leading to myocardial ischemia and sudden
death6. Deficiency of Mg has been associated
with hypocalcemia and hypokalemia7. It is
required for secretion of parathyroid hormone
(PTH) as well as for PTH action8.
K is the principal cation in intracellular fluid
(ICF), nerve and muscle function and Na-KATPase9. It also regulates the PH and maintains
the osmolarity of both the ICF and ECF
(extracellular fluids)10. Total body K content in
adult is about 3000-3500 mmol, among this
89.6% in ICF, 2.4% in ECF, 8% in bone, dense
connective tissue & cartilage. Plasma contains
only 0.4% of total body K. So very small change
of K can cause remarkable change in the heart11.
Various studies in different parts of the world
suggest that Mg and K play an important role in
cardiovascular system (CVS) especially on heart
and blood vessels. Deficiency of both of them
can cause serious cardiac disease12, 13. Studies
also found specific correlation between serum
Mg and K axis14. Often Mg and K deficiency
occurs simultaneously in the heart15.
Experimental observations with data support the
view that, Mg and K metabolism are closely
linked14. Whong, Oie, Aikawa et al. in 198416
investigated the frequency with which
hypomagnesemia is found in hypokalemic
patients. Among 106 hypokalemic patients, 45
patients or 42% were hypomagnesemic. In the
year of 1983 Brown, Brown & Murphy17 stated
that immediately following an AMI there is a
reduction in serum K, probably due to increased
plasma catecholamine levels. There is also a
decrease in serum Mg18 due to catecholamine
induced lipolysis19 and similar decrease has been
demonstrated in other stressful situations20. In a
study Choudhury et al. (2009a)21 found a
significant lower serum Mg and K level in AMI.
Also in another study Choudhury et al.
(2009b)22 observed a significant lower serum
Mg and K persists in CIHD in comparison to
normal healthy volunteers and they assumed that
there may be a positive correlation between
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them. These observations point to a high
incidence
of
hypomagnesemia
among
hypokalemic IHD patients.
A considerable number of people are suffering
from IHD which includes AMI and CIHD in
Bangladesh. Morbidity and mortality from these
diseases are also very high. Effort should
therefore be directed at prevention of these
diseases as well as their complications. The
relationship between Mg, K and IHD is becoming
clear day by day from the different studies done
around the world. But very little study is
reported so far in Bangladesh. Thus, the study
was designed to find out the correlation between
serum Mg and K in patients of AMI, CIHD and
normal healthy volunteers of Bangladesh.

Materials and Methods
This prospective study was carried out in the
Biochemistry Department of Bangabandhu
Sheikh Mujib Medical University (BSMMU) in
collaboration with coronary care unit (CCU) of
Sir Salimullah Medical College & Mitford
Hospital and Atomic Energy Center, Dhaka.
Both male and female suspected AMI, angina
pectoris & old MI were included in the study
who gave their written consent and who have no
recent history of treatment with laxatives
containing Mg.
Patients suffering from diabetes mellitus,
chronic renal disease and who have taken any
diuretics prior to collection of sample were
excluded from the study.
A total of 101 subjects were included in this
study and were grouped as follows:
Group-1 (n=32): Patients with acute myocardial
infarction: The diagnosis was based on World
Health Organization (WHO) criteria, including
history, ECG changes, and elevated levels of
serum CK-MB isoenzyme. Sample was collected
within 24 hours from the onset of AMI.
Group-2 (n=34): Chronic ischaemic heart
disease: This group consists of angina pectoris or
old MI. The diagnosis was based on history, clinical
examination, resting and/or exercises ECG.
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Group-3 (n=35): Control subjects: Age matched
healthy volunteers without any symptoms and
signs of IHD were taken as controls. They were
selected on the basis of history taking, clinical
examination and ECG.
Data were collected through a preformed data
collection sheet (questionnaire). The subjects
were informed about the nature and purpose of
the study and consent were taken from the
patients themselves or from family members in
case of unconscious patients. Blood sample was
collected and questionnaire was filled up.
Finally the subjects of this study were included
on the basis of exclusion criteria.
Blood samples were collected from the subjects
with all aseptic precautions 10 ml of venous
blood were collected from the median cubital
vein by a disposable plastic syringe. The needle
was detached from the nozzle and blood was
transferred immediately into a dry, clean, deionized, graduated, screw-capped plastic test
tube with a gentle push to avoid hemolysis. The
test tubes were kept in slanting position till
formation of clot. Centrifuging the blood at
3000 rpm for 5 minutes, serum was separated
and supernatant was taken into three small
plastic test tubes (eppendorf), containing 1 ml in
each. All the tests were carried out as early as
possible. Whenever there was a delay, the serum
samples were stored in the Ultra freeze at-200C.
The proper cleaning of plastic and glassware
was very important for the indices of this study.
Plastic ware, glassware, and pipettes were
cleaned with detergent and then thoroughly with
tap-water. All the instruments were kept
immersed for 24 hours in 20% nitric acid
(HNO3) in deionized water. Then they were
washed thoroughly with tap-water. Finally they
were washed three times with deionized water
and dried open in the air.

Serum glucose was estimated enzymaticlly with
the help of Glucose Oxidase (GOD).
Serum creatinine was estimated by Alkaline
Picrate method.
Serum CK-MB was estimated by Kinetic
Immunoinhibition method using spectrophotometer.
Twelve lead ECG was performed to detect
myocardial infarction or normal healthy subjects.
Data were expressed in various forms as
presentation and statistical analysis required.
Appropriate statistical analysis i.e. one way
analysis of variance (ANOVA) test and Pearson
correlation test were done using computer based
SPSS software programme. Mean values of the
different parameters were compared for
difference between groups and 95% confidence
limit was taken as level of significance.

Fig 1: ECG of different types of acute myocardial
infarction (A) acute anteroseptal MI (B) acute inferior
MI (C) right ventricular infarction (D) posterior MI.

Results
The laboratory investigations of blood glucose,
serum creatinine, serum CK-MB, serum Mg and
K were expressed as mean ± SD and the results were
expressed in SI units (e.g. mmol/L, µmol/L etc.)

The mean level of serum glucose (mmol/L) of
group-1
(AMI), group-2 (CIHD) and group-3
Following biochemical tests were carried out for
(control)
were 6.49 ± 1.80, 6.40 ± 2.07 and
each of the subjects:
6.01 ± 2.93 respectively. The total mean serum
Serum Mg levels were estimated by Atomic glucose level was 6.29 ± 2.32 mmol/L. No
absorption spectrophotometer.
statistically significant mean difference of serum
Serum K was estimated by Ion sensitive glucose level (p> 0.05) between the groups was
electrode (ISE).
found (Table-I).
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A total mean serum creatinine level (µmol/L)
was 86.89 ± 48.58, ranging from 35-125.3. In
group-1 (AMI), the mean serum creatinine level
was 92.41 ± 65.85, in group-2 (CIHD) it was
90.70 ± 49.99 and in group-3 (control) it was
78.15 ± 20.99 ranging from 44-125.3, 35-122.7
and 45-115 µmol/L respectively. No statistically
significant mean difference of serum creatinine
level (p> 0.05) between the groups was found
(Table-I).

Total mean serum K level (mmol/L) was 3.81 ±
0.66, ranging from 2.20-5.50. The mean level
of serum K in the individual groups were 3.28
± 0.50, 3.69 ± 0.44 and 4.43 ± 0.46, ranging
from 2.20-4.20, 2.60-4.40 and 3.20-5.50 in
group-1 (AMI), group-2 (CIHD) and group-3
(control) respectively. A highly significant mean
difference (p<0.001) was found in serum K
level among the three groups of study population
through the analysis of variance (ANOVA) test
of significance of difference (Table-II).

The mean level of serum CK-MB was 215.25 ±
69.35 U/L in group-1 (AMI), 18.67 ± 7.97
U/L in group-2 (CIHD) and in group-3 (control)
it was 15.92 ± 4.76 U/L. A highly significant
mean difference was found statistically between
the groups (p<0.001) indicating group-1 (AMI
group) had too much higher level of serum CKMB than other groups (Table-I).

Table II: Comparison of Serum Mg, and K status
between group-1 (AMI), Group-2 (CIHD) and Group-3
(healthy control) subjects

The total mean serum Mg level (mmol/L) was
0.70 ± 0.13, ranging from 0.27-1.04. The
mean level of serum Mg was 0.58 ± 0.10 in
group-1 (AMI), 0.68 ± 0.06 in group-2 (CIHD)
and 0.83 ± 0.09 in group- (control), ranging
from 0.27-0.82, 0.51-0.84 and 0.68-1.04
respectively. A highly significant mean
difference (p<0.001) was found in serum Mg
level among the three groups of study population
through the analysis of variance (ANOVA) test
of significance of difference (Table-II).

(mmol/L)

Table I: Comparison of Serum glucose, creatinine and
CK-MB status between group-1 (AMI), Group-2 (CIHD)
and Group-3 (healthy control) subjects

Mean

±sd Range

Group-2
(CIHD)
n=34

Group-3
(Control)
n=35

Mean ±sd Range

T
n=101

otal

Mean

±sd Range

(mmol/L)

Creati 92.41 ±65.85 44-125 90.70±49.99 35-122 78.15 ±20.99 45-115 86.89±48.58 35-125

nine

(umol/L)215.25±69.35*** 98-32218.67 ±7.97 7.60-37.30 15.92±4.76 7.80-25.70 80±100.44 7.6-322
CK-MB
(U/L)

Results are mesn ± SD, data were subjected to one way
Analysis of Variance (ANOVA) Mean were significantly
different at p <0.05 at 95% confidence limit. ***
Significant at 0.001 level.

Group-3
(Control)
n=35

Mean ±sd Range

T
n=101

otal

Mean ±sd Range Mean±sd Range

(mmol/L)

Potassium 3.28±0.50*** 2.20±4.20 3.69±0.44*** 2.60±4.4 4.42 ±0.46 3.20 ±5.50 3.81±0.66 2.20±5.50

Results are mesn ± SD, data were subjected to one way
Analysis of Variance (ANOVA) Mean were significantly
different at p < 0.05 at 95% confidence limit. *** Significant
at 0.001 level among the study groups.

The incidence of hypomagnesemia in the
patients with AMI was 86.66% and in CIHD it
was 58.06%. The incidence of hypokalemia in
AMI patients was 60% and in CIHD patients it
was 22.58%. Hypomagnesemia was reported in
76.92% of hypokalemic subjects.
The correlation of serum Mg and K was done
by Pearson correlation text. The results of the
tests shows a strong positive correlation
(r=0.566 where correlation is significant at the
0.01 level) of serum Mg and of AMI, CIHD
and normal healthy control subjects (Fig-2).

Mean ±sd Range Mean±sd Range

Glucose 6.49 ±1.80 4.1 ±7.7 6.40 ±2.07 3.9 ±7.6 6.01 ±2.93 3.6 ±7.5 6.29 ±2.32 3.6 ±7.7

Group-2
(CIHD)
n=34

Magnessium0.58±0.10*** 0.27 ±0.82 0.68 ±0.06*** 0.51 ±0.84 0.83 ±0.09 0.68 ±1.04 0.70 ±0.13 0.27 ±1.07

1
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Fig. 2: Regression line showing correlation of serum
Mg and K level between group-1 (AMI), group-2
(CIHD) and group-3 (Healthy Control). Correlation is
significant at the 0.01 level.
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adenyl cyclase, which brings about an increased
Serum glucose and serum creatinine were synthesis of cyclic AMP. Cyclic AMP could
estimated to exclude diabetes and renal ailment. then induce lipolysis, thus increasing FFA could
Serum CK-MB was estimated to diagnose the chelate Mg and give a lower serum Mg level.
AMI. ECG monitoring was done to categorize Significantly lower serum Mg level in CIHD
the different subjects into groups. All the group than control group was observed in this
subjects in the study were non-diabetic with the study. Dyckner (1980)27 also showed a similar
mean (± SD) serum glucose level 6.29 ± 2.3 type of significantly lower serum Mg level in
mmol/L. The mean (± SD) serum creatinine both AMI and non AMI (ischemic) groups than
level of the subjects was 86.89 ± 48.58 a reference group. Findings of this study fully
µmol/L. All the subjects of AMI (group-1) agree with Dyckner's study. Rasmussen et al.
showed a very high level of serum CK-MB and (1988)28 demonstrated that patients with both
the mean (± SD) value was 215.25 ± 69.35 acute and chronic IHD retained greater amounts
U/L. The subjects of CIHD and normal healthy of Mg compared with healthy controls after
control subjects showed a very close picture undergoing an intravenous Mg loading test. This
within normal reference range and their mean result was believed to represent the presence of
(± SD) value were 18.67 ± 7.97 U/L and underlying Mg deficiency in both AMI and
15.92 ± 4.76 U/L respectively.
CIHD patients.
Discussion

In the present study a significant mean
difference was found in serum Mg and K level
between the three groups of study subjects and
Pearson correlation test shows a strong positive
correlation of serum Mg and K level between
AMI, CIHD and normal healthy control groups
indicating there might be a close relationship of
Mg and K homeostasis in the body
The present study has shown that serum Mg
level in control subjects ranges from 0.68-1.04
mmol/L (mean 0.83 ± 0.09 mmol/L). The
normal average values of serum Mg reported in
literature have varied from 0.7 to 1.45
mmol/L15, 23, 24. Figures of this study are very
much similar to those of Wacker & Parisi
(1968)25 and Walser (1967)26 who found the
normal serum Mg level between 0.7 to 1.0
mmol/L. The reason for this variation may be
due to difference in Mg content of drinking
water in different geographic area. It also may
depend on variation in sample size and
measurement technique of Mg.
The mean serum Mg level in AMI group of this
study was significantly lower than that of control
group. The fundamental cause of AMI-related
hypomagnesemia is unknown. But Flink et al.
(1981)15 demonstrated that the rise in
catecholamines in AMI activates the enzyme

The Present study reveled 76.92% hypomagnesemia in hypokalemic subjects. This finding
supports the study of Boyd et al. (1983)29, and
Whang et al. (1984)16, who reported a 38% and
42% incidence of coexisting hypomagnesemia in
hypokalemic patients respectively. Furthermore
they proposed that in hypokalemic patients,
serum Mg level should be routinely determined.
In studying experimental depletion of Mg in
humans, Shils (1969)30 described the subsequent
development of hypokalemia and hypocalcemia
and stated that Mg is essential for the normal
metabolism of both K and Ca. Kafka et al.
(1987)24 concluded in a study that hypokalemia
and hypomagnesemia may occur in AMI in the
absence of prior diuretic use. All of these studies
make agreement with the findings of this study.
It is evident from the findings of present study
that there is a significant lower serum Mg and K
level in AMI & CIHD and there is a positive
correlation between them. Evaluating the total
findings from home and abroad it can be stated
that low serum level of Mg and K may be the
risk factor for IHD. Thus it is suggest from the
above discussion that estimation and
supplementation of both Mg and K is essential in
case of IHD and AMI patients.
In can be concluded that statistically there is a
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strong positive correlation of serum Mg and K
in AMI, CIHD and normal healthy control
subjects indicating close metabolic relationship
between Mg and K both in different state of IHD
patients as well as in normal healthy controls.
So it is strongly recommended supplementation
of both Mg and K in hypokalemic subjects to get
the optimum benefit of treatment.
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