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Most clinical studies of the effect of magnesium loss in alcoholism have em
phasized the neurological manifestations. Comparison of the cardiac findings in 
experimental magnesium deficiency with those seen in alcoholic heart disease, 
points to magnesium depletion as a pathogenic factor, also, in this disease. Since 
chronic alcoholism causes multiple nutritional deficiencies, the syndrome does 
not precisely mimic pure experimental magnesium deficiency, but there are strik
ing similarities in the two conditions. Although there is difference of opinion as 
to the degree of magnesium Joss, even as expressed during this conference, 
alcoholism has been shown to cause, not only hypomagnesemia, but also de
creased muscle magnesium.1-6 Because experimental dietary magnesium depletion 
has caused myocardial lesions,7-16 and magnesium (plus potassium) salts have 
been shown to have protective and even therapeutic value against myocardial 
damage in a number of diverse animal experiments9-11•17-23 and in clinical cardio
vascular disease,22•24-39 the role of magnesium in the etiology and possibly in 
the treatment of this disease should be considered. 

It is possible that careful study of the electrocardiogram may provide some 
clues as to changes that may be attributed to magnesium loss in alcoholic heart 
disease. In evaluating electrocardiographic changes, it is necessary to consider 
the influence of magnesium loss on potassium and calcium, alterations in levels 
of which profoundly affect the ECG.4~3 Magnesium-deficient animals12·13·«--~8 

and human subjects49-.52 commonly show both serum and cellular losses of 
potassium. The degree of Joss from each compartment probably is related to the 
extent and duration of the magnesium deficiency, as well as to the dietary intake 
of potassium. H ypercalcemia has been seen in rats with hypomagnesemia.45.53 
Hypocalcemia has been seen in magnesium-deficient calves,16.S4 and in human 
subjects,s2 particularly where malabsorption is a contributing factor.s~ss Charac
teristic of animals with magnesium depletion is an increase in cardiovascular 
calcium deposition. 7,8,12.14-16.19 

To ascertain whether electrocardiographic changes of magnesium deficiency 
are due to secondary alterations in potassium, Vitale and his coworkers12,13,59 
and Ono60 have studied the elecectrocardiograms of magnesium-deficient dogs 
with normal and low serum levels (FIGURE 1) . Animals with moderately severe 
magnesium deficiency and with essentially normal serum potassium showed 
slightly widened QRS, peaked T waves, and sometimes slightly depressed ST 
segments-changes that resemble, in part, those of both hyperkalemia and hyper
calcemia. (See FIGURE 2.) The hypomagnesemia tracing has the widened QRS 
seen in hyperkalemia, and a peaked T wave. The T wave is somewhat broader 

• Illustrations of electrocardiograms (ECG's) are schematic, based on appearance of Lead 
II, as altered in the conditions discussed. 

t Present address: Schering Corporation, Bloomfield, N.J. 
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FIGURE 1. Electrocardiograms of magnesium deficiency compared with normaL 

than that seen in hyperkalemia, resembling somewhat more that seen in 
hypercalcemia. The hypercalcemic tracing, however, has a shortened QT. Seta 
and colleagues 59 attributed the similarity of this hypomagnesemia tracing to that 
of hyperkalemia in dogs with normal serum potassium to a loss of potassium 
from the myocardial cells, with a resultant relative hyperkalemia. Syllm
Rapoport,61 who did not determine serum calcium or potassium levels, postulated 
that the similarity of the Mg-deficient ECG to that of hypercalcemia, might be 
explained by the myocardial calcification seen in his magnesium-deficient dogs. 

In animals with dietary deficiencies of both magnesium and potassium and 
with low serum levels of both cations (a condition that obtains, also, late in the 
course of magnesium-depletion studies in dogs5~2 and rats14), the ECG resem
bles that of both hypocalcemia and hypokalemia (FIGURE 3) . There is prolonga
tion of the PR and QRS segments which, although the hypomagnesium tracing 
lacks the prominent U wave of hypokalemia, may be likened either to the 
prolongation of the QU (with the flattened or inverted T wave of hypokalemia) 
or to the prolongation of the QT of the hypocalcemia tracing. The ECG of ad
vanced magnesium-depletion also exhibits a flattened or depressed ST segment, 
such as is seen in tracings from patients or animals with hypokalemia, hypo
calcemia, or a combination of both.4t--43 

In the early studies, reported by Kruse63 and Greenberg64 and their coworkers, 
in which acute magnesium depletion was rapidly induced by diets that were 
deficient also in vitamin 86, sinus tachycardia and arrhythmias developed, as did 
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FtGURE 2. Electrocardiogram of moderately severe magnesium deficiency compared with 
hyperkalemia and hypercalcemia. 

the convulsions by which these studies are more commonly remembered. Tachy
cardia and extra-systoles or premature beats have also been reported in the more 
recent longer-term studies of moderately severe, essentially pure magnesium 
dietary deficiency in rats, dogs and pigs. 12•14•5~2.65 Later in the course of severe 
magnesium deficiency, bradycardia, with missed beats, has been reported in 
rats, pigs, and monkeys.13•14.63-GS In studies with rats, 14•63 sino-auricular block has 
been seen. 

Tachycardia and electrocardiographic changes resembling those of hypo
kalemia or with only primary ST changes, have been commented on or illustrated 
in a few of the early studies of magnesium losses in acute alcoholism reported 
by Flink and collaborators66·67 and by Smith and Hammarsten.68 Reversion of 
the waves to normal occurred only after magnesium therapy. Clinical reports, 
primarily of heart disease in chronic alcoholism, include mention of tachycardia, 
premature ventricular systoles, and often atrial fibrillation, as characteristic of 
this disease.69- 73 Reported electrocardiographic changes have included prolonged 
P-R intervals, ST segment and T wave abnormalities, including prominent, 
peaked, and notched T waves.69-72 (See F IGURE 4) . The schematic tracings at the 
top of FIGURE 4 depict patterns during acute manifestations of chronic alcoholic 
heart disease. The one at the bottom, taken during recovery phases, resembles 
somewhat the tracings seen in moderately severe experimental magnesium de
ficiency. 
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FIGURE 3. Elect rocardiogram of severe magnesium deficiency or combined K + and Mg+ + 
deficiency compared with hypokalemia and hypocalcemia. 

Because of the variations seen in the ECG's of alcoholic heart disease, Brigden 
and Robinson69 have advised against relying too heavily on the specific tracing 
to indicate the extent of heart damage. They pointed out that the site of the 
myocardial lesion may influence conduction out of proportion to the absolute 
size of the lesion, and they commented on the similarities seen in hearts examined 
at autopsy (patchy focal myocardial necrosis) and in those from magnesium
and/ or potassium-depleted animals. Alexander, 70 who analyzed I 00 cases of 
idiopathic heart disease with special reference to alcoholism, found that, in addi
tion to electrocardiographic changes that were primarily in the S-T area, sinus 
tachycardia, delayed atrioventricular and intraventricular conduction, and bundle 
branch block were a lso common. He correlated the changes with hypomag
nesemia, as well as with probable thiamine deficiency, to which has been at
tributed tachycardia, and T wave changes in dogs,74 and with patchy myocardial 
necrosis in rats, dogs, and monkeys.74-76 

One must be careful, in interpreting early 8 1-deficiency experiments, to take 
into account the likelihood that the diets then used were likely to be deficient in 
more than just thiamine. For example, the electrocardiographic response of a 
severely 8 1-depleted dog to intravenous 8 1 resulted in a change from a pattern 
resembling that of advanced magnesium-deficiency to one bearing a resemblance 
to that seen in moderately magnesium-deficient animaJsH (FIGURE 5). Zieve's77 
study, included in this monograph, sheds light on this observation by showing 
the interrelationship of magnesium- and thiamine-deficiency. It may be that 
interference by magnesium-deficiency with the response to thiamine-repletion 
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FIGURE 4. Electrocardiograms of chronic alcoholism. 

in double deficiency, may be responsible for the failure to achieve a favorable re
sponse to thiamine in many chronic alcoholics with beriberi. 

Burch and Walsh71 also correlated the T wave changes of alcoholic heart 
disease with those of beriberi and touched in passing on a possible relationship 
with pyridoxine-deficiency. Relevant here is the observation by Aikawa78 that 
pyridoxine deficiency in rabbits is associated with decreased Mg28 tissue uptake, 
and that pyridoxine administration increases the cardiac Mg28 activity. Seronde7Y 

has shown degenerative myocardial lesions in 86-deficient rats. 
The pathological findings of alcoholic heart disease have also been compared71 

Severely B
1 

- Deficient After intravenous B
1 

F IGURE 5. Electrocardiograms of thiamine-deficient dog. 
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FIGURE 6. Electrocardiograms of protein-calorie malnutrition (kwashiorkor). 

to the myocardial degeneration seen in kwashiorkor. Although this condition is 
primarily a protein-deficiency disease, Cade1180-82 has shown that magnesium 
depletion is also present, and she has recorded electrocardiograms from her 
patients resembling those of experimental magnesium-deficiency (FIGURE 6). 
There was a high mortality rate in children with flat, or inverted T waves, such 
as has been seen in severely magnesium-depleted animals. During the recovery 
period, elevated, sharply peaked T waves were seen.80 Examination of the recovery 
patterns of children with protein-calorie malnutrition on magnesium therapy, 
as well as of alcoholic heart disease patients, shows that both have peaked T 
waves, such as is seen with dogs that have moderately-advanced magnesium
depletion. Prior to recovery, in both instances, the patterns resemble more closely 
the pattern of severe magnesium depletion. 

The similarity of the magnesium-depletion ECG to that of hypercalcemia 
caBs a ttention to another clinical syndrome associated with myocardial damage 
and ECG changes-infantile hypercalcemias:ws (see FIGURE 7 ). The ECG 
changes, reported by Coleman,83•84 are confined to the ST-T complex. The ST 
segment was found to be elevated; the Twave was unusually broad and prominent. 
In a few instances, the summit of the T wave was flattened and either formed a 
plateau or was slightly notched-in this regard resembling one of the patterns 
seen in alcoholic heart disease. This condition has been associated with either 
excessive administration of vitamin D , or with excessive reactivity to customary 
vitamin D supplements. 83-87 Since vitamin D excess has been associated with 
magnesium loss,47 and with myocardial injury in experimental animals,84-86 it 
is possible that the cardiovascular lesions of infantile hypercalcemia may be re
lated to the metabolic derangements that occur with loss of tissue magnesium. 
Arguing in favor of this concept is the observation by Coleman,83 that even when 
the serum levels of calcium were returned to normal, the abnormalities in the 
ST-T complex often persisted. 

In each of the foregoing instances, the electrocardiographic abnormalities 
have been almost entirely in the S-T segment and in the T wave patterns. Changes 
in these areas are also seen in clinical myocardial disease, including ischemia, 
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FIGURE 7. Electrocardiograms of infantile hypercalcemia. 

infarction, and myocarditis caused by many disorders.8S-90 Samson and Scher91 

have analyzed the mechanism by which acute myocardial ischemic injury, caused 
by coronary ligation, causes alterations in the S-T segment. They found that 
changes in the intracellular action potential can be correlated with ECG changes. 
Kohler92 has reviewed the evidence that the ECG alteration of ischemia are 
causally related to the marked decrease in intracellular potassium and magnesium 
with resultant disruption of metabolic processes involving high energy phos
phates. Inducing myocardial necrosis by apparently unrelated experimental tech
niques, Selye,17•18 Bajusz,19 and Lehr and his coworkers23·93 have shown that loss 
of tissue magnesium precedes the necrotic changes. Consistent and highly signifi
cant tissue depletion of magnesium and phosphate, followed by loss of tissue 
potassium and gain of Lissue calcium was correlated with swelling and cystic de
generation and enlargement of the sarcotubular system of myocardial cells.93 In 
all of these experimental studies,17-19•93 simultaneous administration of MgCI2, 
with and without KCI, prevented both the electrolyte shift and the cardiac injury. 
The loss of tissue magnesium in Lehr's experimental animals occurred sooner 
and persisted longer after removal of the challenge than the loss of tissue po
tassium, and was associated with electrocardiographic changes that primarily in
volved the T wave and the duration of the Q-T intervaJ.93 

Electron microscopic findings similar to those found by Heggtveit, Herman, 
and Mishra 15·94- 96 in the hearts of magnesium-depleted rats, have been 
reported by Alexander07 and by Hibbs and coworkers98 in the myocardium from 
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patients with alcoholic heart disease, and by Lehr and colleagues23
•
93 in myo

cardial damage caused by pharmacological challenge. In all instances, myocardial 
fibers were destroyed or fragmented , swollen mitochondria were densely packed 
into a reas formerly occupied by myofibers, and there was dilatation or swelling 
of the sarcoplasmic reticulum. The prevention by magnesium of myocardial 
sarcosomal swelling and dysfunction has been demonstrated by Nakamura, Vitale, 
and diGiorgio and their coworkers99- 101 in dietary studies, and by Lehr and his 
coworkers in pharmacological studies.23•93 

The many indications of the importance of magnesium in cellular metabolism, 
and in maintaining myocardial integrity, indicate the need for daignostic tools 
that will demonstrate the significance of magnesium Joss and clinical response 
to repletion. Plasma levels provide an unreliable index to the status of muscle 
magnesium. Skeletal muscle biopsy has been used, but this technique cannot be 
utilized for the direct measurement of myocardial magnesium in human subjects. 
A disturbance of the metabolism of the myocardial cell, particularly with regard 
to phosphorylation and dephosphorylation, impairs the restitutive cation shifts, 
which in turn causes electrophysiological changes. Study of the electrocardio
gram, with consideration of the patterns of magnesium deficiency may provide 
a means of detecting changes in the electrical events in the myocardium that re
sult from shifts of magnesium, potassium, and phosphates out of the cell . Lehr93 

has suggested that the early electrolyte shifts may be subcellular, with shifts of 
magnesium out of the mitochondria and failure of phosphate transfer into the 
mitochondria. Since magnesium plays a vital role in the enzymatic processes of 
the cell, its loss probably contributes to the mitochondrial and then cellular 
disruption of the myocardium seen in conditions associated with magnesium 
depletion. 

If the ECG changes of alcoholism are related to such ionic shifts, as well as 
to the consequent myocardial necrosis, magnesium repletion should be associated 
with alterations in the patterns. ECG improvement on magnesium therapy of 
acute alcoholism has already been demonstrated in a few studies.f16..jl8 What is 
needed is additional attention paid to the ECG of acute and chronic alcoholism, 
with tracings taken during the recovery and convalescent periods. It is suggested 
that magnesium be used, not only in the treatment of the patient with delirium 
tremens of acute alcoholism, but also in the chronic alcoholic with heart disease, 
and that the patterns of response be followed electrocardiographically. If used 
early enough, magnesium, added to other supportive therapy, may prevent ir
reversible myocardial damage. 
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