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During exposure to low environmental tem-
peratures metabolic changes involving potas-
sium and magnesium occur. Increases in the
levels of potassium in serum have been de-
scribed in animals subjected to acute cold ex-
posure(l) and in men transferred from a
warm climate to an arctic environment(2).
Magnesium has been implicated as an im-
portant factor in temperature regulation
primarily on the basis of animal experiments,
but the data in man are scanty and contro-
versial(3). Hypothermic rats develop in-
creased cardiac sensitivity to injected potas-
sium salts(4); however, the electrocardio-
graphic changes described in hypothermia(5)
were not entirely characteristic of the changes
observed in either hyperkalemia(6) or hyper-
magnesemia (7).

The present study was undertaken to deter-
mine the extent and rapidity of any changes
that might occur in the concentrations of
serum potassium and magnesium during acute
_cold exposure, Electrolyte changes were -also
correlated with alteration in serial electrocar-
diographic patterns.

Materials and methods. Twenty-two ex-
periments were performed on 20 young, nor-
mal men. Each subject dressed in underwear
reclined for 45 minutes at an ambient tem-
perature of 75°F, then reclined in a cold
chamber maintained at 45°-50°F for 90
minutes. Venous blood was obtained with-
out stasis at the end of the control period
and at 30-minute intervals in the cold for
the determination of magnesium by the
method of Simonson, Westover, and Wert-
man(8), potassium with the Beckman flame
photometer, and serum proteins by the
copper sulfate specific gravity method. Ion-
ized magnesium was estimated from the
total serum magnesium and protein concen-
trations, using the nomogram of Willis and
Sunderman(9). Rectal temperatures were
obtained with clinical thermometers at the

times that blood samples were drawn. Elec-
trocardiograms were obtained on 19 subjects
with a direct writing Sanborn Viso-Cardiette
at the end of the control period and after 40
and 80 minutes of cold exposure. The three
standard limb leads and V5 and V4, were em-
ployed. Tests for significance were done by
paired data analyses; thus, each individual
served as his own control.

Results and discussion. The data are sum-
marized in Table I. The mean serum con-
centrations of proteins and potassium after
30, 60, and 90 minutes of cold exposure were
all statistically significantly higher than the
control values (P <0.05). The absence of
any correlation between the changes in pro-
teins and potassium (r — 0.04, not signifi-
cant) militates against the possibility that the
changes in this electrolyte were due solely to
hemoconcentration. There were no statisti-
cally significant changes in rectal temperature
or concentration of total or ionized serum
magnesium. However, any change in the con-
centration of magnesium may have been
masked by hemoconcentration.

Analyses of the electrocardiograms failed to
reveal any important changes in cardiac rate,
rhythm, or conduction. Examination of the
T waves in lead V, revealed a significant in-
crease in amplitude after 40 and 80 minutes
of cold exposure, but this small increase did
not correlate significantly with the increase
in concentration of serum potassium.

The mechanism responsible for the increase
in the concentration of serum potassium in
this study is not clear. Heightened muscle
activity may have been partially responsible
for this increase since shivering was a promi-
nent feature in this experiment. Such in-
creases have been described in rats during
exercise(10) and in man during electroshock
therapy(11). The results of the present re-
port confirm the findings in animals subjected
to cold exposure(l). Various mechanisms
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TABLE I, Mean Values and Standard Deviations of Concentrations of Serum Potassium, and
Magnesium and of Height of T Wave in Lead V,.

Min. of cold exposure 0 30 60 90
Total serum proteins (g/100 cc) 7.24 + .27 7.47 + .37 7.62 + .35 7.75 = .31
As % of control 100 103 105 107
K (mEq/1) 4.67 + .30 4.92 + .30 5.11 + .30 5.20 + .36
As % of control 100 105 109 111
Total Mg (mEq/1) 1.55 + .26 1.57 + .29 1.61 +- .32 1.53 =+ .33
As % of control 100 101 104 99
Ionized Mg (mEq/1) 11 +.2 11 +.1 1.1 +.2 11 =.2
As % of control 100 100 100 100
40 min. 80 min.
ECG lead V, 8.03 9.22 9.53
T wave height in mm 4 2.44 =+ 2.71 =+ 2.97
As % of control 100 115 119

have been postulated to explain the increased
serum potassium in the experiments noted, but
the nature of the present study does not per-
mit analogous interpretation of the findings
reported here.

Summary. Twenty healthy young men ex-
posed to a temperature of 45°-50°F for a
period of 90 minutes showed a significant ele-
vation in the mean concentration of serum
potassium, but no significant changes in the
mean serum concentrations of either total or
ionized magnesium. No correlation was ob-
served between the changes in the electrocar-
diogram and the changes in the concentration
of serum potassium,
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