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The relationship of the sodium ion to blood pres-
sure levels in certain hypertensive states is now
established beyond cavil. But whether alterations
are mediated through the adrenal cortex, through
renal or other pressor mechanisms, or through
modification of neuromuscular responses at an
arteriolar plane, cannot be stated at the present
time.

In recent years the potassium ion has been con-
sidered in other ways than its known effects on
cardiac muscle contraction or on synaptic trans-
mission. Potassium chloride-flooding in rats has
been reported to induce an increased renal and a
decreased cardiac weight as well as hypertrophy
of the adrenal glomerulosa zone (1). Further-
more, Freed, Friedman and Rosenman have dem-
onstrated that dietary potassium restriction' will
lower the blood pressure in; normal and hyperten-
sive rats, block the pressor effects of desoxycorti-
costerone, and reduce peripheral vascular reac-
tivity (2-5).

The present study was undertaken to investigate
the effects of potassium-deficient diets in hyper-
tensive man, with the hope that further light might
be thrown on the mechanisms involved in sodium
restriction.

METHODS

Five observations were made on four patients with hy-
pertensive vascular disease, uncomplicated save that two
had sustained relatively minor cerebral vascular accidents
at least a year before. The conditions, diagnostic pro-
cedures and methods 2 were similar to those reported pre-
viously (6), including the utilization of "resting" blood
pressure measurements, constant dietary and fluid intakes,

I This study was supported by grants from the Albert
and Mary Lasker Foundation, the Albert H. and Jessie D.
Wiggin Foundation, and the National Heart Institute
(USPHS).

2 The author is indebted to Dr. James A. L. Mathers
for ballistocardiographic studies with the low frequency,
critically-damped instrument, and to Dr. K. W. Thompson
of Organon, Inc., Nutley, N. J. for supplying the desoxy-
corticosterone acetate (DOCA).

and preliminary periods of hospital supervision of about
three weeks. Desoxycorticosterone acetate was adminis-
tered subcutaneously in 5 mg. doses once daily.

Identical salt-poor daily menus were prepared as before
(6), with sodium chloride administered by mouth from
weighed salt shakers to yield a total daily intake of about
4 grams. Potassium restriction was achieved (without
change in total fluids, calories, sodium or the addition of
special ingredients) by almost complete elimination of fruit
juices, potato, milk and eggs, reduction of meat and coffee,
selection of certain fruits, cereals and vegetables, and the
addition of fats, sugar and ginger ale. This resulted in a
decreased protein intake (ranging in different patients
from 69 to 84 grams per day in the control period, to 31
to 48 grams while on the curtailed regimen) and an in-
crease in the consumption of fat. Repeated direct analyses
of aliquots taken from an entire day's cooked diet con-
firmed the constancy of the regimen.

RESULTS

Tabular representation of the results is sum-
marized in Table I and an illustrative case record
is shown in' Figure 1. The restriction of potas-
sium, to approximately a third or a quarter of
normal intake, was associated with a small but
consistent and statistically significant decrease in
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FIG. 1. CLINICAL AND LABORATORYDATA OF HYPERTEx-
SmPATIENT GmIN POTASSIUM-DEFICIENT Drr
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TABLE I

Effeds of potassium.defwieni dies in hypertensive subjects

Diet; K "Resting" B.P. Urine (av./day) Serum
Weiht

duration intake Max. -Mlin. Mean Vol. Na K Na K Cl CO H'crit Start-End
days mEq./d. cc. mE. mEg. %cells kilos

control 94 176 166 170 2215 67 75 138 4.4 102 30.1 47
(10) 112 106 108

P. I.
low K 23 172 154 164 1998 41 52 141 4.1 102 31.5 46 74.4-74.0

(9) 102 92 100

control 72 190 170 182 1472 60 58 137 4.1 102 27.1 36 66.4-66.6
(8) 110 100 105

low K 23 166 158 161 1277 34 26 137 4.3 104 28.1 34 66.6-66.6
(3) 92 84 87

E. M.
low K + DCA 23 170 150 162 1060 39 21 137 3.6 105 27.6 36 66.6-66.5

(5) 96 82 89

control + DCA 72 186 172 178 1147 57 39 66.5-66.5
(3) 102 100. 101

control 67 180 170 174 1810 66 56 142 4.6 102 30.6 67.4-67.0
(5) 100 96 99

low K 21 166 164 165 1743 27 31 142 4.4 67.0-66.9
(3) 88 86 87

L. P.
(1) low K + DCA 21 174 154 162 1825 32 30 143 4.0 100 30.6 66.9-67.9

(4) 94 86 88
control + DCA 67 178 164 170 1770 51 42 67.9-68

(4) 100 90 96

control 67 158 150 153 1973 65 57 143 4.4 102 30.0 67.1-66.9
(S) 90 86 88

low K 21 146 142 143 1900 31 32 142 4.2 100 28.0 66.9-66.9
(4) 86 80 82

L. P.
(2) low K + 57 mEq. 78 164 160 162 2113 91 43 66.9-66.2

KCI (3) 96 90 93

low K 21 158 154 156 2166 69 30 66.2-65.9
-(3) 86 82 84

control 80 i96. 182 189 1570 71 63 45
(10) 120 114 118

low K 20 176 156 164 1500 36 38 44
M.L. (8) 112 96 103

control 80 192 180 185 1510 68 58 44
(10) 116 110 114

"resting" blood pressure in every instance. This
response appeared not later than 48 hours after
diet modification and often within 24 hours, and
the "resting" blood pressure rose.promptly.in those
cases in which potassium chloride was- added. to
the diet or when control diets were restored.

Curtailment of dietary potassium was followed

by a decrease in, the amount excreted in the urine,
but ini general these values remained larger than the
intake with a resultant negative balance, perhaps
reflected in the serum potassium concentrations
which fell slightly in three of four studies. Uri-
nary nitrogen determinations were made in one
patient and showed a decrease in proportion to the
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reduced protein intake, thereby indicating that pro-
tein breakdown was contributing a negligible
amount to the urinary potassium excreted during
the limited period of these observations. In as-
sociation with the restriction of potassium, urinary
sodium excretion decreased sharply with an aver-
age positive balance, assuming other excretory
routes were not invoked, of approximately 30 mEq.
per day. Serum sodium concentrations, however,
were not affected.

Except for a slight increase in constipation in
two subjects, the restriction of potassium gave rise
to no subjective distress. The shifts in electrolytes
were unassociated with any major fluid alterations,
at least as reflected in weight, hematocrit and uri-
nary volume measurements, and in one subject
the serum volume (calculated by means of the blue
dye T. 1824) remained unaffected. Serum chlo-
ride and carbon dioxide content were not modified
consistently. No patient was observed to develop
urinary ketone bodies, and serum urea nitrogen
values did not increase. Serial electrocardiograms
and ballistocardiograms were obtained at frequent
intervals in the course of two studies; the results
were superimposable, nothing being found to sug-
gest changes in cardiac function, intracardiac elec-
trolyte alterations, or difference in the impact of
the cardiac contraction.

In two instances, desoxycorticosterone acetate
was administered while the patients were on the
restricted diet. The "resting" blood pressure re-
mained reduced until the control diet was resumed.

DISCUSSION

The decrease in "resting" blood pressure in re-
sponse to short-term restriction of dietary potas-
sium, observed six times in five studies on four pa-
tients with hypertensive vascular disease, confirms
the reports of Freed, Friedman and Rosenman em-
ploying even greater restriction in hypertensive
rats. It is noteworthy, with respect to the known
therapeutic effects of salt restriction, that this phe-
nomenon takes place despite rather marked sodium
retention and, presumably, a rise in intracellular
sodium (7-10).

The mechanism of the fall in blood pressure re-
mains obscure. It appeared unrelated to serum
volume changes in the one individual in whom
measurements were made. It could not be ac-

counted for by the decrease in protein intake, neces-

sary to achieve the potassium restriction, for the
initial degree of hypertension could be restored in
one instance merely by the addition of potassium
chloride; nor, incidentally, will protein supple-
mentation alter the arterial tension when reduced
by the "rice diet" (11). It is doubtful that the de-
pressor effects can be related to loss of potassium
from heart muscle and a resultant fall in cardiac
output, although this possibility cannot be excluded
completely; against such a mechanism are the ra-

pidity of the blood pressure decrease, the absence
of abnormally low serum potassium values, and the
lack of alterations in the electro- and ballistocardio-
grams. With reference to the role of the adrenal
cortex, one might presume that a high rather than
a low potassium intake should be analogous to a

low sodium regimen; nevertheless, the fact that a

low potassium diet blocks the customary pressor
response of hypertensives to desoxycorticosterone
(12), also noted previously in the rat studies (4),
makes it possible that the adrenal cortex is one

of the areas requiring further consideration. Fi-
nally, it is possible that electrolyte imbalance ex-

erts a direct effect on neuromuscular transmission
and hence a direct effect on the physiological site
of hypertension, the arterioles; marked sodium de-
ficiency has been reported to give rise to a neuro-

muscular block and a reduced output of acetyl-
choline (13).

From these preliminary studies it cannot be con-

cluded that potassium restriction is of therapeutic
benefit. The diets employed were unpalatable and
unbalanced, particularly with respect to protein.
Had they been' made more restrictive or continued
for longer periods, signs and symptoms and dan-
gerous cardiac complications might have been pro-
duced. These observations do serve, however, to

point again to the relationship of certain cations to

the hypertensive state-perhaps through the in-
tervention of the adrenal cortex, but perhaps
through some direct action on blood vessel walls.

SUMMARY

1. The restriction of dietary potassium, under-
taken six times in four patients with hypertensive
vascular disease, was followed rapidly by small but
statistically significant decreases in "resting" blood
pressure.
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2. Sodium retention accompanied the restriction
of potassium.

3. The low potassium diet blocked the pressor
response to desoxycorticosterone.

4. This study, confirming previous reports of
hypotension observed in potassium-deficient rats,
fails to exclude the possible participation of the
adrenal cortex but is compatible also with the pos-
sibility of a direct role of cations upon neuromus-
cular transmission or upon blood vessel walls dur-
ing the hypertensive state.
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