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Abstract

Potassium and sodium share a yin/yang relationship in the regulation of blood pressure (BP). BP is
directly associated with the total body sodium and negatively correlated with the total body
potassium. Epidemiologic, experimental, and clinical studies have demonstrated that potassium is
a significant regulator of BP and further improves cardiovascular outcomes. Hypertensive
cardiovascular damage, stroke and stroke-related death are accelerated by salt intake but could be
prevented by increased dietary potassium intake. The antihypertensive effect of potassium
supplementation appears to occur through several mechanisms that include regulation of vascular
sensitivity to catecholamines, promotion of natriuresis, limiting plasma renin activity, and
improving endothelial function. In the absence of chronic kidney disease, the combined evidence
supports a diet high in potassium content serves a vasculoprotective function, especially in the
setting of salt-sensitive hypertension and prehypertension.
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Introduction

Hypertension is a global health problem, affecting one-fourth of adults in the general
population; the prevalence continues to increase in industrialized countries (1).Hypertension
is also a preventable risk factor, since epidemiological evidence suggests that the prevalence
of cardiovascular, cerebrovascular, and chronic kidney disease (CKD) is reduced if
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hypertension is well controlled (2). With a few exceptions, hypertension is a polygenic trait
with phenotypic manifestations that are dependent upon interactions between genes and the
environment. In one study, for example, heritability of blood pressure (systolic, diastolic and
mean) responses to dietary salt intake was 0.49 to 0.51, indicating that in this Chinese
population, variation in blood pressure responses to salt intake was influenced almost
equally by genetic and environmental factors (3). Relevant environmental factors include
not only dietary sodium but also dietary potassium intake. The aim of this review is to
analyze the effect of high potassium intake on the pathogenesis, prevention, and treatment of
hypertension and cardiovascular outcomes specifically in the setting of normal renal
function. Data regarding the role of dietary potassium intake in blood pressure regulation in
CKD are generally lacking, although serum potassium levels contribute to cardiovascular
mortality in CKD associated with heart failure, with an increase in mortality related to both
hypokalemia (K < 4.0 mEg/L) (4) and hyperkalemia (K > 5.5 mEg/L) (5).

Epidemiological studies and clinical trials demonstrate an association

between potassium intake and blood pressure

INTERSALT demonstrated for the first time an inverse relationship between urinary
potassium excretion rates and blood pressure in a large diverse population (6). In a double-
blind, randomized, crossover study, Krishna et al. (7), reported that a low potassium diet in
hypertensive and normotensive patients caused significant elevations in systolic BP (6 mm
Hg and 7 mm Hg) and diastolic BP (4 mm Hg and 7 mm Hg), respectively. In another
randomized crossover study design using 10 healthy, normotensive men, Krishna et al. (8),
found a significant increase in the mean arterial blood pressure from 90.9 £ 2.2 mm Hg to
95.0 £ 2.2 mm Hg when dietary potassium was reduced from normal (90 mmol/d) to very
low (10 mmol/d) levels.

A randomized controlled trial (RCT) by Siani et al. (9), investigated the intensity of
antihypertensive medication use during an increase in dietary potassium intake from natural
foods. By the end of the study, the initial antihypertensive therapy was successfully
decreased in 81% of the patients in the high potassium group (Cl, 66% to 96%) as compared
with a reduction of 29% in patients in the low potassium group (Cl, 10% to 48%) (P =
0.001). The authors concluded that increasing dietary potassium intake from natural foods
was a feasible and effective measure to reduce antihypertensive drug treatment in patients
with normal renal function (9).

Appel et al. (10), designed a seminal RCT (Dietary Approaches to Stop Hypertension
(DASH)) to test the hypothesis that increased intake of dietary potassium may lower BP
significantly. A total of 459 adults with systolic blood pressures of less than 160 mm Hg and
diastolic blood pressures between 80 to 95 mm Hg were randomly assigned to receive one of
three types of diet. Groups included a control diet (low in fruits, vegetables and dairy
products with high-fat content), a diet rich in fruits and vegetables, and a “combination” diet
rich in fruits, vegetables and low-fat dairy products with reduced saturated and total fat.
Over the eight-week course of the study, the investigators observed a reduction both in
systolic and diastolic blood pressure by 11.4 and 5.5 mm Hg, respectively, in the 133
hypertensive patients who received the combination diet, compared with those patients who
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received the control diet (p<0.001 for each). In addition, there were 3.5 mm Hg (p<0.001)
and 2.1 mm Hg (P=0.003) reductions in systolic and diastolic blood pressures, respectively,
among 326 normotensive subjects receiving the combination diet. While these reductions
may appear to be small, they are sufficient to support the conclusion that increasing dietary
intake of potassium reduces blood pressure and likely associated cardiovascular diseases
such as stroke and coronary heart disease (10). One point to note in this trial is the low
content of sodium (3 grams) in combination diet and diet rich in fruit and vegetables. An
earlier trial suggested that supplemental potassium provided no additional hypotensive effect
in hypertensive men on a salt-restricted diet (11). However, a subsequent follow-up study
revealed that the DASH diet provided an additional BP benefit for participants at three
different levels of salt intake (50, 100, 150 mmol of sodium daily), although participants
consuming a diet lowest in salt content (50 mmol/d) demonstrated the least amount of mean
reduction in systolic and diastolic pressures (12). Nevertheless, it is difficult to conclude that
increased potassium intake is the sole factor to explain reduction of blood pressure by
DASH type diet, because the antioxidant content of the diet is high and that may also
favorably influence the blood pressure.

A meta-analysis incorporating 33 RCTs (2609 participants) in which potassium
supplementation was the only difference between the intervention and the control conditions
showed that potassium supplementation was associated with a significant decrease in mean
systolic and diastolic blood pressures, by 3.11 mm Hg and 1.97 mm Hg, respectively (13).
One interesting aspect of the results was that this beneficial effect of potassium
supplementation seemed particularly enhanced in studies in which participants remained on
a high salt diet. The authors concluded that dietary potassium supplementation should be
considered especially for patients who are unable to effectively limit their sodium intake. On
the other hand a more recent systematic review of 6 RCTs (483 participants) found a large,
but not statistically significant, reduction in mean systolic and diastolic BP with dietary
potassium supplementation (14). The participant number was small and follow-up periods
were relatively short in the RCTs used in this latter meta-analysis.

Potential reasons for the discrepancies between the conclusions of these meta-analyses
include the heterogeneous nature of the response to dietary potassium supplementation and
the potential variations in experimental protocols of the different RCTs, such as the amount
of salt in the diet. He et al. (15), showed that, analogous to salt-sensitivity, the systolic and
diastolic blood pressure responses to dietary potassium supplementation assume a Gaussian
distribution about a mean of nearly zero change, reflecting significant individual variations
in the response. Interestingly, Kelly et al. (16), observed that potassium supplementation
reduced blood pressure specifically among those participants who had a maternal history of
hypertension. The odds ratios for potassium sensitivity were 1.36 and 1.60 for those with
maternal hypertension and early onset maternal hypertension, respectively. Montasser et al.
(17) conducted an observational study to determine if single nucleotide polymorphisms
(SNP) of specific genes that included EDN1 (endothelin-1), NOS3 (endothelial nitric oxide
synthase) and SELE (E-selectin) associated with the phenotype of blood pressure changes in
response to dietary potassium intake. These authors found that genetic variations in EDN1
and SELE associated with the blood pressure response to potassium intake. Thus, a
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combination of hereditary and acquired traits appears to determine the vascular response to
potassium intake.

Clinical trials and epidemiological studies support an effect of potassium

intake on cardiovascular outcomes

Studies have demonstrated the beneficial effects of high potassium diet on clinical
cardiovascular endpoints. Khaw et al. (18), prospectively examined the relationship between
dietary potassium intake per day obtained at entry into the study and subsequent stroke-
associated mortality. In multivariate analysis of the data, the risk of stroke-related death
decreased by 40% with a 10-mmol increase in daily potassium intake. The authors
concluded that potassium-rich foods such as fruits and vegetables offer protection against
stroke-related deaths. A recent meta-analysis of prospective studies also suggested that an
increase in the daily intake of dietary potassium of 1.64 g (42 mmol) provided a statistically
significant 21% risk reduction in stroke (19). The relationship appeared to be partly
mediated by the higher potassium intake effect on BP.

A prospective cohort study has shown the positive impact of fruits and vegetables on the
cardiovascular disease. The INTERHEART study (20) compared fruit and vegetable intake
in a group of 15,152 patients with acute myocardial infarction and a group of 14,820 control
patients from 52 countries. After modifying potential confounding factors, the authors
observed a 30% decrease in the risk of acute myocardial infarction in patients who
consumed a diet containing fruits and vegetables. In a meta-analysis, McKee et al estimated
2.6 million deaths per year worldwide from inadequate consumption of fruit and vegetables.
They also concluded that increasing fruit and vegetable intake up to 600 g per day (the
baseline of choice) could reduce the risk of coronary heart disease and ischemic stroke by
31% and 19%, respectively (21). A recent analysis of the NHANES 111 study showed that
the sodium-to-potassium ratio in the highest compared with lowest quartiles was associated
with a hazard ratio of 1.46, 1.46, and 2.15 for all-cause, cardiovascular disease, and ischemic
heart disease mortality, respectively (22). The authors concluded that a higher sodium-
potassium ratio is associated with significantly increased risk of CVD and all-cause
mortality, and higher sodium intake is associated with increased total mortality in the
general US population.

Perhaps the most compelling findings to date derive from the work of Chang et al. (23). In
this study, kitchens of retirement home were randomized into 2 groups, with the 1981
patients who were assigned to those kitchens given either potassium-enriched salt
(experimental group) or regular salt (control group). Patients whose serum creatinine
concentrations were = 3.5 mg/dl were excluded from the study. In the subsequent 31
months, the incidence of CVD-related deaths was 13.1 per 1000 persons (27 deaths in 2057
person-years) in the experimental group and 20.5 per 1000 (66 deaths in 3218 person-years)
in the control group (Figure 1). The experimental group demonstrated 59% reduction in
CVD mortality. These findings demonstrated an important long-term beneficial effect of
potassium supplementation in this elderly cohort.
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Evidence demonstrating a role for hypokalemia and potassium depletion in adverse clinical
outcomes also comes from studies of antihypertensive treatments that include thiazide
diuretics. In a sub-analysis of Systolic Hypertension in the Elderly Program (SHEP), a five
year prospective study, the authors found that the participants who had hypokalemia after 1
year of treatment with a low-dose diuretic did not experience the reduction in cardiovascular
events achieved among those who did not have hypokalemia (24). These findings emphasize
that, regardless of the underlying pathogenesis, serial examination of the serum potassium
concentration and correction of hypokalemia are essential during treatment with diuretics.

Mechanisms of potassium-induced blood pressure and end-organ effects

Reduced potassium intake leads to renal sodium retention (7, 8). Conversely, potassium
seems to have natriuretic effects both in hypertensive and normotensive subjects. In 1935,
Keith and Binger (25) demonstrated that ingestion of about 150 mmoles of potassium
chloride a day produced a diuretic effect in 80% of patients. Brunner at al. (26), observed
that in normal participants potassium supplementation sufficient to increase plasma
potassium concentration also stimulated natriuresis and suppressed plasma renin activity
without changing aldosterone production. Conversely, potassium deprivation stimulated
plasma renin activity, but not aldosterone production, despite a tendency toward sodium
retention (26). Thus, potassium supplementation might exert an antihypertensive effect by
promoting natriuresis and limiting plasma renin activity, although the mechanism(s)
involved remain poorly defined.

Potassium intake also affects vasomotor tone by modulating the vascular sensitivity to
catecholamines (27). Skrabal et al. (28), examined the blood pressure effects of salt and
potassium in a small group of prehypertensive subjects. Twenty normotensive subjects were
given diets that contained varying amounts of sodium and potassium. In every subject,
reduction of salt intake from 200 to 50 mmaol/day over 2 weeks reduced the rise in blood
pressure induced by various doses of noradrenaline (0.1 to 0.4 microgram/kg/min). A high
potassium intake reduced diastolic blood pressure by at least 5 mm Hg in 10 out of 20
subjects; of the 10 patients who responded, 7 had a family history of hypertension and 9
responded to salt restriction. The authors concluded that the mechanism of benefit of dietary
potassium intake on blood pressure related to improvement in adherence to a low salt diet,
promotion of sodium loss, prevention of a rise in plasma catecholamines induced by a low
salt intake, and increased sensitivity of the baroreceptor reflex. The short duration (2 weeks)
limits this study, but the findings provide important clues to the putative mechanisms of
benefit of potassium supplementation on BP regulation and further supports this approach in
the management of hypertension, especially in salt-sensitive patients (28).

Pre-clinical studies have demonstrated an effect of potassium on vascular function. Sodium
and potassium also have independent roles in determining endothelial function. In healthy
humans (29) and rats (30, 31), high salt intake increases nitric oxide (NO) production.
However, this response is impaired or absent in salt-sensitive rats (30, 31). Potassium
supplementation increases endothelium-dependent NO production. Raij, et al. (32),
demonstrated that a diet containing 8.0% NaCl supplemented with 3.6% potassium citrate
developed hypertension but improved endothelium-dependent relaxation in the Dahl rat.
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Along with NO, the endothelium also elaborates Transforming Growth Factor- (TGF-B) in
response to high salt intake (33-37). Endothelium-derived TGF-B1 is a locally acting
molecule with autacrine and paracrine actions on neighboring endothelium and vascular
smooth muscle and is involved in blood pressure regulation. TGF-f is considered an
important determinant of arterial stiffness, by promoting hypertrophy of vascular smooth
muscle (38), increasing the local production of extracellular matrix proteins (39) and
inhibiting metalloproteinases involved in collagen degradation and remodeling (40).
Importantly, increased dietary potassium intake promotes a dose-dependent inhibition of
dietary salt-induced endothelial production of TGF- (34). Studies in vitro demonstrate that
the extracellular potassium concentration alters endothelial cell function through the BK¢c,
channel (41). Thus, dietary potassium may have a salutary effect on vascular function during
high-salt intake, perhaps mediated through regulation of endothelial production of TGF-p.

Finally, potassium may be important in mitigating the end-organ effects of hypertension. In
experimental studies, the incidence of stroke, stroke-related death, development of cardiac
hypertrophy, mesenteric vascular and renal damage were significantly reduced in
hypertensive rats on high sodium diet with increased potassium intake (42, 43). Potassium
may have effects that are independent of blood pressure, because a high potassium diet
protected against stroke but not hypertension in hypertensive rats (18, 45).

Conclusion

Multiple clinical studies demonstrate strong associations among dietary potassium intake,
the blood pressure response to dietary salt intake, and cardiovascular outcomes. There is
evidence for a genetic as well as acquired predisposition to the vascular effects of potassium
intake. This review points out limitations of existing studies and the need to enhance efforts
to explore these relationships in greater detail. Potassium supplementation mitigates the
blood pressure response associated with a high sodium diet and further attenuates the
progression of end-organ damage particularly in the setting of high salt intake. This
vasoprotective effect is mediated in part by endothelial cell production of NO and TGF-§.

The combined evidence is sufficiently compelling for the Institute of Medicine to
recommend that all adults, who do not have chronic kidney disease, should consume daily a
diet containing at least 120 mmol (about 4.7 grams) of potassium (48). Perhaps the best
strategy to achieve a high-potassium intake is to raise the consumption of fruits and
vegetables. Achieving this goal of adequate dietary intake of potassium may serve a
vasculo-protective role for the population. Reinforcing a diet high in potassium with
periodic monitoring of serum potassium levels in patients at risk for hypo- or hyperkalemia
should be considered essential particularly in the management of patients who are salt-
sensitive.
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Figure 1.
Effect of potassium supplementation on prevention of cardiovascular event rates. A long-

term benefit of potassium supplementation on cardiovascular mortality was observed. Figure
adapted from Chang, et al., Am. J. Clin. Nutr. 83:1289, 2006, with permission.
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