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In recognition of a growing body of evidence in support of 
the benefits of increasing potassium (K+) intake, the World 

Health Organization (WHO) has, for the first time, issued 
recommendations for a target daily dietary intake for K+ of 
≥90 mmol (conversion for potassium (K+) 1 mmol=39 mg, 
for sodium (Na+) 1 mmol=17 mg) for adults.1 In doing so, 
they state that “the successful implementation of these rec-
ommendations would have an important public health impact 
through reductions in morbidity and mortality, improvement 
in the quality of life for millions of people, and substantial 
reductions in  health-care costs.” This article reviews the evi-
dence underpinning this recent guidance with specific empha-
sis placed on reduction of stroke risk. It also briefly explores 
the methods by which this target may be achieved in those at 
high risk of stroke.

Stroke and Blood Pressure Lowering
Stroke is the third most common cause of death in devel-
oped countries and annually, accounts for 10% of all deaths 
worldwide.2 Of the 15 million strokes happening each year, 
5 million are fatal and another 5 million result in permanent 
disability.2 Stroke is the principal cause of acquired disability, 
the second cause of dementia, and the fourth cause of disease 
burden.3 The economic burden of stroke is high and, because 
of aging populations and increasing prevalence of stroke risk 
factors, is almost certain to increase.3 Prevention is key to 
reducing both the personal and economic burden of stroke and 
could dramatically ameliorate the rate of death and disable-
ment if effectively implemented.

Long-term blood pressure (BP) lowering after stroke or TIA 
confers substantial benefit to both hypertensive and normo-
tensive patients by reducing the risk of recurrent stroke and 
other vascular events.4,5 Presently, for secondary prevention of 
stroke, achieving a target BP of 130/80 mm Hg with a com-
bination of any available antihypertensive drugs is recom-
mended.5–9 Despite this, there is consistent evidence to suggest 
that BP is poorly controlled in a proportion of this high-risk 
as long as 5 years after stroke.7–9 The North East Melbourne 
Stroke Incidence Study (NEMESIS) trial reported that 37% 
of hypertensive 5-year stroke survivors had above target BP 

readings, and that 18% were not taking any antihypertensive 
medications.9 Although the reasons for poor BP control in this 
population are likely to be complex, emergent populations of 
both difficult-to-treat and resistant hypertensives are likely to 
contribute to this effect,10 as is the side-effect profile associ-
ated with commonly prescribed antihypertensives.11 Therefore, 
novel approaches of BP lowering within this population may 
be particularly useful, especially if they possess a unique 
mechanism of action or exhibit an improved side-effect profile.

Prevention by Nutrition
The effect of excess salt (sodium (Na+)) intake on BP, car-
diovascular disease, and stroke is well established, and salt 
reduction programs comprise a central tenet of public health 
initiatives internationally.12–14

It has been known since the 1950s that the  sodium-potassium 
ratio (Na+:K+) may be a more important predictor of BP and 
hence cardiovascular and stroke risk than Na+ intake, per se.15 
That is, that a low Na+:K+, achieved through proportionately 
low Na+ and high K+ intakes, may predict lower BP, cardiovas-
cular, and stroke risk. Despite this, public health initiatives to 
date have focused exclusively on salt reduction policy, and yet 
there is growing evidence to suggest that increasing K+ intake 
could be equally beneficial.13

What Do We Learn From Human Evolution?
It is important to consider our intakes of Na+ and K+ in the 
light of our evolutionary history because discordance between 
our modern-day diet and the diet under which our genome was 
selected may provide insight into fundamental mechanisms 
of chronic disease pathogenesis.16,17 The Neolithic revolu-
tion, of ≈10 000 years ago, saw a move away from traditional 
 hunter-gatherer practices and the introduction of human set-
tlement, agriculture, and animal husbandry.18 These practices 
mark the beginning of a period of profound change to the 
composition of the human diet and the availability of various 
foods, culminating in today’s modern diet.17 These changes 
have occurred over an evolutionarily minute timescale and 
are in conflict with our genetically determined biochem-
istry, which has evolved over a protracted length of time.16 
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With specific reference to Na+ and K+ intakes, prehistoric Na+ 
consumption may have been as low as just 10 mmol day−1, 
and K+ consumption is thought to have been as high as 200 to  
300 mmol day−1.16 As a consequence, the human genome has 
been selected, within this environment, to provide an appe-
tite for Na+ consumption along with its retention. However, 
because of the abundance of K+ in the prehistoric diet, no such 
mechanisms have evolved in its case.16–19

Today, Na+ and K+ intakes vary considerably between both 
individuals and populations. The gold standard method for 
evaluating Na+ and K+ intake is via 24-hour urinary collec-
tion as the mass of these electrolytes ingested through the diet 
is largely excreted in the urine during the following 24-hour 
period. A large international cross-sectional study performed 
in the 1980s demonstrated daily Na+ excretion to be as high 
as 242.1 mmol and daily K+ excretion to be as low as 23.4 
mmol in some populations.20 Weighted means of all participat-
ing centers yields average daily excretion for Na+ and K+ of 
156.0 mmol and 55.2 mmol, respectively. These values give a 
Na+:K+ of 2.8 compared with an estimated value of ≈0.05 for 
the prehistoric diet.20 Although rare in the modern world, there 
are small populations of traditional hunter-gather societies 
subsisting on diets of traditional unrefined foods and which 
yield Na+:K+ values comparable with those of the prehistoric 
diet. Within such societies, individuals do not exhibit a rise in 
BP with age and the incidence of hypertension overall is <1%; 
stroke is similarly rare.21

There is strong evidence to suggest that increasing dietary 
K+ intake reduces BP and stroke risk and this is, in part, the 
justification for the current guideline for daily K+ intake issued 
by the WHO.1 Although the best understood mechanism of 
action is BP-lowering through reduction of the Na+:K+ ratio, 
there is good evidence to suggest that K+ may be protective of 
stroke via other processes.

BP Reduction
The INTERSALT study collected international  cross-sectional 
data including BP as well as 24-hour urinary K+ and Na+ excre-
tion from >10 000 participants in 52 centers. These results 
showed a negative association between K+ excretion (proxy 
for its intake) with BP.20 Moreover, the rate at which BP 
increases with age is negatively associated with K+ intake and 
positively so with the Na+:K+ ratio, thus suggesting delayed 

progression of age-dependent hypertension in populations 
with high K+ diets.

Recent meta-analyses of prospective studies, all including 
a measurement of K+ intake and outcomes of stroke and car-
diovascular disease, demonstrate a 24% lower relative risk for 
stroke with an average higher K+ intake of 42.1 mmol day−1 
(Figure).22,23 A separate meta-analysis evaluated fruit and veg-
etable intake, which is positively correlated with K+ intake. 
This analysis demonstrated lower relative risk for stroke of 
11% and 26% for those consuming 3 to 5 and >5 portions 
of fruit and vegetables per day, respectively, when compared 
with those consuming <3 portions per day.24 Although increas-
ing the portions of fruit and vegetables consumed will confer 
several changes to the composition of the diet, this meta-anal-
ysis adds weight to the argument for the protective effects of 
K+ against stroke.

A recent meta-analysis included randomized controlled tri-
als comprising ≥2 groups of participants where the interven-
tion group had a higher K+ intake than the control group and 
where this was achieved either by supplementation or dietary 
modification.23 This analysis demonstrated that an increase in 
K+ intake significantly decreases BP by 3.49 mm Hg and 1.96 
mm Hg systolic and diastolic, respectively. When the achieved 
K+ intake was 90 to 120 mmol day−1, the BP reductions were 
7.16 and 4.01 mm Hg for systolic and diastolic, respectively. 
The BP reductions were shown to be independent of the base-
line K+ intake, and the largest decrease in BP was observed in 
those consuming the largest quantity of Na+, perhaps because 
of modification of the Na+:K+ ratio.

Siani et al25 successfully increased the K+ intake of a group 
of well-controlled hypertensives through providing dietary 
advice. Antihypertensive medication was reduced in a step-
wise manner during a 1-year period, providing that BP targets 
were maintained. At 12-month follow-up, BP was controlled 
with <50% of initial antihypertensive therapy in 80% of the 
subjects in the intervention group, compared with just 29% 
of the subjects in the control arm. These data demonstrate the 
feasibility of BP-lowering through increasing K+ intake.

Animal Experiments
The BP-lowering effect of increased K+ consumption can be 
demonstrated convincingly in animal models. Experiments 
in these models also support the existence of additional 

Figure. Risk of incident stroke associated with 
higher potassium intake in prospective popula-
tion studies (data derived from D’Elia et al22 and 
Aburto et al23).
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mechanisms of action for stroke prevention. Tobian et al26 
investigated the effects of increased K+ consumption in 
spontaneously hypertensive stroke prone rats. In this model, 
when fed a high Na+ diet, the mortality rate is high and 
death principally occurs as a result of stroke (thromboem-
bolic and hemorrhagic). By supplementing the same diet 
with K+, either with the chloride or citrate salt, mortality was 
reduced by 98% from 83% to 2% at 16 weeks of feeding 
for the control and supplementation groups, respectively.26 
K+ supplementation significantly reduces BP in this model; 
however, the reduction in mortality is still observed between 
BP-matched pairs, suggesting the mechanism of action to be 
multifactorial.27

To identify possible BP-independent mechanisms, Rigsby 
et al28 fed low and high K+ diets to normotensive Wistar Kyoto 
rats. This study demonstrated improved cerebrovascular struc-
ture in the high K+ group, specifically increased luminal and 
outer diameters of the middle cerebral artery. This study also 
evaluated the effect of K+ supplementation on experimentally 
produced cerebral ischemia and demonstrated significant 
reductions in the physical size of the resulting cerebral infarct 
in the high potassium group.

The extensive work performed by Young et al29,30 is based 
on a premise that diets high in K+ result in an increased extra-
cellular [K+], which is nonetheless within the physiological 
range, and that low K+ diets result in a relative and asymptom-
atic K+ depletion. This concept is supported by the observation 
that total body K+ and extracellular [K+] are positively asso-
ciated. The detailed work of this group has aimed to assess 
how increased extracellular [K+], achieved through increased 
intake, may be protective of stroke through inhibition of vas-
cular atherosclerotic lesion formation and progression. In this 
series of in vitro and in vivo studies, compelling evidence 
has been accumulated, demonstrating the following effects 
of increased extracellular [K+]: decreased vascular smooth 
muscle cell proliferation, decreased vascular smooth muscle 
cell migration, decreased free radical formation, reduced 
 low-density lipoprotein–cholesterol oxidation, and decreased 
platelet aggregation. These findings support a role of increased 
K+ intake in prevention of thrombus formation, a major cause 
of ischemic stroke.29

Achieving a Minimum Intake Target for Potassium
Several approaches may be adopted to achieve a minimum 
daily intake target for K+; these are considered below.

Dietary Modification
Dietary modification is likely to represent an effective method 
to increase K+ intake in both a primary and secondary preven-
tion setting. Appropriate dietary modification would involve 
substituting K+-low foods for fruits, vegetables, beans, and 
nuts, as seen in the Dietary Approaches to Stop Hypertension 
diet.31,32 Much of this advice already forms the basis of pub-
lic health programs promoting healthy eating. Despite this, 
adapting existing campaigns to include information specific 
to high-K+ diets is likely to further bolster support, and the 
inclusion of K+ contents on food labeling would be a practical 
measure enabling individuals to make healthier food choices. 

The generally high cost of achieving a minimum daily intake 
of K+ through dietary change may be an important obstacle for 
the socially deprived and as such may widen health inequali-
ties. Therefore, dietary advice should be carefully tailored to 
local populations and individuals for primary and secondary 
prevention, respectively.

Use of Salt Substitutes
Salt substitutes are commercially available salt mixtures, in 
which a proportion of the sodium chloride is substituted for 
potassium and magnesium salts. Subsequently, the use of 
these products in place of salt can effectively reduce sodium 
consumption while concurrently increasing potassium intake. 
The use of such substitutes in place of salt has been shown to 
effectively lower BP in subjects in rural China.33 Moreover, 
although some difference in flavor is detectable, salt substi-
tutes have been shown to be acceptable to such a population.34 
The BP reduction achieved through the use of salt substitutes 
in rural China can be attributed to the fact that a large propor-
tion of dietary salt is added to food in the home. However, 
this is not true of much of the economically developed world 
where the majority of dietary salt is contained within pro-
cessed foods, added at the point of manufacture.34

The use of salt substitutes as a method to increase K+ intake 
may therefore have varying impact according to geographical 
region. In the developing world, salt substitution could repre-
sent an important public health intervention in both a primary 
and secondary prevention setting. In economically developed 
countries, salt substitution in the home may be more appropri-
ate as a supplementary measure, targeting secondary preven-
tion or those of high cardiovascular risk. As a public health 
intervention, the use of salt substitutes by the food industry 
should be considered, for example, in bread production, where 
salt use is particularly high.35 Fortification of appropriate foods 
with K+ is a similar method, which could have an important 
public health impact.

Potassium Supplementation
Secondary prevention targets those with the highest risk of 
stroke and with proportionately worse outcomes. Therefore, a 
strategy of targeted oral K+ supplementation may be justified 
in this setting. Supplementation with a K+ salt, such as potas-
sium chloride (KCl), represents a cheap intervention to easily 
achieve a minimum daily target and is likely to be acceptable 
to patients in the setting of secondary prevention. K+ supple-
mentation trials to date have demonstrated no adverse effects 
with daily prescriptions of between 25 and 104 mmol.36 
Moreover, K+ supplementation, particularly through the use 
of slow-release formulations, is generally considered safe.37 
Hyperkalemia is most likely to occur because of renal insuffi-
ciency rather than excessive intake and, as such, monitoring of 
renal function should be performed during supplementation.

K+ supplementation for secondary stroke prevention repre-
sents a clear research opportunity. However, to date no ran-
domized controlled trial has aimed to demonstrate feasibility, 
safety, or BP lowering in a cohort of patients with stroke. The 
evaluation of these outcomes is clearly a prerequisite to a 
study of definitive end points (stroke recurrence). Additional 
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research in this area should aim to evaluate the potential ben-
efit of different daily doses of K+ on the above outcomes, and 
the evaluation of the use of different K+ salts (ie, citrate, bicar-
bonate, and chloride) is also warranted.

Conclusions
Animal, epidemiological, and clinical evidence points to an 
important role that K+ intake may play both in contributing 
to the pathophysiology of stroke (low intake) and as an effec-
tive intervention tool (higher intake) for both primary (dietary 
increase) and secondary (supplementation) prevention of 
stroke and its complications. Randomized clinical trials are 
needed to support the potential, highly cost-effective, clinical 
guidelines for the prevention of stroke recurrence.

Acknowledgments
B.D. Hunt is supported by the National Institute for Health Research  
West Midlands Stroke Research Network.

Sources of Funding
This review was developed as part of a protocol development work 
funded, in part, by a National Institute for Health Research Stroke 
Research Network Portfolio Development Grant (PDWG031-2012–3) 
to F.P. Cappuccio.

Disclosures
None.

References
 1. World Health Organization (Geneva). Potassium intake for adults and 

children. 2012. http://www.who.int/nutrition/publications/guidelines/
potassium_intake_printversion.pdf. Accessed November 27, 2013.

 2. World Health Organization (Geneva). The atlas of heart disease and 
stroke. 2004. http://www.who.int/cardiovascular_diseases/resources/
atlas/en/. Accessed November 27, 2013.

 3. Bousser MG. Stroke prevention: an update. Front Med. 2012;6:22–34.
 4. Castilla-Guerra L, Fernández-Moreno Mdel C. Update on the man-

agement of hypertension for secondary stroke prevention. Eur Neurol. 
2012;68:1–7.

 5. Mant J, Walker MF. Abc of Stroke. Chichester: Wiley-Blackwell/BMJ 
Books; 2011.

 6. Intercollegiate Stroke Working Party (London). National clinical guideline 
for stroke. 2012.  http://www.rcplondon.ac.uk/sites/default/files/national-
clinical-guidelines-for-stroke-fourth-edition.pdf. Accessed November 27, 
2013.

 7. Bath PM, Sprigg N. Control of blood pressure after stroke. Hypertension. 
2006;48:203–204.

 8. Hornnes N, Larsen K, Boysen G. Blood pressure 1 year after stroke: 
the need to optimize secondary prevention. J Stroke Cerebrovasc Dis. 
2011;20:16–23.

 9. Paul SL, Thrift AG. Control of hypertension 5 years after stroke in 
the North East Melbourne Stroke Incidence Study. Hypertension. 
2006;48:260–265.

 10. Myat A, Redwood SR, Qureshi AC, Spertus JA, Williams B. Resistant 
hypertension. BMJ. 2012;345:e7473.

 11. Tousoulis D, Androulakis E, Papageorgiou N, Stefanadis C. Novel thera-
peutic strategies in the management of arterial hypertension. Pharmacol 
Ther. 2012;135:168–175.

 12. World Health Organization (Geneva). Sodium intake for adults and 
children. 2013. http://www.who.int/nutrition/publications/guidelines/
sodium_intake_printversion.pdf. Accessed November 27, 2013.

 13. Aburto NJ, Ziolkovska A, Hooper L, Elliott P, Cappuccio FP, Meerpohl 
JJ. Effect of lower sodium intake on health: systematic review and 
 meta-analyses. BMJ. 2013;346:f1326.

 14. Cappuccio FP, Ji C. Less salt and less risk of stroke: further support to 
action. Stroke. 2012;43:1195–1196.

 15. Meneely GR, Ball CO. Experimental epidemiology of chronic sodium 
chloride toxicity and the protective effect of potassium chloride. Am J 
Med. 1958;25:713–725.

 16. Cordain L, Eaton SB, Sebastian A, Mann N, Lindeberg S, Watkins BA, 
et al. Origins and evolution of the Western diet: health implications for 
the 21st century. Am J Clin Nutr. 2005;81:341–354.

 17. Eaton SB, Konner M, Shostak M. Stone agers in the fast lane: chronic degen-
erative diseases in evolutionary perspective. Am J Med. 1988;84:739–749.

 18. Weisdorf J. From foraging to farming: Explaining the neolithic revolu-
tion. J Econ Surveys. 2005;19:561–586.

 19. Tobian L. The Jeremiah Metzger lecture. High potassium diets strongly 
protect against stroke deaths and renal disease: a possible legacy from 
prehistoric man. Trans Am Clin Climatol Assoc. 1986;97:123–140.

 20. Intersalt: An international study of electrolyte excretion and blood 
pressure. Results for 24 hour urinary sodium and potassium excretion. 
Intersalt cooperative research group. Br Med J. 1988;297:319–328.

 21. Carvalho JJ, Baruzzi RG, Howard PF, Poulter N, Alpers MP, Franco 
LJ, et al. Blood pressure in four remote populations in the INTERSALT 
Study. Hypertension. 1989;14:238–246.

 22. D’Elia L, Barba G, Cappuccio FP, Strazzullo P. Potassium intake, stroke, 
and cardiovascular disease a meta-analysis of prospective studies. J Am 
Coll Cardiol. 2011;57:1210–1219.

 23. Aburto NJ, Hanson S, Gutierrez H, Hooper L, Elliott P, Cappuccio FP. 
Effect of increased potassium intake on cardiovascular risk factors and 
disease: systematic review and meta-analyses. BMJ. 2013;346:f1378.

 24. He FJ, Nowson CA, MacGregor GA. Fruit and vegetable consumption 
and stroke: meta-analysis of cohort studies. Lancet. 2006;367:320–326.

 25. Siani A, Strazzullo P, Giacco A, Pacioni D, Celentano E, Mancini M. 
Increasing the dietary potassium intake reduces the need for antihyper-
tensive medication. Ann Intern Med. 1991;115:753–759.

 26. Tobian L, Lange J, Ulm K, Wold L, Iwai J. Potassium reduces cerebral 
hemorrhage and death rate in hypertensive rats, even when blood pres-
sure is not lowered. Hypertension. 1985;7(3 pt 2):I110–I114.

 27. Tobian L, Lange JM, Ulm KM, Wold LJ, Iwai J. Potassium prevents 
death from strokes in hypertensive rats without lowering blood pressure. 
J Hypertens Suppl. 1984;2:S363–S366.

 28. Rigsby CS, Pollock DM, Dorrance AM. Dietary potassium supplementa-
tion improves vascular structure and ameliorates the damage caused by 
cerebral ischemia in normotensive rats. Nutr Metab (Lond). 2008;5:3.

 29. Young DB. Role of Potassium in Preventive Cardiovascular Medicine. 
Norwell, MA: Kluwer Academic Publishers; 2001.

 30. Young DB, Ma G. Vascular protective effects of potassium. Semin 
Nephrol. 1999;19:477–486.

 31. Whelton PK, He J, Cutler JA, Brancati FL, Appel LJ, Follmann D, et al. 
Effects of oral potassium on blood pressure. Meta-analysis of random-
ized controlled clinical trials. JAMA. 1997;277:1624–1632.

 32. Sacks FM, Svetkey LP, Vollmer WM, Appel LJ, Bray GA, Harsha D, 
et al; DASH-Sodium Collaborative Research Group. Effects on blood 
pressure of reduced dietary sodium and the Dietary Approaches to Stop 
Hypertension (DASH) diet. DASH-Sodium Collaborative Research 
Group. N Engl J Med. 2001;344:3–10.

 33. Hu J, Jiang X, Li N, Yu X, Perkovic V, Chen B, et al. Effects of salt 
substitute on pulse wave analysis among individuals at high cardiovas-
cular risk in rural China: a randomized controlled trial. Hypertens Res. 
2009;32:282–288.

 34. Li N, Prescott J, Wu Y, Barzi F, Yu X, Zhao L, et al; China Salt 
Substitute Study Collaborative Group. The effects of a reduced-sodium, 
 high-potassium salt substitute on food taste and acceptability in rural 
northern China. Br J Nutr. 2009;101:1088–1093.

 35. Quilez J, Salas-Salvado J. Salt in bread in Europe: potential benefits of 
reduction. Nutr Rev. 2012;70:666–678.

 36. Council for Responsible Nutrition (CRN). Vitamin and mineral safety 
2nd edition. 2004. http://www.crnusa.org/00safety_toc.html. Accessed 
November 27, 2013.

 37. Saggar-Malik AK, Cappuccio FP. Potassium supplements and 
 potassium-sparing diuretics. A review and guide to appropriate use. 
Drugs. 1993;46:986–1008. 

Key Words: blood pressure ◼ diet ◼ food intake ◼ food supplementation 
◼ hypertension ◼ potassium ◼ stroke 

D
ow

nloaded from
 http://ahajournals.org by on A

pril 3, 2024

http://www.who.int/nutrition/publications/guidelines/potassium_intake_printversion.pdf
http://www.who.int/nutrition/publications/guidelines/potassium_intake_printversion.pdf
http://www.who.int/cardiovascular_diseases/resources/atlas/en/
http://www.who.int/cardiovascular_diseases/resources/atlas/en/
http://www.rcplondon.ac.uk/sites/default/files/national-clinical-guidelines-for-stroke-fourth-edition.pdf
http://www.rcplondon.ac.uk/sites/default/files/national-clinical-guidelines-for-stroke-fourth-edition.pdf
http://www.who.int/nutrition/publications/guidelines/sodium_intake_printversion.pdf
http://www.who.int/nutrition/publications/guidelines/sodium_intake_printversion.pdf
http://www.crnusa.org/00safety_toc.html

