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Despite advances in the prevention and treat-
ment of hypertension over the past decade, 
hypertension remains an important public 
health challenge. Recent efforts to reduce the 
prevalence of hypertension have focused on 
nonpharmacologic means, specifically diet. An 
increased intake of minerals such as potassium, 
magnesium, and calcium by dietary means 
has been shown in some but not all studies to 
reduce blood pressure in patients with hyper-
tension. This review will discuss the roles of 
potassium, magnesium, and calcium in the pre-
vention and treatment of essential hypertension 
with specific emphasis on clinical trial evidence, 
mechanism of action, and recommendations for 
dietary intake of these minerals. A high intake 
of these minerals through increased consump-
tion of fruits and vegetables may improve blood 
pressure levels and reduce coronary heart dis-
ease and stroke. J Clin hypertens (Greenwich). 
2008;10(7 suppl 2):2–11. ©2008 Le Jacq

hypertension remains the leading cause of car-
diovascular disease (CVD), affecting approxi-

mately 1 billion individuals worldwide.1 although 
more than 72 million americans, or nearly 1 in 3 
adults, are estimated to have hypertension, blood 
pressure (BP) control is achieved in only 35%2; 
recent surveys estimate that a higher percentage 
of patients have BP levels reduced to <140/90 
mm hg. Nearly 90% of adults will probably 
develop hypertension, especially systolic eleva-
tions, by age 65.3 hypertension is associated with 
an increased risk of mortality and morbidity from 
stroke, coronary heart disease, heart failure, and 
end-stage renal disease. a major focus of research 
remains the poor control rates in hypertensive 
individuals. evidence suggests that goals set by the 
Seventh report of the Joint National Committee on 
Prevention, Detection, evaluation, and treatment 
of high Blood Pressure (JNC 7) are attainable in 
a high percentage of cases.4,5 Poor BP control is 
even more of a challenge in patients with diabetes 
and chronic kidney disease due to the lower recom-
mended BP goals.6 hypertension remains the most 
common reason for visits to physicians’ offices and 
the primary reason for prescription drug use.

DieT in THe PRevenTion anD 
TReaTMenT of HyPeRTension
Several epidemiologic studies suggest that diet 
plays an important role in determining BP. Dietary 
therapies known to lower BP include weight loss, 
reduced sodium intake, increased potassium intake, 
and a diet rich in fruits and vegetables.7–9 the land-
mark Dietary approaches to Stop hypertension 
(DaSh) trial,10,11 in which patients received all 
of their food preprepared, demonstrated that 
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modification of diet significantly lowered BP in 
patients with stage 1 hypertension and high-nor-
mal BP. the DaSh diet, which emphasizes fruits, 
vegetables, and low-fat dairy products, also low-
ers BP in persons with isolated systolic hyperten-
sion.12 recognizing the importance of diet, several 
guidelines have been developed by both national 
and international organizations incorporating rec-
ommendations for increased nutrient intake for 
hypertension prevention.13–17 these guidelines will 
be discussed in detail.

DasH eating Plan
the DaSh study10 was a controlled feeding study 
of 11 weeks’ duration designed to assess the effects 
of modifying whole diets on BP. the DaSh trial 
demonstrated that a diet rich in fruit and veg-
etables and low-fat dairy products with reduced 
saturated and total fat can result in a clinically sig-
nificant reduction in BP compared with the typical 
american diet.18 the reduction in BP began within 
2 weeks of feeding and was maintained for the fol-
lowing 6 weeks. among normotensive individuals, 
this diet reduced systolic BP and diastolic BP by 
3.5 and 2.1 mm hg, respectively (figure 1). a sub-
group analysis of the DaSh trial also found that 
the BP-lowering effects were more pronounced in 
hypertensive (11.4 and 5.5 mm hg, respectively) 
and black patients.19 although potassium intake 
was increased by 1447 to 2776 mg/d through 
increased consumption of fruit and vegetables, 
reductions in BP cannot be attributed to potassium 
alone, as the diet was also rich in calcium, magne-
sium, and other nutrients.

in a subgroup analysis of patients with isolated 
systolic hypertension,12 the DaSh diet was found 
to be as effective as initial treatment of isolated 
systolic hypertension. Svetkey and coworkers3

further demonstrated that in patients with stage 
1 hypertension, a marked reduced sodium intake 
in combination with the DaSh diet improved BP 
control still further (figure 2). among DaSh-
Sodium trial participants, sustained reductions in 
BP were observed over a 1-year period despite a 
gradual increase in sodium intake.20

PoTassiuM in THe 
PRevenTion of HyPeRTension
Cardioprotective effects of a relatively high potas-
sium intake have been hypothesized as a basis for 
low CVD rates in populations consuming primitive 
diets and in vegetarians in industrialized coun-
tries.21 in isolated societies consuming diets high 
in fruits and vegetables, hypertension affects only 

132

130

128

126

124

86

84

82

80

78
Baseline

Intervention Week

D
ia

st
o

lic
 B

lo
o

d
 P

re
ss

u
re

(m
m

 H
g

)
S

ys
to

lic
 B

lo
o

d
 P

re
ss

u
re

(m
m

 H
g

)

1 2 3 4 5 6 7 and 8

Control diet
Fruits and vegetables diet
Combination diet

Figure 1. Mean systolic and diastolic blood pressure at 
baseline and during each intervention week, according 
to diet, for 379 patients with complete sets of weekly 
blood pressure measurements. Reprinted with permis-
sion from Appel et al.10

Figure 2. End of feeding blood pressure (BP) con-
trol rates (%) by diet and sodium level for Dietary 
Approaches to Stop Hypertension (DASH)- Sodium 
trial participants who had hypertension (HTN) at base-
line (systolic BP >140 mm Hg or diastolic BP >90 mm 
Hg) and in those who had isolated systolic HTN (ISH) 
at baseline (systolic BP >140 mm Hg and diastolic BP 
<90 mm Hg). H indicates higher sodium level (142 
mmol/d); I, intermediate sodium level (107 mmol/d); 
L, lower sodium level (65 mmol/d); aBP control was 
defined as systolic BP <140 mm Hg and diastolic BP 
<90 mm Hg. bP<.01 compared with control diet at 
higher sodium level; cP<.05 compared with DASH diet 
at higher sodium level. Reprinted with permission from 
Svetkey et al.3
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1% of the population, whereas in industrialized 
countries that consume diets high in processed 
foods and large amounts of dietary sodium, 1 in 
3 persons have hypertension.22 in primitive diets, 
the daily intake of potassium is higher, while that 
of sodium is lower than in the modern diet. the 
rates of intake for primitive cultures range from 
20 to 40 mmol/d for sodium and from 150 to 290 
mmol/d for potassium. in comparison, the daily 
rates of intake of potassium and sodium for mem-
bers of industrialized societies consuming large 
amounts of processed foods are 80 to 250 mmol/d 
for sodium and 30 to 70 mmol/d for potassium. in 
the modern Western diet, therefore, the potassium-
to-sodium intake ratio on a molar basis is usually 
<0.4, whereas in primitive cultures the intake ratio 
is >3 and closer to 10.7

evidence of Benefits of Potassium on BP
a consistent body of evidence from observa-
tional studies8,23,24 and clinical trials25–28 indicates 
that high levels of potassium are associated with 
lower BP. One population study in St Lucia sug-
gested that an increase of only 20 to 30 mmol/d 
(742–1173 mg/d) of potassium in the diet could 
result in a 2- to 3-mm hg reduction of BP in a 
population.29 the Yanomamo indians in Brazil, 
who consume very little sodium and follow mostly 
a vegetarian diet, are also known for having low 
average BP and no hypertension. Of course, they 
are extremely active, with little obesity. as part 
of the iNterSaLt study, this population was 
found to have a very low urinary sodium excretion 
(0.9 mmol/d), a mean systolic BP of 94.5 mm hg, 
and a mean diastolic BP of 61.4 mm hg.30 the 
iNterSaLt study31 also provided evidence that 
potassium intake (as measured by 24-hour urinary 
potassium excretion) is an important determinant 
of population BP, independent of that of sodium. 
While most intervention studies have focused on 

high levels of potassium intake, observational stud-
ies indicate that even increasing potassium by 750 
to 1000 mg/d can lower BP by 2 or 3 mm hg.8,23,24 
While this may appear to be a small change for an 
individual, this degree of BP lowering may trans-
late into an important cardiovascular benefit in 
terms of reducing stroke and other CVD events in 
a population.32,33

Several meta-analyses25–28 report a significant 
reduction in BP with potassium supplementation 
(table i). an earlier meta-analysis by Cappuccio 
and MacGregor25 of 19 clinical trials examin-
ing the effect of potassium supplementation on 
BP found that oral potassium supplements sig-
nificantly lowered both systolic BP and diastolic 
BP (5.9 mm hg and 3.4 mm hg, respectively). 
another meta-analysis of 33 randomized con-
trolled trials (rCts)26 also documented that 
potassium supplementation significantly lowered 
BP. the BP-lowering effect was more pronounced 
in blacks compared with whites and those con-
suming a diet high in sodium chloride. as with 
the previous meta-analyses, the BP response 
was greater in hypertensive than normotensive 
patients (3.5/2.5 mm hg vs 0.97/0.34 mm hg, 
respectively), which was of borderline statistical 
significance. a meta-analysis of of 40 sodium tri-
als and 27 potasisum trials by Geleijnse et al.27 
also indicated that a reduced intake of sodium 
and increased intake of potassium are important 
contributors to the prevention of hyperten-
sion. however, a more recent meta-analysis of 
5 rCts, conducted by Dickinson and associ-
ates,28 reported that potassium supplementation 
resulted in  statistically nonsignificant reductions 
in both systolic BP (3.9 mm hg) and diastolic 
BP (1.5 mm hg). it should be remembered that 
some studies with potassium supplementation 
were of short duration and included small num-
bers of participants.

Table I. Summary of Meta-Analyses of Potassium Trials

Meta-Analysis
No. of 
Trials Intervention

Average 
Duration

Mean BP Lowering
(SBP/DBP), mm Hg 95% CI

Cappucio, 199125 19 100 mmol/d diet; 48–120 mmol/d KCl; 
66 mmol/d K Glu +Cit

39 d 5.9/3.4 –6.6 to –5.2
–4.0 to 2.8

Whelton, 199726 33 100–200 mmol/d diet; 60–120 mmol/d 
KCl; 120 mmol/d K Cit + Bicarb

5 wk 3.1/2.0 –1.9 to –4.3
–0.5 to –3.4

Geleijnse, 200327 27 44 mmol (1.7 g) (form not given) >2 wk 2.4/1.6 –3.8 to –1.0
–2.7 to –0.5

Dickinson, 200628 5 >100 mmol/d diet; 48–120 mmol/d 
KCl; 120 mmol/d K Cit + Bicarb

>8 wk 11.2/5.0 –25.2 to 2.7
–12.5 to 2.4

Abbreviations: BP, blood pressure; CI, confidence interval; DBP, diastolic blood pressure; SBP, systolic blood pressure. Forms of K+ 
include Kcl, citrate (Cit), gluconate (Glu), and bicarbonate (Bicarb). One Meq or mmol of K+ equals 39.09 mg.
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all of these meta-analyses do reveal a dose-
response relationship between BP lowering and 
potassium intake. Significant BP lowering with 
supplemental doses of potassium in the range of 
1900 to 4700 mg/d (49–122 mmol/d) has been 
reported to result in BP lowering of approximately 
2 to 6 mm hg for diastolic BP and 2 to 4 mm 
hg for systolic BP. the high variability between 
results reflects the variability observed in differ-
ent studies. in addition, the effect of potassium 
on BP is influenced by pretreatment BP level; age; 
race; sex; comorbid conditions; intake of sodium, 

magnesium, calcium, or other ions; diet; exer-
cise; weight; type of potassium used; concomitant 
medications; and duration of use. a summary of 
the findings of all meta-analyses on the effects of 
potassium on BP to date is given in figure 3.

although conflicting results regarding the effects 
of potassium supplementation on BP have been 
reported in clinical studies,34,35 more recent tri-
als have demonstrated results consistent with that 
of the meta-analysis by Whelton and colleagues26

(table ii). Gu and coworkers36 found that moderate 
potassium supplementation (60 mmol KCl) taken 
for 12 weeks resulted in a reduction in systolic 
BP, but not diastolic BP, in a Chinese population. 
Similarly, Kawano and colleagues37 documented 
that a 4-week potassium supplementation period 
(during which 64 mmol/d of potassium was given 
as slow-release KCl) resulted in small but signifi-
cant reductions in office, home, and 24-hour BP in 
Japanese men and women. Braschi and colleagues38

further examined the effect of low-dose potassium 
supplementation on BP and found that 24 mmol/d 
of slow-release KCl administered for 6 weeks result-
ed in significant reductions in mean arterial pressure 
and diastolic BP in healthy volunteers.

Mechanisms by Which Potassium Lowers BP
the homeostasis of sodium and potassium plays an 
important role in endothelium-dependent vasodila-
tation.39 Sodium retention decreases the synthesis 
of nitric oxide, an arteriolar vasodilator elaborated 
by endothelial cells, and increases the plasma level 
of asymmetric dimethyl-L-arginine, an endogenous 
inhibitor of nitric oxide production.40 a diet rich in 

Table II. Other Clinical Trial Evidence of the Effect of Potassium on Blood Pressure

Study
No. of 

Patients Intervention
Average 

Duration
Mean BP Lowering 
(SBP/DBP), mm Hg P Value

Appel, 199710 459 DASH diet 8 wk 3.5/2.1 No HTN
11.4/5.5 HTN

<.001
.003

<.001
Sacks, 200111 412 IM Na diet + control diet/DASH 

diet; low Na diet + control diet/
DASH diet

30 d 2.1/1.1
1.3/0.6
4.6/2.4
1.7/1.0

<.05
<.001
<.001
<.01

Gu, 200136 150 60 mmol/d KCl 12 wk 5.0/0.63 <.001
NS

Kawano, 199837 64 mmol/d KCl (slow-release) 4 wk 2.7/1.4 <.05
Braschi, 200338 59 24 mmol/d KCl/d (slow-release) 6 wk ↓MAP 7.01; 

7.60/6.46
<.001
<.001

Abbreviations: BP, blood pressure; DASH, Dietary Approaches to Stop Hypertension; DBP, diastolic blood pressure; HTN, hyper-
tension; IM, intermediate; MAP, mean arterial pressure; SBP, systolic blood pressure.
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potassium as well as increases in serum potassium, 
even within the physiologic range, cause endothe-
lium-dependent vasodilatation by hyperpolarizing 
the endothelial cell through stimulation of the 
sodium pump and opening potassium channels.41 
in addition, other proposed mechanisms by which 
potassium can influence BP include natriuresis, 
modulation of baroreceptor sensitivity, reduced 
vasoconstrictive sensitivity to norepinephrine and 
angiotensin ii, increased serum and urinary kal-
likrein, increased sodium/potassium atPase activ-
ity, alteration in DNa synthesis, and proliferation 
in vascular smooth muscle and sympathetic ner-
vous system cells.42,43

Dietary Guidelines for Potassium
Maintaining an adequate intake of dietary potassi-
um (>90 mmol [3500 mg]/d) has been recommend-
ed for the primary prevention of hypertension by 
the JNC 7.13 the institute of Medicine has recom-
mended a sodium intake <65 mmol/d (3.8 g/d) and 
an increase in potassium to 120 mmol/d.44 in 2006, 
the american heart association issued new guide-
lines suggesting an increase in potassium intake to 
120 mmol/d (4.7 g/d), which is the level provided 
in the DaSh diets in which all food is supplied.14 
the Canadian hypertension Society recommends 
that the daily dietary intake of potassium should 
be ≥60 mmol, since this intake has been associated 
with a reduced risk of stroke-related mortality.45,46 
the most recent european Society of hypertension 
guidelines also support an increased potassium 
intake based on the DaSh diet.18 in addition, the 
2003 World health Organization/international 
Society of hypertension statement recommends 
a diet high in fruits and vegetables, a reduction 
of dietary sodium intake, and increased dietary 
potassium intake for reducing the incidence of 
hypertension.16 Some sources of high-potassium, 
low-sodium foods are listed in table iii.47

effeCT of MaGnesiuM on BP
epidemiologic, observational, and clinical trial data 
indicate that a diet high in magnesium (at least 
500–1000 mg/d) may lower BP, but the results are 
inconsistent.48,49 in most epidemiologic studies, an 
inverse relationship has been shown between dietary 
magnesium intake and BP.42,50 however, data from 
clinical studies have been less convincing, and the 
therapeutic value of magnesium in the prevention and 
treatment of essential hypertension remains unclear.49

Magnesium supplementation for patients with 
hypertension has been tested in intervention tri-
als, but there is no clear evidence of benefit.51 

in a study by Sacks and associates,52 magnesium 
was given in combination with potassium and cal-
cium to 96 patients, but no significant effect was 
observed at 6 months. in the DaSh trial,10 there 
was an increase in urinary excretion of magnesium 
in study participants on the combination diet (low-
fat dairy products and fruit and vegetables), which 
was consistent with an increase in dietary intake of 
this nutrient. however, it is not clear whether the 
effect of the combination diet in reducing BP was 
related to increased magnesium intake for either 
the hypertensive or normotensive patients.

Meta-analyses of magnesium supplementation 
have also revealed conflicting results. a review of 29 

Table III. Major Dietary Sources of Potassium

Food
Serving 

Size
Potassium, 

mga
Sodium, 

mgb

Apricots 3 medium 281 1
Apricots (dried) 8 halves 490 13
Asparagus 6 spears 278 2
Avocado 1/2 

medium
604 4

Banana 1 medium 569 1
Beans  

(white, cooked)
1/2 cup 416 7

Beans (green) 1 cup 189 5
Broccoli 1 stalk 267 10
Cantaloupe 1/4 

medium
251 12

Carrots 2 small 341 47
Dates 10 medium 648 1
Grapefruit 1/2 

medium
135 1

Mushrooms 4 large 414 15
Orange 1 medium 311 2
Orange juice 1 cup 496 3
Peach 1 medium 202 1
Peanuts (plain) 2 1/2 oz 740 2
Potato 1 medium 504 4
Prunes (dried) 8 large 940 11
Raisins 1/4 

medium
271 10

Spinach 1/2 cup 291 45
Squash (acorn) 1/2 baked 749 2
Sunflower seeds 3 1/2 oz 920 30
Sweet potato 1 small 367 15
Tomato 1 small 244 3
Watermelon 1 slice  

(6 1/2 in)
600 6

a1000 mg=25.6 mmol. b1000 mg=44 mmol. Reprinted with 
permission from Moser.47
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studies of magnesium was inconclusive due to flaws 
in methodology but suggested that a negative asso-
ciation of BP with magnesium was not present.53 in 
contrast, a meta-analysis of 20 rCts (with a median 
intake of 15.4 mmol/d of magnesium) revealed 
a dose-dependent BP reduction with magnesium 
supplementation.48 however, adequately powered 
trials with sufficiently high doses of magnesium 
supplements need to be performed to confirm this 
relationship. a more recent meta-analysis of 105 
trials randomizing 6805 participants with at least 8 
weeks of follow-up found no evidence that magne-
sium supplements had any important effect on BP.28 
On the basis of the available data, guideline com-
mittees have not specifically advocated an increased 
magnesium intake for the treatment of elevated BP.

Mechanism by Which Magnesium Might Lower BP
Magnesium may lower BP by acting like a natural 
calcium channel blocker. Specifically, magnesium 
competes with sodium for binding sites on vascu-
lar smooth muscle cells, increases prostaglandin e, 
binds to potassium in a cooperative manner, and 
induces endothelial-dependent vasodilation and BP 
reduction.48,54,55

Magnesium is also an essential cofactor for the 
delta-6-desaturase enzyme, which is the rate-limit-
ing step for the conversion of linoleic acid to gam-
ma-linolenic acid.56 Gamma-linolenic acid in turn 
elongates to form dihomo-gamma-linoleic acid, the 
precursor for prostaglandin e1, both a vasodilator 
and platelet inhibitor.57 Low magnesium states 
lead to insufficient amounts of prostaglandin e1, 
causing vasoconstriction and increased BP.56

in addition to BP, magnesium regulates intracel-
lular calcium, sodium, potassium, and ph as well 
as left ventricular mass, insulin sensitivity, and 
arterial compliance.49,50,54 research involving new 
imaging techniques such as P nuclear magnetic 
resonance and magnesium-specific ion-selective 
electrodes, which measure intracellular and extra-
cellular free concentrations of magnesium, will 
further enhance our understanding of the role of 
magnesium in hypertension.50 Magnesium is more 
effective in reducing BP when administered in a 
natural form as a combination of magnesium, 
potassium, and calcium than when given alone.43

Recommendations for Magnesium intake
in view of the ill-defined role of magnesium in 
hypertension, magnesium supplementation at pres-
ent is recommended in hypertensive patients receiv-
ing diuretic therapy who have resistant or second-
ary hypertension or who have frank magnesium 

deficiency.49 Magnesium in hypertension is still 
utilized in the treatment of preeclampsia and 
eclampsia, but some experts have recently ques-
tioned its benefits. Despite conflicting evidence, a 
magnesium-rich diet should be encouraged, par-
ticularly in communities predisposed to the devel-
opment of hypertension.

CaLCiuM in THe PRevenTion  
of HyPeRTension
Population studies indicate that high intakes of cal-
cium from the diet are linked with low BP, whereas 
clinical trials using calcium supplements to lower BP 
have been less compelling.58,59 a high dietary intake 
of calcium has been associated with both a decrease 
in BP and the risk of developing hypertension. in 
two studies, individuals receiving >800 mg/d of 
calcium compared with 400 mg/d achieved a 23% 
reduction in risk of developing hypertension.60,61 
ascherio and coworkers23 also demonstrated in 
more than 30,000 normotensive male health pro-
fessionals aged 40 to 75 years that men consuming 
<250 mg/d of calcium had a 50% greater chance of 
developing hypertension than those who consumed 
≥400 mg/d. in a prospective cohort of 28,886 US 
women older than 45 years,62 dietary intake of cal-
cium was inversely associated with risk of hyperten-
sion; however, no change in BP was observed with 
calcium supplementation. Sacks and colleagues52 
reported no significant effect on BP in 94 patients 
randomly assigned to receive placebo or combina-
tion therapy with either calcium and magnesium or 
calcium and potassium for 6 months.

Calcium supplementation has not been shown 
to prevent an increase in BP or hypertension. in the 
trial of hypertension Prevention (tOhP),35 445 
normotensive patients were randomly assigned to 
receive either placebo or 1 g of calcium daily for 
6 months. there was no difference in BP between 
the groups. in addition, tOhP-1 tested the sepa-
rate effects of micronutrients on BP in hypertensive 
patients with a diastolic BP of 80 to 89 mm hg. 
increases in dietary calcium and magnesium had 
only a small effect on BP, whereas restriction of 
sodium intake and weight reduction resulted in 
significant decreases in BP.35

two meta-analyses of randomized trials reported 
a modest reduction in BP with calcium supplementa-
tion, but neither recommended calcium supplementa-
tion.63,64 another meta-analysis of the effects of cal-
cium supplements on BP reported a reduction in sys-
tolic BP and diastolic BP of 2.1 mm hg and 1.1 mm 
hg, respectively, in hypertensive patients.65 in this 
meta-analysis, calcium-containing foods were found 
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to be more effective in lowering BP than was calcium 
supplementation. a more recent meta-analysis of 
13 rCts with between 8 and 15 weeks’ follow-up 
showed that participants receiving calcium supple-
mentation had a statistically significant reduction in 
systolic BP but not diastolic BP when compared with 
a control group.28 Due to the heterogeneity between 
trials, the evidence relating calcium supplementation 
and BP reduction is weak. as with other studies with 
various minerals and BP, many studies have been 
short in duration and have had few participants. 
More double-blind placebo-controlled trials of longer 
duration and better quality are needed to more accu-
rately assess the effect of calcium supplementation on 
BP and cardiovascular outcomes.

Mechanisms by Which Calcium Might Lower BP
resnick66 has offered 2 possible mechanisms for 
the various responses to calcium supplementation, 
discussed in detail below. a reduction in calcium 
in the diet may cause calcium depletion from all 
membrane storage sites, resulting in less stability 
of the vascular smooth muscle cell membrane.67 
When present in optimal concentrations, calcium 
stabilizes vascular cell membranes, inhibits its own 
entry into cells, and reduces vasoconstriction.42 
Calcium works in combination with other ions 
such as sodium, potassium, and magnesium to pro-
vide an ionic balance to the vascular membrane, 
vasodilatation, and resulting reduced BP.

Recommendations for Calcium intake
there is presently no evidence to recommend the 
use of calcium supplementation for cardiovas-
cular protection other than an adequate dietary 
intake.21 for normotensive persons, calcium 
supplementation above the recommended daily 
dietary intake is not recommended as a means of 
preventing an increase in BP. in addition, calcium 
supplementation above the recommended daily 
dietary intake is not recommended as a treatment 
for hypertension.

ResniCk’s ioniC HyPoTHesis
the ionic hypothesis of hypertension and other 
metabolic disorders by resnick66 is characterized 
by the following: 1) increased intracellular free 
calcium and reduced intracellular free magne-
sium determine the amount of vasoconstriction 
or vasodilatation66; 2) elevated glucose and low-
density lipoprotein cholesterol values increase 
intracellular calcium and/or lower intracellular 
magnesium in vascular smooth muscle cells68; 
3) hypertension, insulin resistance, and type ii 

diabetes mellitus are associated with increased 
intracellular calcium and decreased intracellular 
magnesium, which all respond to weight loss69; 
4) weight loss also decreases intracellular cal-
cium levels70; 5) dietary calcium–suppressible 
hormones like parathyroid hormone (Pth) and 
1,25 vitamin D are vasoactive and promote cal-
cium uptake in vascular smooth muscle cells and 
cardiac muscle71; 6) the higher the Pth concen-
tration, the greater the decrease in BP, and the 
greater the reduction in Pth and 1,25 vitamin D, 
the greater the BP reduction72; 7) individuals with 
salt-sensitive and calcium-sensitive hypertension 
have elevated intracellular calcium Pth and 1,25 
vitamin D, but low intracellular magnesium73; 
8) dietary calcium reverses abnormal calcium 
indices and lowers BP74; 9) dietary potassium 
reduces urinary calcium excretion and 1,25 vita-
min D plasma levels75; and 10) magnesium intake 
reduces tissue calcium accumulation.76

in summary, the overall effect of diet on BP 
is determined by the net contribution of various 
nutrients on cytosolic free minerals such as potassi-
um, calcium, and magnesium. Steady-state mineral 
concentrations are determined by both the direct 
ionic effects on glucose or calcium and the ionic 
effects on hormones (Pth, 1,25 vitamin D).72 a 
discussion of some additional clinical effects of 
various minerals on BP was recently reported in 
The Journal of Clinical Hypertension.77

ConCLusions
americans consume double the sodium and about 
half the potassium that is recommended by cur-
rent guidelines. the average US dietary intake 
of potassium is 45 meq/d with a potassium-
to-sodium ratio of <1:2.78 this is less than the 
recommended intake of 4700 mg/d (121 meq/d) 
of potassium, with a potassium/sodium ratio of 
>5:1. Low potassium intake in the United States 
is considered a contributor to the prevalence 
of hypertension.27 therefore, if americans were 
able to increase their potassium intake alone, the 
number of adults with known hypertension might 
decrease. as data from tOhP,35 PreMier,79 and 
the trial of Preventing hypertension (trOPhY)80 
indicate, lifestyle changes such as weight loss, salt 
restriction, increased exercise, and dietary changes 
may prevent the progression to hypertension. the 
results of the DaSh studies further indicate that a 
diet rich in fruits and vegetables is important for 
the prevention of hypertension and major public 
health problems such as coronary heart disease 
and stroke. an increase in potassium with a 
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decrease in sodium is probably the most important 
dietary choice (after weight loss) that should be 
implemented to reduce CVD. Unfortunately, the 
population that could most benefit from increased 
potassium, magnesium, and calcium in the diet 
may have the least access to these more expensive 
food types (fruits and vegetables).

Disclosure:  Editorial support was funded by Unilever's Promise 
Institute for Heart Health Nutrition and the authors received an 
honorarium, funded by Unilever's Promise Institute for Heart 
Health Nutrition, for time and effort spent preparing this article.
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