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Abstract

Obijective: To provide updated, evidence-based recommendations on the consumption,
through diet, and supplementation of the cations potassium, magnesium and calcium for
the prevention and treatment of hypertension in otherwise healthy adults (except preg-
nant women).

Options: Dietary supplementation with cations has been suggested as an alternative or ad-
junctive therapy to antihypertensive medications. Other options include other nonphar-
macologic treatments for hypertension.

Outcomes: The health outcomes considered were changes in blood pressure and in morbid-
ity and mortality rates. Because of insufficient evidence, no economic outcomes were
considered.

Evidence: A MEDLINE search was conducted for the period 1966-1996 with the terms hy-
pertension and potassium, magnesium and calcium. Reports of trials, meta-analyses and
review articles were obtained. Other relevant evidence was obtained from the reference
lists of articles identified, from the personal files of the authors and through contacts with
experts. The articles were reviewed, classified according to study design, and graded ac-
cording to the level of evidence.

Values: A high value was placed on the avoidance of cardiovascular morbidity and prema-
ture death caused by untreated hypertension.

Benefits, harms and costs: The weight of the evidence from randomized controlled trials in-
dicates that increasing intake of or supplementing the diet with potassium, magnesium or
calcium is not associated with prevention of hypertension, nor is it effective in reducing
high blood pressure. Potassium supplementation may be effective in reducing blood pres-
sure in patients with hypokalemia during diuretic therapy.

Recommendations: For the prevention of hypertension, the following recommendations are
made: (1) The daily dietary intake of potassium should be 60 mmol or more, because this
level of intake has been associated with a reduced risk of stroke-related mortality. (2) For
normotensive people obtaining on average 60 mmol of potassium daily through dietary
intake, potassium supplementation is not recommended as a means of preventing an in-
crease in blood pressure. (3) For normotensive people, magnesium supplementation is
not recommended as a means of preventing an increase in blood pressure. (4) For nor-
motensive people, calcium supplementation above the recommended daily intake is not
recommended as a means of preventing an increase in blood pressure. For the treatment
of hypertension, the following recommendations are made: (5) Potassium supplementa-
tion above the recommended daily dietary intake of 60 mmol is not recommended as a
treatment for hypertension. (6) Magnesium supplementation is not recommended as a
treatment for hypertension. (7) Calcium supplementation above the recommended daily
dietary intake is not recommended as a treatment for hypertension.

Validation: These guidelines are consistent with the results of meta-analyses and recommen-
dations made by other organizations. They have not been clinically tested.

Sponsors: The Canadian Hypertension Society, the Canadian Coalition for High Blood Pres-
sure Prevention and Control, the Laboratory Centre for Disease Control at Health
Canada, and the Heart and Stroke Foundation of Canada.

and supplementation with potassium, calcium and sodium were published in

CMA7." Since then, the methodology for conducting and reporting clinical and
other research, for reviewing the literature and for formulating recommendations
has changed considerably. Over the years, there has been a belief that a diet high in
sodium or low in potassium, magnesium or calcium predisposes people to high
blood pressure and that correcting such diets would bring blood pressure to normal
levels. An extreme diet of rice and fruit has been used as an in-hospital or urgent
treatment for hypertension because it makes these dietary corrections. Although
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such a diet reduces both blood pressure and body weight, it
is not practical as a long-term therapy. However, patients
were often counselled to make these dietary adjustments.

The primary objective of this guideline is to review con-
temporary clinical research on the relation between 3
cations (potassium, magnesium and calcium) and blood
pressure and to advise health care professionals and the
public accordingly about the prevention and treatment of
hypertension in otherwise healthy adults (except pregnant
women) in the ambulatory care setting.

Methods

A complete description of the methods used in developing
these recommendations is given in part 1 of this supplement.’

The chair and members of the panel were selected by the Or-
ganizing Committee for the lifestyle modification recommenda-
tions to obtain a spectrum of health care professionals and scien-
tists with expertise and interest in the dietary aspects of
hypertension prevention and control.

A MEDLINE search of the English and French literature was
performed for the period 1966-1996 with the term hypertension
and the terms potassium, magnesium and calcium used in sequen-
tial searches. Secondary searches were done using the references
found in review articles and meta-analyses. Additional articles
were identified by reviewing the reference lists of the identified
articles, were found in the personal files of the panel members and
were suggested by other experts. The principles for grading the
evidence and the recommendations were based on those previ-
ously used by the Canadian Hypertension Society’ and are sum-
marized in part 1 of this supplement.’

An attempt was made to reach consensus on all recommenda-
tions. The evidence and the recommendations were presented for
comment to the other expert panels for this guidelines series, submit-
ted for review to major Canadian organizations and presented at an
international conference on preventive cardiology, to allow further
national and international input. All revisions were reviewed and as-
sessed by the panel before incorporation into the final document.

Results
Potassium supplementation

Epidemiologic studies relating dietary intake of potas-
sium and blood pressure were reviewed to provide a basis
for understanding the intervention studies, even though
such epidemiologic studies should not influence the draft-
ing of recommendations. In those studies, dietary intake of
potassium was estimated using different methods, including
dietary recall or diet records, food frequency questionnaires
and urine collection. Urine collection was done as 24-hour
collections, overnight collections or spot collections; the
results were expressed as total potassium content or as a ra-
tio of total potassium content to urine creatinine content or
urine sodium content.

Khaw and Barrett-Connor* reported the results of a 12-
year prospective cohort from the Rancho Bernardo project
and demonstrated that the relative risk of stroke-associated
death in the lowest tertile of potassium intake, compared
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with the top 2 tertiles combined, was 2.6 (difference not sig-
nificant) for men and 4.8 (p = 0.01) for women. A 10-mmol
increase in daily potassium intake was associated with a 40%
reduction in risk of death from stroke (p < 0.001). This effect
was apparently independent of other dietary variables and
known cardiovascular risk factors. Some cross-sectional stud-
ies of other populations, including normotensive and hyper-
tensive people, have demonstrated an association between
estimated dietary potassium intake and blood pressure,”™" al-
though other studies have not'**' (Table 1). Although the re-
sults of some epidemiologic studies are consistent with a link
between diets high in potassium and the prevention of hy-
pertension or hypertension-associated death, or both, these
data cannot form the basis of recommendations when the re-
sults of intervention trials are available.

In evaluating intervention studies of potassium supple-
mentation, we found no trials that examined the effect of
supplementation on morbidity and mortality rates. There
have been several level II intervention trials assessing the
effect of increased potassium intake on blood pressure in
hypertensive subjects; most of these used supplements
rather than increasing dietary intake. In the pre-eminent
trial of potassium supplementation, Grimm and associates®
conducted a randomized controlled trial in which 287 hy-
pertensive men were randomly assigned to receive 96
mmol of potassium chloride per day or placebo for 2.2
years. Because antihypertensive medication had to be rein-
stated (the primary outcome variable) for 79 men in each
group, long-term potassium supplementation appeared to
be ineffective for treating hypertension. Other large tri-
als** have shown no reduction in blood pressure, even
with doses as high as 96 mmol of potassium chloride per
day; the results of smaller trials have been mixed** (Table
2). Therefore, it appears that potassium supplementation is
not effective in reducing blood pressure.

Studies with more than one change in diet or supplemen-
tation have been attempted; the design of such studies makes
it difficult, if not impossible, to assess the role of potassium
supplementation. Chalmers and colleagues* conducted a
trial in which 212 untreated hypertensive patients were ran-
domly assigned to 1 of 4 diet interventions: a control diet, a
high-potassium diet (urinary potassium excretion of 97
mmol/day and urinary sodium excretion similar to that of
subjects on the control diet), a low-sodium diet (urinary
sodium excretion 86 mmol/day) and a low-sodium/high-
potassium diet (urinary sodium excretion approximately 73
mmol/day and urinary potassium excretion 87 mmol/day).
The reduction in blood pressure with either the low-sodium
diet or the high-potassium diet was significant relative to the
control diet. However, the combination diet did not result in
any greater reduction in blood pressure than a single dietary
change. Another study, conducted over 6 months, used
potassium supplementation in combination with calcium or
magnesium supplementation.” There was no statistically
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significant effect of either treatment relative to placebo. In a
separate trial of 100 padents with mild to moderate hyper-
tension,” multiple changes in mineral intake (obtained by
administering a low-sodium, high-potassium and high-mag-
nesium salt substitute) were made over 24 weeks and re-
sulted in only a modest reduction in systolic blood pressure.
In the short-term DASH (Dietary Approaches to Stop Hy-
pertension) trial® participants were randomly assigned for 6
months to a standard diet, a diet enhanced with fruits and
vegetables, or a diet enhanced with fruits, vegetables and
low-fat dairy products. Overall, for normotensive and hyper-
tensive participants, the only significant reduction was in
systolic blood pressure (level II evidence). For the 133 hy-
pertensive subjects, the fruit-and-vegetable diet led to a
change of -7.2/-2.8 mm Hg more than the control diet, and
the combination diet led to a change of —-11.4/-5.5 mm Hg
more than the control diet (level III evidence). In the nor-
motensive subjects, only the combination diet reduced blood
pressure more than the control diet (level III evidence). Be-
cause of the multiple dietary changes, the confounding
changes in other nutrients as the diets were changed and the

inclusion of both normotensive and hypertensive subjects, it
is difficult to understand the results of this short-term study.

There may be some distinct patient populations for
whom potassium supplementation is useful, such as patients
with diuretic-induced hypokalemia and patients of African
descent. In a study by Kaplan and collaborators,” patients
with hypokalemia from treatment with diuretic drugs experi-
enced significant reductions in blood pressure when given 60
mmol of potassium daily for 6 weeks. However, in a substudy
of the large hypertension studies conducted by the Medical
Research Council in the United Kingdom,” patients ran-
domly assigned to receive diuretic therapy underwent a sec-
ondary randomization to compare two diuretics and to assess
the utility of potassium supplementatdon. In this setting, the
use of potassium supplements over 3 years was not associated
with any additional reduction of blood pressure.

There has been much discussion in the literature suggest-
ing that black hypertensive patients may benefit from potas-
sium supplementation. Obel* reported significant reductions
in blood pressure (-39/-17 mm Hg) in a placebo-controlled
study conducted in Africa in which 48 patients were ran-

Table 1: Epidemiology studies of the relation between dietary potassium (K) and blood pressure or hypertension

Method of assessing dietary K

Subjects

Results

Comments

Diet recall with dietitian*

Overnight urine K/Cr ratio’
24-hr urine collection®
Duplicate diet, 24-hr urine

collection”
Total body content,

exchangeable serum K level®
Urine K/Cr ratio *

Diet recall with dietitian'

Overnight urine Na/K
ratio"'

Morning spot urine for K
and Cr

Diet recall”

Diet recall™

24-hr urine collection’
24-hr urine collection'®

Diet recall with dietitian'”

FFQ"
FFQ"

24-hr urine collection®

FFQ"

859 men and women

574 normotensive and
hypertensive

662

Blacks: 148 men, 208 women
Whites: 342 men, 328

91 hypertensive,
121 normotensive

98 vegetarian,
98 nonvegetarian

309 men,
376 women

1939

1120
11667

8 000

3 754 men,

3 600 women
10079

584 men,

718 women
58 218 women

30 681 men

201 men

41 541 women

10 mmol increase in dietary K
associated with a stroke mortality
RR of 0.56-0.65

r=-0.23, p<0.001

Urinary KNS
Urinary K/Na, r=0.163, p < 0.05

NS when other variables controlled

Serum K, total body K, exchangeable

K related to SBP and DBP
Urinary K > 80 had lower BP

Diet K related to SBP

Urinary Na/K related to DBP,
r=0.15, p < 0.05

Urinary K/Cr related to SBP,
r=-0.10, p< 0.05

Urinary Na/K and BP higher in
blacks

Inconclusive
r=-0.04 to 0.06

Dietary K related to BP (pooled
adjusted), r=-0.0446

Dietary Na/K ratio related to SBP
and DBP

No significant relation
No significant relation

Urinary K/Cr related to SBP,
r=-0.294

No significant relation

12-yr prospective study; BP measured

BP measured

Followed 3-4 yr; BP measured

BP measured

Diet was not assessed, patients drug-free;

BP measured

2% of vegetarians and 26% of nonvegetarians
had hypertension; BP measured

SBP was age-adjusted; BP measured
Recruited in stroke cities; BP measured
Traditional Japanese lifestyle; BP measured
NHANES-1 subset with no hypertension;

BP measured

Intercorrelation between cations prevented
assessment individually; BP measured
Very weak correlations; BP measured

In only 3 centres; BP measured

In both men and women; BP measured

4-yr follow-up; BP self-reported
BP self-reported

BP measured

BP self-reported

Note: RR = relative risk, Cr = creatinine, Na = sodium, NS = nonsignificant, BP= blood pressure, SBP = systolic blood pressure, DBP = diastolic blood pressure, NHANES = National Health and
Nutrition Examination Surveys database, FFQ = food frequency questionnaire.
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domly assigned to receive 64 mmol of potassium daily for 16
weeks. Brancad and coworkers™ conducted a study of black
Americans with normal blood pressure, who were given a
potassium-poor diet for 3 weeks and then randomly assigned
to receive 80 mmol of potassium (as a supplement) or
placebo for 3 weeks. In this contrived setting, potassium sup-
plementation was associated with a reduction in blood pres-
sure, but it is unclear how this study relates to clinical prac-
tice and hence it has not been included in our analysis of the
evidence. Supporting studies are required before specific rec-
ommendations can be made for this distinct population.

Table 2: Treatment studies of pot:

PP

"Two meta-analyses’** both suggested a small beneficial
effect that may be related to the dietary intake of sodium.
The more recent meta-analysis,” which covered treatment
studies of potassium supplementation, suggested that sup-
plementation be considered for patients with high sodium
intake but stopped short of recommending supplementa-
tion for prevention and treatment of hypertension in every-
one. This meta-analysis did not include the level II study
by Grimm and associates” on the basis that sodium restric-
tion was part of the intervention in that trial; however, 3
other studies that used combined sodium restriction and

itation in hypertensive subjects

Daily K dose, Dietary changes, mmol Change in BP,
Study design Subjects mmol Duration Na K mm Hg* Comments
Level 11
Double-blind placebo-controlled RCT? 287 men 96 2.2yr -18/8 h +24/8 h Not given 79 men per group
restarted drugs
Double-blind placebo-controlled RCT* 1185 16.8-33.6 35 mo No significant ~ Dose of K low;
reduction diuretic treatment
Double-blind placebo-controlled RCT* 258 of 787  Diet 103 6 mo -35 +13 -8.66/~7.91 NS Subgroup of TAIM
Double-blind placebo-controlled RCT* 298 64 12 wk +1 +39 -0.2/+0.6 NS
Single blind* 47 >30 Tyr +45% NS Inadequate
(25 mmol) power
Double-blind placebo-controlled RCT 37 60 32 wk -12 +20 -12.1/-13.1
Double-blind placebo-controlled RCT? 48 64 112d +40 -39/-17 Conducted in
Africa
Double-blind placebo-controlled RCT* 37 48 105 d -6 +30 -14/-10.5
Double-blind placebo-controlled RCT* 101 120 8 wk -0.9/-1.3 NS
Single-blind crossover’' 32 65 6 wk +35 +62 -7/-3 NS
Double-blind crossover* 40 72 6 wk +12 +57 -2.5/-0.6 NS
Double-blind crossover* 16 60 6 wk +1 +46 -5.6/-5.8 Diuretic-induced
hypokalemia
Double-blind crossover* 12 140 2-6 wk +5 +123 -1.9/~1.0 NS
Double-blind crossover* 20 64 4 wk +7 +50 -2.0/0 NS
Double-blind crossover*® 23 60 4 wk +29 +56 -7.0/- 4.0
Double-blind placebo-controlled RCT*” 24 64 4 wk +68 -6.3/-3.0
Double-blind placebo-controlled RCT* 18 60 4 wk +13 +39 -10/~6 Elderly subjects
Double-blind crossover® 20 64 2 wk +9 +52 -1.1/-2.5 Significant for
DBP only
Double-blind crossover® 19 100 2 wk +13 +81 -1.0/~3.0 NS
Placebo-controlled, double-blind 12 120 8d -13 +104.9 NS
crossover*!
Double-blind, randomized* 22 70 4d -29 +109 -8.6/-4.0
Level IV
Open crossover® 20 100 10d +25 +82 -11.1/-5.2
Open, single-blind* 16 100 8 wk +6 +87 -17/-10 NS
Level V
Open, single-blind* 10 96 12d -6 +63 -9/-2 NS
Combination therapies
Level Il
RCT* 212 Diet > 100 12 wk +22 -3.9/-3.1 No additional
reduction with
low Na diet
Double-blind placebo-controlled RCT* 95 60 6 mo NS Combined with
Mg and/or Ca
supplements
Double-blind placebo-controlled RCT* 100 Ad lib use of 6 mo -32 +22 -7.6/-3.3 Significant for
salt substitute SBP only
with K and Mg
RCT* 459 Diet 8 wk -9 +32 -2.8/-0.3 Significant for

SBP only

Note: RCT = randomized controlled trial, TAIM = Trial of Antihypertensive Interventions and Management.

*Statistically significant unless otherwise specified.
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potassium supplementation were included in the meta-
analysis, including that of Chalmers and colleagues,* which
demonstrated that a combination of low sodium and high
potassium did not reduce blood pressure any more than ei-
ther intervention alone. The analysis of confounding vari-
ables revealed that high urinary sodium excretion, higher
pretreatment diastolic blood pressure and small sample size
were directly related to treatment effect; it also revealed
that race and study duration may be important factors.
Prevention of an increase in blood pressure or the devel-
opment of hypertension through potassium supplementa-
tion has been the focus of 2 large prevention studies.”*
The Hypertension Prevention Trial*® randomly assigned
841 men and women to 1 of 4 diets: a low-calorie diet, a
low-sodium diet, a combination of these 2 diets, or a low-
sodium/high-potassium diet. Patients were assessed at 6
months and again at 3 years. Counselling of the patients as-
signed to the low-sodium/high-potassium diet resulted in a
decrease in sodium intake by approximately 36 mmol/day
but no change in potassium intake (as judged by urinary ex-
cretion) after 6 months; hence, there was an increase in the
urinary sodium-to-potassium ratio. After 3 years, there was
no greater reduction in blood pressure in the low-
sodium/high-potassium group than in the low-sodium
group. The relative importance of the negative result of
this trial is unclear; because there was no evidence of an in-
crease in dietary potassium intake over the long term, it is
not possible to truly assess the long-term effect of a high-
potassium diet on blood pressure. However, these results
suggest that people are not able to maintain these dietary
changes, which would limit the effectiveness of prescribing
high-potassium diets over the long term. The Trial of Hy-
pertension Prevention®™ was a large, short-term, level II
trial of 318 patients that demonstrated no effect on blood
pressure of a daily intake of 60 mmol of potassium chloride

over 6 months. In addition, 4 nonrandomized trials”* have
shown inconsistent results, and 2 randomized trials’*** of
normotensive patients demonstrated no reduction in blood
pressure (Table 3). In the DASH trial” the diet enhanced
with fruits and vegetables did not affect blood pressure in
the subgroup of normotensive participants (level III evi-
dence). Despite the suggestive epidemiologic data, inter-
vention trials have failed to demonstrate that potassium
supplementation prevents an increase in blood pressure or
the development of hypertension.

In these treatment and prevention trials, potassium sup-
plementation was given in addition to a dietary intake that
averaged approximately 60 mmol of potassium per day and
was shown to be ineffective. This baseline amount of dietary
potassium can be obtained by following Canada’s Food Guide
to Healthy Eating," with a focus on fruits and vegetables. Ev-
idence does not support potassium supplementation for
normotensive people to prevent an increase in blood pres-
sure, nor for hypertensive patients to reduce blood pressure.

Recommendations

Prevention

® The daily dietary intake of potassium should be 60
mmol or more, because this level of intake has been as-
sociated with a reduced risk of stroke-related death
(grade D recommendation).

¢ For normotensive people obtaining on average 60
mmol of potassium daily through dietary intake, potas-
sium supplementation is not recommended as a means
of preventing an increase in blood pressure (grade B
recommendation).

Treatment

* Potassium supplementation above the recommended
daily dietary intake of 60 mmol is not recommended as a
treatment for hypertension (grade B recommendation).

Table 3: Prevention studies of potassium supplementation in normotensive subjects

. Dietary
Daily K changes .
dose, —_— Change in BP,
Study design Subjects mmol Duration  Na K mm Hg Comments
Level Il
Randomized® 195 Diet > 100 3yr -36 0 No significant No significant increase
reduction with K in urinary K after 6 mo
supplement over
that of low Na diet
Double-blind placebo-controlled RCT** 318 60 6 mo NS Urinary Na 150 mmol/d
Double-blind placebo-controlled RCT* 44 80 28d NS
Double-blind placebo-controlled RCT* 24 75 14d NS Crossover design
Level 111
Randomized* 326 of 459 Diet 8 wk NS Normotensive subgroup
Single-blind open®” 20 96 7d +9  +95 —4.4/-0.1 NS
Single-blind open’® 64 66 4 wk -3 +23 +0.4/+0.8 NS
Single-blind crossover® 23 100 2 wk 0 +97 —4.2/-4.6*
Level IV
Open crossover® 20 120 2 wk -55  +44 -1.7/-4.5t

*Significant reduction of BP.
tSignificant only for reduction of DBP.
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Magnesium supplementation

The relation between dietary magnesium and blood
pressure has been evaluated in epidemiologic studies
(Table 4). Dietary magnesium intake can be estimated us-
ing food diaries, food records or food frequency question-
naires. Urinary excretion is not a reliable indicator of inges-
tion because only a portion of ingested magnesium is
absorbed and that amount may not be proportionately ex-
creted through the kidneys.

The Nurses’” Health Study'?' is a prospective cohort
study of major diseases in a large group of nurses (mostly
white) in the United States. The dietary intake of several
nutrients was assessed using a food frequency question-
naire. Blood pressure was self-reported. The initial 4-year
follow-up report’® stated that a diet high in magnesium was
associated with a reduced risk of hypertension (relative risk
0.77). The food frequency questionnaire was “refined” for
the second 4-year stage, and no protective effect was seen.”
The findings of the second stage were consistent with the
conclusions of the Physicians’ Health Study,"” in which only
dietary fibre intake was associated with a reduction in the

relative risk of hypertension. A cross-sectional study from
Belgium® demonstrated a correlation between magnesium
intake and measured blood pressure in women, but not in
men. Joffres and colleagues® assessed dietary nutrients and
measured blood pressure in 615 men in the Honolulu
Heart Study. They found a high intercorrelation among
many nutrients and blood pressure but could not separate
the effects of magnesium from the effects of other nutri-
ents. Therefore, high dietary magnesium intake does not
appear to be associated with prevention of hypertension.
Magnesium supplementation for hypertensive people
has been tested in intervention trials, but there is no clear
evidence of benefit (Table 5).7 Ten level II studies, in
which the daily intake of magnesium was 12.5-40 mmol for
up to 6 months, showed no effect, but one study® demon-
strated a modest reduction (by 3.4 mm Hg) in diastolic
blood pressure. Sacks and associates gave magnesium in
combination with potassium and calcium to 96 patients, but
saw no significant effect at 6 months. In the DASH trial®
there was an increase in urinary excretion of magnesium in
participants on the combination diet (low-fat dairy prod-
ucts and fruit and vegetables) consistent with an increase in

Table 4: Epidemiology studies of the relation between dietary magnesium (Mg) and blood pressure or hypertension

Method of assessing

dietary Mg Subjects Results

Comments

Questionnaire 8 058

and interview®

Correlation in women only

Cross-sectional study; BP measured

FFQ™ 58 218 women Intake <200 mg/d associated with Inverse relation between dietary Mg and BP in
RR of 0.77 for hypertension over 4 yr normotensive subjects only; findings refuted in follow-
up study; BP self-reported
FFQ™ 30 681 men No RR with low Mg diet Inverse relation between dietary Mg and BP in
normotensive subjects only; BP self-reported
FFQ” 41 541 women No RR with low Mg diet Inverse relation between dietary Mg and BP in
normotensive subjects only; BP self-reported
Table 5: Treatment studies of magnesium suppl tation in hypertensive subjects
Daily Mg Effect on BP,
mm Hg
supplement, LA
Study design Subjects mmol Duration ~ SBP DBP Comments
Level Il
Double-blind placebo-controlled RCT* 91 women 20 6 mo -2.7  =3.4*  Only DBP change
significant
Double-blind placebo-controlled RCT* 96 15 6 mo NS NS Combination therapy
Double-blind, placebo-controlled crossover RCT* 17 24 1 mo NS NS
Double-blind placebo-controlled RCT®* 41 12.5 6 mo NS NS
Double-blind placebo-controlled RCT* 25 10 8 wk NS NS
Double-blind placebo-controlled RCT* 13 40 3 mo NS NS
Double-blind, placebo-controlled crossover RCT* 37 20 2 mo NS NS
Double-blind placebo-controlled RCT* 71 15 6 mo NS NS
Double-blind placebo-controlled RCT™ 14 15 6 mo NS NS
Double-blind, placebo-controlled crossover RCT” 17 15-40 9 wk -7.9  -8.2*  At30and 40 mmol/d
Double-blind, placebo-controlled crossover RCT™ 39 15 2 mo NS NS
Double-blind placebo-controlled RCT” 21 15.8 3 wk NS NS
Level 111
Nonrandomized™ 21 15 1 mo Yes
Level V
Open™ 20 15 6 mo -12 -8

*Statistically significant.
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dietary intake of this nutrient. It is not clear if the effect of
the combination diet in reducing blood pressure was re-
lated to increased magnesium intake® for either the hyper-
tensive or normotensive participants.

In the Trial of Hypertension Prevention* 430 patients were
randomly assigned to receive placebo or 15 mmol magnesium
per day for 6 months. No beneficial effect was demonstrated.

In summary, the epidemiologic studies have not reliably
or consistently shown a relation between magnesium intake
and blood pressure or prevention of hypertension. No ben-
eficial effect of supplementation with magnesium has been
demonstrated for either the treatment or the prevention of
hypertension.

Recommendations

Prevention

¢ For normotensive people, magnesium supplementation
is not recommended as a means of preventing an in-
crease in blood pressure (grade B recommendation).

Treatment

® Magnesium supplementation is not recommended as a
treatment for hypertension (grade B recommendation).

Calcium supplementation

Epidemiologic studies have examined the relation be-

tween dietary calcium and blood pressure or hypertension.
Dietary intake of calcium is estimated in the same way as in-
take of magnesium, because gastrointestinal absorption of
calcium is also incomplete. Reports describing an association
between dietary calcium intake and blood pressure have de-
livered inconsistent messages (Table 6). The inidal follow-up
report from the Nurses’ Health Study® demonstrated that a
diet high in calcium was associated with a reduced risk of hy-
pertension over 4 years. However, this conclusion was re-
futed in the second follow-up report.?' This inconsistency is
thought to be related to the refinement of the food frequency
questionnaire, which affected estimated dietary intake of cal-
cium, as well as that of magnesium. Reports based on the
National Health and Nutrition Examination Surveys
(NHANES-1) database have also brought forth discrepan-
cies in analyses and conclusions. McCarron and
collaborators™ reported an inverse correlation between di-
etary calcium intake and blood pressure, but other analy-
ses” 7 yielded different conclusions. A report by Sempos and
coworkers® using the NHANES-1 and NHANES-2 data-
bases demonstrated a lack of association between dietary cal-
cium and blood pressure. Some authors*** have found corre-
lations only within subgroups of their main study
populations, which weakens the support for an association.
One meta-analysis® reported a weak inverse relation between
dietary calcium intake and blood pressure. Hamet” under-

Table 6: Epidemiology studies of the relation between dietary calcium (Ca) and blood pressur or hypertension

Method of
assessing dietary Ca Subjects Effect on BP Comments
FFQ'" 58 218 women RR 0.78 for higher Initial 4-yr follow-up of Nurses Health Study; refuted
Ca intake* on follow-up study; BP self-reported
FFQ™ 30 681 men NS Lowered risk only in lean men; BP self-reported
FFQ™ 41 541 women NS 4-yr follow-up of nonhypertensive subjects; BP self-reported
Diet recall’ 10372 Risk higher if Ca intake low  High Na diet associated with low BP; BP measured
Diet recall™ 10 361 NS 4-yr follow-up NHANES-1; BP measured
Diet recall® 5 840 men, NS NHANES-1 and 2; BP measured
5490 women
Diet recall™ 8 000 Inconclusive Intercorrelation between cations limited analysis;
BP measured
Diet recall® 615 men NS BP measured
7-day diet record”' 387 men NS BP measured
Diet record, dietitian® 210 men NS BP measured
Diet record, blood levels® 4167 men, Serum Ca related BP measured

3 891 women

Diet recall, dietitian® 7 011 men NS

24-h urine collection®

Inverse relation

NS, except in subgroup

Variable effect depending

to SBP and DBP*

Related in group with low alcohol use only; BP measured
BP measured

NHANES 5-12-yr follow-up; BP measured

1 g Ca =-1.5/+0.5 effect on BP; BP measured

BP measured

on diet source of Ca

Diet recall®* 7073
FFQ® 6517 non-black women,  SBP*
> 64 yr
FFQ® 5049
Diet record®” 182 normotensives r=-0.2*
Diet record, dietitian® 167 women NS

BP measured

10-yr follow-up; BP measured

*Statistically significant.
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took an extensive review of the issue but was unable to defin-
itively support a link between calcium intake and hypertension.

In examining the potendal effect of calcium supplementa-
don on blood pressure, we reviewed 11 randomized trials and
5 non-randomized trials.*”*"' (Table 7). In most studies,
there were no significant changes in blood pressure. McCar-
ron and Morris” reported a trial that included 48 hyperten-
sive padents randomly assigned to receive placebo or 1 g of
calcium daily for 3 weeks. The effects on blood pressure were
inconsistent, and the trial was judged to be a “negative” study.
Sacks and associates” reported no significant effect on blood
pressure for 94 patients randomly assigned to receive placebo
or combination therapy with either calcium and magnesium
or calcium and potassium for 6 months. There have been
suggestions that certain patient groups may benefit from cal-
cium supplementation, but there is no trial evidence to sup-
port such suggestons. Two meta-analyses of randomized tri-
als'®!" reported a modest reduction in blood pressure with
calcium supplementation, but neither recommended calcium
supplementation. Hamet™ reached a similar conclusion. The
recent DASH trial” reported that blood pressure declined to
a significantly greater extent in the hypertensive subjects who
were on a diet that included low-fat dairy products and extra
fruit and vegetables than in those who were on either the
control diet or the diet high in fruits and vegetables (level III
evidence). Presumably this was because of the increase in cal-
cium intake from the dairy products, although there was no
significant change in urinary calcium excretion.

Calcium supplementation has not been shown to pre-
vent an increase in blood pressure or hypertension. In the
"Irial of Hypertension Prevention, 445 normotensive pa-

tients were randomly assigned to receive either placebo or
1 g of calcium daily for 6 months. There was no difference
in blood pressure between the groups. Three other small
studies”””” included normotensive subjects (in addition to
hypertensive patients) and failed to demonstrate any reduc-
tion in blood pressure with calcium supplementation. In
the DASH study,” however, the normotensive subgroup
experienced a decrease in blood pressure when eating the
diet that included low-fat dairy products and extra fruit and
vegetables (level III evidence). Presumably, this effect was
related to the increase in dietary calcium, although again
there was no change in urinary calcium excretion.

The recommended daily intake for calcium can be ob-
tained by following Canada’s Food Guide to Healthy Eating,”
which recommends 2 to 4 servings of milk or milk products
daily. Low-fat dairy products, as used in the DASH study,
are preferred, to limit an increase in dietary fat. The evi-
dence does not support the use of calcium supplementation
as a means of preventing an increase in blood pressure in
normotensive people or as a treatment for hypertension.

Recommendations

Prevention

e For normotensive people, calcium supplementation
above the recommended daily dietary intake is not rec-
ommended as a means of preventing an increase in
blood pressure (grade B recommendation).

Treatment

e Calcium supplementation above the recommended
daily dietary intake is not recommended as a treatment
for hypertension (grade B recommendation).

Table 7: Treatment studies of calcium supplementation in hypertensive subjects

Study design Subjects Daily Ca dose Duration Effect on BP, mm Hg
Level 11
Double-blind placebo-controlled crossover RCT* 48 hypertensive, 1g 3 wk Standing SBP -5.6%; supine
32 normotensive SBP -3.8; standing DBP -2.3
Double-blind placebo-controlled RCT* 90 1g 12 wk NS
Double-blind placebo-controlled RCT* 47 hypertensive, 10 mmol, 8 wk NS
48 normotensive 20 mmol
Double-blind placebo-controlled crossover RCT* 23 1g 8 wk NS
Double-blind randomized crossover® 18 40 mmol 1 mo NS
Double-blind placebo-controlled crossover” 8 1g 3wk NS
Double-blind placebo-controlled crossover RCT” 17 hypertensive, 15¢g 8 wk NS (overall)
29 normotensive
Double-blind placebo-controlled crossover RCT* 26 800 mg 8 wk NS
Double-blind placebo-controlled crossover RCT* 15 400 mgand 1400 mg 8 wk each NS
Double-blind placebo-controlled crossover RCT'® 19 1200 mg 6 mo NS
Double-blind placebo-controlled RCT + 94 500 mgt 6 mo NS
Level 111
Single-blind placebo-controlled™ 103 1g 12 wk NS
Open'” 6+5 400 mg, 6 wk for DBP -8 on low Ca*
1400 mg by diet each diet
Double-blind placebo-controlled crossover RCT' 18 1g 15 wk Standing SBP —8.6*
Crossover'® 13 men 400 mg v. 1500 mg 4 wk NS
Single-blind placebo-controlled'” 8 hypertensive, 800 mg 8d NS

8 normotensive

*Statistically significant.
tCombined with K or Mg.
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The recommendations on potassium, magnesium and
calcium are summarized in Tables 8-10.

Interpretation

In the epidemiologic literature, several cross-sectional
and prospective cohort studies have not supported a defini-
tive link between the dietary intake of potassium, magne-
sium, or calcium and blood pressure or hypertension. Ini-
tial supportive evidence has been superseded by subsequent
negative results in 2 large prospective studies after the
method used to estimate dietary cation intake was revised.
The method of assessing the blood pressure of participants
in these reports was variable: some studies used direct mea-
surements, and others relied on patients to recall their
blood pressure as measured in a physician’s office. These
variations in methodology for determining both dependent
and independent variables undermine the quality of the evi-
dence and the conclusions that can be drawn from it.

The intervention studies are similarly variable. With the
“levels-of-evidence” methodology, long-term, randomized

Table 8: Recommendations for potassium intake and supplementation

Recommendation Grade
Prevention
A dietary intake of 60 mmol potassium per day or more over D

the long-term is recommended because this level of intake has
been associated with a reduced risk of stroke-related death

Potassium supplementation is not recommended for B
normotensive people to prevent an increase in blood

pressure over the short-term when given in addition to an

average dietary intake of 60 mmol per day

Treatment

Potassium supplementation is not recommended as a B
treatment for hypertension when given in addition to an

average dietary intake of 60 mmol per day

Table 9: Recommendations for magnesium supplementation

Recommendation Grade
Prevention

Magnesium supplementation is not recommended for B
normotensive people to prevent an increase in blood pressure
Treatment

Magnesium supplementation is not recommended as a B
treatment for hypertension

Table 10: Recommendations for calcium supplementation
Recommendation Grade
Prevention

Calcium supplementation is not recommended for B

normotensive people to prevent an increase in blood pressure
when given in addition to recommended daily dietary intake

Treatment

Calcium supplementation is not recommended as a B
treatment for hypertension when given in addition to

recommended daily dietary intake

controlled trials are the basis for developing recommenda-
tions. Since there are few such studies, the recommenda-
tions may reflect the results of only one, albeit method-
ologically strong, study. Short-term studies that use dietary
or multiple manipulations are more likely to reflect a real-
life strategy for enhancing cation intake, but because they
are shorter in length they are not usually used as a basis for
recommendations. To date, no long-term studies have eval-
uated the effect of the increased intake of any of these
cations on morbidity and mortality rates.

"The recommendations developed from our evaluation of
the literature using levels of evidence may differ from those
developed through meta-analysis. However, the meta-
analyses of potassium supplementation’ did not support
its use in the treatment of hypertensive patients nor to pre-
vent hypertension in those at risk for this condition; this is
consistent with our recommendation against potassium
supplementation. However, potassium supplementation
may be effective in distinct groups of patients, such as those
with diuretic-induced hypokalemia, those of African ances-
try and those who have low dietary potassium intake. Two
meta-analyses'®'”” and an extensive review of the literature
on calcium supplementation and hypertension” did not
recommend calcium supplementation because the effect
was very small and not clinically meaningful.

A question has been raised concerning the definition of
“nonpharmacologic management”: Is nutrient supplemen-
tation in capsule form a truly nonpharmacologic method,
or does it represent a change in diet? For the purposes of
this review, studies that used any oral means of augmenting
cation intake were included. Some studies changed the in-
take of more than one cation, which makes it difficult, if
not impossible, to determine the effect of a change in a sin-
gle cation. Dietary change also presents challenges: What
additional amounts of which cations were delivered by the
dietary change, and which contributed to the blood pres-
sure responses? Changes in the diet to increase the intake
of potassium, magnesium or calcium, or any combination
of these, may result in changes to other components of the
diet, such as sodium, fat or fibre (from fruits, vegetables
and cereal grains); these changes may also have a beneficial
effect on body weight and on blood cholesterol and antioxi-
dant levels, other factors thought to influence blood pres-
sure in hypertensive patients'® and morbidity and death
from cardiovascular disease.

For the purpose of formulating these recommendations,
we assumed that people consume a diet consistent with the
recommendations in Canada’s Food Guide to Healthy Eat-
ing." Such a diet would provide approximately 60 mmol of
potassium and 1 g of calcium per day. Baseline cation intake
may be an important factor determining the response to
supplementation. As suggested in some of the work on
potassium supplementation,*™ the response to supplemen-
tation will probably depend on whether the subject is fol-
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lowing a deficient diet at baseline; hence a dietary history
may be needed for all subjects. Overall, patients should be
encouraged to follow a healthy diet.
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