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Blood pressure (BP) shows a continuous relationship with the risk of CVD. There is substantial evidence that dietary potassium exerts an anti-
pressor effect. Most clinical trials have used KCI. However, the chloride ion may have a pressor effect and in foods potassium is associated
with organic anions. In a double-blind randomized placebo-controlled trial we explored the effect on BP of two salts of potassium, KCI and pot-
assium citrate (K-cit), in predominantly young healthy normotensive volunteers. The primary outcome was the change in mean arterial pressure as
measured in a clinic setting. After 6 weeks of supplementation, compared with the placebo group (n 31), 30 mmol K-cit/d (n 28) changed mean
arterial pressure by —5-22mmHg (95 % CI —8-85, —4-53) which did not differ significantly from that induced by KCI (n 26), —4-70 mmHg
(—6:56, —2-84). The changes in systolic and diastolic BP were —6:69 (95 % CI —8-85, —4-43) and —4-26 (95% CI —6-:31, —2-21) mmHg
with K-cit and —5-24 (95 % CI —7-43, —3-06) and —4-30 (95% CI —6-:39, —2-20) mmHg with KCl, and did not differ significantly between
the two treatments. Changes in BP were not related to baseline urinary electrolytes. A greater treatment-related effect was observed in those
with higher systolic BP. Increasing dietary potassium could therefore have a significant impact on the progressive rise in BP in the entire

population.

Blood pressure: Dietary supplementation: Potassium salts: Clinical trials: Human subjects

Elevated blood pressure (BP) is the most common risk factor
for cardiovascular mortality and morbidity worldwide”.
Much attention has been given to the role of diet in influencing
BP, in particular to the pressor effect of sodium® and more
recently to the anti-pressor effect of potassium(3’4) and to the
interaction between these two cations”. Diets rich in fruits
and vegetables have been found to exert an anti-pressor
effect®~® which has been attributed in part to their high con-
tent of potassium>”. Most clinical trials on potassium and
BP have been performed on a small sample of hypertensive
subjects, having an intervention period lasting less than 1
month and using high doses of KCI (60—200 mmol/d)®-'?.
However, there is some evidence that the accompanying
chloride anion is essential in determining the pressor effect
of sodium chloride, as sodium salts of bicarbonate, citrate
and phosphate have been found to be ineffective in raising
BP"D. Moreover, potassium in plant foods is present in
association with organic anions such as citrate or malate'?
and it has been suggested that chloride per se might have a
pressor effect'!®. The few studies reported using non-chloride
salts of potassium have provided conflicting results.

We hypothesized that organic salts of potassium lower BP and
would exert a greater anti-pressor effect than KC1. We therefore
conducted a placebo-controlled randomized double-blind trial
on healthy volunteers, over a 6-week period, to compare the

effect of either KCI or potassium citrate (K-cit) with a dose
(30mmol/d) approximating the current dietary deficit in the
UK population.

Experimental methods
Design of the trial

The study, approved by the King’s College Research Ethics
Committee, took the form of an 8-week randomized, double-
blind placebo-controlled trial with parallel arm design of
oral potassium supplementation (ISRCTN no. 52748737). It
was aimed to test the effect on BP of 30 mmol/d of two
potassium supplements, KCI and K-cit, and to evaluate the
possible influence of the accompanying anion. The between-
groups difference in increments in mean arterial pressure
(MAP), as measured by the oscillometric sphygmomanometer,
was the primary outcome.

Based on data from our previous study" ™’ and assuming a
standard deviation of 5-3 mmHg for MAP, a sample size of
thirty-five subjects per group was required in order to detect
a change in clinic MAP of 4.0 mmHg at P<<0-05 and 80 %
power. A greater number of participants was recruited to
allow for dropouts.

(14)

Abbreviations: BP, blood pressure; DBP, diastolic blood pressure; K-cit, potassium citrate; MAP, mean arterial pressure; RBC-K, erythrocyte content of potassium;

SBP, systolic blood pressure.
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Volunteers were invited to participate in a 2-week run-in
period during which placebo capsules were taken in order to
test adherence or intolerance to the placebo (lactose). They
were also asked, on a voluntary basis, to provide a blood
and a 24 h urine sample to obtain baseline values for 24 h elec-
trolyte excretion, plasma electrolytes and erythrocyte potass-
ium content (RBC-K). Baseline values for BMI, heart rate
and BP were then measured. Volunteers were randomly allo-
cated to receive either a placebo, KCIl or K-cit capsules for
6 weeks and were required to attend a final evaluation
during which heart rate, BP and BMI were again measured
and criteria for exclusion considered. At a mid-term visit BP
was again measured after 3 weeks of treatment. Three days
from the end of supplementation a second 24h urine and
blood sample were obtained. Volunteers were asked to com-
plete a questionnaire to determine whether the supplements
had side-effects.

Adherence to the treatment was calculated as a percentage
of assigned capsules actually consumed and confirmed by
urine analysis.

Randomization was performed by a statistician consultant
unrelated to the intended study using a series of computer-gen-
erated random numbers (Excel, Office 1997, Microsoft Ltd,
Reading, UK). Details of the series were unknown to the
investigators and were provided on completion of the study.

Subjects

A total of 127 subjects were recruited from amongst the aca-
demic staff and the student population of King’s College
London. Ninety completed the study.

Participants had to be aged between 22 and 65 years, have
a BMI between 19 and 35 kg/mz, an alcohol consumption
of = 21 units/week for women and = 28units/week for
men (1unit= 10ml of ethanol), and have a systolic BP
(SBP) = 160 and diastolic BP (DBP) = 105 mmHg at screen-
ing. Subjects taking medications for which potassium sup-
plementation is not contraindicated, or mineral and vitamin
supplements, took part with the provision that they would
continue their use. None contained potassium. Participants
suffering from postural hypotension were also not included.

Subjects suffering from CVD (including cardiac arrhythmia),
renal diseases, diabetes, metabolic acidosis and digestive pro-
blems or those taking anti-hypertensive medications, cyclos-
porin, heparin, digoxin, anticholinergics and non-steroidal
anti-inflammatory drugs did not participate.

Subjects who during the study period changed either their
usual diet or lifestyle and those undergoing changes in psychi-
cal condition (stress, depression, tiredness) were excluded.
Volunteers who during the run-in consumed less than 80 %
of the placebo would not proceed to the supplementation
phase, while data from those who consumed less than 70 %
during the intervention would be rejected.

Treatment administered

The supplements of potassium and the placebo were formu-
lated at Penn Pharmaceutical Services Ltd (Tredegar, UK).
The supplement contained 5 mmol potassium microencapsu-
lated with Eudragit NE 30 D. The purpose was to obtain a
formulation that would gradually release the potassium salts

thus avoiding high local concentrations of the salt. Two cap-
sules were taken three times a day after each main meal
(breakfast, lunch and dinner).

Blood pressure and heart rate

BP was measured following current recommendations''>"'®

as outlined in our previous study(m). Briefly, BP was assessed
at approximately the same time of the day (within 30 min) by
the same observer using the same instruments throughout the
study. Participants were asked to maintain the same habits
before each appointment, in particular with regard to factors
known to influence BP'? such as exercise, awakening time
and meal time. They were asked to refrain from smoking,
eating, drinking and exercising 30 min before each appoint-
ment. Those who felt unwell or stressed, or had changes of
pulse greater than 15beats/min when compared with the
average baseline pulse were asked to arrange another
appointment.

BP was measured in the seated position in the left arm after
a 10min rest using a clinically validated'” semi-automated
oscillometric sphygmomanometer (UA-779; A & D Instru-
ments Ltd, Maidenhead, UK) providing pulse measurements.
Three readings were taken at 2 min intervals. The values for
SBP were then averaged, the reading that had the greatest
difference from the mean being discarded together with the
corresponding DBP and pulse measurement, and the mean
of the two remaining readings used for analysis.

BP was thereafter confirmed by taking two more readings at
2min intervals with a validated'® mercury sphygmoman-
ometer (Trimline-PyMah; MedRoDi Medical Ltd, Whitecross,
UK). SBP was measured as the point of appearance of the
Korotkoff sounds (Phase I) while DBP was judged as the
point of complete disappearance of the sounds (Phase V).

MAP was calculated as (2 DBP + SBP)/3. Three different
cuffs were used depending on arm circumference''”. Partici-
pants with measurements of either SBP = 140 or DBP = 90
mmHg were regarded as hypertensive“g). Since oscillometric
monitors may be unreliable for some individuals for which
there is no obvious reason®”, those who at screening had a
discrepancy for BP between the mercury and oscillometric
device = 9mmHg for SBP or = 5mmHg for DBP"” were
deemed unsuitable for oscillometric instruments.

Erythrocyte potassium and water content

Fasting venous blood samples were drawn into 10 ml lithium
heparin tubes kept at room temperature and processed
within 1h. An aliquot of 0-5ml was centrifuged (Ames
Microspin, Bayer Diagnostic GmbH, Germany) for haemato-
crit determination.

To assess erythrocyte potassium content a modification of
the method devised by Weissberg et al. *" relating the elec-
trolyte content of an erythrocyte lysate to its dry mass was
used. Blood was centrifuged at 3000g for 5min at 4°C, the
buffy coat discarded and plasma kept for analysis. The eryth-
rocytes were washed four times with 5ml isosmolar
110 mmol/l MgCl,, spinning for 3 min at 3000g at 4°C and
discarding the supernatant. Approximately 1ml of washed
cells was lysed in 4ml of ultrapure water. Then 1ml of
lysate was accurately pipetted and dried at 60°C to constant
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weight. The remaining 3ml of lysate was centrifuged at
3000g for 3 min, and a duplicate aliquot of 1 ml was stored
for analysis. After chemical analysis the intra-assay CV on
five estimates was < 3 %.

Erythrocyte water content was estimated as the percentage
(w/w) of weight lost from a duplicate sample of washed
packed cells (~0-25 ml) before and after desiccation®®. This
technique gave an intra-assay CV on five estimates of < 1 %.

Laboratory analysis

Samples of urine, plasma and lysate were stored at —80°C.
Assays on urine electrolytes and creatinine, plasma electro-
Iytes and the potassium content in the erythrocyte lysate
were carried out by the Department of Chemical Pathology
at St Thomas’ Hospital, London. For analysis for potassium
and sodium an automated clinical analyser employing ion-
selective electrodes (Synchron LX20; Beckman Coulter Ltd,
High Wycombe, UK) was used. The sensitivity for both ions
was 2mmol/l. Creatinine concentration was determined
using the Jaffe rate method (Synchron LX?20) with a precision
of 177 pmol/l.

Statistical analysis

The present trial was designed to test the alternative hypoth-
esis that the increments in BP would differ among the three
different intervention groups.

All data were checked for normality using the One-sample
Kolmogorov—Smirnov test, and all but alcohol consumption
and vegetarianism were confirmed to be normally distributed.
The X2 test was used to assess the significance of differences
between the groups for nominal-level variables (e.g. gender).
For interval-level variables (e.g. BP) the significance of differ-
ences between the groups at baseline was tested using
ANOVA, while changes after the intervention period were
tested using ANOVA with covariates (ANCOVA). When a
significant difference was detected the pairwise comparison
was made by using the least significant difference technique.
For interval-level variables the significance of differences in
parameters within each intervention group was tested by the
paired sample ¢ test (two-sided). The influence of nominal-
level variables on interval-level variables was assessed
using either the independent samples ¢ test or alternatively
ANOVA for more than two categories. Relationships between
interval-level variables were examined using the Pearson
correlation test (two-sided), or with the Spearman correlation
test (two-sided) when non-normally distributed variables
were involved.

Data are presented as means and their standard errors. The
increments of the parameters observed after the intervention
period are presented as estimated marginal means, standard
errors and 95 % CI. A P value of =0-05 was considered to
be statistically significant.

Sample size and power calculation was estimated using
Minitab statistical software (version 13.1; Minitab Ltd, Coven-
try, UK). All the other calculations were performed with the
SPSS statistical software package SPSS 13.0 for Windows
(SPSS UK Ltd, Woking, UK).

Results
Subject details

A detailed flowchart showing enrolment and allocation of the
volunteers into the different intervention groups, and including
reasons for withdrawal or exclusion, is presented in Fig. 1.
None of the participants were excluded for poor compliance.
Inequalities between the number reported for groups and
totals arose from exclusions and withdrawals.

The baseline characteristics of the volunteers are shown in
Table 1. There were no significant differences among the
treatment groups other than for height and BMI that differed
significantly between the placebo and the KCl group. The
difference in height reflected the greater, although non-signifi-
cant, number of females who were allocated to the KCI group.

Compliance and side-effects

The compliance as judged by pill counting was 90-0 (SEM 1-5)
% in the placebo group, 91-4 (SEM 1-2) % in the KCl group
and 92-5 (SEM 1-2) % in the K-cit group during the interven-
tion period. However, a comparison of urinary potassium
excretion between the groups (see later) indicated that compli-
ance was approximately 75 % in the KCI group and 83 % in
the K-cit group.

The capsules were well tolerated, with no clinically signifi-
cant side-effects.

Blood pressure and heart rate

At baseline two volunteers in the K-cit group were classified
as hypertensives while after 6 weeks of intervention the
number was reduced to one. Mean BP was not significantly
different among the three groups at baseline and throughout
the duration of the study.

Baseline SBP was significantly correlated with baseline
body weight (r 047, P=0-000), baseline BMI (r 0-44,
P=0-000), age (r 0-28, P=0-010) and alcohol consumption
(r 024, P=0-026). Significant correlations were also found
between DBP and baseline BMI (» 0-33, P=0-002), body
weight (r 0-26, P=0-018) and age (r 0-27, P=0-012).

At the end of the 6-week intervention period mean BP
decreased significantly from baseline within the potassium-
supplemented groups (Fig. 2), while no change was observed
in the placebo group. When comparing the changes in BP
between the three different groups no significant differences
were found between the two potassium treatments while BP
changes between the active treatments and the placebo
group achieved statistical significance (Table 2). The decrease
in BP observed in the potassium groups occurred gradually,
with an early decrease in both SBP and DBP followed by a
predominant decrease in SBP during the last 3-week period.

In the analysis of covariance no significant relationships
were found between the changes in BP and baseline BMI,
age, gender, heart rate, urinary electrolyte excretion, plasma
electrolytes, erythrocyte water and potassium content. In
particular, no significant relationships were found between
the changes in BP and the changes in the above variables as
covariates. However, a significant relationship (P=0-007)
was found between the change in SBP (final from baseline)
and SBP level (calculated as the mean of all measurements
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Volunteers screened n 137

Not eligible n 10
Planning to change lifestyle: 4, Postural hypotension:

Volunteers enrolled to participate in the run-in
BP n 127
Urine sample n 120, Blood sample n 97

1, Gastrointestinal disease: 1, Did not meet inclusion
criteria for age: 1, Taking contraindicated medications:
1, Dieting: 1, Aversion to BP measuring procedure: 1
Not providing urine sample n7

Not providing blood sample n 30

Volunteers participating in the baseline
visit and randomly assigned

BP n 114

Urine sample n 107, Blood sample n 84

Withdrew n 13
Personal reasons: 12, Unwilling to take the capsule: 1

Volunteers not suitable for Oscillometric
n 5 (Placebo: 3, KCitrate: 2)

Assigned to
Placebo n 42
Oscillometric: 39
Mercury: 42
Urine: 38, Blood: 29

Assigned to
KCl n 34
Oscillometric: 34
Mercury: 34
Urine: 32, Blood: 23

Assigned to
KCitrate n 38
Oscillometric: 36

Mercury: 38
Urine: 37, Blood: 32 Withdrew from study n 11

Placebo: 4 personal reasons

KCI: 2

(personal reasons: 1, illness

After 3 weeks
n 38
Attended 3-week visit
n 33
(after exclusion n 29
Oscillometric: 26
Mercury: 28)

After 3 weeks
n 32
Attended 3-week visit
n28
(after exclusion n 22
Oscillometric: 22
Mercury: 22)

unrelated to study: 1)
KCitrate: 5 personal reasons

After 3 weeks

n 33
Attended 3-week visit
n 30
(after exclusion n 27
Oscillometric: 25
Mercury: 27)

Withdrew from study n 1

Excluded from study
n4
Changes in lifestyle

Excluded from study
n6
Changesiin lifestyle: 5
iliness unrelated to
study: 1

KCitrate: 1 personal reasons

Excluded from study
n2
Changes in lifestyle

Completed n 34
Oscillometric: 31
Mercury: 33*
Urine: 27t
Blood: 21%

Completed n 26
Oscillometric: 26
Mercury: 26
Urine: 231
Blood: 15%

Completed n 30
Oscillometric: 28
Mercury: 30
Urine: 28t
Blood: 24

Fig. 1. Flow diagram of enrolment and visit completion of the participants in the study. *One volunteer belonging to the placebo group could not provide reliable
blood pressure (BP) readings from the mercury sphygmomanometer at the mid-point and final visits, as the Koroktoff sounds were faint and of difficult interpret-
ation. tOne volunteer in the potassium citrate (KCitrate) and KCI group and three volunteers in the placebo group could not provide a complete 24 h urine sample
for the final assessment. $Two volunteers in the placebo group and one in the KCI group were excluded from erythrocyte potassium content analysis owing to
errors made during the preparation of the haemolysates from the final blood samples. For one volunteer in the placebo group the final haematocrit and erythrocyte
water content determinations were lost.
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of SBP) as covariate (common slope = —0-111 £ 0-040, (ﬁ) 120
intercept varies according to treatment). 2 107-84 10556 107-80
There were no significant differences in mean heart rate at g nor Fon - e 1
baseline (placebo 67-5 (SEM 1-3); KCI 67-5 (SEM 1-8); K-cit < 100
67-8 (SEM 1.9)). During the intervention period pulse did not ; 90 8015 7916 80-54
change significantly within the three groups, nor did mean £ sof T . S
changes differ significantly between the groups. T 0l 66-33 65-96 661'_91
ke E----cmmmeegmammmmmmm-
Y . ' " ' . '
Urinary excretion of electrolytes Baseline M;ZSZLM Final
Baseline mean urinary electrolytes and creatinine excretion
did not differ significantly between the three treatment (B) 120 - 11188
groups (Table 3). 2 I 108-31 « 106-39 xx
At the end of the supplementation period in the potassium E o T e
groups the mean urinary excretion of potassium increased o loor
significantly from baseline. As a result the daily urinary U:%) 90| 82-95 79-61 » 864 vax
excretion of potassium was significantly greater (P<<0-010) £ sof L — ey
in the K-cit (98:17 (SEM 5-02) mmol/d) and KC1 (89-58 T ol 68-49 6526 64.77 xx
(SEM 6:96) mmol/d) groups than in the placebo group (66-75 S Bomeel o F YRCIpp——— I
(SEM 5-49 mmol/d)). Compared with the placebo group urinary 60 Baselne  Midpoint Final '
potassium increased significantly by 24-98 (SEM 8-47) mmol/d Period
95% CI 812, 41-85; P<<0-010) in the K-cit group and by
22-60 (sEM 8:91) mmol/d (95 % CI 4-86, 40-34; P<<0-010) in (€
the KCl group. In the K-cit group the mean molar ratio of C) 1201
sodium to potassium (Na—K ratio) and the mean creatinine g Mor
excretion decreased significantly from the respective baseline % 100 f
values, but these changes were not significantly different when 3 9} 8502 8135 xas 8019 xxs
compared with the other two groups. © 8ol oo, B L —
o 7020 6691 6652 xxx
s or Bomvmoeonos F-----e---- z
Plasma electrolytes, erythrocyte water and potassium content ) . . )
Baseline Midpoint Final

Baseline values for plasma electrolytes were similar among
three intervention groups (Table 3). After the 6-week interven-
tion period, there were no significant changes in plasma

Table 1. Baseline characteristics of the participants
(Mean values with their standard errors)

Placebo (n 34) KCI (n 26) K-cit (n 30)

Mean SEM Mean  sem Mean seEm

Age (years) 33-8 2:2 36-9 28 36-2 2:6
% Female 58-8 80-8 56-7
Height (m) 1.71*  0-01 1.65 0.02 1.70 0.02
Weight (kg) 66-1 2:2 68-7 35 70-5 2:6
BMI (kg/m?) 22.55* 053 2520 1.06 2450 0-78
Physical activity 2.0 0-2 24 0-3 26 0-3
(h/week)
Alcohol intake 71 1.5 6-2 1.2 7-3 1.5
(units/week)
% Smokers 17-6 115 16-7
% Familial 441 38:5 30-0
hypertension
% Vegetarian 11-8 154 13-3
Ethnic origin
% Caucasian 67-6 76-9 86-7
% Middle-Eastern 14.7 77 6.7
% East Asian 14.7 77 6-7
% Afro-Caribbean 29 77 0-0

K-cit, potassium citrate.

Mean values were significantly different from those of the KCI group: *P<0-05.
There were no significant differences at baseline (ANOVA or x 2 test) between
the three groups other than stated.

Period

Fig. 2. Average blood pressure over the 6-week intervention period (¢,
systolic blood pressure; A, diastolic blood pressure; B, MAP, mean arterial
pressure) for the three treatment groups (placebo, A; KCI, B; potassium
citrate, C). Values are means with their standard errors depicted by vertical
bars. Estimates for differences within each treatment group were assessed
by the paired t test, while between groups were assessed by ANOVA. Mean
values were significantly different from baseline (within-group comparison):
**P<0-05, **P<0-01, ***P<0-005. There were no significant differences
within and between the three groups other than stated.

electrolytes within the three intervention groups. Changes in
plasma electrolytes did not differ significantly between the
different treatments.

There were no significant differences between the three
groups in mean baseline values for erythrocyte potassium
and water. Following treatment there were no significant
changes between and within the groups in RBC-K (Table 3).
After the intervention period erythrocyte water content
decreased significantly in the placebo and K-cit group when
compared with the respective baseline values but the changes
were not significantly different between the three groups.
Erythrocyte water content was found to be positively corre-
lated with RBC-K (r 0-41, P=0-025) and plasma potassium
(r 0-59, P=0-000).

BMI

On completion of the study mean BMI had not changed
significantly from baseline in any of the three treatments
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Table 2. Pairwise comparisons of changes in blood pressure between the potassium and placebo groups
(Mean values with their standard errors)

Change in blood pressure (mmHg)

K-cit — placebo KCI — placebo
Mean SEM 95% Clf Mean SEM 95% ClI

Midpoint from baseline§

SBP —4.08" 1-43 -6-93, —1.23 -3-11* 148 —6-06, —0-16

DBP — 4147 1.22 -6-61, —1.73 —3:01*** 1.27 —5.53, —0-49

MAP —4.16*** 1.08 -6-32, —2-00 —3-06*** 112 —5-30, —0-83
Final from baseline||

SBPY —6-69*** 1-09 —8.85, —4-53 —5.24** 1-10 —7-43, —3-06

DBP —4.26*** 1.03 -6-31, —2.21 —4.30" 1-05 —-6-39, —2.20

MAP —5.22%* 0-92 —7-04, —3-39 —4.70"* 0-94 —6-56, —2-84

DBP, diastolic blood pressure; K-cit, potassium citrate; MAP, mean arterial pressure; SBP, systolic blood pressure.
Mean values were significantly different from zero: *P<0-05, ***P<0-005- Estimates for differences between groups were assessed by ANOVA with covariates (ANCOVA).

There were no significant differences between the three groups other than stated.
1 Derived from the least significant different test.
§ Placebo n 26, KCI n 22, K-cit n 25.
|| Placebo n 31, KCI n 26, K-cit n 28.
9 Changes are adjusted for SBP as covariate (SBP: 110-03, P=0-007).

groups (placebo: —0-11 (SEM 0-07) kg/m?, 95% CI —0-25,
0-04; KCI: —0-05 (sEm 0-08) kg/m?, 95% CI —0-21, 0-11;
K-cit: 0-11 (sem 0-08) kg/mz, 95% CI —0-04, 0-26) nor was
the mean change in BMI significantly different between the
groups.

Discussion

In the present study we confirmed our earlier ﬁndings(m) that

an increase in dietary potassium of approximately 30 mmol/d,
equivalent to an increase in dietary potassium of around 40 %
in the UK population(23) and to the amount contained in five
portions of fresh fruits and vegetables, substantially decreases
BP in predominantly young normotensive people. The effect
was independent of the accompanying anion of the potassium
salt, was greater in those with higher BP and increased with
the duration of supplementation.

Pharmacological treatment is inappropriate for individuals
who are not regarded as hypertensive, but have BP higher
than the optimal level, and account for around 30—-40 % of
all BP-related CVD'". Of the non-pharmacological measures
to manage BP weight control is considered to be one of the
most effective™®. The importance of body weight as a factor
influencing BP is undisputed, and was appreciated in the cur-
rent study, as a consistent positive correlation between BP and
body weight or BMI was observed. The slight imbalance
observed between the groups at baseline for BMI and height
did not influence the BP-response to the supplements as in
the current study BMI and height were used in the analysis
of covariance without revealing a significance relationship
with BP changes. Other lifestyle modifications have also
been shown to influence BP independently of the changes in
body weight(4). A reduction of 50 mmol/d in salt intake bring-
ing the total salt intake to an average 100 mmol/d®? is widely
recommended®. However, this is acknowledged to be diffi-
cult to achieve and sustain, and would be of little benefit to
normotensive individuals®”. The fall in BP observed in the
present and earlier study'* exceeded that which would
result from removing 100mmol NaCl/d from the diet®

(equivalent to 62% of the customary salt intake in the
UK®). A concomitant modest increase in potassium intake
is an attractive possibility to complement a moderate salt
restriction in order to reduce BP, although likely to produce
a result that is less than would be expected if the effects
were additive®”. The major factor appears to be the molar
ratio of sodium to potassium®.

There is a paucity of clinical trials exploring the effect of
non-chloride salts on BP and of comparing the effect of differ-
ent salts of potassium, but these have provided confusing
results on the basis of the use of high dose levels of potassium,
short duration®®, small number of participants®’~2* and lack
of an appropriate control group®®.

The present finding that a low-dose non-chloride potassium
salt lowers BP has recently been supported in a study pub-
lished after the completion of the current investigation. In
this trial Franzoni et al. @" allocated 104 volunteers to receive
either a 30 mmol/d potassium aspartate supplement or no treat-
ment. After 4 weeks of intervention the authors observed a
significant decrease in BP by 12-2/8-2mmHg (P<<0-001).
The study, that was neither randomized nor placebo-con-
trolled, indicated a greater effect than that observed in the cur-
rent investigation. However, it was conducted on untreated
hypertensive patients who are acknowledged to have a greater
response to potassium®'?.

In contrast to the results of other authors***? we did not find
any correlation between RBC-K and baseline BP levels nor did
we observe an effect of supplementation on RBC-K. An expla-
nation for the present result may partially arise from the fact
that the sample of participants was relatively small and com-
posed largely of young healthy normotensive subjects.

Whereas most of the potassium supplementation trials have
been performed on hypertensive patients(g’lo), participants in
the present study were predominantly normotensive, with a
mean BP lower than the UK average of 126/71 (SBP/DBP)
mmHg®?. Although not a representative sample of the UK
population, our subjects had a sodium and potassium intake
that was very similar to the average British consumption of
162 and 75mmol/d, respectively'®. These facts together

ssa.d Ansseniun abpriquied Aq auljuo paysiiqnd £58798.05 L LL000S/LL0L 0L/Bio 10p//:sdny


https://doi.org/10.1017/S0007114507864853

MS British Journal of Nutrition

1290 A. Braschi and D. J. Naismith

Table 3. Changes (final from baseline) in urinary electrolyte and creatinine, haematocrit, erythrocyte water and potassium content by treatment group

(Mean values with their standard errors)

Placebo KCI Potassium citrate
Mean SEM Mean SEM Mean SEM

Urinary creatinine (mmol/d) n27 n23 n28
Baseline 11.57 0-86 11-62 1-06 13.73 1.09
Change -0-85 0-84 -0-25 0-92 —2.25" 0-83
95% Clt —2.53, 0-84 —2.08, 1.57 —3-90, —0-60

Urinary K (mmol/d) n27 n23 n28
Baseline 71-68 5.16 71.91 6-57 78-12 5.66
Change —4.93 6-04 17-67*tt 6-54 20-05**tt 5-93
95 % Cl -16.97, 710 4-63, 30-71 8-23, 31-86

Urinary Na (mmol/d) n27 n23 n28
Baseline 128-86 12.54 132.87 14.73 153-49 14.03
Change -8-79 13-37 —9.95 14.50 0-01 13-13
95 % Cl —35:43,17-84 —38-81, 1891 —26-15, 26-17

Na-K ratio n27 n23 n28
Baseline 1.94 0-22 2-04 0-21 217 0-19
Change —0-01 0-24 —0-49 0-26 —0-51* 0-23
95% ClI —0-48, 0-46 —1.00, 0-02 —0-97, —0-05

Plasma K (mmol/l) n21 n15 n24
Baseline 4.26 0-07 4.27 0-11 4-36 0-12
Change —0-01 0-12 0-03 0-14 -0-20 0-11
95 % Cl —0-26, 0-23 —0-26, 0-32 —0-43, 0-02

Plasma Na (mmol/l) n21 ni5 n24
Baseline 140-20 0-30 139.76 0-52 140-35 0-26
Change -0-23 0-40 —0.-08 0-47 —0-80 0-37
95% ClI -1.02, 0-57 -1.02, 0-86 —1.54, —0-05

Haematocrit (%) n20 ni5 n24
Baseline 4291 0-59 41.71 0-81 42-60 0-68
Change —0-28 0-48 0-99 0-56 —0.01 0-44
95% Cl —1.25,0-69 -0-13, 2-11 —0-89, 0-87

Erythrocyte water (%) n20 ni5 n24
Baseline 70-53 1.77 70-85 213 71-33 2.34
Change —0.99* 0-61 -2.27 0-70 —-1.78* 0-56
95% ClI —-2.21, —0-23 -1.68,1-13 —2.89, —0-67

RBC-K (mmol/kg dry wt) n19 ni4 n24
Baseline 269-80 1.97 270-04 3.72 270-66 2-89
Change -3-14 3-54 0-29 412 -5.73 3-15
95 % Cl -10-22, 3-95 -7-97,8.54 —12-04, 0-58

Na—K ratio, molar ratio of sodium to potassium; RBC-K, erythrocyte potassium content.

Mean values were significantly different from zero (within-group comparison): *P<0-05, **P<0-01. Estimates for differences within each treatment group were assessed by the

paired t test. There were no significant differences other than stated.

Mean values were significantly different from those of the placebo (between-groups comparison): 11P<0-01. Estimates for differences between groups were assessed by
ANOVA for differences in baseline values and the ANOVA with covariates (ANCOVA) for effect of treatment. There were no significant differences other than stated.

1 Derived from ANCOVA.

would indicate that a modest increase in potassium intake,
slightly exceeding the current recommendation, could make
a substantial contribution to the prevention and prevalence
of high BP in the UK adult population. Since BP shows a con-
tinuous relationship with the risk of CVD throughout its entire
range, a small decrease in BP in the general population may
lead to an appreciable decrease in mortality and morbidity'?.
It is predicted that a reduction in BP of the magnitude
observed in the present study would decrease the mortality
from all forms of CVD by approximately 15 % .

As a means of increasing dietary potassium intake, raising
the consumption of fresh fruits and vegetables is an obvious
measure™®, although it may also prove difficult. As observed
in the UK, despite the incessant and persuasive ‘5 a day’
campaign®® there has been little improvement in fruit and
vegetable intake®”. The average UK consumption is below
three portions per day and around two portions in those in
the lowest income group(36).

Thus lifestyle changes might be implemented by diet
modifications that do not depend on individual choice®.
Substituting common salt with a mixture of KCl and NaCl
has been shown to lower BP in hypertensive patients®’-*®
and to decrease the risk of CVD®?. Currently a reduction in
the salt content of manufactured foods is strongly rec-
ommended'*>, as most dietary salt is derived from processed
foods and little from discretionary use®. However, little is
known about whether a substantial reduction in the salt con-
tent of manufactured foods might raise the use of discretionary
salt. Other adjustments are also required, and restoration of
potassium in food products would be a pragmatic approach.
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