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mountaineering activities would have recovered

spontaneously.
How did the treatment lessen pulmonary oedema? In the

pseudomonas-induced model of permeability oedema, any
increase in pulmonary artery pressure enhances the flux of
fluid out of the vascular space and contributes to oedema.21
Thus exaggerated pulmonary hypertension seems to be an
essential pathogenetic factor in HAPO, either as a direct
consequence of alveolar hypoxia or indirectly as a result of
overreactivity of pulmonary arteries to hypoxia. We
conclude that reduction of pulmonary artery pressure was
responsible for the therapeutic effects, although we cannot
rule out a contribution of other pharmacological actions of
nifedipine.

Headache, a known side-effect of calcium channel

blockers, persisted in four subjects and required
paracetamol medication. It could have been caused partly by
the treatment. Otherwise, no adverse drug reactions were
observed. The fact that nifedipine did not reduce systemic
blood pressure may be explained by the high levels of
circulating catecholamines in AMS.22
Of the various treatments that have been recommended

for HAPO only bed rest (in mild cases) has been tested in a
controlled setting.20 Frusemide was advocated by Singh et
al23 but in other hands it rendered patients susceptible to
circulatory troubles, pulmonary embolism, and cerebral
oedema.2,24,25 It has never been proven to enhance

oxygenation. Morphine, another inadequately tested

remedy, could do more harm than good by depressing the
respiratory centres at a time when more respiration is
needed. As a non-pharmacological measure positive end-
expiratory pressure breathing has been applied briefl y26,27
but its long-term effects may be harmful. 28 Another possible
means of short-term improvement is postural drainage.29
The therapy of choice in HAPO remains descent to lower

altitude. When this is impossible and supplementary oxygen
is not available we believe that nifedipine offers the best
chance of improvement. This improvement, however,
should be exploited to allow descent rather than to allow
continued activities at high altitude.
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Summary 20 patients with mild hypertension
(average supine blood pressure without

treatment, 164/101 mm Hg) reduced their salt intake to
50 mmol (3 g) per day for a month. They then entered a
3 month double-blind randomised crossover study of three
levels of sodium intake: 200, 100, and 50 mmol per day.
Blood pressure was significantly reduced on the middle
and lowest sodium intakes. The average fall in blood

pressure from the highest to the lowest sodium intake was
16/9 mm Hg. Patients continued to restrict their sodium
intake for a further year. In 16 of the 20 patients blood
pressure remained well controlled with salt restriction alone.

Supine blood pressure at 1 year was 142/87 (SE 3/2) mm Hg
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with a 24 h urinary sodium excretion of 54 (7) mmol. These
results show a progressive blood pressure fall as salt intake
is reduced and that, in many patients with mild essential
hypertension, blood pressure can be controlled without the
need for drug therapy.

Introduction

MODERATE salt restriction to an intake around 80-100

mmol sodium per day (about 5-6 g NaC1) lowers blood
pressure in many but not all patients with sustained mild
essential hypertension.12 However, whether blood pressure’
might fall further as salt intake is reduced below these levels
is unknown. There is also little evidence about whether salt
restriction alone effectively lowers blood pressure over a
long period. We therefore studied the effect of three
different levels of sodium intake for a month each in a
double-blind randomised crossover study in patients with
sustained mild essential hypertension who were on no other
treatment. The patients then continued to restrict sodium
intake and were followed up for a year.

Patients and Methods

Patients were referred by local general practitioners and were
included in the study if, after 2 months of observation on no
treatment, their supine diastolic blood pressure was between 90 and
110 mm Hg and no underlying cause had been found for their high
blood pressure. Patients with renal failure, ischaemic heart disease,
or cerebrovascular disease were excluded from the study as were
patients taking an oral contraceptive or any other drug. Each patient
gave informed consent. Of the 20 patients who entered, all

completed the double-blind study. There were 11 men, 9 women;
15 whites and 5 blacks. The mean age was 57 years (range 42-72).
Mean 24 h urinary sodium excretion when first seen was 162
(SE 16) mmol (range 58-296). 5 patients had a urinary sodium
excretion above 200 mmol per 24 h.

All patients were instructed to reduce their daily sodium intake to
around 30 to 50 mmol by not adding any salt at table or in cooking
and by avoiding all food containing large amounts of salt. Salt-free
bread, margarine, and some other foods were provided. Written
instructions and recipes were also given to all patients. All patients
were seen by a dietitian and, where appropriate, the spouse or
whoever cooked in the household was also seen. At each visit, nurses
reinforced the dietitian’s instructions. After 2 weeks of sodium

restriction, two 24 h urine collections were made to check

compliance with the diet and after 4 weeks on the diet all

measurements were repeated.
Patients then entered a randomised double-blind three-way

crossover study. The three phases lasted a month each while the
patients continued to restrict dietary sodium intake. The phases

were 16 ’Slow Sodium’ placebo tablets (Ciba-Geigy) per day,
giving a total sodium intake of about 50 mmol ; 7 slow sodium
tablets (10 mmol NaCl each) plus 9 placebo tablets per day, giving
an approximate total sodium intake of 100 mmol, and 16 slow
sodium tablets per day, giving an approximate sodium intake of
200 mmol.

During the crossover study blood pressure, weight, and pulse
were measured at the end of each month and two 24 h urines were
collected for measurement of sodium, potassium, and creatinine.
Blood was also taken at the end of each month’s treatment for
measurement of urea, creatinine, electrolytes, plasma renin

activity,’ aldosterone,’ and, in 12 patients, noradrenaline.6 All
bloods were taken without stasis after patients had been sitting
upright for 5-10 min between 0900 and 1200. Patients were seen on
the same day of the week at the same time of day by the same nurse
in the same room, and blood pressure was measured in the same arm

by nurses using semi-automatic ultrasound sphygmomanometers
(’Arteriosonde’) with attached recorders.’ The measurements were
therefore free from observer bias. Supine and standing blood
pressures were the mean of five readings taken with 1-2 min
intervals. Mean arterial pressure was calculated by adding one-third
of the pulse pressure to the diastolic pressure. Patients were

carefully instructed orally and by printed instructions on how to
collect 24 h urines, and the mean of two consecutive 24 h urines was
taken as the sodium excretion at that time.

After completion of the crossover study patients continued with
sodium restriction and were seen every 1-2 months. Every 3 months
patients collected two 24 h urines.

Analysis of variance (ANOVA) with repeated measures and
t tests were used where appropriate. Underlying trends in the
changes in dietary sodium intake during the crossover study were
tested with polynomial contrasts for linear and quadratic models.
Results are means (SE).

Results

Supine blood pressure in 20 patients after the 2 month
observation period on no treatment was 164/101 (4/2)
mm Hg. After 4 weeks of 16 slow sodium tablets per day
supine blood pressure was 163/100 (4/2) mm Hg (24 h
urinary sodium 190 [11] mmol). After 1 month of 7 slow
sodium tablets and 9 placebo tablets per day supine blood
pressure was significantly lower at 155/95 (3/2) mm Hg
(p<0’01) (24 h urinary sodium 108 [10] mmol). After a
month on 16 placebo tablets (24 h urinary sodium 49 [8]
mmol) supine blood pressure was 147/91 (4/2) mm Hg,
which was significantly lower compared with the highest
(p<0001) and the middle (p<0’01) sodium period.
Changes in standing blood pressure during the study were
similar to those found for supine blood pressure (table). The

BLOOD PRESSURE AND LABORATORY DATA AFTER 4 WEEKS ON DIFFERENT SODIUM INTAKES (CROSSOVER STUDY)

Mean (n = 20) (SE, 95% confidence interval).
Significant treatment effect by ANOVA : *p < 00001 andtp<001.
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Fig I-Blood pressure and urinary sodium excretion after 4 weeks
during each phase of crossover study (n = 20).

*p < 001 and tp < 0-005 compared with phase of 7 slow sodium tablets per
day.

percentage increase in mean blood pressure going from the
50 mmol to the 100 mmol sodium per day intake was 5’0%,
and 10-3% going from the 50 mmol to the 200 mmol intake.
Differences in blood pressure found between the three

periods of sodium intake were not affected by the order in
which sodium intake was altered. During the crossover
study, as daily sodium intake in the group as a whole was
increased from 50 to 200 mmol, there was a corresponding
increase in blood pressure (fig 1), which was consistent with
a statistically significant linear trend (linear F ratio = 41-2,
p < 0-0001; quadratic F ratio = 22, p < 005). This result
indicates that in the group as a whole there was a linear dose

response for the changes in sodium intake.
During the crossover study there was an increase in

plasma renin activity and aldosterone as sodium intake was
reduced. These increases were significant except for the
increase in plasma renin activity on changing from the
200 to the 100 mmol sodium intake. There were no

significant changes in plasma noradrenaline, sodium,
potassium, or creatinine and urinary potassium or creatinine

rig z&mdash;Follow]-up.

&bullet;&mdash;&bullet; , n =19; &Dgr;- A, n = 16 (see text for details).
*p < 0-05; tp < 0 01, and tp < 0 001 compared with phase of 7 slow sodium

tablets per day.

excretion. There was a gain in weight as sodium
intake was increased but the changes were not significant
(table).

Long-term Response
Of the 20 patients who completed the crossover study 19

have now been followed up for over a year. 1 patient moved
and was lost to long-term follow-up. During follow-up, 3 of
the 19 patients required the addition of drug therapy to
control their blood pressure. In the remaining 16 patients
blood pressure was considered adequately controlled with
sodium restriction alone (systolic pressure below 155 mm Hg
and diastolic below 95 mm Hg). In these patients blood
pressure before entry to the study after 2 months of
observation was 160/100 (2/3) mm Hg. During the
crossover study with the 50 mmol sodium intake, blood
pressure was 142/88 (3/1) mm Hg; during the 100 mmol
intake, 150/91 (3/1) mm Hg; and during the 200 mmol
sodium intake, 160/97 (3/2) mm Hg. After a year of sodium
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restriction blood pressure was 142/87 (3/2) mm Hg with
urinary sodium excretion of 54 (7) mmol per 24 h (fig 2).
Thus blood pressure after a year of sodium restriction was

similar to that during the crossover study on the 50 mmol
sodium intake, when 24 h urinary sodium excretion in these
16 patients was 49 (7) mmol.

If all 19 patients who entered the long-term follow-up
study are included the results were similar. Blood pressure
(mm Hg) and 24 h urinary sodium (mmol) were: 144/90
(3/2) and 49 (8); 153/94 (3/2) and 111 (10); 161/99 (3/2) and
191 (11); and 145/90 (2/2) and 51 (6) on the low, middle, and
high sodium intakes and during the 1 year follow-up,
respectively (fig 2). For the 3 patients whose blood pressure
was not controlled with salt restriction alone, the blood
pressure and 24 h urinary sodium excretion on long-term
follow-up was the measurement before withdrawal.

Discussion

Our double-blind randomised crossover study
demonstrated that in a group of patients with mild sustained
essential hypertension there was a progressive fall in blood
pressure as sodium intake was reduced. The fall in blood

pressure from a daily intake of 200 mmol to 50 mmol of 16/9
mm Hg is the same or greater than that seen with single drug
therapy in controlled double-blind studies. This fall in
blood pressure with sodium restriction was sufficient to
control blood pressure in the longer term without the need
for drug therapy in 16 of our 20 patients. Indeed, after a year
of follow-up, blood pressure was similar to that found in the
crossover study for an equivalent urinary sodium excretion
(ie, around 50 mmol per day), which shows that the effect
was long term. If all 19 patients who entered long-term
follow-up are considered the changes in blood pressure with
sodium restriction alone were similar, although the absolute
levels were slightly higher. In other words, the 3 patients
whose blood pressure was not controlled in the longer term
with salt restriction had more severe hypertension
throughout the study but responded similarly to salt
restriction.
The study also showed an apparently linear dose response

to sodium restriction in this group of patients. This graded
response suggests that at least over the range of sodium
intakes studied, there is no threshold value below which
sodium intake needs to be reduced. Therefore, to obtain the
maximum effect, sodium intake should be reduced as far as
is practicable. The 100 and 200 mmol salt intake in our study
spans that seen in the Intersalt study, where the average
sodium consumption as judged by urinary sodium excretion
was around 160 mmol per 24 h with a range of about 100 to
240 mmol per 24 h in different communities, excluding the
four communities with a urinary sodium excretion of less
than 50 mmol per day. Urinary sodium excretion in the 20
patients we studied was similar to this finding with one
quarter of the patients having a urinary sodium excretion
above 200 mmol per 24 h before entry to the study. The
mechanism whereby sodium restriction lowers blood
pressure is not clear, but one of the compensatory effects that
may reduce its effect in lowering blood pressure is increased
release of renin and thus angiotensin 11.9 A blunted renin
response and therefore a greater fall in blood pressure is
more likely to occur in patients with established

hypertension, in older patients, and in black patients. The
differing renin response to sodium restriction probably
explains at least in part why some patients respond better to

sodium restriction than others.10,11 In patients who are not
controlled by sodium restriction alone, the addition of a
beta-blocker12 or a converting enzyme inhibitor13 has an
additive effect.
The major problem with salt restriction is whether

patients are able or want to comply with the diet for long
periods. The experience of SiMpSon,’-4 the recent Australian
trial,2 and our data show that moderate salt restriction (to
80 mmol sodium, 5 g NaCl, per day) is quite easy in patients
who eat at home and can be achieved by not adding salt to
food either at the table or in cooking and avoiding foods that
are known to have a large amount of salt added. Compliance
with moderate salt intake is helped by the adjustment of the
salt taste receptors, which become more sensitive to sodium.
After 3-4 weeks of the diet, high salt foods taste unpleasant
and for many patients become unpalatable. The further
reduction of sodium intake, as we did in this study, to
around 50 mmol a day does require the provision of some
salt-free products that are not generally available, especially
salt-free bread. Our experience is that if salt-free bread is
available then patients can easily adhere to an intake of
around 50 mmol per day provided they do not eat out
regularly. The greater availability of salt-free bread and the
ability to obtain processed, canteen, restaurant, and "fast"
food without large amounts of salt already having been
added would help in enabling patients with high blood
pressure to maintain a low sodium intake. Our results show
that in many patients with mild hypertension who are
prepared to reduce salt intake to this amount blood

pressure can be controlled without the need for additional

therapy.
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