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Relation between arterial pressure, dietary sodium intake,
and renin system in essential hypertension

P S PARFREY, N D MARKANDU, J E ROULSTON, B E JONES, J C JONES, G AMAcGREGOR

Abstract

Forty-one patients with mild essential hypertension,
36 patients with severe hypertension, and 28 normo-

tensive subjects were studied on a high sodium intake of

350 mmol/day for five days and low sodium intake of

10 mmol/day for five days. The fall in mean arterial
pressure on changing from the high-sodium to the
low-sodium diet was 0-7±1-7 mm Hg in normotensive
subjects, 8± 14 mm Hg in patients with mild hyper-
tension, and 14-5±1-4 mm Hg in patients with severe

hypertension. The fall in blood pressure was not cor-

related with age. Highly significant correlations were

obtained for all subjects between the ratio of the fall in
mean arterial pressure to the fall in urinary sodium
excretion on changing from a high- to a low-sodium
diet and (a) the level of supine blood pressure on normal
diet, (b) the rise in plasma renin activity, and (c) the
rise in plasma aldosterone.

In patients with essential hypertension the blood
pressure is sensitive to alterations in sodium intake.
This may be partly due to some change either produced
by or associated directly with the hypertension. A
decreased responsiveness of the renin-angiotensin-
aldosterone system shown in the patients with essential
hypertension could partly account for the results.

Introduction

The role of dietary sodium intake in essential hypertension is
disputed.' 2 Recent evidence shows that there is only a small
change in blood pressure with alteration of dietary sodium
intake in normotensive subjects.3-1 In essential hypertension,
however, a modest reduction in dietary sodium intake may

cause a significant fall in blood pressure,6 7 although in some

hypertensive subjects the blood pressure does not fall.8 Few
comparative studies have been conducted on the short- and
long-term effects that altering dietary sodium intake has on the
blood pressure in both normotensive subjects and hypertensive
subjects. Borst and Borst-de Geus9 were the first to suggest

that "Deficient sodium excretion must be an essential factor in
all types of persistent hypertension." If this is so, a reduction
in dietary sodium intake should cause a greater fall in blood
pressure in patients with hypertension than in normotensive
subjects, unless irreversible structural changes have occurred in
the patients with hypertension. Consequently we studied the
fall in blood pressure that occurred on changing from a high
to a low sodium intake in a group of patients with essential
hypertension and compared their response to the response of a
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group of normotensive subjects. Changes in urinary sodium
excretion, weight, plasma volume, and the renin-angiotensin-
aldosterone system were also measured.

Patients

Seventy-seven patients with essential hypertension, referred by
local general practitioners, were studied. Patients were excluded if
there was evidence of renal failure, (plasma creatinine concentration
> 120 ,imol/l), ischaemic heart disease, or cerebrovascular disease
and if they were taking oral contraceptives or any other drug. Either
the subjects studied had not received previous treatment or their
treatment had stopped three months before the study. All subjects
were followed for three months in the blood-pressure unit before an
imposed change in sodium intake. At the end of the three months
patients were admitted to the study if their supine diastolic blood
pressure was greater than 90 mm Hg and less than 130 mm Hg.
During the analysis of the results two groups of hypertensive subjects
were arbitrarily defined: those whose supine diastolic blood pressure
on the last day of normal dietary sodium intake was 90 to 109 mm Hg
(mild essential hypertension) and those whose diastolic blood pressure
was 110 to 130 mm Hg (severe hypertension). In the mildly hyper-
tensive group there were 20 men and 21 women, 11 of the group
were black. In the severe group there were 18 men and 18 women,
15 were black. The severe group were significantly older (mean age=
50±1 4 years) than the mildly hypertensive group (mean age=
44 ±1-9 years). The results of these groups were compared with the
results of a group of normotensive subjects, most of whom were
hospital-based personnel. The normal subjects (17 men and 11
women, including six blacks) had a mean supine diastolic blood pres-
sure on normal sodium intake of less than 85 mm Hg. Mean age of
the normotensive group was 33±2-6 years. Informed consent was
obtained from each subject.

Methods

Subjects were studied on a high sodium intake of 350 mmol/day
for five days and a low sodium intake of 10 mmol/day for five days.
High sodium intake was achieved by supplementing the normal
diet with 20 slow sodium tablets (200 mmol sodium/day). The
potassium intake was not altered for either diet. A low-sodium diet
was provided by the metabolic ward kitchen. During the study
period 24-hour urinary collections were made during the last two
days of both dietary periods. The subjects were not admitted to
hospital and were allowed to go about their normal activities but
were discouraged from vigorous exercise. All blood pressures were
measured by nurses using semi-automatic observer bias-free ultra-
sound sphygmomanometers with recorders (Arteriosonde 1217).10
The mean value of five readings taken in the supine position at
1-2 minute intervals was recorded. Blood pressure was measured
between 10 am and 12 noon in the same room by the same nurse
on the final day of the normal diet and on the fifth day of high- and
low-sodium diets. Pulse rate was measured on a Cambridge 3048
pulse monitor with electrocardiogram display and recording. Body
weight was recorded at each visit.

Biochemistry-Urinary and plasma electrolytes and creatinine
concentrations were measured by autoanalyser. After blood pressure
measurement, blood was taken and tested for plasma electrolytes,
urea and creatinine concentrations, renin activity,"' and aldosterone
concentration'2 on the last day of the normal, high- and low-sodium
diets, subjects having been seated upright for 10 minutes. Plasma
volume was measured only in the hypertensive patients using 1311.
albumin.

Statistics-Mean arterial pressure (MAP) was calculated as dia-
stolic pressure +(1/3 x pulse pressure). As an index of the sensitivity
of the arterial pressure to a change in sodium intake, the ratio of the
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fall in mean arterial pressure to the fall in 24-hour urinary sodium
excretion (AMAP :AUNaV) on changing from the high- to the
low-sodium diet was calculated. Student's two-tailed t test and non-
parametric analyses were carried out using the statistical package
for the social sciences at the University of London computer.

Results

Table I shows the results obtained on the final day of the normal
sodium intake (before alteration of sodium intake) for the normo-
tensive and hypertensive subjects. There was no significant difference
in plasma creatinine concentration, 24-hour urinary sodium and
potassium excretion, or pulse rate between the three groups. The
hypertensive subjects were, however, older and heavier and had a
lower plasma renin activity than normotensive subjects.

Normotensive subjects-The fall in sodium intake was accompanied
by small changes in blood pressure and large changes in plasma
renin activity and aldosterone concentration (table II). The fall
of mean arterial pressure on changing from the high- to the low-
sodium diet was minimal (0 7 1X SEM 1-7 mm Hg). The ratio of the fall
in mean arterial pressure to the fall in urinary sodium excretion on
changing from the high- to the low-sodium diet was 0 004+0-006.
This ratio was not correlated with age (r=0 17, n = 28). In a subgroup
of normal subjects older than 30 years (n - 12, mean age = 45 2 years),
the change in mean arterial pressure was 17-- 1 05 mm Hg, and the
ratio was 0 005 - 0-003, neither value being significantly different
from that in the normotensive group as a whole.
Mild hypertension-In contrast to the normotensive subjects there

was a significant fall in mean blood pressure in subjects with mild
hypertension when the sodium intake was reduced (8 0 A14 mm Hg,
p - 0-002). The percentage fall in blood pressure was also significantly
greater than in the normotensive group. The ratio (AMAP:AUNaV)
was 0 03 0 006, which was significantly greater than the ratio in
normal subjects. The increase in plasma renin activity and aldo-

TABLE I-Mean f SE blood pressure, pulse rate, urinary sodium and potassium
excretion, wveight, and plasma hormones of hypertensive and normotensive
subjects on the last day of normal diet

Normotensive Patients with Patients with
subjects mild essential severe

hypertension hypertension

Systolic blood pressure 119k 2 161 2 187-i 3
(mm Hg)

Diastolic blood pressure 75 2 102 1 118 2
(mm Hg)

Pulse rate-min 75 2 77 2 76 1
Weight (kg) 71 -2 74 2 75 2
Urinary sodium 168 10 145 8 153 8
(mmol 24)

Urinary potassium 70 5 1-4 3 62-0 2 6 58-6 3 2
(mmol 24)

Plasma renin activity 2 14 -: 32 0-93 -011 0-81 0-12
(ng ml/h) (sitting)

Plasma aldosterone 488 51 417 -51 476 41
(pmol 1) (sitting)

Plasma volume (1) 2-78 - 0-09 2-75 -± -08

sterone concentration was significantly less (p=0 002) than that in
the normotensive subjects (table II).

Severe hypertension-In patients with severe hypertension the fall
in .arterial pressure on reducing sodium intake was significantly
greater than in the group with mild hypertension when calculated as
absolute fall, percentage fall, or fall in blood pressure divided by fall
in urinary sodium excretion. The change in mean arterial pressure
from the high to the low sodium diet was 14-7±1-4 mm Hg, and
±MAP:AUNaV was 0-106±0-023. The rise in plasma renin activity
and aldosterone concentration on changing from high- to low-
sodium diets was significantly smaller than in the other two groups.
Urinary sodium excretion on the high-sodium diet was lower in
this group than in the other two groups, but it was not significantly
different on the low-sodium diet. The absolute levels of plasma
renin activity and aldosterone concentration on low-sodium diet
were significantly lower in the group with severe hypertension
than in the group with mild hypertension.

All subjects-Using the ratio AMAP :AUNaV from a high to a
low sodium intake as an index of the sensitivity of the arterial pressure
to a reduction in sodium intake we correlated this ratio, using the
non-parametric Spearman correlation coefficient, with a number of
other variables. The figure shows that there was a highly significant
correlation between the ratio and systolic blood pressure measured
supine on the last day of the normal diet (an index of the severity of
hypertension) (r=047, n=105, p<0001). There was no significant
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The relation between the ratio of the fall in mean arterial pressure from
high to low sodium intake to the fall in 24-hour urinary sodium excretion
and the supine systolic blood pressure on normal sodium intake in all
subjects.

TABLE II-Mean X SE of supine blood pressure, pulse rate, 24-hour urinary sodium and potassium excretion, weight, plasma renin activity, aldosterone concentration
and volume duiring high sodiuim and lozu sodium intake in patients with mild and severe hypertension and in normotensive subjects. Arefers to the difference between each
variable comparing levels on high- and low-sodium diets

Normotensive subjects Patients with mild hypertension Patients with severe hypertension
High sodium Low sodium A High sodium Low sodium A High sodium Low sodium A

Systolicbloodpressure 119-3 2-8 116-4 2-8 3-1 2-0 160-2±24 146-4 2-5 13-8 ±19 1892331 165-8±3-0 235±26(mm Hg)
Diastolic blood pressure 75-4: 17 75 9 ±21 -0 5 z 2.0 101 2- 1 2 96 2 +14 5 1 -14 119 6 ±1 7 109 3 ±1 8 10 3 ±115(mm Hg)
Pulserate min 74-6 2-8 76-4 2 6 1-8 2-5 78-0±1-5 77 7 1-5 0-3+±15 78-6±1-8 79-9±2 0 -1 3±1 8
24-hoururinarysodium 310 14 15:2 294 15 293±15 19±-2 274±15 244±20 22±3 222±19(mmol)
24-hour urinarypotassiucn 71-0 4-9 61-7 L39 8-2 tj5 4 62-7±2-7 48-9 4-2-6 14-1±2-9 56 0±31 445±1-7 110±3 0(mmol)
Weight (kg) 70-9 :1-9 69-0 : 1-8 2 38± 0 18 74-1±2-4 719±2 3 2-14±0-15 75-3±1-9 73-4±1-9 1 83± 13
Plasma volume (1) 2-89±0-09 2 -6 0-08 0-28 0-04 2-78 ±0-07 2-62 ±0-07 0-19 ±0 06
Plasma renin activity 0-65 :011 5-71 :061 -4 79m 054 0 49 :t 0-07 3-09 ±0-42 -2 6±042 0 5±0 09 2-0 ±0-32 -1 5±0 3(ng/ml -h)
Plasmaaldosterone 257 121 1480±146 -1223 P136 271 ±44 901-.+110 -630±115 356±32 728±85 -356±91AMAP:A Urinary sodium 0 004 0 006 0-03 ±0-006 0-106 ±0-023
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correlation between the ratio AMAP:AUNaV and age in either the
normal or the hypertensive groups. This ratio was significantly
correlated with the rise in plasma renin activity on changing from
high- to low-sodium diets (r = - 049, n = 98, p < 0 001) and the
rise in plasma aldosterone concentration (r = - 047, n = 68, p <
0 001) but not with the fall in weight (r = -009, n= 100, p = NS)
or the fall in plasma volume (r= -0-13, n=69, p=NS). Although
the black hypertensive subjects had a larger fall in blood pressure
on reduction of sodium intake than white hypertensive subjects
the significant relation between level of blood pressure and
AMAP :AUNaV was present in white subjects alone. The blood
pressure response to reduction of sodium intake was similar in men
and women.

Potassium intake-Daily urinary potassium excretion on normal
diet was significantly higher in normotensive subjects compared
with hypertensive subjects (table I). A significant inverse correlation
was obtained for all subjects between level of supine systolic blood
pressure on normal diet and 24-hour urinary potassium excretion
(r= -0 25, n= 101, p < 0 01). The change in potassium excretion from
high to low sodium diet was not significantly correlated with the
AMAP:AUNaV (r= -0-13, p=NS).

Discussion

Our results show that on reducing sodium intake blood
pressure fell significantly in patients with essential hypertension
but not in normotensive subjects. The small change in blood
pressure we have observed in normal subjects is similar to
those recently reported.3-5 There have been few published
reports, however, concerning the relation between arterial
pressure and urinary sodium excretion in both hypertensive
and normotensive subjects. Fujita et a18 studied "salt-sensitive"
and "non-salt-sensitive" hypertensive patients using an ar-
bitrary cut-off point to define their non-salt-sensitive patients,
rather than using normotensive controls. Recently a preliminary
report13 has shown that a higher proportion of "borderline"
hypertensive patients than of normal controls had a blood
pressure rise in response to an acute increase in sodium intake.
Only 19 patients were studied, however.
The relation between blood pressure and sodium intake in

hypertensive subjects may not be linear. Increasing the sodium
intake from the normal-sodium diet to a high-sodium diet
caused only a small rise in blood pressure, whereas reducing
the sodium intake from a high- to a low-sodium diet produced
a fall in blood pressure similar to that which occurred with a
reduction in the sodium intake from a normal- to a low-sodium
diet. This project, however, was designed specifically to ob-
serve the changes that occurred from a high- to a low-sodium
diet. Therefore we analysed our results comparing levels on a
high- and a low-sodium intake. When the results obtained on a
normal- and a low-sodium diet are compared the differences
between hypertensive and normotensive subjects are even
greater than those discussed here.

In the patients with severe hypertension the urinary sodium
excretion on the high-sodium diet was significantly less than
that in the patients with mild hypertension. This may have
been due to incomplete compliance, though all three groups
were treated alike. It may have been due to a decreased appetite
for sodium in patients with severe hypertension, as has been
suggested by Schecter et al.14 Another possibility is that sodium
is not so well absorbed from the gut in patients who have
low plasma renin activities and perhaps associated high
concentrations of a circulating sodium transport inhibitor.
The changes in weight and plasma volume do not support the
suggestion that sodium was retained, but this could be definitely
excluded only by performing accurate sodium balance studies.

It has been suggested that deficient sodium excretion may
play a part in the pathogenesis of hypertension.9 If this were
true, alteration of sodium intake would cause a significant
change in blood pressure. We have shown that reducing sodium
intake from a large amount to a small amount produces a
significantly greater fall (both in absolute and percentage
terms) in arterial pressure in patients with severe hypertension

than in patients whose hypertension was not so severe. Further-
more, the fall in arterial pressure on reducing the intake of
sodium is significantly correlated with severity of hypertension.
This suggests that the height of the blood pressure might
determine the extent of the fall in pressure which occurs when the
sodium intake is reduced. For instance, the high blood pressure
may damage or accentuate the kidney's inability to excrete
sodium. This renal defect may be intrinsic to the kidney or
extrinsic (entailing hormones which increase or decrease
urinary sodium excretion). Hypertension changes kidney
function in ways that favour maintenance of hypertension, as
shown by the observations that renal vascular resistance
increases with time in hypertensive patients'5 and that relative
renal retention of sodium and potassium occurs in hypertensive
patients after exercise stress, a finding not observed in normo-
tensive subjects."' 17 Partial or totally irreversible changes in
renal function induced by hypertension could perpetuate the
hypertension.
The changes of blood pressure reported here may be ex-

plicable by abnormalities in other pressure control mechanisms.
The correlation analysis suggests that some of the variability
in the pressure changes that occurred on alteration of sodium
intake can be explained by the severity of the patient's blood
pressure and by suppression of the renin-angiotensin-aldosterone
system. Patients with low-renin hypertension have significantly
higher blood pressure than patients with normal or high renin,'9
as observed in this project. Blood pressure is sensitive to volume
changes in patients with low-renin hypertension.'8 Therefore,
part of the explanation for our results may be that the decreased
responsiveness of the renin system to the decrease in sodium
intake in the hypertensive subjects prevented the normal
compensatory increase in angiotensin II and aldosterone.
Recently Dahl's hypothesis that a saluretic substance may be
responsible for a sustained rise in arterial pressure has been
extended to essential hypertension.20 High concentrations of
circulating sodium transport inhibitor, in the presence of low
levels of plasma renin activity, have already been observed in
essential hypertension.2" A change in sodium intake and conse-
quent change in fluid volume, may decrease the concentration
of circulating sodium transport inhibitor and consequently
blood pressure may fall. As yet we have no evidence to confirm
or refute this suggestion. Patients with the greatest pressure
sensitivity to a change in sodium intake may have the least
changes in plasma catecholamine concentrations8 or the greatest
change in vascular reactivity to catecholamines. Again we have
no evidence in favour or against this proposition. It is interesting
that Fujita et a18 have suggested that the greater increase in
blood pressure in their salt-sensitive patients with sodium
loading may be attributed to greater sodium retention, leading
in turn to an increase in cardiac output. Our results do not
support this suggestion because the changes in plasma volume
which we observed were not correlated with the change in
blood pressure.
Normally therefore blood pressure changes little after a

decrease in sodium intake, but in essential hypertension a
significant depressor response may follow. This pressure
sensitivity to a change in sodium intake is partly caused by
some change either produced by or associated with the
hypertension itself. A decreased responsiveness of the renin-
angiotensin-aldosterone system may partly account for the
results observed in the subjects with essential hypertension.

These studies were supported by the Medical Research Council,
The Wellcome Trust and the National Kidney Research Fund. We
thank Dr A P Roberts and Professor H E de Wardener for their
advice during preparation of the manuscript.
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Poor sensitivity of multiple-gated blood-pool imaging in
diagnosing left ventricular aneurysms

A P ALLEN, I PEART, D N TAYLOR, B R CONDON, B C OGILVIE, J W FRANK, H SUTTON,
D M ACKERY

Abstract

A study was carried out to determine the accuracy of
multiple-gated blood-pool imaging in diagnosing left
ventricular aneurysm. Fifteen patients with an aneurysm
and 17 with left ventricular hypokinesia were studied by
contrast ventriculography and multiple-gated blood-pool
imaging. The results of blood-pool imaging were exam-
ined blind by five independent observers, the results of
contrast ventriculography being used as the standard.
The mean sensitivity of the procedure was 56%, the speci-
ficity 61%, and diagnostic accuracy 59%.
These results indicate that contrast ventriculography

remains the best method for diagnosing left ventricular
aneurysms. Moreover, ventriculography provides addi-
tional information-for example, on wall thickness-not
provided by multiple-gated blood-pool imaging.
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Introduction

Ischaemic heart disease may be associated with global left ven-
tricular hypokinesia (left ventricular "bag") or localised impair-
ment of motion of the ventricular wall (an aneurysm). Differentia-
tion between these two conditions is important as a patient with
an aneurysm may benefit from cardiac surgery. Such differentia-
tion cannot be done clinically,'l 2 and at present contract ventricu-
lography performed at cardiac catheterisation is the only method
that will reliably distinguish the two conditions. This procedure
has a small but important morbidity and mortality, so in recent
years non-invasive radionuclide techniques have been ex-
amined as altematives. It is important to determine whether
radionuclide dynamic imaging is as successful as conventional
contrast ventriculography in distinguishing between left ven-
tricular aneurysms and left ventricular bags. This study was
designed to evaluate the use of equilibrium radionuclide blood-
pool imaging in making this distinction.

Patients, methods, and results

Thirty-two patients underwent contrast ventriculography in the
right anterior oblique position and multiple-gated blood-pool imaging
in both the right and left anterior oblique positions. Only patients with
either an aneurysm (15) or a left ventricular bag (17) were included.
In each case the result of multiple-gated blood-pool imaging was
examined by five independent observers (with no knowledge of the
result of contrast ventriculography) and classified as "aneurysm" or
"not aneurysm." An aneurysm was defined as a region of akinesia or
dyskinesia with good function in the remainder of the left ventricle.
Diagnostic accuracy was defined as the percentage of patients correctly
identified using contrast ventriculography as the standard. The table
shows the results of the study for each observer.
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