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CLINICAL RESEARCH

Dietary sodium and arterial blood pressure: evidence against
genetic susceptibility
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EVELYN THOMAS, PAM WALTON

Abstract

Thirty five subjects with both parents in the top third of their age
specific blood pressure distributions and 31 subjects with both
parents in the bottom third of their blood pressure distributions
restricted their intake of sodium for eight weeks while taking part
in a double blind, randomised crossover trial of supplements of
sodium and placebo. A comparison of two periods of four weeks
at different intakes of sodium showed no differences in blood
pressure in either the groups as a whole or the subgroups who
complied best with the diet and tablets. In the compliant
subgroups mean urinary sodium excretions were above
120 mmol(mEq) and below 50 mmol/day.
The study provides evidence against the hypothesis that

people with a family history of high blood pressure are more

susceptible in their blood pressure response to dietary sodium.

Introduction

One explanation for the failure to show a consistent association
between dietary sodium and arterial pressure within single popula-
tions is that people vary in their genetic susceptibility to dietary
sodium. 2 The evidence supporting this explanation is based mostly
on comparisons of handling sodium by cells and organs in young
persons with and without a family history of high blood pressure.3-10
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Few studies have included data on sodium intake." 12 We set out to
investigate within a single population whether the contrasting
predispositions to high blood pressure of offspring with and without
a family history could be explained by variation in susceptibility to
dietary sodium.

In our first study, comparing 116 offspring with parents either
both from the top (high/high) or both from the bottom (low/low) of
the blood pressure distribution in their five year age group,
high/high offspring had significantly higher systolic blood pressures
than low/low offspring, but there was no significant difference in
body weight, plasma renin activity, or 24 hour excretion of urinary
electrolytes or creatinine." Both groups had high sodium intakes,
however, and the results did not exclude the hypothesis that
high/high offspring are more susceptible than low/low offspring to
high sodium intake. To test this hypothesis directly we conducted
an experiment in both groups of offspring, comparing blood
pressure at two levels of sodium intake sustained over four weeks.
Ideally these levels would be below 50 mmol(mEq) and above
120 mmol/day, corresponding with sodium intakes associated
with a low and high prevalence of hypertension in different
populations. 14-16

Subjects and methods
A detailed description of the sampling method has been published." The

base population consisted of 1069 adults aged 25-69, representing the entire
population in this age range of the mining village of Glyncorrwg in south
Wales, an area with high stroke and coronary mortality. These adults had
all had their blood pressure measured on at least one but usually several
occasions during the previous five years as part of a community blood
pressure control programme. " Ninety one patients were receiving hypo-
tensive treatment for diastolic pressures sustained above 104 mm Hg (mean
of three measurements, diastolic phase V; changed to 99 mm Hg in 1981).

Marriages were identified between spouses either both from the top
(high/high) or both from the bottom (low/low) third of the blood pressure
distribution in their five year age group; treated hypertensive patients being
added to the top of their age-sex distribution. There were 73 such marriages,
including 32 low/low and 35 high/high families, with 170 offspring aged 10
or over and related to both parents. Of these offspring, 129 lived locally.
As parents had been classified on the basis of routine data from the health

centre their blood pressure was measured again six times under standard
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conditions. These data confirmed the large difference in blood pressure
(about 40/20 mmHg) between groups of parents selected in this way.
High/high parents were also heavier.6

For practical reasons we decided to confine the second study, with one
exception, to the 98 offspring (44 low/low, 54 high/high) who lived locally
and had complied with the first study. Recruitment stopped when all the
low/low offspring had been approached and the number of compliant
high/high offspring was sufficient for the statistical requirements of the
study. In all 84 were approached, 75 agreed to take part, and 66 completed
the study. The group that completed the study comprised 31 low/low
offspring (14 men, 17 women, mean age 22-7 years) and 35 high/high
offspring (13 men, 22 women, mean age 22-3 years).

All offspring were asked to restrict their sodium intake for eight weeks
while taking part in a double blind, randomised crossover trial of
supplements of sodium and placebo. Participants were asked not to add salt
to their food, to use as little salt as possible in cooking, and to avoid salty
foods. There were no other dietary restrictions or advice. Each household
was given a shopping guide, a list of local recipes adapted for low sodium
cooking, and a wall poster indicating, for each meal of the day, which foods
should be avoided, taken in moderation, or eaten freely. In addition, each
participant was provided with about £12 worth of foodstuffs weekly,
including fruit, vegetables, low sodium bread, salt free butter, and a range of
low sodium foodstuffs prepared by the research team. All participants were
asked to carry on with their usual activities during the study. A special effort
was made to anticipate and provide for the problems that they might have
with sodium restriction at home, at school, at work, or on social occasions.
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The crossover design is statistically powerful, and comparing four weeks
with slow sodium with four weeks on placebo, with 18 people having two
measurements ofblood pressure a week, the study would have a 900/o chance
of detecting a true 3 mmHg difference in mean arterial pressure (diastolic
and one third pulse pressure) in either direction using a paired t test at the 5%
level of significance. Estimates of the mean differences in blood pressure and
other variables were obtained for the first and second four week periods and
assessed for order effects before the effects of treatment were compared
between the periods with slow sodium and placebo.

Ethical approval for the study was obtained from both the Glyncorrwg
Health Centre patients' committee and the joint ethics committee, West
Glamorgan Area Health Authority.

Results
The tables give data on all offspring who completed the study (completers)

and those adjudged to have complied best with the diet and the tablets
(compliers). Two arbitrary criteria of compliance were chosen before
looking at the data on blood pressure. They were a mean 24 hour urinary
sodium excretion below 100 mmol during the period on placebo, indicating
compliance with the diet, and a difference of at least 40 mmol in mean
24 hour urinary sodium excretion between the two periods of the study,
indicating compliance with the tablets.

Baseline measurements showed the same findings in relation to blood

TABLE I-Mean (SD) baseline measurements

High/high Low/low

Compliers (n=26) Completers (n=35) Compliers (n= 16) Completers (n=31)

Systolicbloodpressure(mm Hg) 113-0(13 2) 1131 (13 3) 108-6 (9-0) 108l8(11-5)
Diastolicbloodpressure(mm Hg) 63-9(11-5) 65-2(11-2) 60 9 (7-7) 61-9 (9-5)
Meanartenal bloodpressure(mm Hg) 80-2 (11 3) 81-1(11-1) 76-6 (7-0) 77-5 (8-8)
Weight(kg) 62-5(15 8) 64-3(16-7) 61-3(12-7) 64-9(14-5)
24hoursodiumexcretion(mmol) 127-1 (55-1) 129-7(55-3) 1401 (60-2) 1511 (636)
24 hour potassium excretion (mmol) 54-9 (16-5) 53-8 (18-9) 56-7 (19-5) 60 0 (18-3)

Participants were allocated at random to four weeks ofslow sodium tablets
(10 mmol sodium/tablet) (Ciba) followed by four weeks of slow sodium
placebo tablets (Ciba) or vice versa, with a fixed dose of eight tablets a day.
The statistician randomised and labelled the containers of the tablets
without calling on the research team at Glyncorrwg. The design of the study
was carefully explained to each participant, but they did not know the
number or timing of changeovers of tablets.

Blood pressure and weight were measured at 10 weekly afternoon clinics
at the health centre, the first two clinics being used to establish baseline data.
Each participant was seen on the same day of the week at the same time of
day. Measurements of blood pressure were taken by three experienced
Medical Research Council fieldworkers, who used random zero sphygmo-
manometers and large cuffs for obese arms. Blood pressure was measured
twice in the left arm in the seated position after five minutes' rest.
Recordings were taken to the nearest even number, diastolic phase V.
Offspring started a 24 hour collection of urine with the second void on the
day of their attendance at the clinic and completed it with the first void on the
following day. Fourteen specimens of urine were omitted from analyses on
account of admitted incompleteness. Urinary sodium and potassium
concentrations were measured at the biochemistry department, Neath
General Hospital. A 20% random sample of specimens of urine was sent for
duplicate analyses at the university department of biochemistry, Glasgow
Royal Infirmary. No significant differences were observed between
laboratories.
None of the offspring who completed the study was receiving hypotensive

drugs or any drug that might interfere with the balance of sodium. One
low/low and five high/high women were taking the contraceptive pill. No
offspring had clinical evidence of cardiovascular, cerebrovascular, or renal
disease.

Fieldwork took place in four stages between autumn 1982 and winter
1983. An attempt was made to balance the number of high/high and low/low
offspring in each stage, but the final group had a preponderance of low/low
offspring. Before fieldwork began an exercise was undertaken to compare
readings of blood pressure obtained by the three observers. Fifteen subjects
had their blood pressure measured by each of the observers in a random
order. This showed close agreement between observers, with no two
observers differing by more than 1 mm Hg for the mean of all measurements
taken.

pressure, body weight, and urinary electrolyte excretion as had been
observed with larger numbers in the first study (table I). Among the low/low
and high/high offspring who completed the study there were no significant
differences in blood pressure, body weight, urinary volume, or urinary
electrolyte excretion between the baseline period and the first and second
four weeks (table II).

For the low/low offspring who completed the study mean 24 hour urinary
sodium excretion was 68 mmol during the period on placebo (table III).
There was a 60 mmol difference in sodium excretion between the two
periods of the study but no significant difference in blood pressure, body
weight, or urinary potassium excretion. For the high/high offspring who
completed the study mean 24 hour urinary sodium excretion was 56 mmol
during the period on placebo. There was a 74 mmol difference in sodium
intake between the two periods of the study but no significant difference in
blood pressure, body weight, or urinary potassium excretion.
Of the 66 offspring who completed the study, 15 low/low and nine

high/high offspring were non-compliant: eight with diet, 14 with the tablets,
and two with both diet and tablets. Offspring who did not comply with the
diet were heavier (mean 82 0 kg) and had higher sodium intakes at the outset
(mean 204 mmol). Many of them, in fact, achieved large reductions from
their usual sodium intake. There were no obvious differences between
offspring who complied with the tablets and those who did not.

In the low/low group 11 of those randomised to slow sodium first were
later found to be non-compliant, compared with four of those randomised to
placebo first. As a result the low/low compliant group contained a
preponderance of those randomised to placebo first, which explains the
increase in sodium excretion in the second four weeks in this group (table II).
The other variables showed relatively small differences, suggesting that the
analysis was not invalidated by the imbalance. For the 16 compliant low/low
offspring, (six men, 10 women, mean age 23-9 years) mean 24 hour urinary
sodium excretion was 49 mmol during the period with placebo (table III).
There was a difference of 77 mmol in urinary sodium excretion between the
two periods of the study but no significant difference in blood pressure, body
weight, or 24 hour urinary potassium excretion. The 95% confidence
interval for the difference in mean arterial pressure during the period with
placebo ranged from 1-8 mm Hg lower to 2-6 mm Hg higher.

For the 26 high/high compliant offspring (10 men, 16 women, mean age
21 0 years) mean 24 hour urinary sodium excretion was 43 mmol during the
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TABLE II-Effects oforder of treatment, with estimated standard errors of differences

Low/low offspring High/high offspring

Completers (n= 31) Compliers (n= 16) Completers (n= 35) Compliers (n 26)

Weeks Weeks SE of Weeks Weeks SE of Weeks Weeks SE of Weeks Weeks SE of
1-4 5-8 difference 1-4 5-8 difference 1-4 5-8 difference 1-4 5-8 difference

Systolicbloodpressure(mmHg) 110-0 111.0 0-8 108 2 109 6 1-2 113-2 112-6 0-8 113-5 112-5 1.0
Diastolicbloodpressure(mmHg) 64-1 64-5 0-9 62-2 61 8 1-3 63-7 64-1 1-0 62-6 62-5 1-2
Meanarterialbloodpressure(mmHg) 79-4 80-0 0-7 77-5 77-7 1-0 80 2 80-2 0-7 79-6 79-2 0-9
Weight (kg) 64-3 64-2 0-2 60 8 60 6 0-26 63-8 63-5 0-15 62-1 61 6 0 14*
24hoursodiumexcretion(mmol) 88-9 108-0 120 694 1052 18-2 957 91.1 145 902 78-4 17-9
24hourpotassiumexcretion(mmol) 63-4 63-1 2 5 67-5 64-2 3-7 60-2 56-7 2-4 61-2 57 3 3 0

*p<-OOl.

TABLE III-Effects oftreatment, with estimated standard errors ofdifferences

Low/low offspring High/high offspring

Completers (n 31) Compliers (n= 16) Completers (n-35) Compliers (n-26)

Slow Slow Slow Slow
release SE of release SE of release SE of release SE of
sodium Placebo difference sodium Placebo difference sodium Placebo difference sodium Placebo difference

Systolicbloodpressure(mmHg) 1107 110-2 0-82 109-8 108-0 1-16 113-6 112-2 0-74 113-8 112-2 0-93
Diastolic blood pressure (mm Hg) 63-6 65-0 0-90 61-3 62-8 1-23 63-3 64-5 0-93 61 8 63-3 1-1
Mean arterial blood pressure(mm Hg) 793 801 073 774 77-8 101 80-1 80-4 074 79-1 79-6 091
Weight(kg) 64-3 64-2 0-20 60-8 60 6 0-26 63-8 63 5 0 16 619 61 8 0-16
24hoursodiumexcretion(mmol) 128-4 68-4 6-0 125-6 49 0 5-2 130-6 56 3 7-0 126-1 42-8 6-9
24hourpotassiumexcretion(mmol) 63 5 62-9 2-5 65-6 66-0 3-8 61 3 55 6 2-3* 63-2 55-3 2-7**

*p<O-05; **p<0-01.

period with placebo (table III). There was an 84 mmol difference in urinary
sodium excretion between the two periods of the study but no significant
difference in blood pressure or body weight. Urinary potassium excretion
was 8 mmol lower during the period with the placebo (p<O0Ol). The 95%
confidence interval for the difference in mean arterial pressure during the
period with placebo ranged from 1-4mm Hg lower to 2-4 mm Hg higher.
Comparison of the fourth week with placebo with the fourth week with

slow sodium showed no significant difference in mean arterial pressure in the
low/low group (78-6 v 78 7 mm Hg). In the high/high group mean arterial
pressure was 1-7 mm Hg higher during the period with low sodium intake.
This was not significant.

Discussion

Population based studies at Tecumseh, Michigan,'920 have shown
that when young people are selected on the basis of their parents'
blood pressures the contrast in predisposition to the development of
high blood pressure is greatest when parents belong either both to
the top or both to the bottom of their age and sex specific blood
pressure distribution.2' To obtain sufficient numbers of offspring
our studies were based on thirds of the blood pressure distributions
of the parents, with each high/high and low/low group representing
about 11% of offspring in the population.

In our first study 62 high/high offspring had significantly higher
systolic blood pressures than 54 low/low offspring.'3 Body weight
and sodium and potassium excretion were similar in both groups.
Within the high/high group an analysis of the regression of systolic
pressure on sodium excretion, based on six blood pressure measure-
ments and seven 24 hour urine collections per person, showed a

negative association (-0-062 (SE 0-025)). A weakness of this
analysis, and of other, smaller regression studies reporting a positive
association between blood pressure and urinary sodium excre-
tion," 12 iS that each subject is observed at one, usually high, level of
intake recorded over a short period of time. In this study we were
able to compare blood pressure in each subject at two levels of
sodium intake, each sustained over four weeks. The principal
advantage of the double blind, randomised crossover design is that
the effect of this change in sodium intake can be interpreted
independently of the many confounding factors that operate in open
studies of sodium restriction. On a practical note, it also allows

randomisation to different sodium intakes of subjects living in the
same household.
The study was concerned primarily with the effect of changes in

sodium intake rather than their feasibility. Low sodium foodstuffs
were provided, therefore, in association with intensive support
and encouragement. In these special circumstances, and with
participants who had proved their willingness by providing seven
consecutive 24 hour specimens of urine, 56 of the 66 offspring who
completed the study achieved sodium intakes below 100 mmol/day
during the period with placebo (33 below 50 mmol/day). The
greater non-compliance with the diet and tablets in the low/low
group is probably explained by the need to approach a greater
proportion of them, as there were fewer low/low (n=74) than
high/high offspring (n=96) in the original population. In both
groups the number ofcompliant offspring was about a quarter ofthe
total.
The results show no difference in blood pressure between the two

periods of the trial in either group of offspring, whether the analyses
are based on whole groups or compliant subgroups. Although mean
blood pressure (diastolic and one third pulse pressure) did not
change, it was interesting that systolic pressure fell and diastolic
pressure rose non-significantly in both groups during the period on
placebo.
A potential confounding factor is the fall in potassium excretion

during the period with placebo in the compliant high/high off-
spring. The reduction, however, was only 8 mmol. As much larger
differences in potassium intake are required to produce very small
changes in blood pressure in young people2 we think it unlikely that
interpretation of the effect of the 84 mmol difference in sodium
excretion is confounded by this observation.
A consequence of having small numbers ofoffspring available for

the study was the fairly large age range, from 1142 years, mean 22.
To investigate the effect of age the data from the 26 compliant
high/high offspring were reanalysed in two subgroups with ages
above and below the median (mean ages 29-2 and 12-9 years). No
differences in mean arterial pressure between the periods with slow
sodium and placebo were observed in either the older (88-2 v
88-0 mm Hg) or younger (70-1 v 71-3 mm Hg) high/high offspring.
Although the main analyses are based on the mean of data on

blood pressure collected weekly during the two four week periods of
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the study, comparison of blood pressures measured during the
fourth week of both periods also shows no significant differences in
blood pressure in either group. There is no suggestion from these
data that a fall in blood pressure was becoming apparent by the
fourth week with placebo.
The study provides no direct evidence of the long term effect of

low sodium intake, but the results can be interpreted to some extent
in relation to this question. Allowing for the greater acceptability of
gradual adaptation to lower sodium intake, we consider it unlikely,
on the basis of our experience, that intakes below 50 mmol/day
could be maintained for long except by strongly motivated subjects.
Although it can be argued that a longer study might have shown an
effect on blood pressure, the argument is weakened by the
probability that maintenance of the required level of sodium intake
is an impracticable goal in developed countries, except in the special
circumstances of a research study or during infant feeding. 3 By way
of contrast short term randomised controlled trials of the effect of
reducing intakes of fat,24 alcohol,26 and meat26 have showed reduc-
tions in the blood pressures of normotensive subjects.

These results will perhaps be compared with those of Skrabal et
al,27 who studied 62 medical students aged 20-25 for two weeks on
their usual diet and two weeks on a low sodium diet; the low sodium
diet was provided by a hospital dietetic kitchen. In 28 subjects with
a reported family history of hypertension mean arterial blood
pressure fell by 3 3 mm Hg during the period of low sodium intake,
compared with a fall of 0-7 mm Hg in 34 subjects without such a
history. The difference between these results and ours may partly be
explained by the greater change of sodium intake in the study of
Skrabal et al from 199 to 36 mmol/day. In view of the open design
and the possible effects of other dietary changes, however, this
study cannot be interpreted solely on the basis of a change in sodium
intake.
These studies, based on complete ascertainment of blood

pressures in a single population, careful sampling of positive and
negative family histories, characterisation of sodium intakes by
seven consecutive 24 hour collections of urine, and comparison,
using a double blind, randomised controlled crossover design, of
blood pressures during two four week periods with mean sodium
intakes below 50 mmol and above 120 mmol/day, provide a direct
test of the hypothesis that subjects vary in their blood pressure
response to dietary sodium.
The finding of no association between dietary sodium and blood

pressure in either group of offspring provides a strong rebuttal to
previous studies, with shorter duration and less rigorous design,
which have suggested that offspring with a family history of high
blood pressure are more susceptible to dietary sodium. The study
does not disprove the hypothesis of susceptibility. It did not
investigate the long term effect oflowering sodium intake, the effect
in younger93 and older persons,28 29 or the effect ofchanges in sodium
intake outwith the range 50-120 mmol/day. Nor does it exclude the
possibility that other subgroups may be susceptible to high sodium
intake-for example, young persons with high age and sex specific
blood pressure levels irrespective of their family history.
More important than these theoretical possibilities, however, are

several practical issues. What matters is not whether there is a causal
relation between dietary sodium and blood pressure but whether the
relation, if it exists, can provide a worthwhile basis for prevention.
If the association is weak, or only evident at sodium intakes that are
difficult to achieve, as suggested by these studies, reduction in
sodium intake below 120 mmol/day may make only a marginal
contribution to the prevention of high blood pressure.
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100 YEARS AGO

At a recent meeting of the Academie de Medecine, M. Tarnier showed two
infants that had been artificially reared in his service at the Maternity
Hospital. The couveuse, or hatching-machine, is kept at a temperature of 30°
and 390 Centigrade (930 and 980 Fahr.). The more the birth is premature, the
higher is the degree of temperature maintained. Since last October, M.
Tarnier has fed these artificially reared infants by a method known as gavage.
An India-rubber bougie, with a glass capsule fitted on to it, is introduced into
the infant's stomach; the milk is then poured down, and the bougie is
withdrawn the moment the food reaches the stomach, in order to prevent
regurgitation. After testing different forms of food, Mr. Tarnier believes
human milk to be the best, but a very small quantity is sufficient; otherwise,
the babes have acute edema, resulting from over nutrition. The two
children shown at the meeting ofthe Academie were born at the sixth month;
one weighed 1,020 grammes at time of birth; its weight afterwards fell to 850
grammes, and subsequently reached 955. It was artificially fed every hour
with at first eight grammes of human milk; the fourth day after birth, 16
grammes were given to it, and shortly afterwards it was made to suckle at the
breast. It was six weeks old when exhibited, and in excellent health. The
second example was two months old, and weighed 1,500 grammes. (British
Medicaljoumnal 1885-ii:405.)
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