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SUMMARY Blood pressure, pulse rate, body weight, and height were measured on two occasions in
the inhabitants of a random 10% sample of households in a Belgian village. Twenty-four-hour
urinary excretion of creatinine, sodium, and potassium was also determined. In subjects over the
age of 19 there was a significant correlation for both systolic and diastolic pressure with age and
body weight and, in women, also with pulse rate. After adjusting for these three variables, the
systolic blood pressure in men was negatively correlated with the daily urinary potassium excretion,
and the diastolic blood pressure in women negatively with the urinary sodium: creatinine ratio.
The present data, obtained within one society, do not support a role for dietary sodium in the

distribution of blood pressure within this population. Comparison of the present results with data
from other countries does not refute the salt-genetic hypothesis but suggests also that a high
potassium intake may lower blood pressure.

According to the salt-genetic hypothesis an excessive
salt intake in genetically susceptible individuals may
lead to an increase in blood pressure and eventually
to the development of hypertension. A positive
relationship between salt intake and blood pressure
has been demonstrated in rats.' In humans the
salt-genetic hypothesis has also received much
attention and has been discussed by Freis,2 Simpson,3
Swales,4 Joossens,5 and Amery et al.6

Isolated societies have been described"4 where the
sodium intake is low, and where blood pressure does
not increase with advancing age. It is not clear
whether these observations can be extrapolated to
Western societies. Food habits may be different in
relation not only to salt intake but also, for example,
to potassium intake and calorie consumption. Also,
genetic differences have to be considered. It is
therefore more relevant to study the relationship
between salt intake and blood pressure within
Western industrialised societies. The purpose of the
present study was to investigate this relationship in a
sample of a Belgian community, and to compare the

results with those obtained in Scotland, as reported
recently by Beevers et al.10

Material and methods

A village of 12 400 inhabitants was studied, a
random sample of 10% of the households identified,
and all members born before 1970 were invited to
participate in the present study. This report is
confined to the subjects born before 1960. After
excluding teenagers, and subjects who had recently
moved from the village, 694 people were eligible for
the study.
Each household was visited twice by trained

volunteers. The first home visit consisted of five
consecutive blood pressure readings in the sitting
position, followed by a pulse rate count and a
measurement of body weight and height. A
self-administered questionnaire and a bottle for a
24-hour. urine collection were given to each
participant. At the second visit, two to five weeks
later, the questionnaire and a recent 24-hour urine
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sample were collected and the measurements of
blood pressure, pulse rate, body weight, and height
were repeated. Disappearance of the Korotkoff
sounds (phase 5) was used as an indicator of the
diastolic blood pressure. The means of the 10 blood
pressure measurements and of the two
determinations of pulse rate, body weight, and height
were used to characterise each subject.

Results of blood pressure, pulse rate, and body
weight determinations were available in 480
subjects, and 24-hour urine samples in 468. The
response rate was therefore 69% and 67%
respectively. Of the 480 participants, 45 were taking
drugs known to reduce blood pressure; their mean
age was 59 + 2.1 years, and their blood pressure
144 + 3-0/81 ± 1.6 mm Hg. Fourteen were men
and 31 women. Their mean daily urinary sodium
excretion was 144 ± 8 9 mmol, and their potassium
excretion 61 ± 4.9 mmol. These subjects were
excluded from further analysis. Urinary creatinine
excretion was plotted against body weight for each
sex separately, and after excluding subjects who fell
outside the two standard deviations range, 410 urine
collections were left for the present analysis.
Blood pressure was correlated with the urine and

other measurements for both sexes separately, using
Pearson's correlation coefficients and significance
levels derived from 2-tailed tests. In order to
determine the independent effects of the
anthropometric and urine measurements, multiple
regression equations were calculated using the
stepwise (step-up) procedure, terminating when a
non-significant regression coefficient was entered.

Results

The general characteristics of the subjects are given
in Table 1. Fig. 1 shows the systolic and diastolic
blood pressure according to age in men and women,
and Fig. 2 the daily urinary sodium and potassium
excretion. Using first-order correlations, systolic and

Table 1 Results obtained for the male and female subjects
(mean values ± SEM)

Men Women

No. 233 202
Age (years) 41-0 + 0-94 40.4 ± 1-05
Systolic blood pressure (mm Hg) 133-1 + 0-88 128-2 ± 1-12
Diastolic blood pressure (mm Hg) 78-3 + 0-63 75-6 + 0-74
Pulse rate (beats/minute) 74-7 + 057 75.1 ± 0-60
Body weight (kg) 75-6 0-73 65-2 ± 0 97
Height (cm) 173-8 0-45 161-3 + 0.42
Urinary volume (I/day)' 1.40 ± 0-037 1-25 ± 0-039
Creatinine excretion (mmol/day) 15-9 + 0-29 11-6 0-24
Sodium excretion (mmolUday) 182-2 ± 4-62 148-4 ± 390
Potassium excretion (mmolUday) 70-0 + 1-57 60 5 1-30
Urinary sodium: creatinine ratio 11-7 ± 0-29 12-8 0-28
Urinary sodium: potassium ratio 2-9 + 0-08 2-5 0-06

'24-hour urine samples were analysed for 215 male and 195 female subjects.
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Fig. 1 Systolic and diastolic blood pressure
(mean ±standard error) according to age in males (A)
andfemales (0). The number ofsubjects in each age group
is given for both sexes.

diastolic blood pressure were significantly and
positively related to age and body weight in both
sexes and, in women, also to pulse rate (Table 2).
Systolic and diastolic blood pressure were not related
to the urinary excretion of sodium or potassium, nor
to the urinary sodium: creatinine and
sodium: potassium ratio in either sex (Table 2). The
use of a logarithmic transformation for the urinary
variables did not materially alter these correlation
coefficients.

Since several of the variables under consideration
were closely interrelated, a multiple regression
equation was calculated for systolic and diastolic
blood pressure in both sexes separately (Table 3).
The blood pressure was mainly related to age and
body weight. Systolic blood pressure was significantly
and positively related to pulse rate in women. In men
systolic blood pressure was significantly and
negatively related to urinary potassium excretion
(Table 3). The first-order correlation between
systolic blood pressure and potassium excretion was
not significant and equal to -0 11 (Table 2).
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Fig. 2 Daily urinary sodium and potassium excretion,

expressed in millimoles (mean ± standard error), according
to age in males (A) and females (0). The number of
subjects in each age group is given for both sexes.

However, after adjusting for age and weight, the
correlation was significant at the 0 1% level. As
24-hour urine collections are sometimes incorrect
(incomplete or collected for more than 24 hours)
urinary excretion of sodium was related to potassium
and creatinine excretion using the
sodium: potassium and sodium: creatinine ratio.
The daily sodium excretion and the
sodium: potassium ratio were not related to blood
pressure in the male and female sample. However, in

women diastolic blood pressure was negatively and
significantly related to the sodium: creatinine ratio,
after adjusting for age and body weight (Table 3).

Discussion

BLOOD PRESSURE
This report confirms the age-related changes in
systolic and diastolic blood pressure reported
previously in Belgium by Kesteloot et all' and
Demanet et al12 and also in Scotland by Hawthorne et
al. 13

Taking a diastolic blood pressure of 90 mm Hg or
more, Hawthorne et al13 found at primary screening
of subjects, aged 45 to 64, a 39X8% prevalence of
hypertension in a Scottish community. Using the
same criteria in our Belgian sample, we observed a

30X8% prevalence of hypertension, which was lower
(p <0.05) than in the Scottish population. It is not
known to what extent this was due to the use of
different measurement techniques or to the
conditions under which blood pressure was

measured. In the present study the blood pressures

were measured in the homes of the subjects, where
the atmosphere was possibly more relaxed, while the
Scottish investigators measured the blood pressure in
special examination centres.
Blood pressure readings were available in 69% of

the Belgian sample and in 79% of the Scottish. There
is no indication that increasing the response rate in
the present study would alter the results
substantially. Indeed, 46% of the present sample was
reached after a first contact, and after a second effort
an additional 23% was successfully approached. No
significant differences in blood pressure were

observed between those seen initially and those
contacted later.
The higher prevalence of hypertension in Scotland

than in Belgium is consistent with the one-third
excess of stroke mortality in Scotland compared with
Belgium in the 1970s."4

Table 2 First-order correlation coefficients between blood pressure and other variables

MEN WOMEN

SBP DBP SBP DBP

Age +0-32*** +0O30*** +0-51*** +0*64***
Body weight +0-2700 +0-34*** +0-42*** +0-46***
Pulse rate +0*17** +0-09 +0-23* +0-14*
Creatinine excretion -0-09 -0-02 +0-15* +0.06
Sodium excretion -0.05 +0 06 +0-07 -0-02
Potassium excretion -0-11 0 00 +0-07 +0-02
Urinary sodium: creatinine ratio +0-04 +0-07 -0-05 -0-10
Urinary sodium: potaasium ratio +0-05 +0-05 -0-01 -0-07

Significance of first-order correlation coefficients: p <0-05 Sep <0-01 ...p <0-001
SBP = Systolic blood pressure.
DBP = Diastolic blood pressure.
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Table 3 Partial regression coefficients between blood pressure and different variables in multiple regression analysis
MEN WOMEN

SBP DBP SBP DBP

Age +0-28*** +0-16*** +0-51*** +0-27***
Body weight +0-34*** +0-25** +0-28*** +0-27***
Pulse rate NS NS +0-36*** NS
Urinary creatinine NS NS +0-27* NS
Urinary sodium NS NS NS NS
Urinary potassium -0-13*** NS NS NS
Urinary Na creatinine ratio NS NS NS -0-32
Urinary Na: k ratio NS NS NS NS

Multiple correlation coefficient (R) 0-44 0-41 0-64 0-59
Constant 104-4 53-1 53-7 50 8

NS = not significant, and therefore not included in the multiple regression.
p <0-05 **p <0-01 ***p <0-001

Table 4 Comparison between Scotland (Beevers et al 198010) and Belgium (present study) for male and female
normotensives aged 45-64

MEN WOMEN

Scodand Beigium Scodand Belgium
No. 45 59 47 43
Urinary volume (1/day) 1-69 ± 0-082 1-50 ± 0-064 1-63 ± 0 077 1-44 ± 0-074
Creatinine excretion (mmol/day) 12-1 ± 0-51 15-4 + 0-51*** 9-7 ± 0-36 10-9 ± 0-42
Sodium excretion (mmol/day) 196 ± 9-2 191 ± 9-3 173 ± 7-8 147 ± 7 5
Potassium excretion (mmol/day) 47 ± 3-0 69 + 2-4000 46 ± 2-7 63 + 2-60**
Urinary sodium: potassium ratio 4-2t 2-8 + 0*11** 3-8t 2-4 ± 0*10**
Urinary sodium: creatinine ratio 16-2 ± 0-80 12-6 + 0-53*** 17-8 ± 0-72 13-5 + 0 520**
Urinary potassium: creatinine ratio 3-9t 4-6 + 0-15** 4-7t 5 9 + 0-21***

***p <0-001 **p <0-01 'p <0-05: significance of the difference between Scotland and Belgium (for each sex separately).
tVariance assumed to be the same as in the Belgian sample for the calculation of the statistical difference between both countries.

URINARY SODIUM AND POTASSIUM EXCRETION
The daily urinary sodium and potassium excretion
was used in this report as an index for-the sodium and
potassium intake.15
The present results can be compared with the data

from Scotland10 by restricting the sample to
untreated normotensive subjects (diastolic blood
pressure less than 90 mm Hg) aged 45 to 64. As
shown in Table 4, the potassium excretion was

significantly (p <0-001) higher in Belgium than in
Scotland for both sexes. Apart from a real difference
in the potassium intake this could also be due to
overcollection in Belgium or undercollection in
Scotland. However, the urine volumes were on

average lower in Belgian subjects of both sexes. Also
the potassium: creatinine ratios were significantly
higher in Belgium, the latter being less dependent on
the completeness of the urine collections.
By contrast, sodium excretion was significantly

lower in Belgian women and the sodium: creatinine
ratio was significantly lower for both sexes in
Belgium. Thus, the sodium: potassium ratios were
also significantly lower in Belgium.
SALT AND BLOOD PRESSURE
The present study and mos't other
investigations0 16-19 within a single society have

failed to detect a significant linear correlation
between blood pressure and urinary sodium
excretion.

Before accepting that these findings invalidate the
salt hypothesis, other possibilities should be
considered. It is possible that subjects with a high
blood pressure intentionally decrease their sodium
consumption. Furthermore, one single 24-hour urine
collection could be an inadequate index ofthe sodium
intake for an individual at that timeJ-22and does not
give any indication of his previous sodium intake.
Similarly, the blood pressure of a given individual
may be more accurately characterised by readings
taken over a longer period of time. In addition,
Western populations have a high average sodium
intake. If a positive association between sodium
consumption and blood pressure exists only below
some 'threshold', it is possible that this relationship is
therefore not observed in these Western societies.
Populations with a lower sodium intake may be
preferable for testing the salt hypothesis. Finally, it is
probable that factors other than genetics and sodium
intake influence blood pressure; these factors could
become so important that they override the influence
of sodium which is then hard to detect in
epidemiological studies in the population at large.

259Salt and blood pressure in Belgium
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In intervention trials, where sodium intake is
changed and other factors are held as constant as
possible, it is likely that the possible influence of
sodium intake could be detected more easily. If the
salt-genetic hypothesis is correct, the most suitable
population for Such an intervention trial would be
patients with essential hypertension, since they have
shown their susceptibility to sodium by developing
high blood pressure under the existing conditions of
sodium intake. Such intervention studies in
hypertensive patients have been reportedn2' and
reviewed recently." In these studies a reduction in
urinary sodium output of 100 millimoles was
associated with an average fall in systolic pressure of
11 mm Hg and a fall in diastolic pressure of
10 mm Hg.6 However, no results are available of
controlled intervention trials in the community on
the influence of sodium restriction on blood pressure,
cardiovascular morbidity or mortality. Therefore,
restriction of sodium intake in the population at large
is based on indirect evidence, which was considered
insufficient by Berglund et al.27

In fact Beevers et al° and Berglund et alu found a
slightly lower urinary sodium excretion in
hypertensive subjects than in normotensives. In the
present study there was also a negative relationship
between the sodium: creatinine ratio and the diastolic
blood pressure in women, after correcting for age and
body weight.

POTASSIUM AND BLOOD PRESSURE
In salt-treated rats, potassium administration
reduced blood pressure29 and enhanced survival.30
Meneery and Battarbee31 have proposed that the
high-sodium low-potassium diet of Western civilised
societies, operating on a genetic substratum of
susceptibility, may be the cardinal factor in the
genesis of essential hypertension.
Some recent studies in man8 32 have demonstrated

a negative relationship between blood pressure and
the 24-hour urinary potassium excretion, although
other investigators3334 have not observed such a
relationship. The present study showed in
Belgian men a negative and significant (p <0-001)
relationship between urinary potassium excretion
and systolic blood pressure after correcting for age
and body weight (Table 3). The partial regression
coefficient indicates that for an increase in potassium
excretion of 20 mmol (the difference between
Belgian and Scottish men), the systolic blood
pressure would be reduced by 2-2 mm Hg.

In Belgium, where the prevalence of hypertension
appears to be lower than in Scotland, we found in
normotensives not only a lower sodium: creatinine
ratio but also a higher potassium excretion, leading to
a higher potassium: creatinine and a lower

sodium: potassium ratio (Table 4). The comparison
between both countries, and the negative
relationship between systolic blood pressure and
potassium excretion in Belgian men, suggest that
potassium intake may influence the blood pressure
response to sodium (or vice versa), and that a
high-potassium diet may protect against the
development of hypertension in genetically
susceptible individuals.
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