European Heart Journal (1983) 4, 608613
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A possible association between dietary salt intake and blood pressure was investigated in an unselected

sample of 188 healthy Neapolitan men.

In unwvariate analysis diastolic pressure was positively correlated with age, body mass index and 24-h
excretion of sodium, potassium and creatinine, but not with urine volume or sodium : potassium ratio.
Systolic pressure was also related to age, body mass index and 24-h sodium, but to a lesser degree.

As a high level of intercorrelation was apparent, multivariate analysis was also carried out. Body mass
index was shown to be the variable having the largest influence on diastolic pressure variability: neverthe- 5
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less a significant independent role was still found for 24-h urinarv sodium when the latter was included 8

in a regression along with body mass index, age, urine volume and potassium excretion.
These results seem to support the possibility that dietary salt has a substantial influence on blood

pressure levels.

Introduction

The role played by habitual high salt intake in
the etiology of arterial hypertension is a crucial
issue for a preventive approach to this mass disease.

Cross-cultural studies seem to demonstrate an
association between the average salt intake and the
prevalence of high blood pressure in different geo-
graphical areasl'-"'] although their findings have
been the object of serious criticisml!2). On the other
hand within population comparisons have yielded
most often negative results'3-22), As hypertension is
a multifactorial disease caused by the interaction of
genetic and environmental factors, it is possible in-
deed that the results of the investigation of a given
ethnic group do not apply to others with different
genetic backgrounds and life styles.
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The present paper is a report of a study carried®
out in Southern ltaly to explore the relationship of2
salt intake to blood pressure in an unselectedg
sample of a healthy male population. It providesg,
evidence of a statistically significant associationg
between blood pressure and 24-h urinary sodiumz.
excretion, independent from a number of possiblyﬁ
confounding variables not often evaluated in pre—g
vious studies. A working hypothesis is then pro-Q
posed about the possible contributory role of”
chronic high salt intake in the genesis of arterial
hypertension.

A preliminary report on this subject has been
presented previouslyl?3l.

Subjects and methods

Sixteen hundred and thirty-one men, 25-56 years
of age, employed at the Olivetti factory in Naples,
participated in 1976—-1977 in a survey on the preva-
lence of cardiovascular risk factors in Southern
[talyl#l. They underwent, in random sequence, a
medical examination, which included the collec-
tion of medical history, a physical evaluation, a
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standardized blood pressure measurement and an
ECG recording.

Blood pressure was measured with a random zero
sphygmomanometer after a rest of 10 min in a
seated position(®’} two readings of systolic (SBP)
and of 5th-phase diastolic (DBP) pressure were
obtained 2 min apart from each other and their
average was recorded. Body weight and height were
taken with usual indoor clothing and without shoes;
the body mass index (BMI) was calculated as the
ratio weight/height?, where the weight is in kg and
the height in m.

For the purpose of the present study, a subgroup
of 300 unselected participants consecutively
examined over two months, was invited in addition
to provide a complete 24-h urine collection: they
received detailed methodological instructions and
were requested to stay on their habitual diet.

Two hundred and forty-three subjects adhered to
the invitation; fifty-five were later excluded from
the study, being on treatment for high blood press-
ure or having admitted to missing some fraction of
the 24-h urine collection. Eventually therefore the
group included in the analysis was 188 men.

The urinary sodium and potassium concen-
trations were determined by flame photometry;
creatinine by the picric acid method (Jaffé). As over
95% of the daily sodium losses take place through
the renal route, under steady state conditions the
24-h urinary excretion of sodium can be taken as
an estimate of its dietary intake.

Univariate and multivariate statistical analysis
were carried out by standard methodsi2¢} and with
the use of Olivetti P-652 and Hewlett Packard
HP-85 computers.

Results

Table 1 gives mean values, standard deviation
and range of distribution of the variables examined
in our study population.

Out of 188 subjects, sixty had a DBP above 90;
thirty-one had a DBP > 95, and seven between 104
and 113 mmHg. The exclusion of subjects with
treated hypertension, the relatively young age of the
participants and their extraction from a healthy
population at work, were factors contributing to the
low prevalence of severe hypertension in this group.
It should be noted also that only a few of those with
definite hypertension were aware of their condition.

The 24-h urinary sodium excretion ranged be-
tween 50 and 340 mmol, which indicated a salt in-
take in the range of 3 to 20 g/day, with an average

Table 1 Mean, standard deviation and range of distri-
bution of specified variables in 188 men

Variable M1SD Range

Systolic BP 127-74£16-9 mmHg 94-190

Diastolic BP 83-4+12-2 mmHg 47-113
24-h sodium 176-8 £ 59-3 mmol 50-342
24-h potassium  51-8+19-7 mmol 12-125
Na/K ratio 3-7+ 1-4 mmol 1-3-9-2

24-h creatinine  13-21+ 3-2 mmol 7-3-26-9
24-h urine

volume 1000+£281 ml 480-1870
Body weight 742+ 9-0kg 50-3-97-2
Height 167-8+ 53cm 156-182
Body mass index 26-3+ 2-9cm 18-9-33.9
Age 40-6+ 7-4yrs 28-56

of 10-5 g, a finding consistent with those from most
Western countries(®].

A correlation matrix is presented in Table 2. Sig-
nificant correlation coefficients were found between
DBP and respectively age, body weight, body mass
index, sodium, potassium and creatinine excretion
SBP was related more weakly to the same variables,
except for potassium excretion. The higher degree
of association shown by diastolic as compared with
systolic pressure is probably explained by its
smaller intraindividual variability.

A high level of intercorrelation is evident: in par-
ticular, urinary volume, sodium, potassium and
creatinine excretion were all interrelated and, in
addition, they were significantly related to body
weight and BML

These results are confirmed by cross-classifi-
cation through quintile analysis; Table 3 gives
mean values and standard deviation of each vari-
able by quintile of diastolic blood pressure.

Statistically significant differences were found
again for age, body weight, BMI, sodium, potassium
and creatinine excretion, when comparing the
mean values in the upper versus the two lower
quintiles of DBP. By contrast no difference was
observed with regard to height, Na/K ratio and
24-h urine volume.

It can be noted that 24-h sodium excretion rises
markedly between the first and the third quintile of
DBP distribution, with minor changes thereafter:
this trend differs from that of most other variables
(e.g. age or body weight) which show rather regu-
lar increments over the entire range of diastolic
pressure.
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Table 2 Correlation matrix, blood pressure and specified variables

Systolic  24-h

24-h Na/K

24-h

24-h urine  Body Body mass

BP sodium  potassium ratio creatinine volume weight Height index Age
Diastolic BP Q-71%%%  (.27%%*  (-20%** 0-01 0-23%* 0-07 0-27*** —0-11 0-37%%* 0-20%
Systolic BP 0-14* 013 0-04 0-12 —0-00 020" -0-08 0-24%%* 0-19*
24-h sodium 0-56*** 0-25%%*  ()-43%*= 0-46***  0-30*** 0-07 0-29*** _0.07
24-h potassium —0-53%*%*  (0.46*** 0-27%**  (0-24*** _—0-01 0-27*** 005
Na/K ratio —0:06 0-11 011 0-05 0-09 —0-07
24-h creatinine 0-36%**  (0:23* 0-08 0-22%* 0:06
24-h urine
volume 0-:28%**  0-13 0-20** —0-03
Body weight 0-44**+  (-85%** 0-00
Height —-0-04 —-0-10
Body mass index 0-0¢

*P<0-05; **P <0-01; ***P<0-001.

Table 3 Mean and standard deviation of specified variables by diastolic blood pressure

quintile and level (mm Hg)

Variable I 11 111 v \%
(£72) (73-79) (80-87) (88-93) (=94)

24-h sodium

(mmol) 150+37 163160 184+68 187168 189**+62
24-h potassium

(mmol) 41+15 49+20 51+17 56+23 57"‘""i20
Na/K ratio 379+1-18 3-63%+1-60 3671123 3.94+1-29 3-501+1-53
24-h creatinine

(mmol) 12-1£3-5  132£3:0  134+37 143141 13.9%*12-2
24-h urine volume

(ml) 1007+296 999+350 992+292 1041+£296 10064273
Body weight (kg) 71-:3£100 720164 7341106 751199 77-7***+84
Height (cm) 168-9+6-8 168-8+73 167-5+70 1666+7-3 1682176
Body mass index 24-8+2:7 255423 258430 268431 28-1***126
Age (yrs) 384163 39-616-8 39-8-72 41-0+7-8 43-6***+6-7
"k .
..fp<<00%01 } difference between V and (I+11) quintile.

Given the high level of intercorrelation observed
between the variables examined, multiple linear re-
gression was used to test further their relative
influence on blood pressure variability in the 188
subjects included in this analysis (Table 4).

As sodium, potassium and creatinine excretion
were all significantly associated with DBP and

further related to each other, they were added
separately in three different equations, which also
included a fixed set of other varables, i.e. 24-h
urine volume, body weight, height and age
(equations 1-3). The T-values obtained for sodium
and potassium excretion were of comparable mag-
nitude and both statistically significant; on the
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Table 4 Regression equations of diastolic blood pressure on specified variables (coeff is coefficient and

SFE standard error)
Equation | Equation 2 Equation 3 Equation 4 Equation 5
Variable Coeff SE Coeff SE Coeff SE Coeff SE Coeff SE
24-h sodium
(mmol) 0-046 0-002 0-046 0-002 0-034 0-002
(T=3-01)** (T=3-04)** (T=199)*
24-h potassium
{(mmol) 0-131 0-002 0-075 0-003
(T=3-63)** (T=1-54)
24-h creatinine
(mmol) 0-598 0-061
(T=2-05)*
24-h urine volume
) —3-045 0-002 —1-217 0002 —-3-650 0-002 —4-002 0-002 —4-101 0-002
(T=-1-07) (T=-0-52) (T=-1-03) (T=-1-26) (T=-1:33)
Body weight (kg) 0-430 0-007 0425 0-007 0-440 0-007
(T=4-21)*** (T=4.23)* (T=4.43)***
Height (cm) —0-551 0012 —0-524 0-012 —0-550 0-013
(T=-3-18)** (T=-303)** (T=-310)**
Body mass index 1:253 0-020 1-260 0-021
- (T=4-38)*** (T=4-44)***
Age (yrs) 0-326 0-008 0-313 0007 0-332 0-007 0-342 0-008 0-339 0-007
(T=2-88)** (T=2-83)* (T=2-96)* (T=3-05)** (T=3-04)**
Regression 5559 6042 4432 5501 6223
Residual 19 762 19 226 20870 19975 19 688

*P<0-05; **P<0-01; ***£<0-001.

other hand the contribution made by creatinine
was more modest and was just of borderline
significance.

In equation 4 BMI was substituted for body
weight and height, but this change made no differ-
ence in the total variance explained by this set of
variables.

Finally, when sodium and potassium were in-
cluded in the same equation (equation 5) their
single independent effect was reduced, as expected,
but more so was that of potassium, which in this
set was no longer statistically significant.

Discussion

A statistically significant association between
urinary sodium output and blood pressure is shown
by this cross-sectional examination of healthy
Neapolitan men under no medical treatment;
multivariate analysis indicates further that this
association is independent of a number of poten-
tially confounding variables rarely considered
together in previous studies.

The 24-h urinary potassium excretion was also

found to be significantly associated with diastolic
pressure in univariate analysis; however, when
entered in a multiple regression equation along
with sodium excretion, its effect on DBP variability
appeared to be secondary to that of sodium. This
finding is in accordance with the physiological con-
nections in the renal handling of the two electro-
lytes, potassium being actively secreted in the urine
in proportion to the amount of sodium and fluid
delivered to the distal nephron and to the availa-
bility of sodium for cation exchange in the cortical
collecting tubulel27-28} thus, the greater the salt con-
tent of the diet, the higher the rate of potassium
excretion. Accordingly, from the present study no
indication can be derived as to the proposed protec-
tive effect of high potassium diets against high
blood pressurelz3],

The 24-h sodium excretion was significantly cor-
related with body weight and BMI, in agreement
with previous reports831] High salt intake in the
obese is generally assumed to be a result of over-
feeding; a recent report has described in addition a
higher sodium/calorie ratio as a characteristic
feature of the habitual diet of a sample of obese
adolescents(?2.
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In the present study, the results of multivariate
analysis indicate BMI as the vanable having the
largest influence on DBP variability: nevertheless
a significant independent role is still left to 24-h
sodium excretion when the latter is added in a re-
gression equation with either body weight or BMI.
Such an association between sodium and blood
pressure, independent from body weight, has been
reported to our knowledge only by Joossens et al.[20]
from a Belgian male adult population, and by
Cooper and coworkersB!l in a study of Chicago
school children: in other ‘within population’ stud-

ies either a significant correlation was not
found'5-18] or multivariate analysis was not
donel19-21],

At variance with the study by Cooper et al. B!],
our data do not suggest a strong independent associ-
ation of 24-h creatinine with blood pressure: in fact,
when entered in a regression equation with body
weight, creatinine did not make an appreciable
contribution to DBP varnability. Its correlation with
blood pressure in univariate analysis appears to be
largely a result of cross association with body
weight.

Similarly, there was no indication of any inde-
pendent role played by 24-h urine volume, since
this was totally unrelated to blood pressure.

The strength of the association between sodium
and blood pressure was probably underestimated
because of the large intraindividual variability of
both variables. The information provided by single
24-h urine collections, although useful for group
comparison, gives only a rough estimate of the
habitual salt intake of individual subjectsl33). Such
methodological limitation has been often accepted
in population studies as the majority of participants
would refuse the burden of multiple collections.
However, it significantly reduces the probability of
demonstrating a possible biological correlation
between dietary salt and any other variable; so also
do possible inadequacies in urine collection which
cannot be controlled with certainty in this type of
study.

It seems noteworthy that the increase in 24-h
sodium excretion, while remarkable between the
first and the third quintile of DBP, was smaller for
further increments in blood pressure. A similar
observation has been made by Berglund and co-
workersB435], who found in a random sample of
male population in Goteborg a positive association
between urinary sodium and blood pressure only
within the ‘normotensive’ range.

Sodium excretion thus appears to be increased in

subjects with high blood pressure compared with
‘normotensives’, but it i1s not significantly different
within the hypertensive group. This finding might
be explained by the exclusion from the present
study of ‘severe’ hypertensives because of current
medical treatment.

Alternatively, or in addition to the previous one,
the relative loss of linearity in the association
between these two variables beyond a certain blood
pressure level may be due to the influence of other
factors of environmental or genetic origin that
potentiate the adverse effect of a ‘high salt’ diet.

Weinberger and coworkers®] have been able to
induce a significant increment in the blood pressure g
of normotensive volunteers by raising their daily%
sodium intake to extremely high levels for a shortg
period of time; however, similar experimental evi-g
dence has not been obtained through changes in3
dietary salt within the habitual range of Westemg
communities.

On the other hand, a moderate decrease in the s
habitual salt intake has been proved to be effective S
in lowering blood pressure in patients with estab-g
lished arterial hypertensionl’l. The hypothesis cang
be made that a comparable dietary modificationg
extended to the general population would be able(_gl'
to produce a marked shift in the entire blood press- 5
ure distribution, thereby significantly reducing theo
rate of hypertensive vascular diseases. A few pilotg
studies have tested the feasibility of intervention@
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programs in this direction both in adults and chil-2
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