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Abstract

The reasons for the inconsistent association between salt consumption
and blood pressure levels observed in within-society surveys are not
known. A total of 157 normotensive subjects aged 18 to 35 years,
selected at random in a cross-sectional population-based survey,
answered a structured questionnaire. They were classified as strongly
predisposed to hypertension when two or more first-degree relatives
had a diagnosis of hypertension. Anthropometric parameters were
obtained and sitting blood pressure was determined with aneroid
sphygmomanometers. Sodium and potassium excretion was measured
by flame spectrophotometry in an overnight urine sample. A positive
correlation between blood pressure and urinary sodium excretion was
detected only in the group of individuals strongly predisposed to
hypertension, both for systolic blood pressure (r = 0.51, P<0.01) and
diastolic blood pressure (r = 0.50, P<0.01). In a covariance analysis,
after controlling for age, skin color and body mass index, individuals
strongly predisposed to hypertension who excreted amounts of so-
dium above the median of the entire sample had higher systolic and
diastolic blood pressure than subjects classified into the remaining
conditions. The influence of familial predisposition to hypertension
on the association between salt intake and blood pressure may be an
additional explanation for the weak association between urinary so-
dium excretion and blood pressure observed in within-population
studies, since it can influence the association between salt consump-
tion and blood pressure in some but not all inhabitants.
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Introduction

The role of dietary salt on the pathogen-
esis of essential hypertension and the effect
of salt-restricted diets on the treatment of
already hypertensive individuals are sur-
rounded by controversies (1-4). One of them
is the discrepancy between the strong corre-
lation between salt consumption and blood
pressure observed in studies conducted across
societies (ecological model) and the weak
association observed in within-society sur-
veys (cross-sectional model). A measure-
ment bias of the usual amount of salt con-
sumption, the regression dilution bias (5),
and an overadjustment for body mass index
in multivariate models (6) have been pro-
posed to explain the weakness of the asso-
ciation between salt and blood pressure in
within-society surveys. We hypothesized that
the inheritable difference in the response to
salt load, similar to that identified in experi-
mental studies of salt manipulation (7-10),
could be an additional explanation for the
inconsistent association between salt con-
sumption and blood pressure observed in
cross-sectional investigations.

Material and Methods

A total of 1089 subjects (92% of those
eligible), identified by cross-sectional, popu-
lation-based, multi-stage probability sam-
pling, were selected in Porto Alegre, a city
with more than 1.2 million inhabitants in
southern Brazil, from 1990 to 1992. A more
detailed description of this survey has been
published elsewhere (11,12). Data were col-
lected with a structured and pre-tested ques-
tionnaire after obtaining informed consent.
The participants were questioned about their
knowledge of relatives with a medical diag-
nosis of hypertension. Sitting blood pressure
was determined with aneroid sphygmoma-
nometers (Diasyst - Montagem e Comércio
Ltda., São Paulo, SP, Brazil), following stan-
dardized recommendations (13), using a cuff

sized for non-obese adults. The sphygmo-
manometers were calibrated periodically
against mercury sphygmomanometers. The
average of two determinations obtained on
the day preceding the overnight urine collec-
tion and corrected according to arm circum-
ference (14) was used in the analysis. A
sample of 398 individuals chosen at random
collected an overnight (12 h) urine sample at
home, following detailed oral and written
instructions. Urinary sodium and potassium
concentration was measured by flame spec-
trophotometry (15) and the total amount ex-
creted in 12 h was calculated according to
urinary volume. In order to study individuals
prior to the development of hypertension,
we restricted our final sample to 157 sub-
jects aged 18 to 35 years who declared not to
have a medical diagnosis of hypertension.

The participants who informed to have
two first-degree relatives with a medical di-
agnosis of hypertension were classified as
strongly predisposed to hypertension. The
individuals in all other conditions were clas-
sified as not strongly predisposed. In ap-
proximately 50% of the participants selected
for this analysis, the history of familial pre-
disposition to hypertension could be checked
directly with their parents or first-degree
relatives and, in most cases, confirmed the
information obtained during the interview.
In the remaining cases, the first-degree rela-
tives were not evaluated because they could
not be reached or because they had died. The
correlation between the amount of sodium
and potassium excreted in 12 h and both
systolic and diastolic blood pressure was
evaluated by the Pearson correlation coeffi-
cient in the whole sample and in groups
stratified by familial predisposition to hy-
pertension. Systolic and diastolic blood pres-
sure of groups characterized by familial pre-
disposition (yes or no) and the amount of
sodium excreted in 12 h (classified as more
or less than the median excretion of the
whole sample) were compared by analysis
of covariance, allowing for interaction and
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controlling for skin color, age and body mass
index. A P value of 0.05 or less was regarded
as statistically significant.

Results

A total of 27 individuals (17.2%) re-
ported having at least two first-degree rela-
tives with a medical diagnosis of hyperten-
sion, and constituted the group strongly pre-
disposed to hypertension. The remaining 130
subjects (82.8%) were classified as not
strongly predisposed. The characteristics of
the subjects classified by familial predispo-
sition to hypertension are presented in Table
1. The participants with familial predisposi-
tion were older, had more frequently a non-
white skin color, and had higher systolic and
diastolic blood pressure and body mass in-
dex. Almost all individuals with a non-white
skin color were mulattoes or blacks. The
remaining characteristics had similar distri-
bution in both groups.

A direct and positive linear correlation
between overnight urinary sodium excretion
and systolic and diastolic blood pressure
was observed only in individuals strongly
predisposed to hypertension (Table 2). This
correlation was absent in the whole sample
and when the familial predisposition was
defined by the presence of only one first-
degree relative with a medical diagnosis of
hypertension (data not shown).

The median overnight urinary sodium
excretion for the whole sample was 61.0
mEq. The individuals excreting this amount
or less were arbitrarily classified as excret-
ing low amounts of sodium. Those excreting
amounts higher than the median were classi-
fied as excreting high amounts of sodium.
Systolic and diastolic blood pressures were
significantly higher in subjects with both
strong familial predisposition and high over-
night urinary sodium excretion compared to
individuals with strong predisposition ex-
creting low amounts of sodium, and indi-
viduals not strongly predisposed excreting

either low or high amounts of sodium, after
controlling for age, skin color and body mass
index (Figure 1).
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Figure 1 - Influence of familial
predisposition to hypertension
and sodium load on systolic and
diastolic blood pressure of
young, non-hypertensive adults.
Systolic pressure: F = 4.64, P =
0.033; diastolic pressure: F =
7.61, P = 0.007, for the interac-
tion between familial predispo-
sition and sodium load, adjusted
for age, skin color and body
mass index. P: Familial predis-
position, + = strong, - = not
strong; S: sodium load, + =
above the median, - = below
the median.

Table 1 - Characteristics of the groups classified according to familial predisposition to
hypertension.

Data are reported as means ± SD or as N (%). NS: Comparison between groups was
not significant (chi-square test).

Characteristics Familial predisposition to hypertension P

Strong (N = 27) Not strong (N = 130)

Age (years) 28 ± 5.6 25 ± 5.0 0.02
Male 9 (33.3) 62 (47.7) NS
More than 6 years at school 14 (51.9) 86 (66.2) NS
Non-whites 6 (22) 12 (9) 0.05
Systolic blood pressure (mmHg) 124 ± 17.4 118 ± 11.9 0.03
Diastolic blood pressure (mmHg) 77 ± 15.1 72 ± 10.4 0.05
Heart rate (bpm) 75 ± 8.6 77 ± 10.6 NS
Body mass index (kg/m2) 24.7 ± 4.6 23.0 ± 3.7 0.05
Waist-hip ratio 0.8 ± 0.07 0.8 ± 0.07 NS
Overnight sodium (mEq) 68.2 ± 32.4 67.5 ± 36.6 NS
Overnight potassium (mEq) 14.8 ± 8.8 14.3 ± 7.8 NS
Alcohol consumption (g per day) 12.0 ± 24.1 13.3 ± 45.0 NS

Table 2 - Pearson correlation coefficient between overnight urinary sodium excretion
and systolic and diastolic blood pressure in individuals classified by familial predisposi-
tion to hypertension.

NS: Not significant.

Familial predisposition Systolic blood pressure Diastolic blood pressure

r P r P

Strong (N = 27) 0.51 <0.01 0.50 <0.01
Not strong (N = 130) -0.08 NS -0.16 NS
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Discussion

In this investigation, conducted on a popu-
lation-based random sample of young, non-
hypertensive, free-living adults from an ur-
ban region in southern Brazil, we observed
that the association between the overnight
urinary excretion of sodium and systolic and
diastolic blood pressure was influenced by
familial predisposition to hypertension inde-
pendently of other risk factors for hyperten-
sion. The subjects with at least two first-
degree relatives with hypertension had higher
blood pressure, even if not in the hyperten-
sive range, only when they were excreting
larger amounts of sodium during the night
following the day of blood pressure meas-
urement. The amount of sodium excreted
during this night was not associated with
blood pressure in individuals without a strong
history of hypertension among their rela-
tives. These associations were not biased by
the fact that the hypertension-prone indi-
viduals were older, had a higher body mass
index and were more frequently non-white,
since these potential biases were controlled
in the multivariate analysis.

Our study has certain limitations which
merit discussion and require that their re-
sults should be regarded as preliminary find-
ings. First, the overnight urinary output of
sodium has not been recognized as an indi-
cator of the pattern of sodium consumption.
It has been proposed that it is necessary to
measure urinary sodium excretion for 5 to 14
days to identify the usual pattern of salt
consumption in order to study its association
with blood pressure (16). Our findings, how-
ever, were based on an almost simultaneous
determination of blood pressure and sodium
ingestion, i.e., blood pressure was measured
on the day preceding the overnight urinary
measurement, when the sodium excreted
during the following night was being con-
sumed.

The positive correlation observed in sub-
jects strongly predisposed to hypertension is

in agreement with the interpretation that there
is an instantaneous association between blood
pressure and urinary sodium excretion (2,17-
19), and with the theory of �pressure diure-
sis� (20). The subjects with a familial predis-
position to hypertension would require higher
blood pressure, and consequently higher re-
nal flow, to be able to eliminate a sodium
load. As a consequence, this would result in
extracellular volume expansion, an increase
in cardiac output and subsequently in vascu-
lar peripheral resistance. The recurrence of
this phenomenon along the years would pre-
dispose to arteriolar hypertrophy and sus-
tained a blood pressure rise (21). This mech-
anism could be synergistic with other causes
of arteriolar hypertrophy, such as those in-
duced by norepinephrine, vasopressin, an-
giotensin, insulin and others (22,23).

The restriction to young normotensive
adults employed in our analysis allowed us
to observe the association between blood
pressure and urinary sodium excretion be-
fore the development of hypertension, which
may attenuate this association due to the
development of an autonomous elevation in
peripheral resistance.

The subjects with a lower intensity of
familial predisposition to hypertension, de-
fined by the presence of only one first-de-
gree relative with hypertension, did not pre-
sent any trend towards a positive correlation
between urinary sodium excretion and blood
pressure in our study. This observation is in
agreement with the interpretation that the
predisposition to hypertension is only identi-
fied through interviews when two first-de-
gree relatives are hypertensive (24). The
weakness of the measurement of familial
predisposition to hypertension through ques-
tionnaires has been recognized as a potential
measurement bias, and cannot be excluded
in our survey. The fact that in approximately
50% of the participants the history of hyper-
tension could be confirmed by the next of
kin suggests that our main findings are not
biased. Anyway, if a proportion of those
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classified as not strongly predisposed to hy-
pertension had real predisposition (one un-
known relative with hypertension), the meas-
urement bias would be on the conservative
side, since it would weaken the magnitude of
the association. This reason would also ex-
plain the similarity observed between the
groups without and with intermediate famil-
ial predisposition to hypertension.

In conclusion, familial predisposition to
hypertension can be an additional explana-
tion for the weak association between uri-
nary sodium excretion and blood pressure in
within-population studies, since it can influ-
ence the association between salt consump-
tion and blood pressure in some but not all
inhabitants.
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