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A 1978 survey of 4,565 people in Rio Grande do Sul obtained interview and blood 
pressure data as well as casual urine specimens for subsequent sodium and creatil 
nine titrations. Data derived from this survey have demonstrated a variety of com- 
plex relationships between blood pressure and sodium, a number of which are exam- 
ined here. The main conclusion is that observed blood pressure differentials could 
reftect the kidney’s ability to handle sodium, an ability subject to the influences of 
age, heredify, and the environment. As a consequence, it is suggested that the 
adoption of salt restriction by populations could bring them large health benefits. 

I n 1978 a probability sample survey of 
private households was carried out in 

Brazil’s southernmost state, Rio Grande 
do Sul. The prevalence of hypertension, 
as defined by WHO criteria, that was 
found in Rio Grande do Sul by this sur- 
vey was 11.25%-with a precision of 
1.5% at the 95% confidence interval. The 
age-standardized prevalence of hyper- 
tension among males was 10.46% and 
among females was 12.70% (p < 0.01). 
Other observed hypertension preva- 
lences, standardized by age and sex, 
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were 11.17% among whites versus 
16.31% among nonwhites (p < 0.01). 

Mean systolic and diastolic pressures 
increased with age; under age 45 both 
were higher among the lowest income 
groups, people with the lowest educa- 
tional levels, individuals employed in the 
secondary sector of the economy, and 
wage earners. Females of reproductive 
age taking contraceptives had higher 
mean systolic (p < 0.001) and diastolic 
(p c 0.05) pressures than those not tak- 
ing contraceptives. 

These and other results have previ- 
ously been presented in a thesis (I), at 
scientific meetings (2-6), and in a variety 
of published works (7-22). Nevertheless, 
because the nature of the association be- 
tween salt intake and blood pressure has 
remained controversial (13), and because 
previously unpublished findings on the 
subject seem relevant, it appears worth- 
while to present results from the Rio 
Grande do Sul Blood Pressure Survey 
now, at a time when the 1978 sample of 
the PGrto Alegre Metropolitan Area has 
been reexamined. 
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In 1974 a sample survey on nutrition 
and family expenditure-known by the 
acronym ENDEF-was carried out in Bra- 
zil. Among other things, this survey mea- 
sured its subjects’ salt intake over a seven- 
day period. The list of addresses 
randomly selected for this 1974 survey in 
Rio Grande do Sul was later used as the 
sampling frame for the 1978 cross- 
sectional blood pressure survey described 
here. The blood pressure survey sample 
can thus be considered a subsample of the 
nutrition survey sample. For the latter, the 
households were chosen by means of a 
stratified and systematic multistaged sam- 
ple of complex design, following the 
“Atlantida” model (14-Z). 

The 1978 blood pressure survey as- 
signed different probabilities of selection 
to the households, and in this manner 
defined four study strata or “geoeco- 
nomic complexes,” each containing 
around 1,100 individuals 20-74 years 
old. 

In all, 2,056 (94.7%) of the selected 
households were successfully contacted, 
and 4,565 individuals (94.4% of the 4,835 
inhabitants 20 to 74 years old) were inter- 
viewed and examined-l,133 belonging 
to the Capital (“P&to Alegre”) geoeco- 
nomic complex, 1,148 to the “Metropoli- 
tan Belt,” 1,198 to the “Urban Interior,” 
and 1,086 to the “Rural Interior.” 

A questionnaire requesting demo- 
graphic, socioeconomic, and medical 
data was administered to these subjects, 
and their blood pressures were obtained 
with a mercury sphygmomanometer es- 
pecially modified to reduce observer bias. 
Casual urine specimens were obtained 
for the purpose of measuring sodium and 
creatinine concentrations, and a random 
subsample of 647 subjects was selected 
for clinical and electrocardiographic ex- 
amination and collection of 24-hour urine 
specimens. 

The detailed methodology of the sur- 
vey, which adhered to criteria recom- 
mended by WHO (27, 28), has been de- 
scribed by Costa (1). The statistical 
analysis performed was based on the 
tests described in SPSS: Staatistical Package 
for the Social Sciences (19); programs were 
run at both the Computing Nucleus of 
the Federal University of Rio de Janeiro 
and the Computing Center of the Univer- 
sity of London. 

RESULTS 

Table 1 shows the observed prevalence 
of hypertension (WHO criteria) and esti- 
mated average daily salt intake (as esti- 
mated from sodium excretion) within the 
four study strata. As can be seen, no rela- 
tionship was evident between salt intake 
(excretion) and the prevalence of hyper- 
tension. As discussed elsewhere (20), salt 
excretion followed a pattern that tended 
to vary inversely with urbanization in Rio 
Grande do Sul, while hypertension fol- 
lowed a direct industrialization gradient. 

For purposes of further analysis, the 
data from all four strata were pooled. 
Using these pooled data, the correlation 
coefficient between blood pressure 
measurements and sodium excretion, 
as measured by log(Na/creatinine) was 
not found to differ significantly from 
zero. However, as Table 2 shows, when 
five relevant control variables were used 
to study blood pressure’s association 
with log(Na/creatinine) and also with so- 
dium and creatinine concentrations, we 
found that the correlation coefficients be- 
came significant for log(Na/creatinine), 
while at the same time four significant 
sodium concentration coefficients be- 
came insignificant. 

The persistently significant and nega- 
tive values for creatinine shown in the 
table most probably reflect the factor of 
urine dilution. This observation, which 
accords with the high correlation found 
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Table 1. The prevalence of hypertension and the estimated average daily salt intake found 
among individuals in the four strata (geoeconomic complexes) of the 1978 Rio Grande do Sul 
blood oressure survev. 

No. of 
% hypertensiveb Salt intaked 

survey 
Geoeconomic complex subjects= Unadjusted Adjusted’ Uncorrected Correctede 

P&o Alegre 1,133 11.36 (12.48) 13.1 (11.8) 
Metropolitan Belt 1,148 13.16 (13.78) 14.0 (12.6) 
Urban Interior 1,198 11.64 (11.24) 14.4 (13.0) 
Rural Interior 1,086 9.96 (9.40) 15.0 (13.5) 

SThere are 8 missing values for blood pressure (out of accepted ranges) and 136 for sodium and creatinine titrations (out 
of range or field or laboratory losses). 

bAccording to WHO criteria (systolic pressure > 160 mmHg and/or diastolic pressure 2 95 mmHg). 
CRates in parentheses standardized by age and sex. 
dCrams of NaCl per day, as estimated by the antilogarithm of the average log(Nakreatinine1 of spot urine specimens 

times 1.60 (adjustment for daily creatinine) times 0.058. 
%‘alues in parentheses corrected for the overestimation effect of titration of spot samples (10%). 

between log(Na/creatinine) and creati- &e Trend 
nine concentration (r=-0.70), could re- 
flect the fact that the excretion of large Table 3 shows the prevalence of hyper- 
amounts of sodium is accompanied by in- tension in different age groups and 
creased excretion of water. (For this rea- among subjects with different levels of 
son sodium concentration is not a useful salt excretion; and Table 4 shows the rela- 
index of sodium excretion in casual urine tive risk of hypertension among mem- 

samples.) bers of these various groups. 

Table 2. Correlation coefficients between blood pressure and log(Nalcreatinine), 
creatinine concentrations, and sodium concentrations (N = 4,165). 

Order of Logarithm Creatinine Sodium 
Blood Dressure ra fNa/creatininel cont. cont. 

Systolic 

Diastolic--IV= 

Diastolic-Vd 

Mean blood 
pressure-V’ 

0 .027 

5th .087b 

1 0 .012 

5th .061b 

{ 

0 .012 

5th .058b 

0 .021 

5th .080b 

Pulse pressur*V’ 
0 .027 - .096b 

5th .064b - .073b 

-.086b 

-.088b 

-.028 

-.052b 

-.026 

-.047 

-.059b 

-.073b 

-.119b 

-.039 

-.051b 

-.014 

-.040 

-.OOl 

-.083b 

-.020 

-.129b 

-.048 
aThe fifth order correlations are controlled by age, sex, Quetelet index, time of urine collection, and 

pulse rate. 
bp 5 ~31. 
CRecordingof phase IVend point (muffling). 
dRecording of phaseV end point (disappearance). 
e”8iological” mean blood pressureestimated by diastolic pressure (phase VI plus one-third of pulse 

pressure. 
‘Given by systolic minus diastolic pressure (phasev). 
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Table 3. Prevalence5 of hypertensiona in the 1978 Rio Grande do 5.11 survey population, by age 
group and levels of salt excretion.b 

No. of subjects and % of hypertensivesa in each of 
the following age groups: 

20-34 35-54 55-74 20-74 

Nakreatinine years years years years 

(mEcJg) No. % No. % No. % No. % 

<150 765 1.05 834 9.35 451 27.05 2,050 10.15 
150-210 444 0.90 513 12.67 215 29.30 1,172 11.26 
>210 518 1.74 490 16.12 199 45.73 1,207 14.83 
All subjects 1,727 1.22 1,837 12.08 865 31.91 

“According to WHO criteria (systolic pressure 2 160 mmHg and/or diastolic pressure L 95 mmHg). 
bAs indicated by urinary sodium output in casual collections, corrected by creatinine output 

4,429 11.72 

Except in the youngest (2034 year) age 
group, where hypertension prevalences 
were very low, the prevalence was found 
to increase as sodium output increased. 
Indeed, the risk of hypertension (WHO 
criteria) among the subjects excreting less 
than 150 mEq Nalg creatinine (approxi- 
mately 14 g NaCl per day or 12.8 g if cor- 
rected) was found to be only about half 
the risk experienced by those excreting 
more than 210 mEq Nalg creatinine (ap- 
proximately 19.5 g NaCllday or 17.6 g if 
corrected)-indicating a relative risk sig- 
nificantly greater than unity. As the Table 
4 data show, relative risk was also found 
to rise with age. 

Several interesting epidemiologic 
events occur around the 45-54 age range. 
First, the average female systolic pres- 
sure catches up with and exceeds the av- 
erage male systolic pressure. Second, the 
average diastolic pressure in both sexes 

levels off. Third, the value of log(Na/ 
creatinine) starts to fall. And fourth, the 
prevalence of hypertension increases 
rapidly. For these reasons, in the analysis 
that follows the study population has 
been separated into “young” (ages 20- 
49) and “old” (ages 50-74) subjects. At 
times the younger group has been fur- 
ther subdivided into the 20-34 and 35-49 
age ranges, so as to provide an opportu- 
nity to assess age trends; but it should be 
noted that among subgroups of the study 
population the number of hypertensives 
in these latter age ranges was very small. 

The observed overall effect of sodium 
excretion levels upon systolic pressure- 
after adjustment for age, Quetelet index, 
arm circumference, time of urine collec- 
tion, and pulse rate-is given by the fol- 
lowing linear equation: 

Systolic blood pressure (SE%‘) = 112.4 
+ 7.1 log(Na/creatinine) . 

Table 4. Odds ratios of hypertensivesa relative to nonhypertensives (“normotensives”)b for four age 
groups and three ranges of the sodium to creatinine ratio in casual urine specimens (N = 4,429). 

Nakreatinine Age group in years 
(mEc& 20-34 35-54 55-74 20-74 (SE.)’ 

(150-210) x < 150 0.86 1.41 1.12 1.24 (0.16) 
>210 x (150-210) 1.94 1.32 2.03d l.61d (0.21) 
>2lOx <I50 1.67 1.86d 2.27d 2.02d (0.24) 

?Systolic pressure z 160 mmHg and/or diastolic pressure 2 95 mmHg. 
“Systolic pressure < 160 mmHg and diastolic pressure < 95 mmHg. 
CStandard error. 
%ignificantly different from unity (alpha = 0.05). 
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For the three age groups cited above, the 
regression equations are as follows: 

SBP(20-34) = 118.3 
+ 1.8 log(Na/creatinine) 

SBP(35-49) = 110.5 
+ 6.9 log(Na/creatinine) 

SBP(50-74) = 90.8 
+ 15.9 log(Na/creatinine) 

The age trend of the angular coefficient 
identifies age as a predictor of the “salt 
sensitivity” of systolic pressure. It also 
confirms our previous finding that the 
relative risk of hypertension rises with in- 
creasing age. 

Sex, Race, Age, and Diastolic Pressure 

Because the mean systolic pressure is 
higher for nonwhites and for females in 
the older (50-74) age group, it is of inter- 

est to observe the differential behavior of 
the association between salt and blood 
pressure among the study subjects classi- 
fied by race, sex, and age. However, 
since the group of nonwhites in the study 
sample was relatively small, no attempt 
has been made to cross-classify the sub- 
jects by sex and race. 

Table 5 shows the various subgroups’ 
mean systolic pressure and mean log 
(Nalcreatinine) values adjusted by multi- 
ple regression, taking as independent 
variables the subgroup members’ age, 
Quetelet index, arm circumference, time 
of urine collection, and pulse rate. In 
general, the observed differences be- 
tween blood pressure levels (and pre- 
sumably hypertension prevalences) in 
the different racial groups and sexes 
studied cannot be explained by their dif- 
ferent intakes of salt, as estimated by the 
urinary analysis. 

Table 5. Statistics from the regression equations for adjusteda systolic pressure and adjusteda 
log(Na/creatinine per dayb) among survey subjects with or without hypertension (as defined by 
diastolic pressure3 subdivided by sex and race. 

No. in 
Group sampled A’ B’ Yg Xh 

All males 1,844 112.8 6.81 129.2 2.403 
All females 2,132 107.6 8.19 127.1 2.381 
All whites 3,573 109.6 7.54 127.6 2.393 
All nonwhites 398 115.3 6.54 130.8 2.369 
Normotensives 3,568 114.6 4.12 124.4 2.388 
Hypertensives 407 122.9 14.42 157.7 2.414 
Normotensive males 1,644 117.6 3.20 125.3 2.399 
Hypertensive males 200 113.6 17.04 155.0 2.431 
Normotensive females 1,924 110.5 5.59 123.8 2.378 
Hypertensive females 207 136.1 10.49 161.4 2.417 
Normotensive whites 3,238 113.0 4.74 124.3 2.388 
Hypertensive whites 334 122.9 13.91 156.5 2.415 
Normotensive nonwhites 326 127.5 -1.03 125.1 2.362 
Hypertensive nonwhites 72 114.3 20.00 162.4 2.405 

“Adjusted by multiple regression (independent variables: age, Quetelet index, arm circumference, time of urine collection, and 
pulse rate). 

Tasual urine samples. 
cHypertensives: diastolic pressure 2 90 mmHg; normotensives: diastolic pressure < 90 mmHg. 
dSubjects found to be dieting or taking hormones (including contraceptives) or cardiovascular drugs were excluded from the 

sample. 
eA = linear coefficient. 
‘B = angular coefficient. 
gY = standardized estimate of systolic pressure. 
hX = standardized estimate of log(Na/creatinine) corrected for daily creatinine. 
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It should be noted that classification of 
the study subjects as “hypertensive” or 
“normotensive” in this table, and also in 
Table 6 and Figure 1, is based solely upon 
the subjects’ diastolic (phase V) 
readings. 

Figure 1 shows the regression lines for 
sodium excretion on systolic pressure 
(both adjusted for age, Quetelet index, 
arm circumference, time of urine collec- 
tion, and pulse rate) in the 20-49, 50-74, 
and 20-74 age groups. The length of 
the lines corresponds to two standard de- 
viations of adjusted mean sodium 
excretion. 

By and large, the hypertensives did not 
differ greatly from the normotensives in 
terms of salt excreted. However, older 
subjects (those in the 50-74 group) cl& 
fered from the younger subjects in their 
systolic pressure response to different 
levels of estimated salt intake. The older 
hypertensives also differed from the 
older normotensives in this regard. 
Among the younger hypertensives (ex- 
cept for the hypertensive nonwhites) sys- 

tolic pressure did not appear associated 
with salt excretion. Besides being evident 
in Figure 1, these relationships can be 
seen in Table 6, which presents the rele- 
vant partial correlation coefficients. 

Position at Work 

One of the survey’s most interesting 
findings is related to the mean systolic 
blood pressure in different socioeco- 
nomic groups. The groups involved were 
defined first in terms of economic sectors 
(agriculture, industry, the service sector) 
and dependents, the latter being defined 
as wives and others who had never been 
formally employed. Subgroups were 
then established within each of the three 
sectors to include (a) owners and profes- 
sionals and (b) all other workers. A more 
detailed account of this breakdown can 
be found in Costa (1). 

It is worth noting that the systolic pres- 
sures were 4 to 8 mm.Hg higher among 
the wage earners than among the owners 
and professionals, even after adjustment 

Table 6. Partial (fifth order”) correlation coefficients (r) between systolic blood pressure and 
log(Na/creatinine) for normotensiveb and hypertensive’ study subjects grouped according to age, 
race, and sex. Subjects found to be dieting or taking hormones (including contraceptives) or 
cardiovascular drugs were excluded from the sample. 

Age group 
(years) 

Young 
m-w 

Subgroup 

Males 
Females 
Whites 
Nonwhites 

Normotensivesb HypertensivesC 

r N r N 

.050 1,248 .042 96 

.072 1,465 .072 96 

.053 2,455 .049 155 
,019 255 .348 36 

Males .095 396 .29a 104 
old Females .116 459 .196 111 
(50-74) Whites .140 783 .245 179 

Nonwhites .040 71 .339 71 

Males .052 1,644 
All Females .07a 1,924 
(20-74) Whites .070 3,238 

Nonwhites -.015 326 
aControlling for age, Quetelet index, arm circumference, time of urine collection, and pulse rate. 
bNormotensive = diastolic (phase V) pressure < 90 mmHg. 
CHypertensive = diastolic (phase V) pressure 2 90 mmHg. 

.195 200 

.140 207 

.162 334 

.291 72 
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Figure 1. Regression lines of adjusted systolic pressure on adjusted log(Na/creatinine) for subjects 
(A) 20-49 years old, (B) 50-74 years old, and (C) 20-74 years old by sex, race, and diastolic (phase 
V) pressure. The data shown have been adjusted by multiple regression--xi values of the overall sam- 
ple, controlling for the variables age, time, Quetelet index, arm circumference, and pulse rate. Sub 
jects found to be dieting or taking hormones (including contraceptives) or cardiovascular drugs were 
excluded from the sample. 

190 - ,’ 
,’ 

180 - 
A (20-49 Years) 

(dtastoltc phase V 2 90 mmHg) 

B ,’ 
% 140- ,’ 
0 
B 

+’ 

ST 130- 
.’ Normotenslves 

.’ (dlastoltc phase V < 90 mmHg) 
.’ 

120 - 

110 

100 1 
I 

I I I ,I ,,,,,,,I I 

1 50 2 00 2 50 
log (mEq Nalg creatlnlne) 

LEGEND 
all subjects 

. . . . . - . . . . . . . . . . . . females 
------_ males 
. . . . . . . . . . . . . . . whites 
.-_-__._ nonwhites 

180 

190 
B (50-74 Years) ,.:‘i, 

180 
Hyperienslves 

170 (dlastollc phase V 2 90 mmHg) ,.-.’ 
. ..-.s... 

Normotenslves 
(dlastok phase V < 90 mmHg) 

100-I, , , , , , , , , , , , , , 

1.50 2.00 2.50 
log (mEq NaIg creatinlne) 

C (20-74 Years) ./’ 
.’ 

.’ 
,’ 

./ 
Wyperlenslves .‘. 

(dlastollc phase V 2 90 mmHg)-,” 

Normotenslves 

-I 

ilO{, , , , I , , I , , , , ( , 

1 50 2 00 2.50 
log (mEq Nafg creaknIne) 

Costa et al. Salt and Blood Pressure 165 



for salt excretion (Table 7), showing that 
these observed blood pressure differen- 
tials were not related to salt intake as esti- 
mated by sodium excretion in casual 
urine samples. However, partial correla- 
tion coefficients between estimated salt 
intake and systolic blood pressure (Table 
8) were found to be significant within the 
dependents’ group (composed mostly of 
the wives of wage earners) and each of 
the three wage earner groups. 

DISCUSSION 

On Methods and Overall Results 

Gleibermann’s 1973 study of 27 com- 
munities (21) found that mean blood 
pressure correlated well with estimates of 
salt intake. However, a skeptical view of 
the evidence might suggest that this re- 
sulted from pooling data from only two 
groups of communities. At the lower ex- 
treme were primitive communities where 
systolic pressure and salt intake averaged 
around 115 mmHg and 2 grams a day; 

while on the other side were a number of 
different populations where systolic pres- 
sure ranged from 115 to 160 mmHg (at 
ages around 55 years) and salt intake var- 
ied from 6 to 27 grams a day without an 
outstanding correlation. 

Nevertheless, when the relevant 
means from the 1978 Rio Grande do Sul 
survey are plotted on Gleibermann’s 
graph for males 50-59 years old they fall 
on the regression lines, so long as the 
effect of overestimating the sodium in ca- 
sual urine samples (which places the so- 
dium values in such samples about 10% 
above those in 24-hour urine samples) is 
taken into account (Figure 2). 

On the other hand, it has been argued 
that a number of other physical and psy- 
chosocial factors are associated with “salt 
culture,” making this sort of correlation 
meaningless from a causal standpoint 
(24. 

Many other studies designed to detect 
an association between salt and blood 
pressure within particular populations 
have not had much success. One of the 
reasons cited for failing to detect an asso- 

Table 7. Mean systolic pressure, adjusted by multiple regression,a of owners and other workers in 
four socioeconomic groups within the study population. 

Subjects’ Systolic pressureb No. of study 
Economic sector work position (mmHg) subjects 

Dependents None 129.5 545 

i 

Owners and 
Agriculture professionalsc 124.2 99 

All other workers 128.4 735 

i 

Owners and 
Industry professionals 122.3 48 

All other workers 129.9 804 

Owners and 
Service sector professionals 123.6 208 

ratio. 
bUnweighted results. Analysis ofvariance (ANOVA) for systolic blood pressure: F = 4.65; p < 0.0001; rz total = 0.316. 

Regarding contrasts in the blood pressures shown, each owner group was different (p < 0.05) from the dependent group and all 
the worker groups. None of the differences between the worker groups were found to be statistically significant. 

%cluding owners of businesses, landowners of tracts 2 50 hectares, and professionals with university degrees. 
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Table 8. Partial correlation coefficients (fifth order) of systolic blood pressure versus sodium 
excretion for the various socioeconomic groups studied. 

Economic 
sector 

Subjects’ 
work 

nosition 

No. of 
study 

subiects” 

I 

log(Na/creat.) 

Mean S.D. 

II 
Mean of 2 

systolic 
readings 
(mmHg) 

Mean S.D. 

Ix II 
r 

(partial corr. 
coefficient, 

fifth 
order9 

Dependents 

Agriculture 

None 437 2.36 0.24 131.5 24.3 0.1 62d 

08, PC 77 2.40 0.24 130.4 24.0 0.119 

All others 718 2.43 0.24 130.7 21.8 0.1 76d 

Industry 

Service 0 & P’ 191 2.35 0.20 123.7 18.7 0.029 
sector 

All others 1,434 2.38 0.24 127.9 22.2 0.060e 
‘Subjects found to be dieting or taking hormones (including contraceptives) or cardiovascular drugs were excluded from the 

sample. 
bControlled for age, sex, Quetelet index, arm circumference. and pulse rate. 
‘Owners and professionals (see footnote c of Table 7). 
dp 5 0.01. 
9.01 < 5 p 0.05. 

ciation, small variation of salt intake 
within the study community, has been 
deemed untrue by Simpson (23), who 
found salt intake estimated on the basis 
of 24-hour urine samples to range from 
70 to 300 mm01 of sodium per day. What 
is well accepted, however, is that the 
amount of variation in both blood pres- 
sure and sodium excretion brought into 
the analysis by methodologic difficulties 
and by true within-subject variation is 
very large, masking the detection of dif- 
ferences between subjects. 

Following salt intake, sodium excretion 
varies hourly, daily, and seasonally (24- 
28). The blood pressure of the individual 
subject also varies widely (29). Therefore, 
in order to obtain “true” individual val- 
ues a number of blood pressure record- 
ings, preferably taken on different occa- 
sions (30), and many 24-hour urine 
collections (31) have been advised. As a 
consequence, some studies have in fact 

used several estimates, but the results 
have not been impressive (27,32). 

What becomes apparent for the salt es- 
timates is that the more 24hour urine 
collections are made, the less between- 
subject variation in sodium excretion is 
found. This could mean that the study 
populations are in fact overmatched in 
the long run for salt intake. 

In this vein, a review of several within- 
population studies led Watt and Foy (33) 
to estimate that detecting significant 
slopes (0.1 mmHg/mmol Na) at the 5% 
level and a power of 90%, if only one 24- 
hour urine specimen were obtained, 
would require some 5,720 subjects. This 
appears to explain why most of the 
within-population studies did not suc- 
ceed in detecting an association between 
blood pressure and salt intake. 

Recently, an international cooperative 
study on salt and blood pressure (34) ex- 
amined 10,079 individuals 20 to 59 years 
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Figure 2. Average blood pressures (systolic and diastolic) and salt intake among 
males 50-59 years old of 27 communities (open circles and regression lines) 
drawn by Gleibermann (2 I) and of Rio Crande do Sul (circled dots) obtained in 
the 1978 blood pressure survey. 
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old from 52 study populations. Regard- 
ing the association of blood pressure with 

pressure would be reduced by 2.2 mmHg 
if salt intake were reduced from 170 to 70 

sodium excretion in 24-hour urine 
specimens-after adjusting for potassium 

mmol of sodium per day (35). That 

excretion, body mass, and alcohol 
amounts to a reduction of 0.022 mmHg 

intake-the study found that systolic 
per mm01 of sodium. 

This latter reduction, comparable to 
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what was found in our study, is far 
smaller (less than a quarter) than the esti- 
mated between-subject and within- 
subject reductions of 0.1 mmI-Ig pressure 
per mm01 reduction of sodium (21, 36) 
upon which the projections of Watt and 
Foy (33) were based. (Using data from 
the Rio Grande do Sul survey, as shown 
in Table 9, a systolic pressure reduction of 
2.1 mmHg was estimated if daily sodium 
intake was reduced from 220 mm01 per 
day, the study population average, to 110 
mm01 per day-despite the fact that we 
based our results on spot urine 
samples.) 

It must be emphasized that the within- 
population covariation that researchers 
seek to detect in cross-sectional studies is 
in fact between-subject variation free 
from the within-subject variation that has 
been studied mostly by clinical and ex- 
perimental researchers, particularly by 
altering the diet of patients with mild and 
severe hypertension (36-40). Besides af- 
fecting the blood pressure of these pa- 
tients, salt has also been shown to affect 
the blood pressure of normotensive 
blacks and subjects over age 40 (42, 42) 

under conditions of experimental salt 
loading and depletion. In general, how- 
ever, studies on the restriction of normo- 
tensives’ salt intake have been limited to 
small samples and have yielded inconclu- 
sive results (4345). Longitudinal studies 
of large population segments, such as 
that carried out among the Tokelauans 
(46), have detected changes in blood 
pressure levels and salt intake following 
migration to more complex societies. 
However, there are many other factors 
that could account for these changes in 
blood pressure. 

A comparative analysis of 13 random- 
ized trials dealing with the effect of so- 
dium restriction on blood pressure (47) 
led to conclusions very similar to those 
derived from our study-namely, that the 
hypotensive effect was low and limited to 
systolic pressure, but that the reduction 
increased with age and blood pressure 
level. 

In our study, where assessment of par- 
ticular individuals’ salt excretion and 
blood pressure was not intended, single 
measurements obtained from members 
of large groups should have provided 

Table 9. Estimated reductions in systolic blood pressure within various Rio Grande do Sul 1978 
survey population groups if daily salt intake” were reduced by 50% or to 5 grams of sodium per day. 

Group 

Actual mean Reduction in systolic 
Systolic Sodium pressure (mmHg) if salt 
pressure intake intake is reduced to: 
(mmHg) (g NaCVday) 50% of mean %Jday 

Al I subjects 127.3 12.8 -2.1 -2.7 

20-34 years 122.2 13.0 -0.5 -0.7 
35-49 years 125.6 13.1 -2.1 -2.8 
50-74 years 144.6 12.4 -5.2 -6.5 

Males 
Females 

Whites 127.6 12.9 -2.2 -3.1 
Nonwhites 130.8 12.2 -2.0 -2.5 

Normotensives 124.4 12.8 -1.2 -1.6 
Hvoertensives 157.7 13.6 -4.3 -6.2 

129.2 13.2 -2.1 -2.9 
i27.1 12.6 -2.5 -3.3 

,. 
Tstimates (adjusted by multiple regression) based on excreted sodium in spot samples. 
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true group estimates with large variance. One circumstance that could account 
As we have seen, male and female, white for this pattern is that rises in blood pres- 
and nonwhite, young and old, and nor- sure increase natriuresis, a process which 
motensive and hypertensive subjects is self-limiting in viva (23). It should be 
were found to excrete very similar noted, however, that although the corre- 
amounts of salt. However, much of the lation coefficient between log(Na/ 
observed within-group variance was not creatinine) of casual urine samples and of 
just “true” (between-subject) variance 24hour urine collections in our study 
but represented within-subject variance. was not strong (r = +0.28), the sodium 
In other words our method of collecting excretion index of the casual urine sarn- 
casual urine samples throughout the day ples was significantly associated with di- 
over five months did not remove the etary salt intake measured four years pre- 
within-subject component but rather viously. Also, the shape of the diurnal 
tended to increase it relative to that exist- distribution of sodium excretion was 
ing in single estimates based upon 24- found to reflect salt intake patterns (48), 
hour collections. The same is true for the which, of course, could always be said to 
blood pressure estimates based on pres- coincide with circadian blood pressure 
sures recorded some minutes before patterns. However, this hypothesis is 
urine collections. It therefore appears considerably weakened by the data pre- 
worth asking whether this within-subject sented in Table 10, which show that the 
component could be responsible for the correlation coefficient of systolic pressure 
consistent results obtained with respect with salt intake measured four years pre- 
to covariation of systolic pressure and so- viously and its age-trend are very similar 
dium excretion, even in small study pop- to the adjusted correlation coefficient of 
ulation subgroups such as nonwhites, for systolic pressure with sodium excretion 
example. in spot samples. 

Table 10. Correlation coefficients of systolic pressure with (1) sodium excretion and (2) salt intake 
among different age groups of the 1978 Rio Crande do Sul study population.a The fifth order 
correlations are controlled for age, sex, Quetelet index, arm circumference, and pulse rate. 

Coefficients for 
systolic pressure with: 

Age group Order No. of Sodium Salt 
[vears) of r subiects excretionb intake’ 

20-49 

50-74 

0 996 0.030 0.048 

5th 996 0.029 0.031 

{ 

0 514 0.074 0.115e 

5th 514 0.130d 0.099d 

I 0 1,510 0.012 0.090’ 
20-74 

1 5th 1,510 0.063d 0.064d 
“The following study subjects have been excluded from the data presented here: rural inhabitants, subjects reporting that they 

ate five or more meals out a month, subjects reporting that they had not participated in the ENDEF study, and subjects found to be 
dieting, taking hormones, or taking cardiovascular drugs. 

bBased on log(Na/creatinine) in casual urine samples from the 1978 blood pressure survey. 
Clntake of salt per adult-unit-day; data collected during the 1974 ENDEF study. 
‘Jo.01 < p s 0.05. 
eO.OO1 < p c 0.01. 
‘p S 0.001. 
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On Subgroup Results 

Age and diastolic pressure were found 
to be important predictors of systolic 
pressure sensitivity to salt changes. Non- 
whites, particularly in younger age 
groups, exhibited greater systolic pres- 
sure sensitivity to salt changes than did 
whites. This higher sensitivity could ap- 
parently be explained by their higher dia- 
stolic pressure. 

Hemodynamic studies have shown 
that the pattern of hypertension varies, 
and that it depends upon age of the sub- 
ject and stage of the hypertensive disor- 
der (49). As age increases, the ability of 
the kidney to clear salt could be progres- 
sively impaired. In this context, pressure 
diuresis would be a compensatory mech- 
anism to enhancing sodium and water 
output by the kidney (50). 

Aging can be seen either as an inevita- 
ble biological process or as a reflection of 
the biological adventure in the concrete 
world, one that expresses the cumulative 
experience, biologically registered, of the 
interaction of man with his environment. 
With respect to hypertension, this sec- 
ond view is clearly supported by Kannel 
(51), who says: “Although there is no 
doubt that the mean blood pressure in 
Western populations rises with age, it is 
not certain that the pressure rises because 
of age. It might well be the time-dose 
product of environmental factors in sus- 
ceptible persons.” 

Several factors related to blood pres- 
sure change with age, among them re- 
duction of the glomerular filtration rate 
and the concentration ability of the kid- 
ney. This decline, apparently due to a re- 
duction in the number of functioning 
nephrons brought about by nephro- 
sclerosis, is accompanied by increased 
peripheral resistance (52). Also, renal ar- 
teriograms of autopsy subjects who were 
clearly normotensive have shown that 
aging normotensive populations exhibit a 

pattern similar to that observed in hyper- 
tensive populations (53). 

Morgan et al. (54) feel that high salt in- 
take in some societies together with the 
decrease in renal function with age 
causes a high incidence of hypertension 
in the elderly. This state of affairs is 
thought to involve a hereditary trait (55). 

In this same vein, heredity has been 
shown to play an important role in the 
determination of blood pressure levels 
(51, 56-59) and could be associated with 
sodium handling in humans. Among 
other things, it has been found that the 
blood pressure of normotensives with a 
family history of hypertension is associ- 
ated with sodium excretion (60). Also, 
abnormal whole-body and cellular turn- 
over of 22Na+ in erythrocytes has been 
found in normotensive relatives of sub- 
jects with established essential hyperten- 
sion (61, 62). 

On the other hand, the higher preva- 
lences of hypertension found among 
“wage-earners” in our study and the fact 
that these subjects exhibited higher cor- 
relation coefficients between systolic 
pressure and salt excretion than did own- 
ers of the means of production suggest 
that environmental factors could be as 
important as heredity in determining the 
kidney’s ability to handle salt loads, a hy- 
pothesis that is usually not considered. 

Racial differences can be seen as a con- 
sequence of either genetic codes or envi- 
ronmental factors. Nonwhites are clearly 
discriminated against in Rio Grande do 
Sul. They are generally poorer than the 
whites and have had deprived child- 
hoods. Overall, the higher blood pres- 
sure levels of blacks in the American con- 
tinent is generally ascribed to an 
interaction of genetic and environmental 
factors, it being felt that blacks are partic- 
ularly susceptible to environmental fac- 
tors and also present high susceptibility 
to hypertension-induced damage (63). 

However, at the moment it does not 
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An examiner measuring a subject’s blood pressure during the Rio Grande do Sul 
study. 

seem necessary to invoke genetic factors 
to explain black-white blood pressure dif- 
ferences. Nephrosclerosis in black hyper- 
tensives is more severe than in white hy- 
pertensives (64), and their distribution of 
diastolic pressure is shifted more to the 
right. Thus the earlier “aging” process 
that their kidney undergoes could ex- 
plain their higher salt sensitivity. 

The social factors involved in the epide- 
miology of hypertension, and also the 
fact that in some countries hypertension 
prevalence and mortality are decreasing, 
make one wonder if subclinical infection 
(e.g., streptococcal infection) might not 
be making itself an important etiologic 
factor by decreasing the number of func- 
tioning glomeruli. Subclinical infections 
do not determine urine abnormalities 
and are hard to detect, but the glomeru- 
lar changes are present, and patients may 
have “essential” hypertension as a late 
feature of a prior attack of glomeru- 
lonephritis (65). The large glomeruli 
losses could also be superseded progres- 
sively by other small losses throughout 

life as a result of aging. And, conversely, 
systolic pressure increases due to salt 
loads in such individuals could progres- 
sively determine arteriolar and glomeru- 
lar changes with corresponding diastolic 
rises. 

Systolic pressure reflects the speed and 
strength of cardiac contraction, aortic 
elasticity, the volume of blood ejected, 
and the arterial volume; whereas dia- 
stolic pressure reflects mainly outflow re- 
sistance (66). Thus, systolic pressure is 
differentially associated with cardiac out- 
put, while diastolic pressure relates more 
clearly to peripheral resistance. 

Increases in blood volume determine 
increases in circulatory filling pressure, 
which will increase venous return with a 
consequent increase in cardiac output. In 
turn, the increase in cardiac output will 
first increase blood flow (and systolic 
pressure), which will cause local tissue 
vasoconstriction (autoregulation), which 
decreases the flow toward normal with 
accompanying increases in peripheral re- 
sistance and diastolic pressure. 
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At first, following an initial increase in 
cardiac output, most of the rise in arterial 
pressure occurs as a direct result of the 
increased cardiac output. However, as 
the autoregulation mechanism becomes 
progressively activated over several 
days, most of the subsequent increase in 
arterial pressure is caused by the second- 
ary increase in total peripheral resistance 
(67). This mechanism operates when the 
kidney’s functional capacity is surpassed 
by the amount of water and salt 
ingested. 

Taking this perspective, our findings of 
a differential association between systolic 
pressure and sodium excretion could in- 
dicate that our methods made it possible 
to observe the immediate effect of vol- 
ume changes on blood pressure levels. 
The late effect on diastolic pressure could 
not be observed as a result of the popula- 
tion’s small salt intake differentials over a 
long period. However, this late effect 
would be present and would be chroni- 
cally determined for a given functional 
state of the kidney. 

In any case, it would seem that for epi- 
demiologic purposes diastolic pressure at 
a given moment could reflect the kid- 
neys’ ability to handle water and salt 
loads. This level would be determined 
both by the “average” chronic salt intake 
effect and also by all conditions that im- 
pair renal function. Therefore, some of 
the epidemiologic characteristics of blood 
pressure levels in our society would in 
fact be epidemiologic characteristics of 
the renal ability to clear salt. For this rea- 
son reduced salt intake could yield large 
benefits to the population, because vul- 
nerable subjects’ impaired renal capabil- 
ity would not be challenged. 

CONCLUSIONS 

The regression equations of systolic 
pressure on sodium excretion described 
in the present work were consistent for 

the various subgroups. In addition, the 
regression equation of the overall popu- 
lation showed an intercept value very 
similar to the systolic pressure of primi- 
tive communities that do not make use of 
salt. These findings, which are in line 
with the observation of Oliver et al. (68) 
that “hormonal adjustments to lifelong 
low sodium intakes are similar to those 
achieved in acute salt restriction in civi- 
lized men,” point up the theoretical pos- 
sibility of controlling blood pressure 
levels through public salt restriction or 
sodium substitution. 

Within this context, two important 
matters deserve consideration. First, 
small blood pressure changes applied to 
a whole population may yield large pub- 
lic health benefits, as suggested by Rose 
(69) and also by our data on the relative 
risk of hypertension according to salt ex- 
crerlon. And second, blood pressure 
change is proportional to the blood pres- 
sure level; that is, the same amount of 
reduction in salt intake would determine 
a larger response in those at higher risk. 
If our findings are not a statistical artifact, 
and if they prove applicable longitudi- 
nally, these two considerations would 
support adoption of measures favoring 
salt restriction or sodium substitution 
among the general population. 
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