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The INTERSALT Study is an international cooperati-
ve epidemiological study carried out under the patronage of
the Epidemiology and Prevention Council of the Internatio-
nal Federation and Society of Cardiology (IFSC), which
tries to clarify the relation between sodium (Na+) and potas-
sium (K+) intake and blood pressure, and also the relation
between blood pressure and other variables, such as
weight, body mass index, and alcohol ingestion. It was
designed to explore the intra- and interpopulation relations
of the variables, ie, the relations of the variables and blood
pressure within each population and the comparison
between the different populations studied.

This study aimed at analyzing the relation between
different constitutional, dietary and environmental varia-
bles and blood pressure among the Yanomami Indians,
whom we studied, and to compare our findings with those
reported in the INTERSALT Study, and also with other
samples studied by other researchers.

Methods

In the INTERSALT Study, 10,079 males and females
aged from 20 to 59 years representing 52 different popula-
tions in 32 countries in Africa, South and North America,
Asia, and Europe were studied.

Each of the 52 centers was asked to accrue 200 males
and females ranging in age from 25 to 59 years, with 25
participants in each age group. Except for some isolated
populations, the participants were randomly selected. All
investigators received the INTERSALT manual of opera-
tions and were trained and evaluated in the study metho-
dology and protocol, which were exactly the same for the 52
centers 1-5.

Blood pressure was measured twice as follows: with
the patient in the sitting position with the random-zero
sphygmomanometer, after emptying the urinary bladder;
and after a 5-minute rest in the sitting position. The systolic
blood pressure was measured in the first Korotkoff phase
(appearance of the auscultatory sounds), and the diastolic
blood pressure in the fifth phase (disappearance of the
auscultatory sounds). The readings were performed at
2-mm Hg intervals. Casual and 24-hour urine samples were

Objective - To study the distribution and inter-
relationship among constitutional and biochemical
variables with blood pressure (BP) in an population of
Yanomami indians. To compare these findings with those of
other populations.

Methods - The Yanomami indians were part of the
INTERSALT, a study comprising 10,079 males and fema-
les, aged from 20 to 59 years, belonging to 52 populations
in 32 countries in Africa, the Americas, Asia, and Europe.
Each of the 52 centers was required to accrue 200 indivi-
duals, 25 participants in each age group. The variables
analyzed were as follows: age, sex, arterial BP, urinary so-
dium and potassium excretion (24-hour urine), body mass
index, and alcohol ingestion.

Results - The findings in the Yanomami population
were as follows: a very low urinary sodium excretion (0.9
mmol/24h); mean systolic and diastolic BP levels of 95.4
mmHg and 61.4 mmHg, respectively; no cases of hyperten-
sion or obesity; and they have no knowledge of alcoholic
beverages. Their BP levels do not elevate with age. The
urinary sodium excretion relates positively and the
urinary potassium excretion relates negatively to systolic
BP. This correlation was maintained even when controlled
for age and body mass index.

Conclusion - A positive relation between salt intake
and blood pressure was detected in the analysis of a set of
diverse populations participating in the INTERSALT Study,
including populations such as the Yanomami Indians. The
qualitative observation of their lifestyle provided additio-
nal information.

Key words: blood pressure, dietary salt, arterial hyper-
tension, epidemiology, risk factors
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pants (fig. 1). The higher the urinary sodium excretion (and,
therefore, the sodium intake), the higher the blood pressure.

This relation exists in males and females and is more
drastic in older participants. This significant relation bet-
ween sodium and systolic blood pressure persisted when
the hypertensive individuals were excluded from the analy-
sis. This positive relation between sodium and systolic
blood pressure in the individuals was observed in all ranges
of blood pressure levels, it was not only restricted to the
minority of “salt-sensitive” individuals (those in the highest
range of blood pressure distribution).

The relation between urinary sodium excretion and
diastolic blood pressure was also positive, but weaker than
that between urinary sodium excretion and systolic blood
pressure.

Potassium excretion was statistically significant and
inversely related to systolic and diastolic blood pressure in
the individuals studied, even when controlled for sex, age,
body mass index, sodium intake, and alcohol ingestion.

A strong association between Na+/K+ excretion ratio
and systolic and diastolic blood pressure was observed in
the individuals studied.

The INTERSALT Study found a strong, positive, and
significant relation between body weight (body mass index)
and systolic and diastolic blood pressure. A strong asso-
ciation was observed between great alcohol ingestion
(more than 300 mL of alcohol per week) and systolic and
diastolic blood pressure.

The data analysis of 4 isolated populations (Yanoma-
mi Indians, Indians from Xingu, rural population of Kenya,
and rural population of Papua, New Guinea) showed that
neither blood pressure elevation with age is inevitable, nor
is the high prevalence of hypertension. With a urinary
sodium excretion ranging from 0.9 mmol/day to 51 mmol/day
(compared with the mean of 165 mmol/day in the other 48
centers), blood pressure means were clearly lower in those 4
centers than in the remaining 48, blood pressure elevation
with age was minimum or even negative, and hypertension
virtually did not exist (tab. I).

Even in these centers of low Na+ intake, a positive rela-
tion between Na+ intake and blood pressure exists (fig. 2).

The interpopulation analyses had greater methodolo-
gical problems than the intrapopulation ones with a large
sample and standardized methods, because the populations
differ from each other in many ways other than the variables
that could be analyzed in the INTERSALT Study. Despite
this, a positive and significant association was found bet-
ween systolic blood pressure and Na+ excretion in the 52
centers. When the 4 centers with low Na+ intake were
excluded, the association continued to be positive, but not
significant.

The analysis of the curve of blood pressure elevation
with age showed a strong and significant association with
Na+ excretion (fig. 1). The greater the Na+ intake, the greater
the elevation in blood pressure with age found in the analy-
sis of the 52 centers, and also when the 4 centers with low
Na+ intake were not included.

collected from all participants for electrolyte measurements.
The aliquots of urine were frozen and sent to the INTER-
SALT central laboratory at the University of St. Raphael in
Louvain, Belgium, where the analyses were performed with
strict quality control. Urine collection and blood pressure
measurement were repeated in a random 8% sample of the
participants to estimate the intraindividual variability. All
data were sent to the Coordination Center in London for
review and analysis.

Weight and height were measured twice with a stadio-
meter and a standardized scale. Sodium and potassium were
measured with the flare photometer. Alcohol ingestion was
assessed in each participant.

The blood pressure level used in the analysis was the
mean of the 2 measurements recorded. Urinary sodium and
potassium excretion was the product of the concentrations
in urine and the 24-hour urinary volume. Body mass index
was calculated dividing the weight in kilograms by the
square of the height (kg/m2).

The median of the variables was analyzed and multiple
linear regression was applied to study the relation between
the variables.

Results

To investigate the relation between the 24-hour urina-
ry sodium excretion and blood pressure in the participants,
multiple linear regression was used with control for age, sex,
weight, potassium excretion, and alcohol ingestion. The
coefficients of these analyses (blood pressure difference in
mm Hg for each unit of sodium difference) were separately
computed for each of the 52 centers.

In 39 of the centers studied, the coefficients were
positive with control for sex and age, and, in 33 centers, the
coefficients were positive with control for body mass index,
potassium excretion, and alcohol ingestion. Of these 33
centers, the coefficients were statistically significant in 8.

When the 52 centers were combined, a highly signifi-
cant statistical relation was observed between sodium
excretion and systolic blood pressure for the 10,079 partici-

Fig. 1 - Systolic blood pressure and urinary sodium excretion.
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The Yanomami group differed from the other groups
studied in the INTERSALT Study due to their lower Na+

intake (0.9 mmol/24h), lower blood pressure levels (mean
systolic and diastolic blood pressure levels of 95.4 and
61.4 mmHg, respectively), no alcohol ingestion, absence of
blood pressure elevation with age, and no hypertension
(tab. I and fig. 3).

Discussion

The Na+ excretion level of the Yanomami sample
analyzed in the INTERSALT Study was the lowest in an
adult population ever reported in the literature. Similar data
were found in other samples of the Yanomami population 6-8.
The potassium excretion in the Yanomami sample was grea-
ter than that found in 35 of the 52 samples of the INTER-
SALT Study. Adults of industrialized populations have an
increase in weight with age 9,10. The Yanomami Indians did
not increase their weight with age.

Several studies with isolated populations with low salt
intake in different parts of the world have shown no increa-
se in blood pressure with age 11-24. A few studies have
reported a decrease in blood pressure with age 7,20. These
populations are usually characterized by a Na+-poor and
K+-rich diet.

The lack of blood pressure increase with age was
suggested to be due to the presence of chronic diseases
and malnutrition 25,26. The authors observed no signs of
malnutrition or protein deficiency in the participants of the
Yanomami sample of the INTERSALT Study; on the con-
trary, the authors were impressed by the physical resistance
of the Yanomami Indians, who are used to carrying a lot of
weight through the forest for hours. Truswell et al 20 and
Page et al 21 have also reported a good nutritional status in
the isolated populations in Africa and in the Solomon
Islands, where no increase in blood pressure with age was
found.

The Yanomami Indians are evidence that an active
lifestyle with little salt intake is possible. Oliver et al 6 have
reported similar levels of Na+ excretion in Yanomami groups
in Venezuela and have associated them with elevated
plasma levels of renin and aldosterone. These hormonal
adaptations to a very low Na+ intake may play an important
role in maintaining and reabsorbing the Na+ filtered by the
kidneys, and may reflect the human capacity to adapt to a

Table I – Comparison of the 4 centers with low sodium intake with the other 48 centers of the INTERSALT Study

Variables Yanomami Xingu Papua Kenya The other
New Guinea 48 centers

Factors related to lifestyle
24-hour sodium (mmol-median) <1 6 27 51 160
Sodium/potassium ratio (median) <0.01 0.08 0.48 1.8 3.4
BMI 21.2 23.4 21.7 20.8 25.2
Alcohol ingestion (%) 0 0 8.7 30.7 53.0
Blood pressure
Systolic BP (median) 95.4 98.9 107.7 109.9 118.7
Diastolic BP (median) 61.4 61.7 62.9 67.9 74.0
Hypertensive individuals (%)* 0 1.0 0.8 5.0 17.4
Relation between systolic BP and age -1.1 +0.6 -1.4 +2.4 +5.0

(mm Hg/10 years)

* Systolic BP of 140 mmHg or more, diastolic BP of 90 mmHg or more, or use of antihypertensive drugs; BMI- body mass index.

Fig. 2 – Blood pressure and urinary sodium excretion in 4 isolated populations.
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sodium-salt-deficient diet, an adaptation originated in
the predominantly vegetarian diet of human primate ances-
tors 27. This type of diet prevailed for thousands of years of
human evolution, from nomadic food gatherer to hunter,
before the development of agriculture and animal domesti-
cation and breeding 27,28.

Because the blood pressure control system is redun-
dant, ie, several systems control blood pressure in addition
to the renin-angiotensin-aldosterone system, the excessive
stimulation of this system by low salt intake is not able to
elevate blood pressure. This may be due to other physiolo-
gical mechanisms, such as vasodilators, that may compen-
sate the stimulation of this vasoconstrictor and salt-preser-
ving system. In a redundant system, alteration in one of its
components affects or interferes with the others, causing
the entire system to readjust, either by maintaining the result
(in this case, unaltered blood pressure level), or readjusting
the system in a new plateau. Another example of stimulus of
the renin-angiotensin-aldosterone system is renal artery
stenosis. One clinical-pathologic study has long shown
that renal artery stenosis does not necessarily elevate blood
pressure 29. In that study, 17% of the normotensive patients
had renal artery stenosis greater than 50%. On the other
hand, the classic concept that activation of the renin-angio-
tensin-aldosterone system is the only cause of the develop-
ment and maintenance of renovascular hypertension has
been reviewed. Experimental evidence indicates that other
systems, such as the lipoxygenase pathway, seem to play a
more critical role in maintaining high blood pressure after
renal artery stenosis 30.

In addition to low Na+ intake and high K+ intake, other
factors that may contribute to the absence of hypertension
and lack of blood pressure increase with age among the
Yanomami Indians are as follows: their low body mass index
and the almost nonexistence of obesity, no alcohol inges-
tion, low ingestion of saturated fat, high ingestion of fibers,
relatively high physical activity, and the several cultural
consequences of living in an isolated community without
the psychosocial stress of civilization and without a mone-
tary system or dependence on a job.

One of the coordinators of the INTERSALT Study,
Dr. Jeremiah Stamler, discussing the implications of the
study 3,31,32, stated that based on the findings, one may esti-
mate that with a reduction in mean Na+ intake to 100 mmol/
day (a teaspoon of salt), a reduction in mean body mass
index to 22 kg/m2, an increase in K+ intake to increase the
Na+/K+ ratio to 1, and with elimination of excessive alcohol
ingestion, the mean systolic blood pressure would be
6 mmHg lower. A clinician may observe that, in an individual
patient, blood pressure may vary more than that in minutes.
But a difference of 6 mmHg has another meaning when
applied to a population. Estimated from other epidemio-
logical studies (Framingham, Western Electric, MRFIT), a
6-mm Hg reduction in systolic blood pressure would reduce
mortality due to coronary artery disease by 10% and morta-
lity due to stroke by 16%.

The study of the Yanomami Indians, which we started
in 1982, was originally presented as a thesis of the Postgra-
duation Program in Cardiology of the Medical School of the
Universidade Federal do Rio de Janeiro by one of the
authors 7 and oriented by the other author of the present
study. This study contributed to the understanding of the
complex man/environment interaction in determining
diseases, and, in this case, the risk factors for cardiovascu-
lar diseases. This isolated population, was only contacted
by the so-called “civilized” world in the mid 20th century.
Arterial hypertension does not exist among the Yanomami
Indians, while 38% of the urban population of Rio de Janei-
ro 33, which was also examined, has blood pressure levels
above 140/90 mmHg or uses antihypertensive drugs. The
Yanomami Indians are not obese, their blood pressure does
not increase with age, their mean total serum cholesterol
levels are 122 mg% for males and 142 mg% for females and
their LDL-cholesterol levels are 68 mg% for males and
78 mg% for females, which are almost half those levels
reported in the Brazilian populations of large cities or of
other countries 34-36. In addition, the low salt intake in
this population was fundamental for confirming in the
INTERSALT Study the positive relation between salt intake
and blood pressure levels, an old doubt in the pathophy-
siology of blood pressure elevation. The findings in the
Yanomami Indians indicate that the high prevalence of
cardiovascular risk factors among us, mainly in populations
at the lower socioeconomic level, are significantly associa-
ted with life conditions, and, therefore, may be controlled
independently of what may be discovered about the gene-
tic basis of these cardiovascular risk factors.

The complex relation among individuals (an interre-
lated set of genes), society (interrelated set of individuals),
and environment (ecosystem in which the individual is
inserted) in determining diseases needs to be understood
within new paradigms of thought, such as that of complex
systems 37,38 and no longer within the deterministic or even
multideterministic paradigm of cause and effect. This is
necessary to a better understanding of the health-disease
complex within a temporal evolution, ie, along the indivi-
dual’s history of life. The multivariate analysis used in this

Fig. 4 – Causal model of diseases.
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study is one of the quantitative statistical instruments used
to understand this complex interaction. Other methods of
observing and describing reality, both quantitative and
qualitative, and trying to reproduce or predict what will
happen based on an initial observation (mathematical pre-
dictive or statistic models or the neural webs or the Markov
chains) should be added in the search for scientific truth.

Figure 4 proposes a simplified causal model. In this
model, we see that a certain disease (D

1
) has the probability

(PD
1
) to result from the combination of different variables or

environmental risk factors (FR
1
, FR

2
, FR

3
, FR

n
 – complex

environmental system – ecosystem) acting for varied
periods of time upon 2 individuals (I

2 
and

 
I

3
), who live in a

society (I
1 + 

I
2 + 

I
3 + 

I
n
 – complex genetic-anthropo-social

system) within that environmental system. On the other
hand, the same environmental risk factors (FR

1
 - FR

n
) combi-

ned may cause absence of disease or different diseases (D
0
,

D
n
) in different individuals (I

1
, I

n
). This complex interaction is

still dependent on the time factor (t), both the initial moment
of action within the evolution of the system (initial stage)
and the duration period of action. It is worth noting that
each individual may be exposed to the environmental factor
in different moments of his/her evolutionary history and for
different periods of time, and that this individual, to control
a physiological variable such as blood pressure, relies on
redundant systems, which are under the control of several
genes and may affect the outcome. Small changes in the
initial stage may cause great changes in the system at

another moment in time 39. It is worth noting that the risk
factors may be facilitatory or inhibitory, ie, they may act
positively or negatively upon the system in regard to a
certain outcome and in a certain individual, depending on
the organization of the system (as environmental, genetic,
and social variables interact).

Because one disease may be the result of different
combinations in different individuals and in different socie-
ties, the results (R1, Rn) of one same treatment may be diffe-
rent. Therefore, it is not a surprise to verify that antihyper-
tensive drugs reduce the relative risk of cardiovascular
events in less than 45%. To understand these complex rela-
tions in an individual and to know how to choose or judge
the best treatment for each patient is fundamental in clinical
practice.

The study of the Yanomami Indians, even without
knowing the human genome, as it shows the absence of
some known coronary risk factors in a population that is
organized in a society and lives in a completely different
ecosystem from ours (inhabitants of large cities), shows
that blood pressure in that environment-society does not
necessarily increase with age or even with the excessive sti-
mulation of the renin-angiotensin-aldosterone system. This
enables proving that a clear relation between salt intake and
blood pressure exists and points to the need for a change in
the paradigm from a deterministic or multideterministic
thought to a complex thought 40, so the causal relations in
medicine will be better understood.
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