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The Yanomami Indians in the INTERSALT Study
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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.
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TheINTERSALT Study isaninternational cooperati-
veepidemiological study carried out under the patronage of
the Epidemiology and Prevention Council of thelnternatio-
nal Federation and Society of Cardiology (IFSC), which
triesto clarify therel ation between sodium (Na*) and potas-
sium (K*) intake and blood pressure, and also therelation
between blood pressure and other variables, such as
weight, body massindex, and alcohol ingestion. It was
designedtoexploretheintra- andinterpopulation relations
of thevariables, ie, therelations of thevariablesand blood
pressure within each population and the comparison
between the different popul ations studied.

Thisstudy aimed at analyzing the relation between
different constitutional, dietary and environmental varia-
bles and blood pressure among the Y anomami Indians,
whom we studied, and to compare our findingswith those
reported inthe INTERSALT Study, and also with other
samples studied by other researchers.

Methods

IntheINTERSALT Study, 10,079 malesandfemales
aged from 20to 59 yearsrepresenting 52 different popul a-
tionsin 32 countriesin Africa, South and North America,
Asia, and Europewere studied.

Each of the 52 centerswas asked to accrue 200 males
and females ranging in age from 25 to 59 years, with 25
participantsin each age group. Except for someisolated
populations, the participants were randomly selected. All
investigatorsreceived the INTERSALT manual of opera-
tions and were trained and evaluated in the study metho-
dology and protocol, whichwereexactly thesamefor the 52
centers S,

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 a5-minuterestinthesitting position. Thesystolic
blood pressure was measured in thefirst Korotkoff phase
(appearance of the auscultatory sounds), and thediastolic
blood pressurein the fifth phase (disappearance of the
auscultatory sounds). The readings were performed at
2-mmHgintervals. Casual and 24-hour urine sampleswere
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collected fromall participantsfor el ectrolytemeasurements.
Theaiquots of urine were frozen and sent to the INTER-
SALT central laboratory at the University of St. Raphael in
Louvain, Belgium, wheretheanalyseswere performed with
strict quality control. Urine collection and blood pressure
measurement wererepeated in arandom 8% sampleof the
participantsto estimatetheintraindividual variability. All
data were sent to the Coordination Center in London for
review and analysis.

Weight and height weremeasured twicewith astadio-
meter and astandardized scale. Sodium and potassumwere
measured with theflare photometer. Alcohol ingestionwas
assessed in each participant.

Theblood pressurelevel used inthe analysiswasthe
mean of the 2 measurementsrecorded. Urinary sodiumand
potassium excretion wasthe product of the concentrations
inurineand the 24-hour urinary volume. Body massindex
was calculated dividing the weight in kilograms by the
squareof theheight (kg/m?).

Themedian of thevariableswasanalyzed and multiple
linear regression wasapplied to study therelation between
thevariables.

Results

Toinvestigatetherelation between the 24-hour urina-
ry sodium excretion and blood pressurein the participants,
multiplelinear regressionwasused with control for age, sex,
weight, potassium excretion, and alcohol ingestion. The
coefficientsof theseanalyses (blood pressuredifferencein
mm Hg for each unit of sodium difference) were separately
computed for each of the52 centers.

In 39 of the centers studied, the coefficients were
positivewith control for sex and age, and, in 33 centers, the
coefficientswere positivewith control for body massindex,
potassium excretion, and alcohol ingestion. Of these 33
centers, thecoefficientswerestatistically significantin 8.

When the 52 centerswere combined, ahighly signifi-
cant statistical relation was observed between sodium
excretionand systolic blood pressurefor the 10,079 partici-

52 centers: b= 0.003
(SE 0.0006) mm Hg/year/mmol of sodium
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Fig. 1 - Systolic blood pressure and urinary sodium excretion.
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pants(fig. 1). Thehigher theurinary sodium excretion (and,
therefore, thesodiumintake), the higher theblood pressure.

Thisrelation existsinmalesand femaesandismore
drasticin older participants. Thissignificant relation bet-
ween sodium and systolic blood pressure persisted when
thehypertensiveindividual swereexcluded fromtheanaly-
sis. This positive relation between sodium and systolic
blood pressureintheindividualswasobservedinall ranges
of blood pressure levels, it was not only restricted to the
minority of “ salt-sensitive” individua s(thoseinthehighest
range of blood pressuredistribution).

Therelation between urinary sodium excretion and
diastolic blood pressurewasa so 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 pressurein
theindividua sstudied, even when controlled for sex, age,
body massindex, sodiumintake, and a cohol ingestion.

A strong association between Na'/K* excretionratio
and systolic and diastolic blood pressure was observed in
theindividualsstudied.

TheINTERSALT Study found astrong, positive, and
significant rel ation between body wel ght (body massindex)
and systolic and diastolic blood pressure. A strong asso-
ciation was observed between great alcohol ingestion
(morethan 300 mL of alcohol per week) and systolic and
diastolic blood pressure.

Thedataanalysisof 4isolated populations(Yanoma-
mi Indians, Indiansfrom Xingu, rural population of Kenya,
and rural population of Papua, New Guinea) showed that
neither blood pressure el evation with ageisinevitable, nor
isthe high prevalence of hypertension. With aurinary
sodiumexcretionranging from 0.9 mmol/day to 51 mmol/day
(compared withthe mean of 165 mmol/day inthe other 48
centers), blood pressuremeanswereclearly lower inthose4
centersthanintheremaining 48, blood pressure elevation
with agewas minimum or even negative, and hypertension
virtualy did not exist (tab. 1).

Eveninthesecentersof low Na' intake, apositiverda
tion between Na' intakeand blood pressureexists(fig. 2).

Theinterpopul ation anal yseshad greater methodol o-
gical problemsthan theintrapopul ation oneswith alarge
sampleand standardized methods, becausethe popul ations
differ fromeach other inmany waysother thanthevariables
that could beanalyzed inthe 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 analysisof the curve of blood pressure elevation
with age showed astrong and significant association with
Na' excretion (fig. 1). Thegreater theNa' intake, thegreater
theelevationinblood pressurewith agefoundintheanaly-
sisof the 52 centers, and al so when the 4 centerswith low
Na* intakewerenotincluded.
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Table I - Comparison of the 4 centers with low sodium intake with the other 48 centers of the INTERSALT Study

Variables Y anomami 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 -11 +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.
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Fig. 2—Blood pressure and urinary sodium excretion in 4 isolated populations.

The Yanomami group differed from the other groups
studied inthe INTERSALT Study dueto their lower Na*
intake (0.9 mmol/24h), lower blood pressurelevels(mean
systolic and diastolic blood pressure levels of 95.4 and
61.4mmHg, respectively), noa cohol ingestion, absenceof
blood pressure el evation with age, and no hypertension
(tab.landfig. 3).

Discussion

The Na*" excretion level of the Yanomami sample
analyzedinthe INTERSALT Study wasthelowest inan
adult population ever reportedintheliterature. Similar data
werefoundinother samplesof theY anomami population®,
Thepotassumexcretioninthe Y anomami samplewasgrea-
ter than that found in 35 of the 52 samples of the INTER-
SALT Study. Adultsof industrialized popul ationshavean
increasein weight with age®*. The' Y anomami Indiansdid
not increasetheir weight with age.

Severa studieswithisolated popul ationswithlow salt
intakein different partsof theworld haveshownnoincrea-
sein blood pressure with age 24, A few studies have
reported a decrease in blood pressure with age . These
populations are usually characterized by a Na‘-poor and
K*-richdiet.

Thelack of blood pressure increase with age was
suggested to be due to the presence of chronic diseases
and malnutrition %2, The authors observed no signs of
mal nutrition or protein deficiency inthe participantsof the
Yanomami sampleof theINTERSALT Study; on the con-
trary, the authorswereimpressed by the physical resistance
of the Yanomami Indians, who are used to carrying al ot of
weight through the forest for hours. Truswell et al 2° and
Page et a 2! have al so reported agood nutritional statusin
theisolated populationsin Africaand in the Solomon
Islands, where noincreasein blood pressure with agewas
found.

The Yanomami Indians are evidence that an active
lifestylewithlittlesaltintakeispossible. Oliver et al ¢ have
reportedsimilar levelsof Na* excretionin'Y anomami groups
in Venezuela and have associated them with elevated
plasmalevelsof renin and aldosterone. These hormonal
adaptationstoavery low Na' intake may play animportant
rolein maintai ning and reabsorbing the Na* filtered by the
kidneys, and may reflect the human capacity to adapt to a
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Fig. 3—Blood pressure and age (Y anomami Indians).
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Fig. 4—Causa model of diseases.

sodium-salt-deficient diet, an adaptation originated in
the predominantly vegetarian diet of human primateances-
tors?. Thistypeof diet prevailed for thousands of years of
human evolution, from nomadic food gatherer to hunter,
beforethedevel opment of agricultureand animal domesti-
cation and breeding %,

Because the blood pressure control systemisredun-
dant, ie, several systemscontrol blood pressurein addition
totherenin-angiotensin-a dosterone system, theexcessive
stimulation of this system by low salt intakeisnot ableto
elevate blood pressure. Thismay be dueto other physiolo-
gical mechanisms, such asvasodilators, that may compen-
satethe stimulation of thisvasoconstrictor and salt-preser-
ving system. Inaredundant system, alterationinoneof its
components affects or interferes with the others, causing
theentiresystemtoreadjust, either by maintai ning theresult
(inthiscase, unaltered blood pressurelevel), or readjusting
thesysteminanew plateau. Another exampleof stimulusof
the renin-angiotensin-aldosterone system isrenal artery
stenosis. One clinical-pathol ogic study has long shown
that renal artery stenosisdoesnot hecessarily el evate blood
pressure®. Inthat study, 17% of the normotensive patients
had renal artery stenosis greater than 50%. On the other
hand, the classi c concept that activation of therenin-angio-
tensin-aldosterone systemistheonly cause of thedevel op-
ment and maintenance of renovascular hypertension has
been reviewed. Experimental evidenceindicatesthat other
systems, such asthelipoxygenase pathway, seemto play a
morecritical rolein maintaining high blood pressureafter
renal artery stenosis®.

Inadditiontolow Na* intakeand high K* intake, other
factorsthat may contribute to the absence of hypertension
and lack of blood pressure increase with age among the
Yanomami Indiansareasfollows: their low body massindex
and the almost nonexistence of obesity, no alcohol inges-
tion, low ingestion of saturated fat, highingestion of fibers,
relatively high physical activity, and the several cultural
consequences of living in an isolated community without
thepsychosocial stressof civilization and without amone-
tary system or dependence onajob.
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One of the coordinators of the INTERSALT Study,
Dr. Jeremiah Stamler, discussing theimplications of the
study *31%2 stated that based on thefindings, onemay esti-
matethat with areductioninmean Na* intaketo 100 mmol/
day (ateaspoon of salt), areduction in mean body mass
index to 22 kg/m?, anincreasein K* intaketo increasethe
Na'/K* ratioto 1, and with elimination of excessiveal cohol
ingestion, the mean systolic blood pressure would be
6mmHglower. A clinicianmay observethet, inanindividua
patient, blood pressuremay vary morethanthat in minutes.
But adifference of 6 mmHg has another meaning when
applied to a population. Estimated from other epidemio-
logical studies(Framingham, WesternElectric, MRFIT), a
6-mm Hg reductioninsystolic blood pressurewould reduce
mortality dueto coronary artery diseaseby 10% and morta-
lity dueto stroke by 16%.

Thestudy of the' Y anomami Indians, whichwe started
in 1982, wasoriginally presented asathesisof the Postgra-
duation Programin Cardiol ogy of theMedical School of the
Universidade Federal do Rio de Janeiro by one of the
authors” 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, inthiscase, therisk factorsfor cardiovascu-
lar diseases. Thisisolated population, was only contacted
by the so-called “ civilized” world inthe mid 20th century.
Arteria hypertension doesnot exist among the Yanomami
Indians, while 38% of the urban population of Rio de Janei-
ro ®, which was also examined, has blood pressure levels
above 140/90 mmHg or uses antihypertensive drugs. The
Y anomami Indiansarenot obese, their blood pressure does
not increase with age, their mean total serum cholesterol
levelsare 122 mg% for malesand 142 mg% for femalesand
their LDL-cholesterol levels are 68 mg% for males and
78 mg% for females, which are almost half those levels
reported in the Brazilian popul ations of large cities or of
other countries -, |n addition, the low salt intakein
this population was fundamental for confirming in the
INTERSALT Study thepositiverelation between salt intake
and blood pressure levels, an old doubt in the pathophy-
siology of blood pressure elevation. The findingsin the
Y anomami Indiansindicate that the high prevalence of
cardiovascular risk factorsamong us, mainly in populations
at thelower socioeconomiclevel, aresignificantly associa-
ted with life conditions, and, therefore, may be controlled
independently of what may be discovered about the gene-
tic basisof these cardiovascular risk factors.

Thecomplex relationamongindividuals(aninterre-
lated set of genes), society (interrelated set of individuals),
and environment (ecosystem in which theindividual is
inserted) in determining diseases needs to be understood
within new paradigmsof thought, such asthat of complex
systems®"*8and nolonger withinthe deterministic or even
multideterministic paradigm of cause and effect. Thisis
necessary to a better understanding of the health-disease
complex within atemporal evolution, ie, along theindivi-
dual’ shistory of life. Themultivariateanalysisusedinthis
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study isoneof the quantitative statistical instrumentsused
to understand this complex interaction. Other methods of
observing and describing reality, both quantitative and
gualitative, and trying to reproduce or predict what will
happen based on aninitial observation (mathematical pre-
dictiveor statistic modelsor the neural websor theMarkov
chains) should beaddedinthe searchfor scientific truth.
Figure 4 proposes asimplified causal model. Inthis
model, weseethat acertaindisease (D, ) hasthe probability
(PD,) toresult fromthecombination of different variablesor
environmental risk factors (FR,, FR,, FR,, FR —complex
environmental system — ecosystem) acting for varied
periods of timeupon 2individuals(l,andl,), wholiveina
society (I,,1,,1,,1,—complex genetic-anthropo-social
system) within that environmental system. On the other
hand, thesameenvironmental risk factors(FR, - FR ) combi-
ned may causeabsenceof diseaseor different diseases(D,,
D )indifferentindividuas(l,, | ). Thiscomplexinteractionis
till dependent onthetimefactor (t), boththeinitial moment
of action within the evolution of the system (initia stage)
and the duration period of action. It isworth noting that
eachindividual may beexposed totheenvironmenta factor
indifferent momentsof his/her evolutionary history andfor
different periodsof time, and that thisindividual , to control
aphysiological variable such as blood pressure, relieson
redundant systems, which are under the control of several
genes and may affect the outcome. Small changesin the
initial stage may cause great changes in the system at
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another moment in time*. It isworth noting that therisk
factors may be facilitatory or inhibitory, ie, they may act
positively or negatively upon the systeminregardto a
certain outcomeandin acertainindividual, depending on
the organization of the system (asenvironmental, genetic,
and socia variablesinteract).

Because one disease may be the result of different
combinationsindifferentindividualsandin different socie-
ties, theresults(R1, Rn) of onesametreatment may bediffe-
rent. Therefore, itisnot asurpriseto verify that antihyper-
tensive drugs reduce therelative risk of cardiovascular
eventsinlessthan 45%. To understand thesecomplex rela-
tionsinanindividua and to know how to choose or judge
thebest treatment for each patient isfundamental inclinical
practice.

The study of the Y anomami Indians, even without
knowing the human genome, asit shows the absence of
some known coronary risk factorsin apopulation that is
organized in asociety and livesin acompletely different
ecosystem from ours (inhabitants of large cities), shows
that blood pressure in that environment-society does not
necessarily increasewith ageor evenwiththeexcessivesti-
mul ation of therenin-angiotensin-aldosteronesystem. This
enablesproving that aclear rel ation between salt intakeand
blood pressure existsand pointsto the need for achangein
the paradigm from a deterministic or multideterministic
thought to a complex thought “°, so the causal relationsin
medicinewill bebetter understood.
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