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ABSTRACT
Introduction: The diagnosis of arterial hypertension in adults is based on figures above 
140/90 mmHg, conventional values of normality, universal, for any age or sex. There 
are a large number of comparative studies between chronic residents of high altitude 
and those at sea level, with significantly differentiable results, as a consequence of 
their successful adaptation to the chronic hypoxic-hypobaric environment at high 
altitude. For the correct diagnosis and treatment of their diseases, it is necessary to 
establish the ranges of normality that correspond to them. Objective: To determine 
the normal blood pressure pattern of these permanent inhabitants of high altitudes. 
Method: Cross-sectional, epidemiological cohort study, one cohort represented by 
the coastal population and another cohort represented by the Andean population. 
Results: Of the 12,448 persons selected on the coast, 51% were women and 49% 
men, with ages ranging from 18 to 97 years, and a mean age of 43.8 years. In the 
Andean highlands, of the 6,253 people selected, 48.7% were men and 51.3% were 
women, with an average age of 41.8 years. On the coast, of the 6,195 selected, 
49.3% were male and 50.7% female, with an average age of 48.7%. On the coast, the 
cut-off value for systolic blood pressure of 140 mmHg corresponded to the 91.9th 
percentile, taking into account the estimated mean age of 48.7 years; therefore, the 
cut-off-point for the inhabitant of the Peruvian highlands, systolic blood pressure 
would be 134 mmHg. Meanwhile, the cutoff value for diastolic blood pressure of 
90 mmHg on the coast corresponds to the 86.2 percentile, taking into account the 
estimated mean age of 48.6 years; the cut-off point for diastolic blood pressure for 
the inhabitant of the highlands would be 89.1 mmHg. Conclusion: The present study 
finds that 134/89 mmHg is the limiting pattern of normal systolic and diastolic blood 
pressure in the adult inhabitant of the Andean highlands.
Key words: Blood Pressure, Altitude, Peru, Andes, Stroke.

RESUMEN
Introducción. El diagnóstico de la hipertensión arterial en adultos se basa en cifras 
superiores a 140/90 mmHg, valores convencionales de normalidad, universales, 
para cualquier edad o sexo. Hay una gran cantidad de estudios comparativos 
entre los residentes crónicos de la altura y los del nivel del mar, con resultados 
significativamente diferenciables, resultado de su exitosa adaptación al ambiente 
hipóxico-hipobárico crónico en la altura. Para el diagnóstico correcto y tratamiento 
de sus enfermedades, es necesario establecer los rangos de normalidad que les 
corresponde. Objetivo. Determinar el patrón normal de la presión arterial de los 
habitantes peruanos permanentes de las alturas. Método. Estudio transversal, 
epidemiológico de cohorte, una cohorte representada por la población de la costa 
y otra cohorte representada por la población andina. Resultados. De las 12  448 
personas seleccionadas, el 51 % eran mujeres y el 49 % hombres, con edades 
comprendidas entre los 18 y los 97 años, y una edad media de 43,8 años. En la 
sierra andina, de las 6 253 personas seleccionadas el 48,7% eran hombres y el 
51,3% mujeres, con una edad media de 41,8 años. En la costa, de las 6 195 selectas, 
el 49,3 % fueron varones y 50,7 % mujeres, con 48,7 % de edad promedio.  En la 
costa, el valor de corte para la presión arterial sistólica de 140 mmHg correspondió 
al percentil 91,9, teniendo en cuenta la edad media estimada de 48,7 años; por lo 
tanto, el punto de corte para el habitante de la sierra peruana, la presión arterial 
sistólica sería de 134 mmHg. Mientras tanto, al valor de corte para la presión arterial 
diastólica de 90 mmHg en la costa corresponde al percentil 86,2, teniendo en 
cuenta la edad media estimada de 48,6 años; el punto de corte de la presión arterial 
diastólica para el habitante de la sierra, sería de 89,1 mmHg. Conclusión. El presente 
estudio encuentra que 134/89 mmHg es el patrón límite de presión arterial sistólica 
y diastólica normal en el habitante adulto del altiplano andino.
Palabras clave. Presión arterial, Altitud, Perú, Andes, Accidente cerebrovascular.
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IntroductIon

The diagnosis of arterial hypertension in adults 
is based on figures above 140/90 mm Hg, con-
ventional values of normality, universal for any 
age or sex, without taking into account geo-
graphical or ethnic variations. The situation is 
very different in children and adolescents for 
determining normal blood pressure, due to the 
biological changes inherent to this phase of hu-
man growth. To calculate normal blood pressure 
in children, it is necessary to use percentile ta-
bles according to age, sex and height; while in 
the adolescent population, it is more complex 
to delimit normal pressure, not only because 
of the profound physical, physiological and so-
cial changes, but also because of the influence 
of geographic and anthropological variabilities, 
and therefore, the studies performed to deter-
mine normal blood pressure in adolescents are 
valid only for the locality under investigation(1-3), 
concepts that should be taken into account to 
avoid overdiagnosis of hypertension in young 
people.

In the populations located in the highlands of 
the Andes (Peruvian highlands), so diverse and 
millenary, the universally established criteria of 
normality cannot be applied to all its inhabitants, 
because they have very different biological and 
genetic characteristics from the inhabitants liv-
ing at sea level (Peruvian coast). Chronic hypo-
baric hypoxia, evidently, is the most important 
cause of the differences between these two pop-
ulations; the human being of the Andean high-
lands lives ancestrally subjected to an essential-
ly hypoxic environment where the decrease of 
the partial pressure of oxygen in the atmospher-
ic air makes the inspired alveolar air hypoxic and 
the hematosis is different, leading to a general 
hypoxia. High altitude populations have been 
continuously adapting for approximately 20,000 
years and have successfully developed specific 
genetic changes, both physiological and ana-
tomical, to live naturally in this oxygen-deplet-
ed atmospheric environment(4-18). "Understand-
ing that adaptation to extreme environmental 
conditions is important for understanding our 
genetic and cultural capacity for survival," says 
Kurt Rademaker(19), an archaeologist at the Uni-
versity of Maine.

There are a large number of comparative studies 
between chronic residents of high altitude and 

those at sea level, with significantly differentiable 
results in macro and microstructural aspects, as 
well as physiological and genetic. All these evalu-
ations have always been made using the normal 
ranges for sea level inhabitants(20-25), which are 
universal, without contemplating the particular 
vital homeostasis of the high-altitude inhabi-
tant, who needs to have his own parameters of 
normality, to avoid misleading results and even 
incompatible with the reality given by his biolog-
ical adaptation(26). An example of this is the study 
by Dr. Daniel Yumpo Castañeda on arterial gases 
in the inhabitants of the city of Huancayo (locat-
ed at 3,249 meters above sea level and with a 
barometric pressure of 535 mmHg), who using 
the usual ranges of normality for gas analysis, 
found that these inhabitants lived in a chronic 
respiratory alkalosis, and qualifies the results as 
invalid, because this respiratory alkalosis is the-
oretical, unreal, since these inhabitants have an 
adequate acid-base balance. Therefore, he ar-
gues that the normal values used for the Coast 
are only 'referential' for the altitude, and are not 
the 'normal' values that have yet to be deter-
mined(27). On the other hand, Gustavo Zubieta 
Calleja(28) proposes an 'Acid-base formula of tol-
erance to altitude', where for the capacity of ad-
aptation to each altitude there is a direct relation 
with the increase of hemoglobin, and an inverse 
relation with CO2, which decreases. This means 
that for the capacity of tolerance to higher hy-
poxia there must be a proportional increase in 
hemoglobin and also a decrease in CO2, to give a 
zero acid-base balance. The researcher advises, 
'never use Van Slyke's acid-base formula from 
sea level at altitude; cells should have a normal 
pH at any altitude'. Other examples are the stud-
ies on normal blood gases in high altitude inhab-
itants by Ortega in Medellin, Colombia(29); and by 
Pereira-Victorio(30) and Tinoco(31) in Peru.

The Peruvian Ministry of Health has had the 
need to publish the normal hemoglobin values 
for each altitude above sea level, for children 
and adults, because the hemoglobin dosage is 
indispensable in the formula for the diagnosis of 
infant malnutrition and anemia(32-33); undoubted-
ly, there are other normal values to be known in 
these high-altitude inhabitants. 

We mention other evidences that characterize 
high-altitude subjects. It has been investigated 
that they have lower blood glucose values, be-
cause their extrahepatic tissues are more effi-
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cient in utilizing glucose(20). On the other hand, 
'diabetes' is less prevalent in them, and the re-
ality might be different, if the normal glucose 
rate for them were known. Those born and de-
veloped at high altitudes have a larger residual 
lung volume, especially if they are of Quechua or 
Aymara origin, as an expression of genetic adap-
tation to hypoxia(25). This increased residual vol-
ume also contributes to a satisfactory cardiovas-
cular adaptation. High altitude children are born 
with a wider small intestine, a larger diameter 
and longer colon, which is the main origin of the 
'Andean dolichomegacolon', an entity with its 
own characteristics, which gives rise to sigmoid 
volvulus, causing acute intestinal obstruction, 
a more frequent emergency pathology in hos-
pitals in the Andean region than emergencies 
due to acute appendicitis. The thickening of the 
muscular middle layer of the distal arterioles of 
the pulmonary artery are the same in newborns 
at sea level and altitude; this fetal pattern has 
a rapid remodeling towards a thinner muscular 
middle layer in children at sea level. On the oth-
er hand, this remodeling is slower in the inhab-
itant born at high altitude, originating a greater 
peripheral resistance and therefore a higher 
pulmonary arterial pressure and right ventric-
ular overload, which is of a functional adaptive 
type. We observed with Oscar Grunfeld and José 
La Torre that the vectocardiographic pattern of 
right ventricular overload at high altitude, QRS 
loop rotating clockwise, returned to its normal 
counterclockwise rotation, as normal inhabi-
tants descended from Morococha (4,540 meters 
above sea level) to sea level, in a period of ap-
proximately three hours.

objectIve

Considering that the high-altitude populations of 
the Andes have definite characteristics that are 
very different from those at sea level, it was neces-
sary to find the normal pattern of blood pressure 
of these permanent inhabitants of the high alti-
tudes; and for this purpose, we prepared the pres-
ent study applying percentiles equivalent to the 
standard values, 140/90 mmHg, universally used.

Methods

This is a cross-sectional, epidemiological, cohort 
study, one cohort represented by the coastal 
population and another cohort represented by 
the Andean population. The study was based on 

the results obtained from the Tornasol I and II 
studies(34-36). From them, a sample of 12,448 per-
sons was drawn, among permanent inhabitants 
of the coast and those of the highlands of the Pe-
ruvian highlands, with complete and consistent 
records of normal blood pressure, according to 
the universal standard 140/90 mmHg. The sub-
jects were over 18 years of age, of both sexes, 
and treated hypertensive patients and pregnant 
women were excluded.

R software was used for statistical consider-
ations. Qualitative variables were described as 
absolute frequencies and percentages, quanti-
tative variables as mean and standard deviation. 
To obtain the blood pressure percentile curves, 
the GAMLSS method was applied, which consists 
of fitting the data to an exponential distribution 
with a Box-Cox power transformation (BCPE) 
and with four parameters smoothed using the 
cubic spline technique.

results

Of the 12,448 people selected, 6,353 were fe-
male (51 %) and 6,095 male (49 %), with ages 
ranging from 18 to 97 years, and an average age 
of 43.8 years. In the Andean highlands, of the 
6,253 people selected, 48.7 % were males and 
51.3 % were females, with an average age of 41.8 
years. On the coast, of the 6,195 selected, 49.3 % 
were men and 50.7 % were women, with an av-
erage age of 48.7 %.

On the coast, the cut-off value for systolic blood 
pressure of 140 mmHg corresponded to the 
91.9 percentile, taking into account the estimat-
ed mean age of 48.7 years; therefore, the cut-off 
point for the inhabitant of the Peruvian highlands, 
systolic blood pressure would be 134 mmHg. 
Meanwhile, the cutoff value for diastolic blood 
pressure of 90 mmHg on the coast corresponds 
to the 86.2 percentile, taking into account the es-
timated mean age of 48.6 years; the cutoff point 
for diastolic blood pressure for the inhabitant of 
the highlands would be 89.1 mmHg.

If we correct the prevalence of arterial hyper-
tension in the highlands, according to the new 
134/89 mmHg standard, it rises notably from 
23.2 % -which it had with the 140/90 standard- to 
a value of 27.2 % (Figure 1), thus matching the na-
tional prevalence of arterial hypertension, 27.3 %, 
always below the value of the coast, 31.6 %.
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Figures 2 and 3 show the prevalence of blood 
pressure in Peruvian highlanders, by age and 
sex, according to the patterns 140/90 mmHg 
and 134/89 mmHg, respectively. In high-altitude 
women, prevalence is lower than that of men 
until the age of 50 years, where they are equal; 
then blood pressure in women surpasses that of 
men, at the age of 60 years, and finally falls at 70 
years. Comparing the two prevalence tracings, 
with patterns 140/90 and 134/89 mmHg, there 
is a similar behavior in these groups of people. 
This configuration of blood pressure between 
men and women, throughout life, has universal 
characteristics.

Comparing our figures for arterial hypertension 
in the Andean population with those at sea level, 
according to the criteria of the European classi-
fication, Tables 1 and 2 show the changes in the 
values, prevalence and distribution of arterial 
hypertension at altitude with respect to hyper-
tension at sea level. Thus, the prevalence of iso-
lated diastolic hypertension at altitude is lower 

Figure 1. Blood pressure prevalence according to the range 
140/90 mmhg.

Source: Own

Source: Own

Source: Own

Figure 2. Blood pressure prevalence according to the range 
134/89 mmhg.

Figure 3. comparison oF Blood pressure prevalence at altitude 
according to the 140/90 range and the 134/89 range.
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taBle 1. Blood pressure classiFication in the highlands adapted 
to the european classiFication For the range 140/90 mmhg.

Classification 140/90 according 
to TORNASOL II Prevalence Distribution

Category SBP DBP % % Total % % Total

Optimal <120 <80 46.5

82.2

- -

Normal 120-129 80-84 27.5 - -

High normal 130-139 85-89 8.2 - -

Isolated diastolic H. <140 >=90 12.7 12.7 71.6 71.6

Mixed grade I H. 140-159 90-99 1.4

3.2

7.6

17.6Mixed grade II H. 160-179 100-109 1.0 5.6

Mixed grade III H. >=180 >=110 0.8 4.4

Isolated systolic H. >=140 <90 1.9 1.9 10.8 10.8
SBP: Systolic blood pressure
DBP: Diastolic blood pressure
H: Hypertension

taBle 2. Blood pressure classiFication in the highlands adapted 
to the european classiFication For the range 134/89 mmhg.

134/89 percentile rank Prevalence Distribution

Category SBP DBP % % Total % % Total

Optimal <114 <78 41.5

81.2

- -

Normal 114-123 78 - 83 28.7 - -

High Normal 124-133 84 - 88 11.0 - -

Isolated diastolic H. <134 >=89 11.8 11.8 63.3 63.3

Mixed grade I H. 134-151 89 - 99 2.0

4.2

10.4

21.9Mixed grade II H. >=152 100 - 105 1.5 8.0

Mixed grade III H. - >=106 0.7 3.5

Isolated systolic H. >=134 <89 2.8 2.8 14.8 14.8
SBP: Systolic blood pressure
DBP: Diastolic blood pressure
H: Hypertension
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(11.8 % vs. 12.7 %); on the other hand, mixed 
hypertension and isolated systolic hyperten-
sion increase at altitude, while the normotensive 
group decreases at altitude.

dIscussIon

As a consequence of their successful millenary 
adaptation to a severe and chronic hypoxic-hy-
pobaric environment, the native populations 
of the Andean highlands are substantially very 
different from the populations living at sea lev-
el, and the proof is the physical, biological and 
genetic changes found in the different studies 
carried out. Their normality ranges, necessary 
for any scientific interest, are mostly unknown. 

We estimate that some 441,600 high altitude in-
habitants wander around as 'normotensive' due 
to the use of 140/90 mmHg as the standard for 
the diagnosis of arterial hypertension, without 
any preventive warning or treatment.

There is consensus that arterial hypertension is 
the most important etiological factor for stroke; 
however, in the literature from Andean coun-
tries, arterial hypertension is considered to be a 
lower cardiovascular risk factor for this compli-
cation, because it has 'significantly lower levels 
of prevalence'; rather, hypoxia and polycythemia 
are the main risk factors at high altitude for de-
veloping stroke(37). There are still no admissible 
statistics on the prevalence of stroke in sea-level 
and high-altitude populations. But, apparent-
ly, from some isolated studies, they are similar. 
Therefore, we have initiated a national study on 
this subject, not only to compare the prevalenc-
es at the coast and at high altitude, but also to 
know what is the factor of arterial hypertension 
in stroke in the high-altitude inhabitant, unfortu-
nately postponed due to the COVID-19 pandem-
ic.

conclusIons

Populations established at high altitudes in the 
Andes are substantially different from those at 
sea level. For scientific interest it is necessary to 
establish the normality ranges of the high-alti-
tude inhabitant. Within this reasonable interest, 
in the present study, applying percentiles equiv-
alent to the standard values 140/90 mmHg, we 
have managed to determine that the normal 
blood pressure in the chronic Andean highland-

er is 134/89 mmHg, and as a consequence of this 
result, the prevalence of arterial hypertension at 
high altitude is high, 27.2 %, as high as the na-
tional prevalence figure. Arterial hypertension is 
being underestimated as an important cause of 
stroke in high altitude Andean populations. The 
goal for treatment of hypertension in high alti-
tude dwellers should be 134/89 mmHg or less.
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