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Abstract

Objective: The main objective is to determine the normal physiological values
of heart rate, respiratory rate, oxygen saturation, blood pressure, and hemato-
crit in populations living at altitudes between 1,000 and 3,500 meters above sea
level in the Cajamarca Region during the year 2023. Methods: The study de-
sign was a descriptive observational cross-sectional study with a non-proba-
bilistic sampling method. Inclusion criteria considered inhabitants aged 1 to
70 years, of both sexes, both native and non-native, who had resided for more
than one year at the measured altitude and agreed to participate by signing the
informed consent form. In the case of minors, consent was obtained from their
parents. Exclusion criteria included a history of cardiovascular, pulmonary, or
hematological disease; presence of respiratory symptoms at the time of the test
such as cough, sputum, or dyspnea; diagnosis of obesity; body mass index greater
than or equal to 30; and regular smoking. The total population included 476
individuals. Statistical analysis was performed using R Project software, and
non-parametric statistical tests such as the Kruskal-Wallis test were applied.
Results: Significant differences were found by sex in heart rate, respiratory rate,
and hematocrit. Additionally, all physiological variables measured showed sta-
tistically significant differences according to sex, altitude, and life course. Con-
clusion: This study is relevant as it establishes a baseline for vital signs and hem-
atocrit values in high-altitude populations. It is the first study of its kind con-
ducted in the Cajamarca Region and represents a starting point for future re-
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search in high-altitude medicine.
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1. Introduction

There is growing interest worldwide in understanding human adaptations to chronic
hypoxia in high-altitude regions and at different ages [1]-[3].

In this regard, various parameters such as blood pressure, oxygen saturation,
heart rate, respiratory rate, and hematocrit must be evaluated in humans, from
newborns to adults [4]-[9].

In our region, South America, given that a number of countries have populations
residing at high altitudes, reports such as that presented by Andrade V. et al [10]
provide oxygen saturation values for healthy children aged 1 to 12 years residing
in Quito, Ecuador, a city of moderate altitude. Similarly, Trompetero A. C. et al
[3] analyzed the behavior of hemoglobin concentration, hematocrit, and oxygen
saturation in the Colombian university population between the ages of 18 and 30,
who were native or had been residents for at least three years, at different altitudes
[3] [10].

In our country, these efforts to obtain this knowledge are also evident, as shown
in the study reported by Rondén Abuhadba E. et al, who found a significant cor-
relation between oxygen saturation, heart rate, and respiratory rate in full-term
newborns at 3,400 meters above sea level.

In another study conducted in the Andean regions of Peru, Mejia C. R. et al.
[11] evaluated oxygen saturation at different altitudes and found statistically sig-
nificant variations in heart rate in different age groups between 1 and 50 years of
age.

Segura Vega L. [12] reported that 134/89 is the normal blood pressure pattern
for Andean adults, a calculation obtained using a sample of 12,448 normotensive
individuals over the age of 18 from the TONASOL I and II studies, excluding
compensated hypertensive individuals and pregnant women.

Having knowledge of the vital signs of the population living at high altitudes
will enable us to propose strategies for the diagnosis and prevention of chronic
degenerative diseases in the general population, as well as to address the problem
of childhood anemia.

For these reasons, given that the Cajamarca Region has populations distributed
in areas at altitudes between 1,000 and more than 3,000 meters above sea level, for
which there is no research on their physiology, the objective of this study is to
determine the normal physiological values of heart rate, respiratory rate, oxygen
saturation, blood pressure, and hematocrit in populations living at altitudes be-

tween 1,000 and 3,500 meters above sea level in the Cajamarca region in 2023.
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Other objectives to be studied include establishing gender differences and dif-
ferences according to age groups among the various parameters to be investigated.

Materials and Methods

Study design: the present study is an observational, descriptive, cross-sectional
design.
According to the altitude and accessibility to obtain the corresponding samples,

the following localities of the Cajamarca Region, Peru, were considered.

Province District Location Altitude
Cajamarca Magdalena Magdalena 1,294
Cajamarca Llacanora Llacanora 2,606
San Marcos Pedro Gélvez San Marcos 2,251

San Pablo San Pablo San Pablo 2,365
Cajamarca Namora Namora 2,733
Cajamarca Cajamarca Cajamarca 2,750
Cajamarca Matara Matara 2,819
Cajamarca La Encafiada La Encaiada 3,098
Hualgayoc Hualgayoc Hualgayoc 3,502

Blood pressure was recorded according to Williams B. ef a [13] and Unger et
al. [14], using automatic and semi-automatic oscillometric devices, in accordance
with the specifications of the Pan American Health Organization [15].

The measurement of pulse oximetry was performed as described by Mejia Salas
and Mejia Suarez [16].

The procedure for obtaining the haematocrit and its corresponding reading was
performed according to parameters described in the literature [17]-[20].

Study population

A non-probabilistic and convenience sample was considered and its ages ranged
from 1 to 70 years of age. Recruitment was carried out systematically in each of
the nine pre-established locations for the study, achieving the participation of a
total of 476 people.

Inclusion criteria were considered to be: subjects of both sexes, of the determined
altitude, natives and non-natives with a stay of more than one year at the altitude
measured, and who accepted to participate in the project and signed the Informed
Consent Form, in this last aspect, if they were adults, and in the case of minors,
their parents did so.

Exclusion criteria included: a history of cardiovascular, pulmonary or haema-
tological disease, respiratory symptoms at the time of the test such as cough, ex-
pectoration or dyspnoea. Patients with a diagnosis of obesity and with a body mass
index greater than 30 or who were regular smokers were also excluded.

Data analysis

The statistical software R Project was used to analyze the data. An initial assessment
of the distribution of the data revealed that they did not follow a normal distribu-

tion. Given this situation, it was decided to use non-parametric statistical tests.
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Specifically, the Kruskal-Wallis test was applied to determine significant differ-
ences between proportions of continuous and categorical variables. The results
were presented in tables using the R package gtsummary, which facilitates the cre-
ation of high-quality statistical tables.

Ethical considerations: Ethical considerations included requesting informed
consent from participants, as well as discretion and confidentiality in the use of

the information obtained.

2. Results

To establish gender differences between the physiological values of heart rate,
respiratory rate, oxygen saturation, blood pressure and haematocrit of inhabitants
of the Cajamarca Region living at altitudes higher than 1,000 masl, in the year
2023.

Table 1 shows that the clinical characteristics studied show significant differ-
ences by sex in heart rate, respiratory rate and haematocrit; no significant differ-

ences by sex were found in oxygen saturation and systolic blood pressure.

Table 1. Summary of variables by sex.

Clinical characteristics F N = 336! M N = 140" p-value?
Frec_Card 76 (15) 80 (17) 0.012
Frec_Resp 19.60 (2.56) 20.71 (7.33) 0.002

Sat_Oxig 93.3(2.9) 93.6 (2.7) 0.5
Pres_Art_Sist 111 (20) 109 (22) 0.10
Hto 46.4 (7.0) 48.1 (9.6) 0.020

!Mean (SD); *Wilcoxon rank sum test.

Table 2 shows that in all clinical characteristics studied, there are significant

differences by sex and altitude.

Table 2. Summary of variables by sex and altitude.

F

M

1294 2251 2365 2606 2703 2750 2819 3098 3502 p-

1294 2251 2365 2606 2703 2750 2819 3098 3502 p-

Clinical
characteristics N= N= N= N= N= N= N= N= N=value N N= N= N= N= N= N= N= N= N= value
350 21 300 92! 44! 18! 30! 18' 48! 2 15 16! 5' 291 15 6! 19t 6 29! 2
Frec Card 336 69 77 74 81 75 73 80 (9) 71 74 0.003 140 70 71 84 920 78 67 78 72 84 <0.00
- (12) (11) (14) (20) (12) (10) (12) (14) (12) (19) (19) (17) (16) (13) (12) (10) (17) 1

17.65 19.62 19.77 20.02 19.36 19.56 20.17 19.12 20.11 <0.00

Frec Resp 3331 90)(2.54)(2.37)(1.82)(0.99)(1.10)(3.53)(1.36)(1.72) 1

95.2 94.8 94.9 93.5 92.7 94.6 91.4 94.1 90.8 <0.00

Sat_Oxig 336

(2.8) (2.7) (27) (2.1) (2.6) (2.2) (3.0) (1.7) (3.2) 1
P Art Sist 331 123 116 114 105 113 108 114 107 109 <0.00
res_ArtsIs (18) (31) (26) (19) (15) (19) (19) (13) (17) 1

Hto 326 43.7 47.0 443 452 433 44.6 57.8 45.1 48.0 <0.00
(3.4) (2.9) (5.0) (3.4) (2.9) (3.8) (15.9) (3.8) (4.0) 1

24.44
o 1727 (204 21.20 20.97 19.80 18.50 21.16 21.17 20.66 <0.00
(2.81) 4)‘ (1.10)(1.74)(1.37)(1.97)(3.99)(1.72)(2.74) 1

96.67 94.13 94.00 94.79 93.40 93.33 91.42 94.00 91.93 <0.00
(1.39)(1.55)(3.74)(1.76) (2.87)(1.21)(1.57)(2.53)(2.80) 1

133 128 123 102 93 104 123 116 98 (9) 106 <0.00
(27) (25) (17) (16) (16) (31) (17) (17) 1

138 45 (5)48 (4)42 (5)43 (7)45 (3)47 (9) 47 (3)48 (6) <0.00

62
(15)

!Mean (SD); 2Kruskal-Wallis rank sum test.
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Table 3 shows that in all the clinical characteristics studied, there is a significant

difference by life course.

Table 3. Summary of variables by life course.

Clinical
L. 0allN=120" 12al17N=57" 18a29N=73' 30a59N=163" 60aMasN=63" p-value’

characteristics
Frec_Card 90 (18) 76 (13) 75 (13) 71 (11) 72 (13) <0.001
Frec_Resp 21.39 (2.51) 19.35 (1.48) 18.97 (1.60) 18.96 (1.74) 21.24 (11.09) <0.001
Sat_Oxig 93.8 (2.9) 93.9 (2.5) 94.1 (2.7) 93.2 (2.7) 91.7 (3.0) <0.001
Pres_Art_Sist 93 (13) 104 (13) 112 (17) 115 (15) 133 (25) <0.001
Hto 44.4 (5.5) 46.2 (5.1) 46.6 (8.8) 48.3 (9.1) 49.1 (8.2) <0.001

!Mean (SD); 2 Kruskal-Wallis rank sum test.

Table 4 shows that for all clinical characteristics studied, there is a significant

difference by altitude.

Table 4. Summary of Variables by Altitude.

Clinical 1294 N =

2251 N 2365N 2606 N 2703 N 2750N 2819N 3098 N 3502 N p-

characteristics 50! =371 = 35! =121! = 59! =241 = 49! =241 =77'  value?
Frec_Card 69(12) 74(15) 75(15) 83(20) 76(13) 72(11) 79(11) 71(11) 78(16) <0.001
17.53 21.70 19.97 20.25 19.47 19.29 20.55 19.65 20.32
Frec_Resp <0.001
(4.41)  (13.54) (2.28)  (1.84)  (1.10)  (1.40) (3.71)  (L.70)  (2.17)
94.5 94.8 93.8 92.9 94.3 91.4 94.0 91.2
<0.001

Sat_Oxig 95.7 (2.5)
Pres_Art_Sist 124 (21)

Hto 44.2 (3.8)

(2.3) (2.9) (2.1) (2.6) (2.0) (2.5) (1.9) (3.1)
119(28) 113(25) 102(19) 111(15) 112(23) 115(18) 105(12) 108 (17) <0.001
47.6 44.1 446 438 45.1 59.5 45.5 48.2

33 @9 (45 Gl (5 (56 (6 @pn W

!Mean (SD); *Kruskal-Wallis rank sum test.

3. Discussion

In our study, we found higher average values for HR, HR and Hto in men than in
women. In addition, typical responses to altitude, such as increased heart rate and
respiratory rate, decreased oxygen saturation and increased haematocrit in the
Cajamarca population were evident. Also, expected physiological patterns are ob-
served, such as a higher heart and respiratory rate in childhood that decreases in
adulthood, a progressive increase in systolic blood pressure and haematocrit with
age, as responses to hypobaric hypoxia as altitude increases. Our results are con-
sistent with the studies of Bardales Zuta et a/ [21]. Healthy residents of Huama-
chuco were recruited for this cross-sectional convenience study. Arterial blood
was drawn using standard procedures. People with obesity, diabetes, high levels
of physical activity and a history of substance use were excluded. They concluded
that in inhabitants of high Andean areas pO, and pCO, decreased and haematocrit
increased.

Tremblay J. C. and Ainslie P. N. [22], who in their research used a Geographic
Information Systems (GIS) approach to quantify the human population at 500 m
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altitude intervals in each country. Presenting the population for 500 m intervals
to provide a flexible interpretation of “high altitude”, as the threshold for high
altitude eliciting a physiological response varies between individuals and popula-
tions. Concluding that research in countries with substantial high-altitude popu-
lations is needed to understand how the environmental (physiological and social)
stresses of high altitude affect physiology, adaptation, health and disease. These
conditioning factors are similar to the reality of the Peruvian highlands in our
study.

On the other hand, Julian C. G. and Moore L. G. [23], in their review study,
analyse the types of evidence that have evaluated the widespread acceptance of the
idea that genetic adaptation in high altitude Andean residents with respect to the
physiological characteristics that distinguish them from acclimatised newcomers
and the genomic or genetic factors potentially involved. Concluding that, there
are several unique O, transport characteristics of the Andean resident compared
to acclimatised residents or newcomers including lower alveolar ventilation, lower
hypoxic pulmonary vasoconstrictor response, slightly larger lung volumes, higher
uterine artery blood flow and possibly lower mean cerebral blood flow, lower peak
exercise O, consumption due to altitude and higher cardiac efficiency. Taken to-
gether, these suggest greater efficiency in O, transfer and utilisation; in turn, such
differences between acclimatised or permanent residents of high altitude support
the existence of an Andean genetic adaptation to high altitude.

Sex differences in physiological parameters show significant differences be-
tween sexes in heart rate (76 vs 80 bpm, p = 0.012), respiratory rate (19.60 vs 20.71
breaths/min, p = 0.002) and haematocrit (46.4% vs 48.1%, p = 0.020). 020), being
consistent with previous studies reporting sexual dimorphism in adaptations to
altitude [24]. A recent study in Andean populations confirmed that men tend to
have higher haematocrit values as a compensatory mechanism to chronic hypoxia
[25].

Regarding oxygen saturation, considered the fifth vital sign, it is an accurate
and non-invasive measurement; alteration of vital signs occurs several hours be-
fore the occurrence of an adverse event; vital signs are the cheapest, simplest in-
formation; the measurement of SatO, trends added to respiratory rate provides a
holistic view of respiratory function [26]. In our study, however, respiratory rate
is not altered despite low saturations.

It is important to take into account the publication by Townsed [27], where
food insecurity, female sex and BMI were significantly and independently associ-
ated with increased systolic blood pressure, the peculiarity of this study is that
participants were mailed a kit containing a blood pressure monitor, scales and a
tape measure for each participant to measure themselves; in our study the meas-
urement was direct and carried out by the research team. However, we have not
considered dietary habits and physical activity in our data, which could be a point
to be taken into account in future research.

The study published by Yook Chin Chia [28] considers weight and height self-

DOI: 10.4236/wjcd.2025.1510045

514 World Journal of Cardiovascular Diseases



M. Cérdova-Castafieda et al.

reported by the participants, the accuracy of these data may vary, 2781 partici-
pants were considered, the majority 61.7% of the participants were overweight or
obese, these measurements were then corroborated with the measurement of the
team finding reliability in the measurements, in our study the measurement was
directly by the research team.

Particularly notable is that no significant sex differences were found in oxygen
saturation (93.3% vs 93.6%, p = 0.5) or systolic blood pressure (111 vs 109 mmHg,
p = 0.10). This contrasts with the previous study by Santos-Martinez L. E. et al
[29] who reported minor differences in SpO, between sexes in Andean populations,
suggesting that the Cajamarca populations may present a specific adaptive pattern.

Variations by altitude and sex reveal that all clinical characteristics studied show
significant differences by sex and altitude (p < 0.001 for all variables). Haematocrit
values show a progressive increase with altitude in both sexes, from 43.7% in
women at 1294 m to 48.0% at 3502 m, and from 45.1% to 48.6% in men at the
same altitudes. This pattern is consistent with the Nishimura T. et al [30] study
describing increased erythropoiesis as a primary response to hypobaric hypoxia.

Heart rate showed an interesting behaviour, with lower values at higher alti-
tudes (71 - 74 bpm in women and 67-84 bpm in men at different altitudes), which
may reflect chronic cardiovascular adaptation. Ortiz-Prado E. et al [24] study in
Peruvian high altitude populations has reported lower heart rates in chronic resi-
dents compared to seasonal visitors.

Findings of age group differences show significant differences in all variables
by life course (p < 0.001). Haematocrit shows a progressive increase with age, from
44.4% in the 0 - 11 age group to 49.1% in the over 60 age group. This age pattern
has been documented in the study by Santos-Martinez L. E. et a/ [29] in Andean
populations, where erythrocytes tend to increase with age as a result of prolonged
chronic exposure.

Oxygen saturation showed a decrease with age (98.8% in children vs 91.7% in
older adults), which is in agreement with the study by Bravo-Jaimes K. et al [31],
reporting lower ventilatory efficiency in older populations living at high altitude.

The impact of altitude on physiological parameters confirms significant differ-
ences in all parameters by altitude (p < 0.001). Haemoglobin and haematocrit val-
ues increase progressively with altitude, while oxygen saturation shows a decreas-
ing trend. These findings are consistent with the physiological profile typical of
Andean populations described by Santos-Martinez L. E. et al [29], characterised
by compensatory erythrocytosis and lower SpO, compared to Tibetan popula-
tions. These findings have clinical relevance for establishing specific reference val-
ues for high-altitude populations in the Peruvian context, considering the sex, age
and altitude differences documented in the present study. The research contrib-
utes to the knowledge of Andean adaptive physiology and may guide differential

diagnostic strategies in mid-altitude populations.

4. Conclusions

® In our study, we found higher mean values for HR, HR and Hto in men
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compared to women.

In the present study, we found typical responses to altitude, such as increased
heart and respiratory rate, decreased oxygen saturation and increased haem-
atocrit in the Cajamarca population.

In the present study, we observed a higher heart and respiratory rate in child-
hood and a progressive increase in systolic blood pressure and haematocrit
with age.

In the present study, we found significant sex differences in heart rate, res-
piratory rate and haematocrit.

No significant sex differences were found in oxygen saturation and systolic

blood pressure in the present study.
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