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1. Introduction

A lethal form of pneumonia leading to severe acute respira-
tory syndrome (SARS-CoV-2) caused by a new coronavirus is
a disease detected in December 2019 in the People’s Republic
of China, in Wuhan (Hubei province). This condition quickly
spread to other Chinese provinces and all over the world with
currently more than 24 million infected patients with nearly
900,000 deaths affecting 188 countries [1-4]. Data presented
at the CROI 2020 (Conference on Retroviruses and Oppor-
tunistic Infection) held in Boston, Massachusetts last March,
showed that the clinical spectrum of pneumonia was mild
to moderate cases, 80%; and 20% severe cases, leading to a
50% mortality rate in Intensive Care Units (ICU). Age, particu-
larly being more than 80 years old, led to high mortality rates
(16%), as well as comorbidities such as heart disease (10.5%),
diabetes mellitus (7.3%), chronic respiratory disease (6.3%),
high blood pressure (6%), and cancer (5.6%) amongst others
[5-8].

To date, mortality is mostly affecting the following coun-
tries: USA (172,000 deaths), Brazil (109,000 deaths), Mexico
(57,000 deaths), India (52,000 deaths), UK (42,000 deaths), Italy
(36,000 deaths), France (31,000 deaths), Spain (29,000 deaths),
and Peru (27,000 deaths) [4].

The first case in Latin America was reported in Brazil
(February 26, 2020), followed by Mexico (February 28, 2020),
Chile and Argentina (March 3, 2020), and Peru on March 6,
2020. Case numbers and mortality rates are rapidly increasing
in Brazil, Peru, Colombia and Chile, and nowadays these

countries are the most severely affected by the pandemic in
this region [9].

Peru is located in the western part of South America. Its
western natural border is the Pacific Ocean; its other borders
are Ecuador and Colombia in the north, Brazil in the east, and
Bolivia and Chile in the southeast. Peruvian territory has
many ecological floors: the coast at sea level where Lima,
the capital city is located; the highlands, where there are
some cities located higher than 3000 m above sea level, and
the large Amazon rainforest bordering Ecuador, Colombia,
Brazil, and Bolivia [10].

Cumulative incidence and mortality rates from COVID-19
occurring in this 32-million inhabitant country have a pecu-
liar behavior according to its ecological areas. Lower numbers
of COVID-19 cases have been observed in populations living at
high altitude in the Andean region compared to coastal pop-
ulations. This study analyzes the epidemiological features of
COVID-19 infection according to altitude and the prevalence
of diabetes mellitus, obesity and hypertension, conditions
that may worsen its outcome.

2. Material and methods

This study has an analytical design, using secondary data of
cumulative cases and mortality from COVID-19, obtained
from reports issued by the Peruvian Ministry of Health
(MINSA) from March to July 2020, the date on which the quar-
antine ended. Emphasis was placed on the occurrence of
COVID-19 cases and mortality according to altitude levels in

Table 1 — COVID-19 cases x 1000 inhabitants and Altitude in Peruvian Regions. March - July 2020.

Region Altitude (m) Population® COVID cases” COVID cases x 1000
Peru 32,625,948 423,611 12.98
Callao 7 1,129,854 21,695 19.20
Tumbes 8 251,521 4329 17.21
Lambayeque 38 1,310,785 11,575 8.83
Lima 92 10,628,470 221,772 20.87
Loreto 123 1,027,559 11,901 11.58
Ica 291 975,182 13,475 13.82
Madre de Dios 305 173,811 3627 20.87
Ucayali 310 589,110 10,279 17.45
San Martin 500 899,648 9202 10.23
Piura 606 2,047,954 21,578 10.54
Moquegua 1197 192,740 3212 16.66
Amazonas 1330 426,806 6222 14.58
La Libertad 1572 2,016,771 15,877 7.87
Arequipa 1754 1,497,438 14,997 10.02
Tacna 1901 370,974 3020 8.14
Ayacucho 1999 668,213 4013 6.01
Cajamarca 2273 1,453,711 7121 4.90
Huanuco 2406 760,267 6904 9.08
Ancash 2607 1,180,638 12,412 10.51
Junin 2830 1,361,467 8156 5.99
Apurimac 3024 430,736 979 2.27
Pasco 3112 271,904 2032 7.47
Cusco 3149 1,357,075 4881 3.60
Huancavelica 3359 365,317 1821 4.98
Puno 3744 1,237,997 2,531 2.04

@ Projected population 2020 according to the National Institute of Statistics and Informatics (INEI).
Y Govid cases according to the Peruvian Ministry of Health until july 31, 2020.
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Fig. 1 - COVID-19 Cases x 1000 and Altitude in Peruvian regions. Mar-Jul 2020. A. Adjusted for gender. Women (Pearson
correlation = —0.77, p = 0.000); Men (Pearson correlation = —0.77, p = 0.000). B. Adjusted for Age. < 18 years old (Pearson
correlation — 0.66, p = 0.000); 18-59 years old (Pearson correlation = —0.84, p = 0.000); >60 years old (Pearson correlation =

~0.81, p = 0.000).

25 Peruvian regions. Death COVID definition was made by
using the ICD-10 code (U07.1 or U07.2 or B34.X or J97.X) or
by written diagnosis (“COVID”, “Coronavirus”, “SARS CoV-
27) [11,12].

Secondary data of the last Peruvian National Demograph-
ics and Health Survey (ENDES 2018) was explored regarding
the prevalence of obesity, diabetes mellitus, and hypertension
according to altitude: <1000 m above sea level (masl), 1000~
3000 masl and >3000 masl. This is a representative survey,
and 32,950 weighted cases were considered in subjects over
18 years old [13].

The data was analyzed using SPSS Statistics 25 Software
and Pearson’s correlation between COVID-19 cumulative inci-
dence and mortality rates according to altitude. The average
altitude of each region was used. The prevalence of obesity,
diabetes mellitus, and high blood pressure was calculated
according for 1000, 3000 and >3000 masl. Gamma statistics
was used for measuring this correlation. Cumulative inci-
dence was expressed as the case rate (cases x 1000 inhabi-
tants) and mortality was expressed as deaths x 1000
inhabitants. The reference population for all estimates was
obtained from the projected population for year 2020 accord-
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Table 2 — COVID-19 Mortality x 1000 and Altitude in Peruvian regions March -July 2020.

Region Altitude (m) Population® COVID deaths” COVID deaths x 1000
Peru 32,625,948 51,789 1.59
Callao 7 1,129,854 3305 2.93
Tumbes 8 251,521 490 1.95
Lambayeque 38 1,310,785 1727 1.32
Lima 92 10,628,470 25,233 2.37
Loreto 123 1,027,559 1522 1.48
Ica 291 975,182 2297 2.36
Madre de Dios 305 173,811 320 1.84
Ucayali 310 589,110 890 1.51
San Martin 500 899,648 976 1.08
Piura 606 2,047,954 3278 1.60
Moquegua 1197 192,740 282 1.46
Amazonas 1330 426,806 195 0.46
La Libertad 1572 2,016,771 3029 1.50
Arequipa 1754 1,497,438 2393 1.60
Tacna 1901 370,974 94 0.25
Ayacucho 1999 668,213 242 0.36
Cajamarca 2273 1,453,711 728 0.50
Huénuco 2406 760,267 554 0.73
Ancash 2607 1,180,638 1944 1.65
Junin 2830 1,361,467 1245 0.91
Apurimac 3024 430,736 118 0.27
Pasco 3112 271,904 149 0.55
Cusco 3149 1,357,075 319 0.24
Huancavelica 3359 365,317 180 0.49
Puno 3744 1,237,997 279 0.23

2 Projected population 2020 according to the National Institute of Statistics and Informatics (INEI).
b Covid deaths according to the National System of Deaths (SINADEF) of the Peruvian Ministry of Health from March 1st until July 31st, 2020.
Death COVID definition by CIE 10 code (U07.1 or U07.2 or B34.X or J97.X) or by written diagnosis (“COVID”, “Coronavirus”, “SARS CoV-27).

ing to the National Institute of Statistics and Informatics
(INEI) [14].

3. Results

Table 1 describes the cumulative cases in the 25 Peruvian
regions, ordered according to ascending altitude. The values
found on the coast at sea level in cities such as Lima
(20.87/1000) and Callao (19.20/1000) were descending to
regions located at >3000 masl such as Apurimac (2.27/1000)
and Puno (2.04/1000).

Fig. 1 shows an inverse correlation between altitude and
cumulative cases of COVID-19/1000 inhabitants. Pearson’s
statistics shows a highly significant association (Pearson = —
0.8, p < 0.000) adjusted to gender and age (Table 3).

Table 2 describes a progressively inverse relationship for
mortality and altitude levels in the 25 studied regions. At
sea level, Callao 2.93/1000 and Lima (2.37/1000). In high alti-
tude, Cusco (0.24/1000) and Puno (0.23/1000)

Fig. 2 shows an inverse correlation between altitude and
COVID-19 mortality x 1000 inhabitants. Pearson’s statistics
shows a highly significant association (Pearson = —0.77p < O.
000), adjusted to gender and age (Table 3).

Fig. 3 shows an inverse correlation between altitude and
the prevalence of diabetes, obesity and high blood pressure.
Self-reported prevalence of diabetes decrease progressively
from 4.4% (<1000 mals), 2.9% (1000-3000 mals) to 1.7%
(>3000 mals). Obesity prevalence by BMI decreased from
26.8% (<1000 mmasl), 18.8 (1000-3000 mals) to 13.8% (>3000
mals). When applying Gamma statistics, associations for dia-

Table 3 — Pearson correlation COVID 19 cases and deaths by gender and age according altitude average i .

COVID Cases

COVID Deaths

Pearson correlation ) Pearson correlation P

Total —0.80 0.000 -0.77 0.000
Gender

Women -0.77 0.000 —0.70 0.000

Men -0.77 0.000 —0.76 0.000
Age

<18 years old —0.66 0.000 —0.53 0.005

18-59 years old —0.84 0.000 -0.79 0.000

>60 years old —0.81 0.000 —0.75 0.000
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(Pearson correlation = —0.70, p = 0.000); Men (Pearson correlation = —0.76, p = 0.000). B. Adjusted for Age. < 18 years old
(Pearson correlation — 0.53, p = 0.005); 18-59 years old (Pearson correlation = —0.79, p = 0.000); >60 years old (Pearson
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betes and obesity were significant (p = 0.000). The association
for high blood pressure was marginal, 22.2% (<1000 masl),
19.1% (1000-3000 masl) to 19.0% (>3000 masl) (p = 0.13).

4, Discussion

SARS-CoV-2, the causative agent of COVID-19 disease enters
the respiratory tract cells, as well as the lung, heart, arteries

and kidneys through angiotensin-converting enzyme 2
(ACE2). The main damage occurs in the pulmonary epithe-
lium where ACE2 acts as a vasodilator agent, balancing the
action of ACE1, which acts as a vasoconstrictor [15].

Under normal conditions the renin-angiotensin system
(RAS) is regulated by a balance between ACE1l and ACE2
expression, but a study in rats exposed to hypoxic condi-
tions equivalent to 4500 m altitude, showed increased
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ACE1 levels and reduced ACE2 expression in the target cells
[16]. Experimentally, it has been shown that under hypoxic
conditions, ACE1 is regulated by the hypoxia-inducible fac-
tor 1 (HIF-1) in human pulmonary artery smooth muscle
cells (hPASMC), while ACE2 expression is markedly
decreased [17].

Studies carried out during the first SARS-CoV epidemics in
2002 showed that the level of ACE2 expression in lung epithe-
lial cells was positively correlated with the infection rate [18-
21].

Since under hypoxia experimental conditions the level of
ACE2 expression is decreased, it may be inferred that persons
living in high altitude exposed to chronic hypoxia also
express reduced ACE2 levels in their lungs; and, therefore,
they may be less susceptible to SARS-CoV-2 penetration in
pulmonary cells; and, therefore, they might be less suscepti-
ble for acquiring COVID-19 infection.

On the other hand, a series of studies in accordance with
our investigation, have shown that altitude exerts a protective
effect for the development of diabetes, hypertension and obe-
sity [22-26], comorbidities that may worsen the outcome of
COVID-19.

Therefore, altitude would be an adverse ecological ambi-
ental for SARS-CoV-2 infection where physiological factors
secondary to hypoxia are combined with a low prevalence
of diabetes, hypertension and obesity and minor posibilitie
of becoming infected and for developing serious and fatal
conditions.

There are various case series studies conducted during the
COVID-19 pandemics supporting this hypothesis.

High altitude populations of Tibet located on the northern
side of the Himalayas, above 4000 masl, showed that the

impact of the disease on the Tibetan plateau was low com-
pared to that reported in other Chinese regions [27]. Only
134 confirmed cases without any death were reported (Tibet,
Qinghai and part of Sichuan) [28] compared to 74,283 cases
and 2009 deaths reported by China in the first wave of the
pandemics.

In Bolivia, a country located in the southern Andean part
of South America, populations living in high altitude, such
as La Paz (2400-4000 masl), Oruro (3735 masl), Potosi (4090
masl), and Chuquisaca (2810 masl) reported 54 COVID-19
cases in total compared to infection rates in Santa Cruz de
la Sierra, the second largest province in Bolivia located at
400 m above sea level, which reported more than 100,000
COVID-19 cases up to July 2020 [29].

In Ecuador, located in the northern Andean part of South
America, the pandemic as of April 7th, produced four times
fewer COVID-19 cases in high-altitude areas (722), compared
to near 100,000 cases in coastal regions. [30]

Data obtained in the present study, confirm the strong sta-
tistical significance of low cumulative incidence and mortal-
ity of COVID-19 in high altitude populations in relation to
coastal populations from Peru during follow-up of cases from
March 06th, when the first case was diagnosed, until July
31th, when a quarantine phase ended.

Table 1 and Fig. 1 show a reduction in the impact of COVID-
19 with increasing altitude in the 25 regions studied. Lima (92-
masl) with 20.87 cases/1000 inhabitants and Puno (3744 masl),
with 2.04 cases/1000 inhabitants were the extreme findings
for this disease behavior. We also found that mortality rates
were inversely related to altitude, as shown in Table 2 and
Fig. 2 with high values in Callao (2.93/1000 inhabitants) at
sea level, and very low values in high altitude regions such
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as Puno (0.23/1000 inhabitants) at 3744 masl, adjusted for age
and gender.

Beside to the hypoxic environment, there are environmen-
tal factors that could also influence the virulence of SARS-
CoV-2 at high altitude such as temperature, dry air, and high
levels of ultraviolet (UV) light radiation. [31-34].

In conclusion, our data show a decrease in the cumulative
incidence and mortality rates from SARS-CoV-2 infection with
increasing altitude, particularly in populations living over
3000 m above sea level. In addition, the lower prevalence of
comorbidities such as obesity, diabetes mellitus, and hyper-
tension in altitude, may establish a protective epidemiological
trend against this disease.
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