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Abstract: Chronic Mountain Sickness (CMS), characterized by
increased red blood cells above average values traditionally
attributed to chronic hypobaric hypoxia exposure, is being
redefined in light of recent research and clinical experience.
We propose a shift in perspective, viewing CMS not as a singular
entity but as Poly-erythrocythemia (PEH), as the Hematocrit/
Hemoglobin/Red Blood Cells (Ht/Hb/RBCS) increase constitutes
a sign, not a disease reflecting a spectrum of oxygen transport
alterations in multiple diseases in the chronic hypoxia envi-
ronment in high-altitude populations. Drawing on over five
decades of experience at the High Altitude Pulmonary and Pa-
thology Institute (HAPPLI-IPPA) in Bolivia, we advocate for
altitude-specific blood parameter norms and emphasize the
importance of correct etiological diagnosis for effective man-
agement. This updated understanding not only aids in managing
chronically hypoxemic patients at various altitudes but also of-
fers valuable insights into global health challenges, including the
recovery from COVID-19.

Keywords: polycythemia; high altitude; EPO; hemoglobin;
excessive erythrocytosis; hematocrit

Introduction

Through many years of clinical practice, we have observed that
the interpretation of Chronic Mountain Sickness (CMS) is not
adequately focused. The time has arrived to write this review,
based on our extensive experience on-site practice. First, it is
essential to mention that Drs. Zubieta and Dr. John Triplett,
with the support of the International Society of Mountain
Medicine and its standing President, Dr. Bengt Kayser, were
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the pioneers carrying out the 1st World Congress of Altitude
Medicine and Physiology. It was held in our hometown, La Paz,
Bolivia, in 1994 at 3,500 m [1]. Later, in the follow-up 2nd World
Congress held in Cuzco, Peru, we published in the Peruvian
journal Acta Andina “New concepts on CMS” [2]. This publi-
cation essentially questioned how CMS could be considered a
“loss of adaptation”. Pryor to the 3rd World Congress of
Mountain Medicine and High-Altitude Physiology and the 18th
Japanese Mountain Medicine Symposium held in Matsumoto,
Japan (May 20-24, 1998), an international committee was
formed to establish a consensus on CMS. The idea was to define
subacute and chronic high-altitude disease [3]. It is worth
mentioning in an anecdotal way that Drs. Gustavo Zubieta-
Castillo and Gustavo Zubieta-Calleja (Jr) were the members of
this committee with permanent high-altitude medical practice
treating CMS patients in La Paz and its neighboring city of E1
Alto (3,100-4,100 m). Therefore, it was unsurprising that our
views differed from those of the rest of the committee, who
primarily resided at sea level. The result was that many of
our observations were not fully understood [4-6] and, there-
fore, not taken into account. Subsequently, we published our
findings in several articles, which have been systematically
ignored for not being in line with the “Consensus State-
ment” [7, 8]. In this review, we want to highlight the impor-
tance of revisiting the basic concepts and presenting a new
guide to studying the physiology and pathophysiology of CMS,
focusing on clinical practice.

In 1928, the Peruvian Carlos Monge Medrano reported the
first historical reference of CMS. Some high-altitude residents
presented a hematocrit (Ht) above the residents’ average
value [9]. He initially thought it was Polycythemia Vera (PV),
which was later ruled out. The terminology varied because
nobody understood what it was. Originally, it was referred to,
in English, as “polycythemia” and later “increased poly-
cythemia” and in Spanish in Peru and Bolivia as “poliglobu-
lia”. Subsequently, it was referred to as “erythrocytosis” and
later as “excessive erythrocytosis”. This last term is inappro-
priate because, in “erythrocytosis”, the suffix “osis” (from the
Greek etymology) means disease (of the red blood cells
[RBCs]), something nonexistent in CMS from the microscopy
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in these cells. Some examples of morphological alterations
of RBCs in other diseases are: poikilocytosis (inequality or
variability in the shape of RBCs), anisocytosis (extremely
variable dimensions), microcytosis, macrocytosis, or meg-
alocytosis (decrease or increase in diameter) [10], and other
variants such as dacryocytosis, dianocytosis, sickle cell
disease, spherocytosis [11]. Likewise, “excessive” denotes a
value above what is necessary, which is generally not
the case with CMS. Physiologically, any organism settles
on the most effective (and least energy expenditure) oxygen
transport mechanism to the tissues in a hypobaric envi-
ronment, compensating for an organ functional insuffi-
ciency [7]. Consequently, from our point of view, the
presence of higher than the average Ht/Hemoglobin (Hb)/
RBCs is erroneously categorized as being “excessive”. Fear
of thick blood that is thought to produce cerebrovascular
accidents is understandable but not accurate [12]. If this
were true, we would have an enormous quantity of strokes
at high altitude, however, it is not so as evident in clinical
practice.

Furthermore, there is a misconception that the “adequate
amount” of Hb for humans is only found at sea level. It dis-
regards that as the altitude of residence increases, Hb in-
creases as an efficient energy-saving mechanism of oxygen
transport in a hypobaric chronic hypoxia environment
(Figure 1). Erythrocytes, with Hb within, are the nucleus-free
cells of the body with the life-enabling role of oxygen trans-
port. Both those born in the highlands, as well as newcomers
to the Andes (who stay long enough to reach their adequate
blood Hb levels necessary to live at a certain altitude), have
elevated Hb levels [13]. Interestingly, rats exposed to hypo-
baric chambers at 8,000 m for over one month and a half
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presented a Hb of 27gm % [14], which perfectly fits the
calculated value for Mt. Everest at 8,842 m (shown in red) in
Figure 1, from a trend analysis of average Hbs in different
high altitude populations.

There is a common belief that “adaptation” is defined
solely by genetics in specific populations over many genera-
tions. Whereas physiologic changes due to altitude shifts are
considered “acclimatization”. We believe hypobaric hypoxia
falls outside climate change variables such as temperature,
humidity, precipitation, and wind. Consequently, we do not
use the term “acclimatization”. We consider adaptation to
high altitude a physiological adaptation. “Genetic adaptation”
takes many millions or thousands of years, whereas “physi-
ologic adaptation” includes short to long-term in one lifetime
essential survival functional changes [15]. Epigenetic expres-
sions are within the physiological adaptation scope in our
criteria, as they are “functional adaptations” [16]. As Frisan-
cho pointed out in 2013, there is also a developmental func-
tional adaptation to high altitude [17], which is interpreted as
a physiological adaptation. Storz and Scott also write about
“physiological adaptation to high altitude hypoxia” [18].

We, likewise, consider the increase of Ht/Hb/RBCs a
“physiological adaptation” upon exposure to chronic hypoxia
even without altitude change, i.e., hypoxic secondary poly-
cythemia as in chronic obstructive pulmonary disease (COPD)
at sea level. Moreover, this increase tends to be more signif-
icant at high altitudes as hypobaric hypoxia increases, and
following the oxygen dissociation curve, saturation decreases
accordingly. High altitude residents have adapted to a low
barometric hypoxic condition involving many physiological
and molecular changes, that allow a normal life under chronic
hypoxia. Their organisms become very efficient in managing
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levels. It is not right to have a fixed hemoglo-
bin value to define multiple pathologies (CSM)
at different altitudes and define what is, erro-
neously called, “excessive erythrocytosis”.
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the reduced pressure of inspired oxygen pressure (PIO,),
which in the city of La Paz is 94mmHg. This becomes
particularly evident when high-altitude residents descend to
sea level (P10,=150 mmHg). Under those circumstances, the
body is exposed to a relatively “excessive” amount of envi-
ronmental oxygen pressure that, in a highly efficient high-
altitude adapted oxygen transport biological mechanism, is
beyond what is necessary. On going to sea level, physiological
adaptation reduces “excessive” RBCs, i.e., “excessive” in the
new environment at sea level. Such is the case when a CMS
patient descends in altitude or when a regular healthy high-
lander does [13]. In the case of normal residents at 3,500 m,
going down to sea level there is a linear decrease in Ht/Hb/
RBCs, lasting 20 days. The explanation has to be no more RBC
production and perhaps neocytolysis [19] or hemolysis [20], as
described in astronauts during space travel. Astronauts pre-
sent anemia in space and we consider it due to a less physi-
ological oxygen requirement as the lack of gravity does not
require the constant use of orthostatic muscles [21].

The increase of RBCs in some subjects above that of normal
high-altitude residents was accurately denominated by Prof.
Dr. Gustavo Zubieta-Castillo (Sr) as in poly-erythrocythemia
(PEH), where poly=many, erythrocyt=RBCs, and hemia=in the
blood [8]. From this point on, we will refer to the abbreviation
“PEH” or Mountain Sicknesses (CMSs) instead of CMS. This is
because PEH (formerly referred to as CMS) is not due to one
isolated and distinctive sickness but rather multiple diseases at
high altitude that trigger PEH. It is essential to define these
disorders in high-altitude cities clearly. Multiple diseases are
not only misdiagnosed but are consequently inadequately
treated at high altitudes worldwide [2]. The current scientific
world literature is biased and inaccurate, leading to many
ineffective and/or detrimental treatments like excessive phle-
botomies [22, 23], red meat food restrictions (creating nutri-
tional deficiencies), and even the use of prohibited hemolytic
drugs like Phenylhydrazine [24], with the idea of destroying
“excessive” RBCs resulting in the loss of life. In the city of La Paz
and El Alto (3,100-4,100 m), patients with PEH are regularly
subjected to bleeding, and this has to stop. Sea-level medical
doctors and scientists perform short-time research visits at
high altitudes, classifying all subjects with elevated Ht without
adequate screening or based on a rather superficial diagnosis
based on sea-level standards of normality, excluding serious
lung function testing.

We have often observed that spirometry is used to
determine normal pulmonary function and this is a simplistic
erroneous generalization. This causes multiple pathologies
to be included under the same name, “CMS” (singular), which
consequently erroneously mixes and blends numerous dis-
eases as an independent and single entity. “Sickness”, as
defined by the Merriam-Webster dictionary, is considered to
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be a specific disease. For this reason, an adequate denomi-
nation would be Chronic Sicknesses in the Mountains (CSM)
or perhaps CMSs in plural instead of CMS, or better yet: PEH.

The term PEH, denoting the presence of a clinical sign, is
analogous to jaundice in hepatic and hematologic disease,
where the latter denotes a clinical sign resulting from liver
compromise in many diseases or hemolysis and not a disease
in itself. This also has some similarities with cyanosis (bluish
color of the skin resulting from poor circulation or inadequate
oxygenation of the blood), which is also a clinical sign and not
a disease.

The present article is based on our clinical experience
gained during over more than half a century of medical
practice and research at our High Altitude Pulmonary and
Pathology Institute (HAPPI-IPPA https://altitudeclinic.com)
at 3,500 m, in the bowl-shaped mountain city of La Paz (the
highest capital city in the world) and its neighboring city in
the high plateau El Alto (Bolivia), ranging from 3,100 to 4,
100 m. All this is based on the teachings of the late Gustavo
Zubieta-Castillo, the founder of our institute.

Definition of the disease

What has been described as “CMS” is a set of signs and
symptoms (that should be considered a syndrome PEH, not a
disease) found in some residents above 2,200 m as a result of
one or several underlying illnesses associated with a sustained
(and variable) decrease in oxygen saturation in blood or tis-
sues, and above normal Ht/Hb/RBCs [8]. The underlying
diseases include primarily pulmonary function disorders
(increased intra-pulmonary or cardiac shunt, diffusion alter-
ation, non-uniform ventilation/perfusion, and/or hypo-
ventilation) or sequelae of various pathologies: heart, renal,
paraganglioma (carotid body tumor or chemodectoma) [25],
Hb alterations, neuroendocrine disorders, among others [8].
These diseases lead to cyanosis, pulmonary hypertension in
some, and subsequent PEH as a compensatory mechanism of
physiological adaptation of several underlying hypoxic con-
ditions under the hypobaric chronic hypoxia environment.
PEH generally results from a sustained (and variable)
decrease in oxygen saturation (SpO,) due to multiple pathol-
ogies. It is important to point out that it is not the increase of
Ht/Hb/RBCs that gives rise to a low SpO,. The diseases may
appear silent or insidious at sea level or lower altitudes
but become evident under overlapping environmental hypo-
baric hypoxia. At sea level, oxygen pressure is abundant at
760 mmHg of barometric pressure, and the SpO, of the oxygen
Hb dissociation curve is in the flat upper plateau (close to
100 %) even despite hypoxicating diseases. In other words,
symptoms and signs are aggravated upon ascent to higher
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Table 1: Normal male and female values of Hb values, and anemia and PEH) values for different altitudes.

Sex Altitude in m Anemia Normal Hb Mild PEH Moderate PEH Severe PEH
Males 2,500 <12 12-19 19-21 21-23 >23
3,500 <13 13-20 20-22 22-24 >24
4,500 <15 15-21 21-23 23-25 >25
5,500 <17 17-23 23-25 25-27 >27
Females 2,500 <10 10-17 17-19 19-21 >21
3,500 <11 11-18 18-20 20-22 >22
4,500 <13 13-19 19-21 21-23 >23
5,500 <15 15-21 21-23 23-25 >25

PEH, poly-erythrocythemia; Hb, hemoglobin.

altitudes and are reversible when descending to sealevel or by
increasing the Inspired Partial Oxygen Pressure (PI10,) [13, 26].
PEH is the physiological adaptation (the process of adjust-
ment) of hypoxic diseases to a chronic hypoxia hypobaric
environment. It is not a “loss of adaptation” or “maladapta-
tion” [27]. In fact, for preciseness, it must be considered that
PEH results from “organ dysfunction” of multiple diseases in
the chronic hypoxic environment at high altitude. It is crucial
to classify PEH as mild, moderate, and severe quantitatively
(Table 1) [8, 28], which varies according to the altitude of
residence (Figure 1). In other words, it cannot be a fixed Hb
value (Hb>21gm % in men and Hb>19 gm %) above which
many scientists classify them as CMS at any altitude as
expressed in the international consensus statement [3].

Pathogenesis

CMS is not a single entity. It involves multiple diseases, mainly
respiratory, within an environment of chronic hypobaric
hypoxia. It can present with pulmonary shunts, pulmonary
diffusion disorders, hypoventilation and/or non-uniform
ventilation-perfusion, sequelae of old pneumonia, pulmonary
thromboembolism, pulmonary micro-thromboembolism, and
many other alterations [29-31]. It also includes other diseases:
cardiac (some arrhythmias), Glomus (Carotid Body tumor) and
other carotid body disorders [32], hormonal disorders, meta-
bolic disorders such as gout [33], sleep apnea, possibly but
minimally nonspecific hemoglobinopathies [34, 35], and other
underdiagnosed diseases, all generating hypoxemia (Figure 2).

Several of these patients have varicose veins in the
lower limbs, a cause (and not a consequence) of PEH, as
insidious pulmonary micro-thromboembolism is known to be
a hypoxia-inducing pathology [36]. Any acute pulmonary pa-
thology at high altitude generates hypoxemia (low Sp0O,), much
like sea-level residents ascending to high altitude [37]. It is
initially compensated by hyperventilation and tachycardia,
concomitantly stimulating hematopoietic erythropoietin

(EPO) production in the kidney and lungs [38]. We have
defined this as the Oxygen Transport Triad [39]. In this model,
oxygen transport is based on three pillars: The pneumo-
dynamic pump (vacuum pressure pump movement of air
from the environment to the alveoli in the lungs), the hemo-
dynamic pump (a blood compression pump moving blood
through the circulation), and Hb (the molecule that captures
oxygen for its transport to mitochondria). RBC production is
increased in the bone medulla, evolving to PEH. Furthermore,
EPO promotes adaptive cellular responses to hypoxic patho-
logical challenges and tissue-damaging insults in various non-
hematopoietic tissues [40], including the brain [41], lung [42],
kidneys [43], vascular system [44], and heart [45]. It also has
anti-inflammatory, anti-oxidant, anti-apoptotic, and proan-
giogenic effects [46]. Furthermore, it protects vessels and the
brain [47]. The late Prof. Dr. Gustavo Zubieta-Castillo originally
mentioned the direct effect of EPO on the heart in his con-
ference on Respiratory Disease, CMS and Gender Differences
at high altitude in 1998 in Matsumoto, Japan [6] (Figure 3).

Chronic Mountain Sicknesses (CMSs)
Where are the triggers of Poly-ErythrocytHemia (PEH) located?

. In the Respiratory Center ?
. In the Lungs ?

. In the Carotid Bodies ?

. In the Heart ?

. In the Kidneys ?

. In the Gonads ?

. In the Bone Marrow ?
(In hemoglobin anomalies ?)
.In Aging ?
. In a combination of 2 or
more factors ?

COMMON DENOMINATOR:
CHRONIC HYPOXIA
at high altitude
D

Figure 2: Diagram showing the different sites in the body where there
could be triggers of poly-erythrocythemia (PEH), previously referred to as
CMS.
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The most evident signs of CMS

R
D (D Pulmonary
Hypertension
@)y () Right Heart
Y Hypertrophy
(3 Increased
Polycythemia
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These 3 clinical signs
are above normal values
for each altitude and
are reversible at sea level

CMS is due to different kinds of disease + chronic hypoxia
Japan, 1998

Figure 3: Slide presented by Prof. Dr. Gustavo Zubieta-Castillo during the
3rd World Congress on mountain medicine and high altitude physiology
in Matsumoto, Japan 1998. The effect of EPO on the bone medulla and
likewise directly on the heart is shown SaO,=arterial hemoglobin oxygen
saturation, PAP=pulmonary artery pressure, EPO=erythropoietin,
CaO,=arterial oxygen content.

The increased number of RBCs is the most energy-
efficient form of transporting enough oxygen for tissue
oxygenation, thereby reducing hyperventilation and tachy-
cardia, representing the initial physiological responses that
require high energy consumption [48]. However, pulmonary
hypertension and resulting right heart hypertrophy jointly
constitute normal physiological adaptation remodeling.
Chronic smokers tend to have PEH [49, 50], particularly
when they cough and present permanent expectoration
(which increases uneven ventilation-perfusion and, to some
degree, increases shunts). Other patients can present uni-
lateral diaphragmatic paralysis, renal artery stenosis,
ventilation disorders in the upper airways, central hypo-
ventilation disorders, Hb abnormalities, and so on [8].
Therefore, multiple diseases result in a diminished arterial
partial pressure of oxygen (Pa0O,) due to functional in-
sufficiencies in one or several organs. Future studies will
discover new causes for a few unexplainable PEH. Since this
low Pa0, is on the Hb saturation curve’s descending slope,
the only way of possible subsistence at high altitude is PEH
and possibly mitochondrial changes (mitochondrial plas-
ticity). We have termed this “increased mitochondrial effi-
ciency” at high altitude [51]. Any pathology associated with
secondary polycythemia at sea level could also look like CMS
athigh altitude. This is because PEH increases (above normal
levels) with time as PaO, decreases with rising altitude: High
Altitude Adaptation Formula [13]. Underlying chronic hyp-
oxemia becomes more evident when exposed to an addi-
tional hypobaric hypoxia in the steep portion of the oxygen
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Hb dissociation curve. A phenomenon similar to the Triple
Hypoxia Syndrome [52, 53].

Individuals with excessive erythrocytosis (PEH) living at
3,500 m in La Paz, Bolivia according to Zubieta, and 5,100 m,
at Cerro de Pasco, Peru, according to Hancco present fewer
symptoms than usually reported as compared to those with
lower Ht values [8, 54]. Hence, to survive at a high altitude
with an oxygen transport deficiency, we consider a higher
PEH a beneficial physiological adaptation.

Our point of view is supported by research performed
on EPO over the past 20 years [40-42, 45, 46, 55-57]. We now
know that EPO, in addition to being synthesized in the kid-
neys and regulating erythropoietic function, is endoge-
nously synthesized in almost every organ in the body. It has
been determined that EPO is a protective, anti-apoptotic,
anti-inflammatory, anti-cytotoxic, antioxidant factor in all
these organs, which also favors cell regeneration and
vascularization [47]. PEH due to a lower PaO, triggering a
higher EPO is a physiological adaptation even within disease.
Hypoventilation at high altitude is often related to PEH. Al-
terations of the respiratory center play a fundamental role
and require further studies.

Population incidence

Contrary to the popular (but erroneous) belief that CMS is a
progressive disease secondary to living long enough in a
hypoxic environment [58], not everybody living at high
altitude develops it, regardless of their ancestry (native,
lowlander ancestry, or newcomer) or their length of stay at
high altitude. There are many confusing reports about the
true incidence as they are based on the altitude of residence,
where at a higher altitude there are more cases going from
1.05 to 11.83% [59]. In India, no cases were found below
3,000 m but 13.3 % above [60]. This results from the fact that
the threshold defined as the maximum normal Ht or Hb is
not well represented in the different populations at high
altitude. Furthermore, high altitude residents often change
altitude because of work, leisure, or other daily activities
that impact their hematocrit levels [13]. The Ht reduces lin-
early to optimal sea level values in around 20 days [13].
For example, when setting a maximum normal Ht of 58
% threshold for La Paz, at 3,500 m, a study of all pathologies
according to hematology laboratory records of a hospital at
3,510 mreported an incidence of PEH in 28 % of men and 11 %
of women. Applying the same threshold to a hospital in the
neighboring city of El Alto at 4,100 m (600 m higher), the
incidence increased to 35 % in men and 20 % in women [6].
The problem with these incidences is that they included
dehydration cases and multiple other pathologies in a
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hospital, as all hematological records were included.
Nevertheless, it becomes evident that around 600 m of dif-
ference at those altitudes significantly changes the normal
thresholds (Table 1). The 2005 international consensus
statement referring to CMS and high altitude pulmonary
hypertension (HAPH) states that “... when dealing with the
definition, diagnosis, treatment, and prevention of these
sicknesses, the altitude of residence of the patients must be
taken into account”. The altitude of residence is in fact
mentioned, but we are talking about the normal levels of Hb
or Ht at different altitudes. Whereas the consensus group
(that included ourselves as a minority but not listened to) has
set a fixed level of Hb to define CMS for any altitude, which
from our point of view is wrong. It is important to take into
consideration that there is variability of normal blood pa-
rameters according to altitude, and it is not correct to define
a single level of Hb>21gm % in men and Hb>19 gm % in
women for CMS patients for all altitudes [3]. This translates
into a lack of understanding of the exponential variation of
barometric pressure with altitude and the optimal physio-
logical compensatory systems to sustain life at each different
altitude (Figure 4). Using those fixed values, PEH incidence in
China is estimated to be 17.8 % [61]. In Qinghai, China in Han
immigrants, averaging all cases found from 2,261 to 5,226 m,
it was found to be 5.59 % [59]. In high altitude districts of
the Indian Himalayas, in Himachal Pradesh above 3,000 m,
it was found to be 13.3 % [60].

The international consensus statement likewise affirms:
“Hb levels are not the only clinical signs of CMS, and the
scoring system indicates that a patient presenting with high
Hb but without any other signs (breathlessness, cyanosis,
sleep disturbances, ...) is not a CMS patient”. This is
confusing as it presumes that CMS has to be symptomatic.

16
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Nevertheless, those that are asymptomatic with a higher Hb
are probably not suffering from the temporary condition
“Triple Hypoxia Syndrome” which makes them symptom-
atic [52] (see below). The fact of the matter remains that
many papers [58, 62-64] erroneously include many pulmo-
nary pathologies, as they only base their diagnosis on chest
X-rays and spirometry.

In some countries, such as in the USA, high altitude is
considered to be above 2,500 m since their geography does
not allow them to study higher altitudes with significant
populations within their territory. In contrast, Bolivia, Peru,
China, India, Iran, and others possess populated lands at
almost double that height. These differences in altitude
challenge the parameters of normality established at sea
level.

Therefore, following the traditional classification
mentioned, if the threshold is not independently set for
every altitude, the incidence of CMS increases as the altitude
increases. Consequently, it would presumably, make sense
that the highest incidence of CMS would be at La Rinconada,
Peru, at 5,100 m. In reality this is not true since PEH’s limits
require a new definition at every specific altitude. This could
also explain why according to [54], PEH can actually be
asymptomatic, i.e. it includes normal Hts for that altitude.
More than a decade before, this same concept was already
expressed in our papers [2, 8]. The incidence is not neces-
sarily greater at higher altitudes, and should be similar at all
altitudes, as the multiple diseases that generate PEH are
mostly the same at all altitudes (i.e., Pulmonary shunt, if
present, exists regardless of the altitude) [6]. Exceptions can
be found based on the exposure to other risk factors that
could compromise the respiratory system, such as mining
activities at high altitude known to produce silicosis, cobalt
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Figure 4: Exponential decrease of barometric
pressure in relation to altitude. Note that the
city of La Paz has a 1,000 m altitude
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of El Alto at 4,100 m. Chacaltaya is the location
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toxicity [65], and other lung diseases. This may be an
essential confounder as several high altitude towns tend to
be related to mining, such as La Rinconada, in Peru at
5,100 m or La Oroya at 3,745m. Poor quality of living con-
ditions in La Rinconada as it is an improvised mining town,
also plays a role.

Normal Hb levels should be defined for every altitude
(Table 1). The Chipayas in Bolivia, a native resident group,
living for more than 2,000 years at 4,000 m, would be sus-
pected to be free of PEH if they had been perfectly adapted to
high altitude. However, they can present PEH due to their
multiple diseases, lung and heart diseases, as expected [66].
We examined them and found several cases of PEH. Despite
their 3,000 or 4,000 years of residence at high altitudes, the
Tibetans have PEH likewise [67]. The Chinese Han living in
Lhasa have a higher incidence of PEH [61] because high
altitude is a test of cardio-pulmonary fitness, and they are
well known to smoke very much, a common cause of COPD
and hypoxemia [28]. Conversely, healthy sea level foreigners
can come live to high altitude and never develop CMS or
rather PEH.

Symptoms and signs of CMSs

The symptoms described in multiple articles regarding CMS
(claimed to be characteristic), do not correspond to the true
clinical scenario. We proceed to analyze each symptom as
described in [68], items 1-13, below. It becomes evident that
signs and symptoms are present in multiple diseases at sea
level and hence likewise at high altitude. Unfortunately, they
are commonly attributed to CMS in patients who can be
suffering from many other diseases.

1) Clock glass nails and drum stick fingers

Atleast from what we observe in La Paz, this sign is very rare
and we have only appreciated it rarely in our routine clinical
practice, in over 50 years. These were patients with serious
lung diseases during development (growth stages) and of
course with sustained chronic hypoxia. They had, of course,
PEH, but that was a compensating physiological response
that allowed them to survive. Could these cases be classified
as CMS, with respiratory and/or cardiac pathologies since
childhood? The vast majority of patients with PEH may have
distal cyanosis, as expected but with fingers without mal-
formations (Figure 7). If this was a sign derived from sus-
tained hypoxia during adulthood, one could assume that it
would be also present in COPD patients at sea level.
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2) Dilatation of veins

According to medical terminology, a vein dilatation occurs in
many individuals due to low adipose subcutaneous tissue and is
perfectly normal in skinny subjects at any altitude e. g. elderly.
The author has this characteristic in the hands and has a normal
Ht of 50 % throughout his life at high altitude. But there are also
pathologies such as varicose veins in the lower limbs that may
associated to thrombophlebitis. Actually, it is well known,
varicose veins are the cause of constant pulmonary thrombo-
embolism and/or micro-thromboembolism [36, 69—72] that in
many cases gives rise to Poly-Erythrocythemia, and are not (as
frequently expressed) the consequence of CMS. Increased blood
viscosity does not necessarily produce varicose veins. Quite the
contrary, chronic pulmonary thromboembolism reduces the
useful area of gas exchange in the lung [73] blocking perfusion
which associated to HAPH, is also aggravated by a reduced
arteriolar vaso-constriction reflex [28]. Hypoxemia increases
and is biologically compensated through an increase in RBCs
(and Hb and Ht, concomitantly). It is important to note that most
PEH patients have normal mean cell volume (MCV), mean cell
Hb (MCH), MCH concentration (MCHC). This is because their
RBCs are normal, although some may actually have iron defi-
ciency. It is interesting to note that high-altitude Tibetans have
been found to have a higher MCV than their sea-level 50 year
residence counterparts [74], but having a higher Hb at high
altitude can be an explanation.

The patient in Figure 7D presents a Ht 74 % for many
years and does not present varicose veins. This is proof that
PEH does not evolve into varicose veins as repeatedly
affirmed in several CMS articles. That patient had a process
of pulmonary diffusion limitations, secondary to his work in
mining for many years in Potosi at 4,100 m and consequently
sustained pneumoconiosis. In other words, chronic lung
disease, reduces the area of functionality of the lung
rendering it insufficient. The body responds generating an
increase in RBCs, as a mechanism of physiologic adaptation
of hypoxemic disease to the hypoxic environment.

3) Headache

The causes of headaches are multiple even at sea level: high
blood pressure, migraine, excessive alcohol consumption,
processed food containing nitrates, poor posture, stress,
concussion, dehydration, glaucoma, influenza, panic attacks,
cerebro-vascular accidents (CVA), and many more [75, 76].
Any of these multiple causes of headache are also naturally
found at high altitude. And if a study of all the population is
performed, it is possible that at high altitude, such as at sea
level, there is a 14 % incidence, just as at sea level [77].
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Migraine is found in 5-9 % of men and 12-25 % of women in
the United States [78]. The incidence of tension headache is
11 % in Singapore [79], 20-40 % in the USA [76] and greater
than 80 % in Denmark [76]. This translates to a pathological
disorder, not necessarily linked to an increased Ht. It would
seem that the fact that Acute Mountain Sickness (AMS) can
produce headaches in around 25% of those traveling to
3,600 m, it has been adopted as a “chronic” malaise at high
altitude linked to CMS.

4) Tinnitus

Tinnitus is the sound in the ears that can be pulsating or
constant. This is frequently associated with advanced age, as
well as with arterial hypertension. Hypertension, nevertheless
is not present in most patients with PEH [54]. At sea level,
tinnitus has the incidence of 8-30 % in adults [80].

5) Sleep disorders

Sleep disorder is another symptom commonly described in
CMS, and in reality, at sea level it is a constant problem, with
an incidence of 32.1 % [81]. Of course, when a subject initially
ascends to high altitude there may be interrupted sleep,
particularly during the first night [82]. Interrupted sleep may
be present for several days until RBCs increase and
normalize SPO, for that specific altitude. However, in that
case, it seems evident that the same study would need to be
performed after 40 days of adaptation at 3,600 m [13]. Some
permanent high-altitude residents affirm that they do not
sleep well at high altitude, but most of these do not have poly-
erythrocythemia. It is a complex, multifactorial issue that,
with a proper diagnosis, can be improved. Some CMS pa-
tients have sleep apneas and Sleep-Disordered Breathing
(SDB), with low saturations [83] but due to their high Hb they
have a pool of oxygen that serves as a reserve. This is
deduced from the fact that they have very long breath-
holding times Figure 10 [5].

6) Shortness of breath

Shortness of breath is a symptom present in many cardiac
and respiratory pathologies at sea level. 4.7 %, of adults in
Rotterdam have COPD [84]. Many people at sea level are on
supplementary and/or portable oxygen because they are
short of breath. Why would those conditions be considered
different for residents at high altitude? Interestingly, toler-
ance to hypoxia increases with higher altitudes [85].
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7) Deep Cyanosis in the mucosae of the
mouth and throat

Again, this is common in pulmonary disease [86]. All high-
altitude residents have a mild degree of cyanosis due to high
altitude, and much more so in patients with a low SpO2 (due
to different diseases) at high altitude (Figure 8). Some au-
thors affirm that “There is also a characteristic complaint of
dyspnea, insomnia, dizziness, headache, paresthesias, and
mental confusion” [68]. Again, most symptoms are tempo-
rary and transitory in most people. Particularly during the
triple hypoxia syndrome, described below. Does no other
disease have these symptoms? Perhaps even most readers
will have suffered those symptoms quoted above sometimes,
particularly during the COVID-19 pandemic.

8) Moderate hemoptysis and epistaxis
episodes

Itis affirmed, likewise, that moderate hemoptysis and epistaxis
episodes are also common. Many other diseases have these
symptoms. Hemoptysis is the production of blood from acute
bleeding in the lung [87, 88]. This is a serious pulmonary con-
dition that requires urgent medical care. The causes are mul-
tiple: lung cancer, infections such as tuberculosis, bronchitis,
or pneumonia, pneumolysis as in COVID-19, and certain car-
diovascular conditions. Likewise, Sarcoidosis, Aspergilloma,
Histoplasmosis, Pulmonary edema, Foreign body aspiration
and aspiration pneumonia, Goodpasture’s syndrome, gran-
ulomatosis with polyangiitis, epsinophilic granulomatosis
with polyangiitis (Churg-Strauss syndrome), Bronchiectasis,
Anticoagulant use, Trauma, Lung abscess, Mitral stenosis [89].
One of the most important causes is Pulmonary embolism and
definitely that would be a thromboembolic disease.

Epistaxis is in fact relatively common in CMS, but it is
generally due to rhinitis, viral localized inflammation or
bacterial infection, nose-picking particularly in a low-
humidity high-altitude atmosphere and toxic gas or Diesel
exhaust inhalation among others [90].

9) Fatigue

This symptom can be due to multiple causes at sea level such
as: cardiac insufficiency, electrolyte alterations due to diar-
rhea, poor diet, lifestyle factors, physical health conditions,
even mental health issues, being overweight or obese, periods
of emotional stress, boredom, grief, taking certain medica-
tions, such as antidepressants or sedatives, using alcohol on a
regular basis, using illicit drugs, such as cocaine, consuming
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too much caffeine [91]. Furthermore during diseases: anemia,
arthritis, fibromyalgia, chronic fatigue syndrome, infections,
such as cold and flu, Addison’s disease, hypothyroidism, hy-
perthyroidism, insomnia, anorexia, autoimmune disorders,
congestive heart failure, cancer, diabetes, kidney disease,
liver disease, COPD, emphysema, among others [92]. Most
people that do not sleep well due to multiple causes, being the
foremost, psychological worries, can be tired during the day.

10) Burning in the palms of hands and soles
of feet

Anyone having looked after patients at high altitude, has
heard this complaint in people without PEH. The causes
can be: circulation problems, neurologic alterations, and
perhaps others like vitamin deficiencies.

11) Loss of appetite

This is quite a common symptom is several health alterations
and everyone has temporarily had it due to: colds, gastric
disorders and even psychological disorders. Furthermore,
CMS patients tend to be overweight and they definitely
mostly are well fed, unless they are in an acute triple hypoxia
syndrome episode [52].

12) Muscle and joint pain

Many people around the world have muscle pain due to
excessive exercise or multiple pathologies [93]. Joint pain
can be due to arthrosis, viral diseases (such as COVID-19) and
multiple autoimmune diseases.

13) Lack of mental concentration and lack of
memory

Old age, Alzheimer, stress, worries are commonly associated
with this symptom. Quite the contrary to what is believed,
patients with PEH, do not regularly complain of this syndrome,
unless they are well advanced in age. Modern, hectic life, full
of cell phones and distractions have even children and young
adults suffering from these memory alterations. Interestingly,
a greater vascularity in the brain has been described at high-
altitude as in many other organs, like the placenta [94] and the
retina [95]. The Vascular Endothelial Grow Factor (VEGF) is
increased at high altitude as an adaptation mechanism [51, 96].

It becomes clearly evident that many of the symptoms
and signs referred to commonly in the scientific literature on
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CMS can have multiple causes that should not be solely
attributed to the increase of RBCs. This also poses a conflict
when trying to gather so many different diseases in descrip-
tive and quantitative data regarding specific symptoms. For
example, a patient with cardiac arrythmia may not present
loss of apetite or muscle and joint pain, or burning sensation
of the palms and feet.

Definite signs and symptoms in
CMSs based on our highland
experience

Quite the contrary to those expressed above, it is evident that
there are some frequent signs and symptoms in most (CMSs)
that contrary to CMS, should not be regarded or treated as a
single disease but rather as multiple diseases:

1) Hypoxemia.

Low SpO, and low Pa0,.
2) Pulmonary hypertension.

Secondary to hypoxemia as a compensating factor.
3) Increased Ht/Hb/RBCs specific for each altitude.

At each altitude there is a different cut-off level where pa-

tients can be classified as having PEH Table 1 and Figure 1.

4) Hyperpigmentation of the parts of the skin exposed
to the sun.

In other words, an exaggerated “sun tan” possibly resulting
from the increase of Hb and iron in the blood. That is the
opposite of what happens in the yellow Asian races, which
have different types of anemia and poor exposure to sun-
light. At high altitude, there is an abundance of sunlight and
hence high ultra-violet radiation in general in our longitude
and latitudes (Figure 8) [97, 98].

5) Hyperhemic conjuntivae.

The patients with PEH, often worry about their cyanotic
looks and their eye hyperhemic conjuntivae (Figure 8).
6) Cyanosis of lips, oral mucosae and fingernails.

A cardinal symptom in PEH. The lips and the fingernail look
cyanotic.
7) Daytime Somnolence.

People with PEH tend to fall asleep easily during the day.
8) Sleep apnea.



DE GRUYTER

Breathing at night may be interrupted due to sleep apnea
episodes (presenting irregular respiration during sleep),
particularly in some patients with PEH with overweight
tendencies.

9) Long breath-holding times.

Characteristically, and due to the increased Hb, following a
deep inspiration these patients are able to hold their breaths
longer than average normal residents [5].

Laboratory exams, normal ranges,
and classification of PEH

For an adequate etiological diagnosis, multiple tests are
required. These should be performed according to individual
requirements. Routine hemogram, chest X-rays or CAT scan,
electrocardiography, echocardiography, abdominal imag-
ining, urine and kidney function tests, arterial blood gases,
pulmonary lung function tests including spirometry, hyper-
oxic shunt tests, diffusion tests, ventilation studies and fast
nitrogen analysis, breath-holding SpO, should be per-
formed [5]. Likewise, carotid body chemosensitivity to oxygen
(Dejours test), evaluation of the circulating level of soluble EPO
receptor (the natural “antagonist” of EPO), EPO and iron
transporting studies, Hb studies, sleep studies, otorhinolar-
yngology studies, testosterone studies, mitochondrial and ge-
netic studies, among others, need to be taken into account to
properly determine the cause of PEH, i.e. CMS [2]. EPO-induced
increased Ht values and erythrocyte mass have been sug-
gested as altering the integrity of vascular smooth muscles,
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leading to the deregulation of endothelial vasodilatory factors
like NO and aggravating hypertension at sea level [99]. How-
ever, CMS patients tend to be hypotensive, which would rule
out this effect, although vascular endothelium studies are
needed as they may play an important role in the high-altitude
pathologies.

Following the graph of the average Hb for each altitude,
it can be defined in a pragmatic way that an increase of 2 gm/
dl above the maximum standard value for men and women
at every specific altitude is where PEH could be diagnosed.
For example, in the city of La Paz, at an altitude of 3,500 m
(average), a value of Ht>58 % and Hb>20 gm % in men and
Ht>55 % and Hb>19 gm % in women can be considered the
thresholds to define the presence of PEH (Figure 5). The
PEH’s severity is classified as Mild, Moderate, and Severe,
increasing 2 gm/dl per level for all altitudes. Following this
same line of reasoning, the classification of PEH for males
and females at different altitudes is shown in Table 1.

This is based on the distribution of Hb observed in 3,688
patients at the High Altitude Pulmonary and Pathology
Institute. It refers to all the patients we treated in our
Institute at 3,500 m of altitude of residence (although La Paz,
is situated between 3,100 m and 4,100 m of altitude, our
Institute is at 3,500 m precisely).

Distribution by age, degree of lung compromise, and
altitude is available along with the relation to PaO, in one of
our old papers published at the Bolivian Academy of Sci-
ences in 1970, [100]. Distribution by sex is presented in
Figure 6. The distribution by the age of patients with Ht>54 %
and Hb>18 gm % is shown in Figure 7. This data is from
2,263 miners who presented silicosis and silicotuberculosis
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evaluated at 3,500 m in the Caja Nacional de Seguridad Social
by the first author of the article entitled CMS and Miners
published at the Bolivian Academy of Sciences in Span-
ish [100]. It is important to note that although those patients
had an increased Ht (Erythrocytosis, or instead defined as
poliglobulia in 1985) the age distribution did not differ from
those that had normal Hts. From our point of view, this
clearly shows that life expectancy is the same and is not
altered by an increased Ht, provided that the underlying
disease is regularly treated.

Figure 6: Distribution of hematocrit levels from
the IPPA laboratory database at 3,500 m
including 1955 samples blood tests for

(a) adults, (b) females and (c) males. Courtesy
of Michael Moretti.

80 90

Clinical picture

These multiple PEH-inducing pathologies at high altitude can
present with cyanosis in the lips and the nail beds (Figure 8)
and sometimes with bloodshot sclerotics. As these patients
look congested, they are often confused with being an alco-
holic, and it profoundly affects them aesthetically, socially,
and psychologically, inducing them to seek medical assis-
tance [8]. Apart from these characteristics, subjects are often
asymptomatic, and some notice the presence of PEH as a
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Figure 7: Distribution by age (Edad in Spanish)
of 2,263 miners residing at high altitude

5 3500 m or more with type A: Ht>70 %;
Hb>23 gm %, type B: 70 %>Ht>62 %; 23 gm %
>Hb<20 gm % and type C: 62 %>Ht>54 %;
0 20 gm %>Hb>18 gm %. Sin Eritrocitosis
20 25 30 35 40 45 50 55 60 65 70 75 80 (without erythrocytosis): Ht<54 % and
Hb<18 gm %. From (Zubieta-Castillo, G. &
Age in years

Zubieta-Calleja, 1985).
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Figure 8: Signsin CMS. (A) A patient with poly-erythrocytHemia (PEH) where distal cyanosis in lips and nail beds can be observed. Additionally, distal skin
hyperpigmentation in areas exposed to the sun, due to increased presence of iron. Notice that there is no finger clubbing or glass fingernails (B) Red
sclera (C) Unilateral varicose veins and formation of thrombus, are an important cause of PEH, resulting from pulmonary thromboembolism. Some also
present trophic skin changes due to trauma secondary to itching and subsequent scratching resulting from dry skin in a low humidity, low temperature
high-altitude environment. They are often associated with an increased pigmentation of the skin secondary to a long-term traumatic local inflammatory
process, extravasation and presence of high iron due to PEH (D) Cyanosis in hands, with no finger clubbing (also known as drum stick fingers). (E) No clock

glass nails or drumstick fingers.

result of a medical consultation or a routine or casual
hematological study, as often expressed in the past [8], and
now confirmed [54]. It is important to note that the severity of
hypoxemia varies in every patient regarding the severity of
their underlying conditions, and PEH values will, therefore,
vary accordingly as well. These patients can likewise suffer
from the Triple Hypoxia Syndrome from time to time (origi-
nally described by Prof. Dr. Gustavo Zubieta-Castillo), when
“the classic CMS symptomatic description” could become
more evident, as patients become temporarily symptom-
atic [28, 52]. In this condition, their hypoxemia is temporarily
aggravated due to the overlapping sum of three types of
hypoxia that can further give rise to these unusually high Ht
and Hb values:

The first (1st) hypoxia results from the hypobaric hypoxia
that all high-altitude residents live with, with a decreased PI10,,
depending on the altitude of habitat. This is due to the envi-
ronmental exponentially decreased oxygen pressure with
respect to sea level. Healthy people living in these conditions
are physiologically adjusted with a higher Ht/Hb/RBCs

compared to those living at sea level [13], where normality
varies depending on the altitude (Table 1).

The second (2nd) hypoxia, which further lowers PaO,, is
secondary to any hypoxemia present as a result of any of the
multiple chronic hypoxia-inducing pathologies described
above. Patients with the first and second hypoxia are those
who tend to show an asymptomatic PEH as a result of their
underlying hypoxemia. They have an individual alteration
associated with decreased PaO,. This can be from a transport
deficiency from the environment to the lungs, or from the
lungs to Hb in the pulmonary circulation, or in Hb itself, or due
to deficiencies in the heart, kidneys, abnormalities in neural
signaling of the central respiratory system, or carotid body,
hypoventilation, etc., as described in the pathogenesis section,
above.

The third (3rd) hypoxia presents when a patient with PEH
at a high altitude gets an acute superimposed condition (on top
of the other two). This third hypoxia is temporary and results
from transitory acute pathologies or infections (i.e., any pa-
thology that anyone at sea level could present but would not
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impact SpO, significantly since they are at low altitude in the
flat upper plateau of the oxygen Hb dissociation curve). These
could be allergies, dehydration, seasonal flu or colds with nasal
congestion, viral diseases, acute bronchitis, cough, expectora-
tion, and/or others. More severe complications such as pneu-
monia, pulmonary thromboembolism, bronchitis, asthmatic
processes (though not common), transient myocarditis, and
others, which further reduce PaO,, are likewise implicated.
Under these circumstances, some walk-in patients arrive for
consultation with very low PaO, values approaching even
30 mmHg (Normal=60 mmHg, in the city of La Paz at 3,600 m).
That PaO, happens to be similar to extreme values found on
the summit of Mount Everest [101, 102]. However, these pa-
tients can report only minor discomforts such as headaches,
daytime sleepiness, palpitations, and/or fatigue when climbing
stairs or going uphill. This 3rd hypoxia is treatable with oxygen
(via nasal prongs), antibiotics if required, bronchodilators,
platelet anti-aggregation therapy, hypotensive drugs, antihis-
tamines, rehydration, and rarely corticosteroids, depending
on the disease [103]. As this temporary condition is reversed,
the subjects return to the 2nd permanent hypoxia stable level
and symptoms subside. This second hypoxemia is generally
irreversible because of the permanent pulmonary lesions,
sequelae, or other chronic cursing pathologies as those
described above.

Interestingly in CMS, apoptosis of RBCs is decreased [104]
because RBCs are the fundamental part of the oxygen transport
triad [39, 53]. The patients with PEH also have prolonged
breath-holding times [5, 105, 106], because there is a higher
“oxygen reserve pool (ORP)” due to increased Hb levels [39].
These subjects are also able to perform exercise normally [107].
It has been reported that they present higher pulmonary
arterial hypertension during exercise as compared to that of
normal [108]. Nevertheless, this condition does not constitute a
physical limitation [109], as misreported in several studies. As
CMS is generally (and mistakenly) considered an isolated
unique pathology, questionnaires such as the International
Consensus on the definition of Sub-Acute and Chronic Diseases
at High Altitude and also the Quinghai were developed (par-
alleling the Lake Louise Score for AMS) setting punctuation on
signs and symptoms [61]. But being CSM, multiple pathologies
in a chronic hypoxia environment, frequently misdiagnosed,
the scores do not optimally reflect reality. Recent studies had to
stop using the questionnaire for not adequately corresponding
to clinical observations. Furthermore, during the International
Consensus [3], we, Zubieta-Castillo and Zubieta-Calleja objected
against using the misleading concept of “loss of adaptation” and
“maladaptation” [8, 27, 110]. Indeed, the late Prof. Dr. Gustavo
Zubieta-Castillo, a world pioneer in defending hypobaric hyp-
oxia physiology, affirmed that “The organic systems of human
beings and other species tend to adapt to any environmental
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Figure 9: PaO,-altitude graph developed from operation Everest IT (OEII)
carried out by Charles Houston in a hypobaric chamber [139]. Tendency
line (OEII trend) determined from the OEII PaO, values (triangles) at
different simulated altitudes. Real CMS patients living between 3,100 m
and 4,100 m (La Paz) with PaO, values below 60 mmHg (dots), obtained
from IPPA, are placed on the trendline to show their relative theoretical
living altitude [100].

change, within an optimal time, and never tend towards
regression which would inevitably lead to death”. Regression
would be “loss of adaptation”. The presence of PEH is expected
when there are hypoxic diseases at high altitude. This is
an “adaptation to hypoxia within the disease”, not a loss of
adaptation or maladaptation. When PEH is present in high
altitude residents, it is as if these patients were not living
at their altitude of residence but at a higher altitude
(Figure 9) [101]. This is one of the reasons behind Prof. Dr.
Gustavo Zubieta-Castillo’s proposal in 2003 that man could
adapt to live even on the summit of Mt. Everest [111]. As dis-
eases are being overlooked by non-physician researchers who
do not live and work at high altitude, the hypoxic environment
has been systematically blamed as the origin of CMS as a single
entity.

Actually, in PEH (resulting from hypoxemia), there is a
type of silent hypoxemia. Interestingly in COVID-19 silent
hypoxemia has come into world literature [112]. In CMSs,
patients live with underlying low oxygen levels, yet
completely undiagnosed and unaware of it. PEH should be
regarded as a sign denoting the presence of hypoxia, as fever
is regarded as a sign of infection or hyperbilirubinemia as a
sign of liver disease. The etiology of the hypoxia-inducing
disease is commonly underdiagnosed, and frequently asso-
ciated solely with high altitude instead of looking for other
confounders. When searching for the origin of PEH, diag-
nosis is associated with “inadequate function” or insuffi-
ciency of some organ due to disease. This is predominantly in
the lungs (pneumo-dynamic pump) and/or in the heart
(hemo-dynamic pump)), or in any other organ, sending a
subliminal alarm of this, resulting in an increase of EPO, and
the subsequent increase of the number of oxygen
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transporters (RBCs). This can be better understood by
reading about the Oxygen Transport Triad [8, 39, 53].

Differential diagnosis

Differential diagnosis is also a source of confusion. PEH (a
clinical sign resulting from high altitude hypoxemia + organ
insufficiency) is often thought to differ from common sec-
ondary polycythemia, assuming that the latter would present
with “very obvious” or “macroscopic” underlying diseases or
injuries such as those seen radiologically in patients with
silico-tuberculosis or silicosis [100, 113]. This is an outdated
concept. It is interesting to point out that there was no cor-
relation between the severity of lung radiographic anomalies
and the degree of PEH in miners [100]. Often, there is not a
very evident cause of hypoxemia in most patients. Indeed,
recently it has been shown that the sensitivity of the eryth-
ropoietic system is so high that there is a resetting of the RBC
level at every 300 m of altitude [85, 114]. Thus, this misun-
derstanding has led to the belief that populations (such as
Tibetans) living at high altitudes do not develop PEH (although
it exists). It was assumed that PEH would be a hematological
disorder directly caused by high-altitude hypoxia, the time of
high altitude permanence, and individual susceptibility. As
such, some have denominated it as “High altitude Pathological
Erythrocytosis”. This is redundant as the suffix “osis” and
pathological both signify disease. Perhaps it refers to hema-
tological disease at high altitude.

The precise diagnosis of the underlying disease requires
exhaustive tests to reach the differential diagnosis among

Figure 10: The relation between hematocrit
and breath-holding time after a deep inspira-
tion at 3,500 m. BHT=breath-holding time.
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the causes of hypoxemia. Unfortunately, these tests are not
performed in routine check-ups and examinations funda-
mentally due to inadequate comprehension of chronic
hypoxemia. This is due to the sustained assumption that PEH
being a high-altitude hematological disorder, has to be
treated mostly by hematologists. A profound respiratory,
cardiac and other organ study is needed to rule out many
pathologies.

PEH should be essentially distinguished from other
causes of Ht elevation and well-known non-hypoxic causes
of secondary polycythemia at sea level. As the normal he-
matological threshold values increase with altitude, the
disease should also be distinguished accordingly. These
include hemoconcentration or dehydration, renal tumors,
and myeloproliferative disorders, including PV. In the latter,
there is not only an increase in RBCs but also in white blood
cells and platelets, with a mutation in the JAK tyrosine kinase
gene (V617F) in 90 % of cases which would sensitize blood
precursors to EPO. Clonal erythrocytosis is the diagnostic
feature of PV and should be distinguished from non-clonal
erythrocytosis [115]. PEH must also be distinguished from
other causes without hypoxemia, such as excessive pro-
duction of EPO in hematologic tumors and hormonal
changes (testosterone elevation). Likewise, the Chuvash
Polycythemia, a genetic disorder with a specific mutation in
the VHL gene resulting in an R200 W amino acid substitu-
tion, in an area of Russia [23]. Eventually, very rare hemo-
globinopathies should be considered [35, 116]. It should be
noted that the use of the term “polycythemia” is inadequate
when only the RBCs increase, even at sea level, and should be
replaced by PEH, as the increase of the RBCs only (and not
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the platelets or white blood cells) when associated to hyp-
oxemia, is a compensatory mechanism at all altitudes.

Prognosis

The prognosis depends on the origin that triggered the rise of
RBCs and the form of treatment performed. First, it is funda-
mental to identify if the underlying cause is treatable, and in
the event it is, PEH can disappear. For instance, when a
pacemaker is placed due to cardiac arrhythmia (unpublished
data). Patients with PEH should have regular check-ups and be
treated promptly. If not, there are four possibilities to face
these pathologies: 1) moving the patient to a lower alti-
tude [117]; 2) providing permanent supplemental oxygen; 3)
using CPAP during sleep (based on the diagnosis); or 4) letting
the RBCs increase to an optimal level of compensation [8].
When patients follow the first three options, PEH should
decrease. Nevertheless, it is evident that there are complica-
tions in going to reside at a lower altitude because the un-
derlying pathology continues. In very humid environments,
they may be more prone to pneumonia or asthmatic reactions
aggravating their health. Upon administering permanent ox-
ygen, the patient becomes oxygen-dependent and can evolve
negatively due to the underlying disease, not being correctly
diagnosed, and possibly due to deleterious effects of hyperoxia
and oxygen itself [118]. Additionally, the quality of life in those
on permanent oxygen is severely reduced.

The third option (above) is positively responsive in some
patients, as sleep apnea is common. It represents a sort of
intermittent hypoxia possibly associated with inflamma-
tion [83]. Further studies are needed in this area, as the
higher Hb in PEH represents a more elevated “ORP” for
apnea episodes (as evidenced with the extended breath-
holding times Figure 10) [5], which is favorable in our
criteria. The fourth option is the most practical, economical,
and physiological solution, provided the underlying causes
of hypoxemia are treated. They are free to move around and
even do exercise. EPO is elevated in these patients. This
hormone becomes an additional protective factor by stim-
ulating the increase of the RBC count, by its neuroprotective
properties, and by heart muscle protection factors [55, 56].
Likewise, EPO elevation is associated with increased Nitric
Oxide and angiogenesis [119], which could explain why
several of these patients tend to have normal to low blood
pressures even while living in Cerro de Pasco 5,100 m. No
relationship was found between PEH and a higher incidence
of hypertension [120]. Apparently, most patients with PEH
who developed a stroke at high altitude also had high blood
pressure, and all patients with PEH who developed a stroke
presented comorbidities well known to cause stroke at sea
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level [121]. As such, high blood pressure is a known cause of
stroke at all altitudes but with a lower incidence at high
altitude [122]. A recent study has shown a lower incidence of
stroke in the general population at high altitudes [123].
Although more data is required, it seems that several feared
complications from having a higher blood viscosity are
actually questionable. Heart disease may actually be the
source of hypoxia instead of the consequence, as seen in
cardiac arrhythmia, in some patients with PEH. The evolu-
tion towards a picture of heart failure depends on the un-
derlying disease but is not frequent. Our observations are
confirmed in a recent study at the La Rinconada, Peru
5,100 m, where no correlation between the degree of PEH
and cardiac insufficiency was found [120].

Circulation time in PEH patients does not differ from the
healthy [105]. Longevity was found to be higher as altitude
increases in Bolivia [98]. With an adequate treatment of the
underlying diseases, PEH patients usually live a long time
and do not present progressive deterioration unless the
baseline disease progresses. It is well known in our city of La
Paz, Bolivia, that chronic cigarette smokers can have a Ht of
75 % for over 30 years. They continue to live normal lives,
several despite avoiding quitting smoking. It may be that as
lung cancer is less frequent at high altitude, chronic smokers
live long enough and do not find a reason to quit [124].

Treatment

Regarding treatment, there are different concepts but they have
to be taken carefully on an individual basis. Adequate treatment
is dependent upon adequate diagnosis. As long as CMS is erro-
neously regarded as a single disease secondary solely to life in
the hypoxic environment, treatment will be focused on reducing
the Ht and Hb, as they are seen as harmful and deleterious side
effects. As such, some suggest following a red-meat-free diet as
meat is considered a source of “excessive” vitamin B-12 and iron
in an attempt to prevent the increase in RBCs. The naive logic
behind this is that if the organism is deprived of the essential
nutrients for RBC formation, RBCs will decrease, assuming the
environment triggers an excess of EPO. This position can lead to
a certain degree of malnutrition and weakness that eventually
complicates the condition, just as it does in patients with
COPD [125]. Furthermore, it reduces the oxygen transport ca-
pacity and the blood “ORP”, which are fundamental during sleep
apnea at high altitude a expressed before.

Other colleagues follow the old concept of periodic
phlebotomy to reduce RBCs due to increased blood viscosity,
which would generate a series of theoretical and unproven
complications such as heart failure and varicose veins, CVA,
gout, etc. It is important to note that these patients do not
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necessarily seem to have a higher incidence of CVA [121].
However, without diagnosing the cause of hypoxemia, if high
altitude is considered the only variable responsible for this
RBC rise, the fear of PEH-derived complications gives rise to
the systematic “need” to decrease the detrimental “excess
RBCs”. Therefore, phlebotomy is thought to be a symptomatic
non-curative treatment. In reality, it induces an organism
imbalance, increasing ventilation and producing tachycardia,
assuming an analogy to physiological responses to hemor-
rhagic shock as lifesaving compensating mechanisms to fight
bleeding. In the later, it is a desperate biologic attempt to
provide oxygenation to the tissues. Following the phlebotomy
a few weeks afterward, there is an eventual, inevitable return
to the increase of RBCs, seeking the organism a constant
optimal balance [13]. Frequent phlebotomies cause stress,
dyspnea, metabolic disorders, discomfort, adynamia, fatigue,
poor tolerance to exercise, and even a peculiar greenish skin
color. Sadly, these medieval period practices still continue in
several places at high altitudes due to the poor understanding
of the vital role of increased RBCs in multiple diseases [126].
This has to be stopped.

Some patients in Bolivia, quite unfortunately and despite
regulations, continue to be prescribed phenylhydrazine, an
internationally banned hemolytic drug that generates contin-
uous hemoglobinuria [24]. The latter stains their underwear
with brown color urine, inducing nephropathy, toxic hepatitis,
and eventual inflammation of the endothelium. Those patients
are checked periodically for the Ht, which is reduced (tempo-
rarily pleasing the patients and physicians), unfortunately
resulting in severe consequences. The Pan American Health
Organization (PAHO) banned this toxic medication because it
can lead to death. Death is not commonly a consequence of the
initial PEH pathology, but instead, secondary to the therapy
itself and, as such, it has been defined as iatrogenic [24, 28].
In the past, some have even used radioactive phosphorus as
used in the treatment in PV [127] in an attempt to destroy RBC
with unfortunate consequences in Bolivia. Other suggested
treatments included: progesterone with the idea of inducing
hyperventilation [128], but it resulted in some males acquiring
female traits and reducing their libido, so it was discarded
or did not seem to improve the condition. Acetazolamide,
commonly prescribed by others in AMS, has also been pro-
posed, but this inhibitor of carbonic anhydrase taken regularly
due to its diuretic effects can lead to dehydration and increase
the risk of stroke. A recent study of prolonged use of acet-
azolamide showed a reduction of the Ht. However, it also
produced metabolic acidosis and several side-effects, including
death after the 2nd day of treatment in one subject, which was
assumed to be another cause by the authors [129]. We believe
these types of treatments are a desperate attempt to reduce the
Ht due to the lack of understanding of the underlying pathology
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and the compensating effect of PEH. As far as we know, we do
not know of the regular use of acetazolamide at high altitude,
most probably due to its side effects and no long-term studies.
We would never use such treatments as they are mostly
theoretical and lack evidence-based publications.

The acid-base status with a perfect balance at any alti-
tude maintaining a pH of 7.4 for optimal cellular function is
absolutely essential [130]. A perfect Acid-Base balance allows
climbers to reach even the summit of Mount Everest [131].
Some have also suggested using Sildenafil to reduce pul-
monary hypertension, giving rise to reducing RBCs, but this
was never proven. Others have suggested the use of Ator-
vastatin along with phlebotomies [132], hoping to reduce the
RBCs count, but in our experience with several patients who
had followed this treatment, it had not been effective, as the
underlying causes were not treated and they continued to
present hypoxemia. In any case, if PEH is a sign and not a
disease by itself, attempting to treat it is like trying to treat
jaundice instead of hepatitis or obstructive cholelithiasis, or
the newborn blood incompatibility.

The treatment in other pathologies at sea level in studies
with carbamylated EPO (CEPO) and Asialo EPO, which are
EPO derivatives with loss of hematopoietic function, but
fully organ-protective properties has been suggested [47].
Furthermore, EPO crosses the blood-brain barrier, and they
demonstrated, by using rodent animal models, that EPO in
the brain is a potent stimulator of ventilation, both under
normoxic and hypoxic conditions [40, 47].

Other treatments such as Yoga and breathing exercises
were also suggested. Consequently, the treatment should be
focused on a precise diagnosis of the underlying hypoxemia-
inducing disease. The disease needs to be treated, and this
could be with the use of antibiotics, good hydration, anti-
platelet aggregation factors (if hypercoagulability would be
proven), adequate nutrition based on a sufficient amount of
vitamin B-12, and iron. The latter can be achieved with a red
meat diet, seeking to improve the quality and function of the
RBCs. Exercise is fundamental as it stimulates circulation.
Varicose veins should be treated, as well as vasculitis. Pul-
monary rehabilitation with an increased Positive End Expi-
ratory Pressure (PEEP) to induce opening of nonfunctioning
alveoli, likewise. Adequate oral hydration should be stressed
as dehydration is an important cause of coagulation disorders.
Smokers should quit smoking. Patients suffering from renal
artery constriction can be candidates for arterial bypass sur-
gery. For those with uneven ventilation, a pulmonary surgery
in order to extract shunting areas should be considered.
However, this requires advanced technology to diagnose and
treat properly. Cardiac pacemakers can be implanted in those
with PEH-inducing arrhythmias. Cardiac surgery can be per-
formed in those suffering from intracardiac shunts. Patients
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who have diaphragmatic paralysis should do exercise. A case
we treated went to live to a lower altitude of 2,500 m to
improve and continues to be alive at over 90 years of age. Jobs
with an increased risk of lung toxicity should be avoided or
controlled adequately through the use of masks and other
biosecurity measures.

Prevention

Quitting smoking decreases polycythemia at sea level [133].
These multiple pathologies at high altitude do not neces-
sarily evolve into congestive heart failure [120]. Knowing the
causes of Ht/Hb/RBCs elevation is essential for the diagnosis
of the underlying pathologies. These should be diagnosed
and treated as complications as they are rarely due to Ht
elevation solely. The diagnosis and efficient treatment of
pulmonary pathologies can prevent the presentation of scar
sequelae (localized fibrosis) that lead to diffusion disorders
and alteration in ventilation/perfusion. Certain cardiac ar-
rhythmias can be corrected with the implantation of a
pacemaker. Ventilation disorders of the upper respiratory
tract may improve with appropriate treatment (e.g., nasal
surgery, uvula surgeries, weight loss). Central hypo-
ventilation disorders with sleep apnea can improve with
CPAP. The subjects that present poly-erythrocythemia in the
family carry genetic characteristics that need to be studied.
Still, nevertheless, most patients adapt to life at high altitude
with their elevated Ht/Hb levels. Regular exercise, avoiding
malnutrition, and inhalation of dust particles and/or expo-
sure to allergens arising from plants, animals, or chemicals
are transcendental strategies to prevent these disorders’
progression and negative evolution. These patients, if
properly treated, can expand their life span. A healthy life-
style, nutrition, and avoiding jobs or hobbies that compro-
mise oxygen transport should be prioritized. Using adequate
airway filter protection to prevent lung toxicity, i.e., mining
(dust and metals; silicosis), painting and aerosols (chem-
icals), metal or ceramic pottery, sowing (inhaled fabrics),
and avoiding other jobs that increase the risk of developing
pneumoconiosis, and those where the airways are not pro-
tected from toxic particles, are recommended. Anesthesiol-
ogists should avoid inhalation of anesthetics which can lead
to interstitial pulmonary fibrosis and even lung cancer.

The application of the knowhow of
PEH to COVID-19

In the COVID-19 pandemic, the pneumolysis (destruction of
alveoli) produced by the CoV-2 alveolar attack and intense
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inflammation can result in the formation of pulmonary
fibrosis [53]. This reduces the gas exchange area and will
require the most efficient compensation for a pulmonary
insufficiency through PEH following the Oxygen Transport
Triad mechanism [39]. Most of those who have received
invasive ventilation through mechanical ventilators, due to
the poor understanding of the disease, presented significant
lung damage if they were able to survive. To use increased
PEEP pressures in fragile lung tissue due to pneumolysis
(described as the destruction of the lung) was most delete-
rious [53, 134]. Those patients should not have phlebotomies
as PEH is the most energy-efficient compensation of disease
with chronic hypoxemia. Sea-level patients with the post-
COVID-19 disease are subjects no longer breathing at sea
level but rather at a simulated high altitude due to the
reduction of the gas exchange surface area (Figure 9). Hence,
following the physiological response to chronic hypoxia, we
hypothesized they would present PEH. This is not bad for
them; it is merely a physiological survival mechanism and
should be well understood. Pulmonary insufficiency gives
rise to a compensating increase of the Ht/Hb/RBCs in the
same way that going to high altitude induces erythropoi-
esis [13]. Dehydration should be systematically controlled. It
is interesting to note that low EPO levels are predictors of
poor prognosis of COVID-19 at high altitude [135]. It is also
noteworthy to point out that several of our patients at high
altitude increase their Ht, post COVID-19. Phlebotomies
should definitely not be practiced, and they should be well
hydrated.

Furthermore, it is noteworthy that there are lower
death rates due to COVID-19 at high altitude, in Bolivia and
Peru [136] and for us, this is due in part to the favorable
effects of higher Ultra-Violet radiation and many other fac-
tors (including and increase of Ht/Hb/RBCs) at high alti-
tude [137, 138]. However, those higher Hts, and higher EPO
levels during the critical hypoxemia due to pneumolysis,
represent a jewel as a higher Hb implies an increased “ORP”,
as a resource for survival while inflammation de-
creases [53, 112]. Noteworthy is the advantage of a higher
baseline Ht during hyperoxic treatment, which gives rise to a
higher Ca0, [53]. In a recent paper, it is confirmed that in the
high-altitude cities in the Andes in four countries and Mexico
there was a significantly lower Case Fatality Rate due to
COVID-19 [139].

Limitations of this article are the lack of space in order
to include many comments and observations regarding
many findings in CMS molecular and physiological articles,
but these will be dealt with in a forthcoming publication.
Additionally, some PEH pathologies of unknown cause can
be found, but with time those will be properly diagnosed as
scientific knowhow improves. CMS is a complex subject due
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to its multiple presentations in a chronic hypoxia environ-
ment. The limitations of the adequate interpretation of these
multiple pathologies are related to the possibilities of diag-
nosis. It would be ideal to have an advanced laboratory at a
high altitude to search for Hb variations, for respiratory
center and carotid body disfunction and alterations in oxy-
gen and carbon dioxide sensors in respiratory center mal-
functions. A further limitation is the possibility of diagnosis
of a possible alteration of the mitochondrial function within
the carotid sensors.

Conclusions

This article is born as an absolute necessity to present a
different standing of CMS with the hope of improving the
quality of life of those suffering these alterations in the
chronic hypoxia environment found at high altitude. Based on
the clinical practice, the terminology used to describe these
multiple pathologies (not a single entity) is analyzed arriving
to the conclusion that the increase of Hb/Ht/RBCs, PEH is
fundamentally a “sign” in medicine, analogous to jaundice
(that results from multiple hepatic and hematologic alter-
ations), and is not a disease in itself. The normal values of the
increase of Hb/Hb/RBCs have to be altitude specific with
different degrees such as mild, moderate or severe, rejecting
the idea of a fixed value for males and females to diagnose as
CMS at any altitude as is the current trend. It is proposed that
it should not be referred to CMS but rather as CMSs. Finally,
the symptomatology is presented in order to simplify and
further understand chronic disease in a hypoxic environment
and its future application of the know-how of PEH in multiple
diseases, even at sea level, as is the case of COVID-19.

Future perspective

With this article, the outlook for the improved understand-
ing and medical care of those suffering from CMSs around
the world, can improve significantly. Advanced diagnostic
centers can be set up and patients will no longer be sub-
mitted to phlebotomies or different treatments that in the
end are ineffective and even can reduce their lifespan. It will
further serve humanity boosting the understanding of
tolerance to hypoxia for healthy individuals and also for
those with disease at high altitude. It will also help under-
stand the physiological response to a reduced oxygen pres-
sure and even help in the establishment of colonies in space,
where a chronic hypoxia environment has many advantages
in reducing energy expenditure and boosting hiological
survival possibilities.
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Supplementary Materials

The following supporting information can be found:
Figure S1: The Triple Hypoxia Syndrome.
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