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Abstract: Background: Chronic exposure to severe hypoxia causes an increase in hematocrit (Hct) and
hemoglobin concentration ([Hb]), which can lead to Excessive Erythrocytosis (EE), which could impact
physical performance. This work aims to determine the differences in the six-minute walking test (6 MWT)
outputs between EE and healthy subjects residing at more than 5000 meters. Methods: A prospective, cross-
sectional study was performed on 71 men (36 healthy and 25 suffering EE) living in La Rinconada, Peru (5100
m). Basal levels of [Hb] and Hct were obtained. All the subjects performed the 6MWT, and distance reached,
vital signs, dyspnea, and fatigue (Borg scale) at the end of the test were recorded. Results: The average [Hb]
and Hct levels in the control group were 18.7 + 1.2 g/dL and 60.4 + 7.1%, respectively, contrasting with EE
subjects who showed 23.4 +1.6 g/dL and 73.6 +5.9% (p < 0.001). However, no statistically significant differences
were observed in BMI or other anthropometric parameters. At the end of the 6MWT, the distance traveled, and
vital constants were similar between both groups, except for arterial oxygen saturation which was consistently
lower in subjects with EE along the test. Conclusion: EE does not significantly affect 6MWT performance at
high altitudes nor the hemodynamic control during moderate aerobic exercise of subjects who live permanently
in a severe hypoxic environment.

Keywords: excessive erythrocytosis; high-altitude native; La Rinconada; Andes; six-minute walking
test; physical performance; hypobaric hypoxia; chronic mountain sickness; hemoglobin; hematocrit

1. Introduction

The hypoxic environment produces a series of physiological changes in the inhabitants of high-
altitude regions due to decreased oxygen availability. In the Andean region, one of the most
conspicuous changes is an increase in red blood cell count, accompanied by elevated levels of
hemoglobin concentration ([Hb]) and hematocrit (Hct), and subsequent arterial pulmonary
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hypertension (PHT) [1], thus preventing those inhabitants from carrying out intense physical activity
[2,3]. These changes are especially prominent in permanent residents of areas located at more than
5000 m above sea level [4]. Many physiological and performance evaluations, such as the six-minute
walk test (6MWT), do not yield normal values depending on the altitude of residence, especially in
very high locations such as La Rinconada, currently considered the highest inhabited city in the world
(5100 m). In addition, when applying this test to those high-altitude living patients, it is unknown
whether disproportionate increases in [Hb] and Hct values could affect the results. However, despite
their prolonged stay under these conditions, several physiological adjustments allow them to fit their
physical capacity to this environment. High [Hb] and Hct values typical of this high-altitude
acclimatization process could alter the results and generate an erroneous interpretation of the 6MWT
results, because of the increased blood viscosity and, as a consequence, a potential decrease in tissue
perfusion [5,6].

The increase in the number of red blood cells stimulated by hypoxia occurs intending to improve
oxygen transport to tissues [7], however when it exceeds certain values it could have negative effects
on tissue oxygenation [5,6,8-12], especially when they reach high values as is the case of excessive
erythrocytosis (EE). When [Hb] levels are above 21 g/dl in men and 19 g/dL in women, and this sign
is accompanied by other respiratory, neurological, or cardiovascular symptoms, it constitutes a
pathological entity known as chronic mountain sickness (CMS) [13]. We hypothesize that these
hematological changes could interfere with the execution of the 6MWT altering the normal range
results and leading to an inappropriate interpretation. Furthermore, they could have a significant
impact on daily activities and the development of submaximal physical activity in these individuals.

The main objective of this study is to determine the differences in the 6MWT performance and
the hemodynamic response during this test on subjects who permanently reside at more than 5,000
meters of altitude with and without EE. The 6MWT is a simple, low-cost, sensitive test, mainly used
in the evaluation and follow-up of the therapeutic response of patients with respiratory and
cardiovascular diseases [12,14]. We applied this test to evaluate apparently healthy patients with and
without EE to determine whether the high increase in [Hb] and Hct interferes with 6MWT
performance in a severe hypoxic environment.

2. Materials and Methods
2.1. Participants

The study was carried out in La Rinconada located at more than 5100 meters above sea level in
the Puno Region within southern Peru, considered the highest city in the world with more than 60,000
inhabitants [15]. Seventy-six people, all male, apparently healthy and meeting the inclusion criteria
were evaluated.

Information on age, sex, weight, height, length of residence in La Rinconada, and their place of
origin was obtained during a collective medical consultation organized by the local Miners’
Association.

For blood sampling, aseptic measures were taken by using an alcohol-moistened cotton swab on
the tip of the patient's middle or ring fingers, followed by capillary puncture using a sterile lancet.
After removing the lancet, a waiting period allowed for the spontaneous formation of a blood drop.
The initial two drops were removed with a cotton swab to prevent errors, ensuring the third drop
was of sufficient volume to fill a micro cuvette for [Hb] measurement and a capillary tube for Hct
determination. The microcuvette with the blood sample was positioned for analysis using a
HEMOCUE HB 201+ portable hemoglobinometer, employing the azide methemoglobin method
within a measurement range of 0 to 25.6 g/dL. Hematocrit measurements were conducted using a
Hemata Stat II microcentrifuge from EKF Diagnostics, involving the placement of the tube for
centrifugation and subsequent measurements. The current international consensus on chronic
mountain sickness [13] was used to consider a case of excessive erythrocytosis (EE).

2.2. Six-Minute Walking Test

The 6MWT was performed according to the protocol established by the American Thoracic
Society [16]. The individuals responsible for implementing the test were trained to avoid errors
during the examination. The test was carried out in a large environment consisting of a 60-meter-long
course without any obstacles or conditions that could alter the examination. Vital sign measurements
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included the following: heart rate (HR), oxygen saturation (SpO), systolic blood pressure (SBP), and
diastolic blood pressure (DBP). For the initial measurements, the subjects rested for 10 minutes in the
sitting position. After, the subjects immediately performed the 6MWT. Recordings were made just at
the end of the test and after 3 and 5 minutes of recovery.

The Borg scale was used to evaluate the perception of dyspnea and fatigue. A Nellcor® Oximax®
N-65 pulse oximeter with a resolution of 1% saturation and a heart rate range of 30235 beats per
minute was placed on the index finger. A Riester brand Ri-Champion automated adult digital blood
pressure monitor was used to measure blood pressure with an arm sphygmomanometer able to
measure from 30 to 280 mm and a heart rate from 40 to 200 beats per minute with accuracy for blood
pressure within +3 mmHg and pulse +5%. A Camry model EB9068-59 digital scale and a measuring
rod were used to estimate the weight and height of the subjects evaluated and subsequently calculate
the body mass index (BMI). The measuring instruments were previously calibrated, and the
respective verification was made by comparing the measurements with similar instruments [12]. At
the end of the test, the distance traveled in 6 minutes was recorded.

2.3. Statistical Analysis

Descriptive data are reported as mean + standard deviation. The Student’s ¢-test was used to
determine the significance of the difference between the two groups. The effect size was estimated by
Cohen’s d, which is determined by calculating the mean difference between your two groups, and
then dividing the result by the pooled standard deviation. An a level of 0.05 was established for
testing null hypotheses. Data analysis was performed using the IBM SPSS v26 statistical package.

3. Results

Seventy-six young healthy subjects agreed to participate in this study, but finally, 71 subjects
completed the protocol. All of the subjects were male: 36 had no EE while 35 presented with EE. The
subjects without EE had a BMI of 26.71 + 3.45 kg/m? which was similar to subjects with EE (BMI of
26.79 + 3.34 kg/m?). The control group's average [Hb] and Hct levels were 18.7 + 1.2 g/dL and 60.4 +
7.1%, respectively. Major differences were expectedly observed with [Hb] and Hct in subjects with
EE, showing an average [Hb] level of 23.4 + 1.6 g/dL and a Hct level of 73.6 + 5.9% were observed (p
=0.009). No significant differences were observed in the other variables studied (Table 1).

Table 1. Demographic, anthropometric, and hematological characteristics.

All EE Control  p-value Cohen’s d

N 71 35 36
Age (years) 45+12 47 +11.0 43 +12.0 0.195 -0.30904834
BMI (kg'm?2)  26.75+3.37 26.79+3.34 26.71+3.45 0.662 -0.02255636

Body weight (kg) 72.8+9.7 73.2+10.5 72.5+9.0 0.765 0.07103084
Height (cm) 165.1+58 165.7+58 164.6+5.7 0.390 0.18864784
[Hb] (g-dL) 21.0+2.7 234+1.6 18.7+1.2 <0.001 -1.70976541
Hct (%) 66.9 +9.3 73.6+5.9 60.4+7.1 <0.001 -1.42383261
Data are mean + standard deviation. EE. excessive erythrocytosis; BMI. body mass index; [Hb] hemoglobin
concentration; Hct. hematocrit.

Blood pressure and heart rate in all of the subjects were also evaluated at rest and before testing
their sub-maximal physical capacity. Resting SBP values were higher in patients with EE by
approximately 10 mmHg (Table 2); however, they did not exceed the values considered normal
(120/80 mmHg). Statistical significance was marginal between individuals with EE and the control
groups (p = 0.052). Likewise, DBP values remained within normal limits with no statistical difference
in both groups (p = 0.395). The baseline vital signs showed similarities in some variables measured
between subjects with and without EE (Table 2). The SpO: variance was also similar in both groups;
however, subjects with EE maintained lower SpO: levels as compared to control subjects (p = 0.001).

Table 2. Cardiovascular parameters before (basal) and at the end of the 6-minute walking test.


https://doi.org/10.20944/preprints202407.1243.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 17 July 2024 d0i:10.20944/preprints202407.1243.v1

4
Basal End p-value A* P * value
P (Y o 118512 1313 %0 gsai 007
DEP(OTHY) ot p9ss  wrao 0P gag 09
z_‘tI)Ie{ats-minl) Co}fl}’;:rol Zg i 1? 113 i 12 0872 gii 1421 0.228
5p0: (%) Co}fl}’;:rol Zg i g ;;L i :: 0.001 g i jll 0.257

Data are mean + standard deviation. HR. Heart rate; SBP, systolic blood pressure; DBP, diastolic blood pressure;
SpO, arterial oxygen saturation; A, exercise vs. basal difference.

SpO: levels in the control and EE groups decreased along the test, especially in the first two
minutes, and showed similar drops (Figure 1).
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Figure 1. Oxygen saturation over time along 6MWT in patients with and without EE. Mean values +
95% confidence intervals.

On the other hand, as expected, HR progressively increased in both of the groups during the
6MWT (Figure 2).
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Figure 2. Heart rate over time along 6MWT in patients with and without EE. Mean values + 95%
confidence intervals.

Table 6. MWT did not offer relevant differences. The total distance traveled was 503 + 68 m in
subjects without EE and 494.6 + 66 m in subjects with EE (Table 3), which represents only a 1.58%
improvement in the control group relative to the subjects with EE. This slight difference did not reach
statistical significance (p = 0.433). These results are slightly worse than the reference parameters near
sea level (~600 m), [17]. The sensation of dyspnea and fatigue was similar in both groups and the Borg
scale showed that subjects with EE may have a lower sensation of dyspnea than subjects without EE
(Table 3). Although these parameters never reached statistical significance, maybe a higher sample
size may provide further insight into the differences observed for dyspnea and fatigue perception.

Table 3. Distance traveled in 6MWT and Borg scale values.

Percent Difference (%) p-value Cohen’s d

. EE 494 + 66 o
Distance (m) Control 503 + 68 1.58% 0.433 0.12774771
EE 3+2 o
Borg (dyspnea) Control 440 8.86% 0.275 0.19264946
EE 5+2
Borg (fatigue) * 7.76% 0.331 0.2110026

Control 5+3

Data are mean + standard deviation.

4. Discussion

One of the procedures used very frequently for the evaluation and monitoring of patients with
cardiac and respiratory diseases, as well as the evaluation of their response to treatment, is the 6MWT
[18], whose reference values have been developed for low altitudes, however, despite their wide
usefulness, there is no information about values in severe hypoxic environments such as the case of
La Rinconada, located at more than 5,000 meters of altitude. In the present work, we have carried out
this procedure to determine possible changes in performance when this procedure is carried out in
conditions of severe hypoxia and on the other hand to evaluate if the excessive increase in [Hb] and
Hct, as in the case of EE, could alter the results of this test.

La Rinconada is a city located above 5,100 m with many of the residents working in the existing
gold mines in the area. Here, the prevalence of EE is 44.1% and 13.9% for CMS [19]. The residents
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with EE are chiefly characterized by the increase in [Hb] and Hct levels, which could limit the work
performance of these individuals.

The findings in the present study indicate that in subjects with and without EE, the performance
in 6BMWT was similar and that the high-altitude environment may not have a major role in altering
the response to 6 MWT. These findings are in line with previous reports that hypobaric hypoxia does
not alter the hemodynamic response during physical effort [20,21] probably due to the
acclimatization process in these subjects since they remain in these places for long periods. The results
in this study indicate that DBP and SBP values were slightly increased in the subjects with EE relative
to the control group and that the 6MWT did not impact these parameters likely due to adaptive
responses to the high-altitude environment [22]. These modest differences may allow the residents to
lead a normal daily life potentially through physiological changes inherent to the altitude adaptation
process, probably including a reduction in peripheral resistance that allows blood perfusion to be
maintained in the organs where a high level of oxygenation is required during physical activity [23].

Despite similar basal HR and final HR during the 6MWT in both groups (p =0.228), the increased
levels of [Hb] and Hct in subjects with EE do not alter their response to submaximal physical activity,
which allows them to carry out their daily tasks adequately in a hypoxic environment [23]. However,
oxygen saturation was slightly lower in the subjects with EE (Figure 1). This could be due to reduced
capillary transit time in lung vessels, due to the usual pulmonary hypertension associated with the
EE condition [13].

While no statistically significant differences were observed between the two groups, the dyspnea
score evaluated through the Borg scale tended to be lower in subjects with EE relative to the control
group (Table 4) (p = 0.27). Fatigue was also similarly reported in both groups (p = 0.33), suggesting
that subjects with EE have a similar effort perception to subjects without EE, during the 6MWT.

The overall findings in this study allow us to illustrate how the human body can adapt to severe
environmental conditions. In high-altitude regions, such as here presented in La Rinconada, low
barometric pressure limits the uptake of oxygen and decreases the alveolar-arterial oxygen gradient.
However, compensation mechanisms are activated to favor oxygen uptake at the cellular level,
allowing an adequate hemodynamic response during physical activity [24]. Despite the excessive
increase in [Hb] and Hct and a lower level of SpO, the residents can carry out their daily activities
without major complications [18,25]. This is not surprising because excessive erythrocytosis as
identified via direct RBCV determination was found to not be a clinical sign of CMS among the
residents of La Rinconada [26]. Although the 6MWT test is generally used for the follow-up and the
prognosis of cardio-respiratory diseases, this test allowed us to evaluate the potential impact of
excessive increases in [Hb] and Hct on the physical capacity of these high-altitude residents. We
conclude that subjects with EE do not present marked limitations in carrying out their daily activities
compared to subjects with normal [Hb] and Hct values. Our findings agree with previous studies
which show that there is a slight decrease in physical capacity in subjects with CMS at 4300 m [27].
The present study has been carried out in a population located at more than 5100 m. However, we
observe only a slight decrease in performance during the 6MWT, as compared to the results that are
considered normal in regions at lower altitudes.

Our study is not free of limitations, the 6MWT is a simple, reproducible, and easy-to-execute
method to evaluate patients with cardiac or respiratory diseases and indirectly measures the
submaximal physical capacity. However, further studies measuring the maximum oxygen
consumption could allow us to better understand the physical capacity of these individuals living in
a severely hypoxic environment. We have not been able to evaluate female subjects since they did not
agree to participate in the study or because their [Hb] and Hct values are within normal values and
cannot be classified as EE for women of reproductive age. We also highlight that there is a difference
of approximately 4 years in age between the control group and the group of patients with EE (47 vs.
43 years respectively), which could affect the final results of the 6MWT. However, no major difference
has been observed in those variables that could be altered by age. Finally, the participants in the
present study did not have cardiac or respiratory diseases, which has allowed us to adequately
evaluate whether the increase in [Hb] and Hct values, occurring in patients with EE, whether or not
altered the results of the 6SMWT.

5. Conclusions
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The results of this study indicate that the reference values used at sea level in the 6SMWT can be
valid and indicative for the evaluation of people who live permanently at high altitudes
independently of their Hct and [Hb] values. EE does not significantly alter the results of 6MWT of
subjects who live permanently in a severe hypoxic environment, without relevant hemodynamic
changes during the test.
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