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CASE STUDY

Hematological and Ventilatory Responses to a 3900 M
Altitude Sojourn in an Elite Wheelchair-marathoner

Santiago Sanz-Quinto, Olivier Girard, Raul Lopez-Grueso,
Gabriel Brizuela, and Manuel Moya-Ramoén

ABSTRACT

This case study aimed to report blood markers and resting respiratory rate
(RR) oscillations at sea level, during a 5-wk 3900 m altitude sojourn, and
after returning to sea level in a 36-year-old professional wheelchair
marathoner. Outcome measures plasma erythropoietin (EPO)
concentration, hemoglobin, reticulocytes count, erythrocytes and
hematocrit as well as RR were measured upon wakening 7-weeks pre-
altitude, 7-days pre-altitude, 35 hours after arrival to altitude, on days 8,
15, 21, 28 and 35 at altitude, 6 and 16 days after returning to sea level. EPO
increased up to 259 % (31.6 U IY) 35 hours upon arrival at altitude and
decreased below pre-altitude level (12.2 U I) on the 21%t day of the camp
(8.7 U IY), reaching the lowest values 16 days after returning from altitude
(1.9 U I'Y). All blood parameters, except for reticulocytes, increased (range:
+17.9 to +23.8%) after 35 days of altitude exposure. Compared to pre-
altitude, RR increased during the first week of exposure to hypoxic
conditions and remained elevated throughout the camp until the fifth week
(5.1£0.4 vs. 9.1£1.6 and 6.6=0.8 breaths min™'; Cohen’s d = +3.4 and +2.4,
respectively). A 5-wk high-altitude sojourn triggered polycythemia and
elevations in RR (as indicators of effective hypoxic acclimatization) in a
professional wheelchair-marathoner.
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I. INTRODUCTION

At a terrestrial altitude of 4000 m, larger increases in red cell volume (RCV) occur after a 4-week stay
compared to shorter sojourns (Rasmussen et al., 2013). Moreover, at moderate altitude (1800-2500 m)
hemoglobin (Hb) concentration gains are of 1% week™® (Berglund, 1992), while RCV increases in a range
of 5 to 9% (Levine & Stray-Gundersen, 1997). In addition, plasma erythropoietin (EPO) concentration
generally expands after only 2 h upon hypoxic exposure and generally continues for up to 3-4 days (Eckardt
et al., 1989), with values resuming to baseline 1-4 weeks after removal of the hypoxic stress (Chapman et
al., 2014).

To date, only one study has analyzed the acute effect of 4-week ~4000 m altitude exposure on
performance in a cohort of middle-distance high school runners (Buskirk et al., 1987). These authors
observed a 20-24% impairment of performance, in distances ranging from 1 to 2 miles by the camp
completion. Additionally, Chapman et al. (2014) showed a worsened 3000-m time trial performance after
returning to sea level in high school runners who lived and trained 4-week at 2800 m, likely explained by
a ventilatory de-acclimatization despite a ~7% increase in RCV. Moreover, after 17 days of training at 3100
m altitude, middle-distance collegiate runners increased their maximal oxygen uptake (VOzmax) by 2 5 %
and extended (24.1%) their time to exhaustion in constant speed treadmill test (Dill & Adams, 1971).

To consider, the observations with based-endurance athletes training at > 3000 m elevation are scarce in
the literature and were done with able-bodied participants (Buskirk et al., 1967; Dill & Adams, 1971),
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however, data from a professional wheelchair-marathoner, after carrying out a 5-week Live High-Train
High (LHTH) ~4000 m altitude sojourn highlighted: i) a minimal perturbation (~3%) in 2000 m interval
repetitions done at 4090 m elevation compared to sea level, ii) a 3.4% improvement in 3000 m performance
after returning to sea level, and iii) an enhancement of the power output by 13.6% after the training camp
(Sanz-Quinto et al., 2019). Unfortunately, physiological mechanisms triggering these performance gains
after returning to sea level remain unclear.

Additionally, and considering the remote scenarios at altitude, and the practicability of monitoring and
tracking several physiological variables for coaches and physicians, the use of smart T-shirts has been
reported as a reliable tool to assess respiratory rate (RR) among elite triathletes (Saugy et al., 2014). In fact,
the assessment of resting RR may be useful to determine if athletes cope well with the chronic stress of
high- altitude (~4000 m) exposure (i.e., ventilatory sensitivity).

Therefore, and considering the more and more professionalism among Paralympic wheelchair endurance
athletes (e.g., Tokyo Paralympics huge media impact), the aim of this study was to analyze changes in red
blood cell parameters and resting RR as markers of altitude acclimatization, in response to a 5-week LHTH
altitude training camp (3900-4100 m) in a professional wheelchair marathoner, which can elucidate
valuable data for coaches and physicians engaged to this athletics population.

Il. MATERIAL AND METHODS

A. Participant

One male professional wheelchair marathoner with upper limb affection (i.e., tetraparesia), diagnosed
with the most common neuromuscular disease “Charcot Marie Tooth” (Banchs et al., 2009), IPC-Athletics
class T52 (Individuals with quadriplegia-tetraparesia), holding thirteen world records, took part in the study.
The Participant main features were: age, 36 yrs; body-height, 176 cm; body-mass, 52.6 kg; VO2zmax, 52 ml
kg™ min. The participant provided written informed consent to be a research subject in this case study.
Research conformed the Declaration of Helsinki, being approved by the Ethics Research Committee of the
University (project identification code #DPS.MMR.02.15).

B. Design

Repeated observations were made on a single athlete during:

1) 6-weeks leading phase at sea level (16 m altitude), including 74 training sessions and the completion
of 1280 km;

2) pre-altitude week (W.1);

3) 5-week altitude camp in Puno, Peru (3900-4100 m above sea level) (W1s);

4) post-altitude week (W-1) (Fig. 1). The details of training have been previously published (Sanz-Quinto
et al., 2019).

Phase Lead-in W, W, Specific Training W,
Timing 6w 7d 1d 7d W, | W, 1d
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Fig. 1. Structure of experimental design.

C. Measurements and Data Collection Procedures

Blood tests were conducted at 8 am, under fasting conditions, after a day of rest. Blood was withdrawn:
i) the first day of season or 7-weeks before the altitude camp (T-7 weeks); ii) 7 days before the altitude camp
(T-7 days); iii) during the altitude camp on days eight, fifteen, twenty-one, twenty-eight and thirty-five
(Te,15,21,28.35 days); 1) 6 days after returning from altitude (T+s days). During first week at altitude (days 1 to
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7), and in order to avoid hemoconcetration values, no blood markers assessment was planned, except for
Plasma erythropoietin (EPO), due to plasma volume contraction occurred during early acclimatization
(Siebenmann et al., 2017). EPO was assessed: i) 7 days before the altitude camp (T-7 days); ii) 35 hours upon
altitude arrival (Tssh); iii) on the 21% day at the altitude camp (T21 days); iv) 16 days after returning from
altitude (T+16 days). Hb and erythrocytes count were measured with a Coulter T 840 Counter (Coulter
Electronics, Krefeld, Germany). Hematocrit (Hct) was determined with microcentrifugation. Reticulocytes
(Ret) were measured with flow cytometry (Epics XL, Beckmann). For serum EPO 7 mL blood sample was
centrifuged (3000 rpm, 10 min, 4 degrees Celsius) and measured (Erythropoietin ELISA, IBL, Hamburg,
Germany). Ferritin was measured photometrically (EIAgen Ferritin Kit, Adaltis, Freiburg, Germany).
Moreover, urine specific gravity was measured at 7:30 am (Mission® U500, ACON Laboratories, San
Diego, California), as a way to verify if blood test values were influenced by hemoconcentration/dilution.
In fact, urine specific gravity was maintained inside normal range (<1.20) (Stover et al., 2006) throughout
the altitude sojourn (1.014+0.006 to 1.019+0.002).

D. Breathing Frequency Assessment

A Hexoskin wearable body metrics shirt (Hexoskin, Carré Technologies Inc. San Francisco, CA, USA),
which was found to be valid and reliable (Tanner et al., 2015), was used for assessing resting RR.
Measurements were obtained in supine position during 5 min after awaking, with the average value for the
last 60 s retained for final analysis.

E. Iron Supplementation

The athlete ensured iron deposits through the daily intake of 105 mg of ferrous sulphate (FeSQOg)
(Ferogradumet®, Ross, Abott Cientifica) 30 min before breakfast (Constantini et al., 2017). Oral
supplementation commenced from the starting point of the season (7-wk pre-altitude) as previously
recommended by Stellingwerff et al. (2019). In addition, an individualized nutritional program supported
optimal energy balance to the athlete throughout the altitude sojourn (Sanz-Quinto et al., 2019).

F. Statistics

Blood parameters and ferritin data are presented as raw values (Table 1), while RR data are presented as
mean £ SD (Table I). AEPO, Aerythrocytes, ARet, AHb, AHct and Aferritin were calculated with reference
to T.7 days Which was assigned the value of 100%. Repeated-measures analysis of variance (ANOVA) (time)
were carried out. Effect size (d) associated with change in RR was calculated using Cohen's d and was
interpreted as trivial (<0.19), small (0.20-0.49), medium (0.50-0.79), and large (>0.80) (Hopkins et al.,
2009). An alpha level of 0.05 was stated for statistical significance. Statistical analyses were performed
using the SPSS version 22.0 (SPSS, Inc., Chicago, IL, USA) software and Statgraphics (STSC, Inc.,
Rockville, MD, USA) version 16.1.17.

I1l. RESULTS

From T.7 days t0 T3s days €rythrocytes, Hb and hematocrit (Hct) increased by 17.9%, 21.2% and 23.8%,
respectively. Moreover, reticulocytes (Ret) decreased by 38.3% from T.7 days tO T3s days, and by 64.7% from
T-7 days tO T+6 days- At T6days €rythrocytes, Hb and Hct were enhanced by 8.0%, 8.8% and 12.1%, respectively
compared to T-7gays. Moreover, EPO increased by 259.0 % at T.ssn, While lower values were observed at
T21 days (-28.7%) and T+16 days (-84.4%) compared to T-7 days. In addition, compared to T.7 gays, ferritin values
were 55.5% lower at Tg gays (247 vs. 110 ng mL™?) but 39.3 % lower (150 ng mL1) at Tss gays and they
remained 12.2% lower at T.s days (Table I).

TABLE |: BLOOD MARKERS PRE-ALTITUDE DURING THE SOJOURN AND AFTER RETURNING TO SEA LEVEL

Taw T Tzsh Ted Tsd Toud Tosd Tasg Tied Tii6d
Sea level 3900 m altitude Sea level
Eryt A 504 462 5.06 5.17 5.04 5.28 5.45 4.99
% ’ ’ +9.5 +11.9 +9.1 +14.3 +17.9 +8.0
Hb 143 13.7 15.3 15.6 15.3 16.1 16.6 14.9
A% ’ ’ +11.7 +13.9 +11.7 +17.5 +21.2 +8.8
Ret 15.0 12.6 12.4 12.0 10.3 5.9
A% 124 16.7 -10.2 -22.6 -25.8 -28.2 -38.3 -64.7
Hct 23 404 46.0 47.0 46.0 48.0 50.0 45.3
A% ' ’ +13.9 +16.3 +13.9 +18.8 +23.8 +12.1
Fer 110 126 132 122 150 217
A% 284 241 555 499  -466 506 393 122
EPO 129 31.6 8.7 1.9
A % ) +259.0 -28.7 -84.4

T.7w, blood test first day of season or seven weeks before the camp; T.; 4, blood test six weeks after starting season or one week before
the camp; T.ssn, EPO test thirty-five hours after arriving to altitude; Ts 152128354, blo0d tests on altitude-days 8, 15, 21, 28, and 35; T.s
4, blood test six days after returning from altitude; T.1 4, EPO test sixteen days after returning from altitude; Eryt, erythrocytes x10°
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mm?; Hb, hemoglobin g dIY; Hct, haematocrit percentage; Fer, ferritin ng ml*; EPO, plasma erythropoietin U I"; A changes are
expressed as differences in percentages in reference to T.74 (100 %).

Compared to sea level, resting RR was higher during the 5-week altitude training camp (pooled values:
7.741.8 vs. 5.3+0.6 breaths min?). The RR increased at W1 (9.1£1.6 breaths min', d = -3.4) and W (9.342.1
breaths min, d=-2.8) compared to W.; (5.1£0.4 breaths min™). Resting RR decreased throughout the camp
from W5 onwards, yet values remained significantly higher at any altitude time point when compared to
sea level (Table Il, Fig. 2.)

TABLE |I: RESTING RESPIRATORY RATE (RR) PRE-, DURING AND POST-ALTITUDE

W, W, W, Ws W, Ws Wiy
RR 5.1+0.4 9.1£1.6" 9.3+£2.1" 7.0+0.87&# 6.4+0.8"%* 6.6+0.8"&* 5.5+0.8%*
Cohen’s d 3.4 0.1 -1.4 -0.7 0.2 -1.4

W.;, pre-altitude week; W12345 Weeks at altitude; W, post-altitude week; RR, respiratory rate upon wakening in resting conditions
expressed as breaths min‘.

* Differences from W (p<.001); & Differences from W, (p<.001); # Differences from W, (p<.001); ® Differences from W (p<.001);
“ Differences from W, (p<.001); ¥ Differences from W5 (p<.001); Cohen’s d, difference in mean scores over time divided by pooled

SD in reference to the previous time point.

Sea level 3900 m altitude Sea level
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Fig. 2. Respiratory rate under normoxic and hypoxic conditions.
Session A: performed on a plateau at 4090 m. 8 km + technique drills + 5x80 m strides + 20x400 m (VT2) Recovery of repetitions
75s+2km.
Session B: 2 hours at first ventilatory threshold (VT1).
Session C: performed on a plateau at 4090 m. 8 km + technique drills + 5x80 m strides + 6x2000 m (VT2) Recovery of repetitions
120 s + 2 km.
Session D: 20 km (< VT1) in the morning + 16 km (< VT1) in the afternoon.
Session E: 16 km (< VT1) in the morning + gym session in the afternoon (4 sets x 8 repetitions recovery sets 150 s at 80 % RM).
Exercises for resistance session: press bench, close grip, dumbbell press, seated military press and seated cable row).
Session F: 20 km (< VVT1) in the morning + resting afternoon.
Session G: Rest Day.
Dash line: Represents mean breathing frequency (5.3+0.6 breaths min*) under normoxic conditions.
Square dot line: Represents mean breathing frequency (7.7+1.8 breaths min™*) at 3860 m altitude.
Differences from mean breathing frequency under normoxic conditions: ™ p<0.001.

IVV. DISCUSSION

This case study of a professional wheelchair marathoner reports the effects of a 5-week LHTH sojourn
at 3900-4100 m altitude on red blood cell parameters and resting RR. Our novel findings are: 1) this
intervention induced polycythemia; 2) erythrocytes, Hb and Hct values peaked towards the end of the camp;
3) resting RR increased immediately when the athlete was exposed to altitude compared to pre-altitude, and
it remained elevated throughout the camp.

It has been previously observed in untrained individuals that 6-weeks training at sea level prior to an
altitude sojourn increased Ret (+25.8%) (Schmidt et al, 1991). This goes in line with our observations from
the 6-week leading phase (+34.7%). However, the Ret oscillations after a high-altitude sojourn remain
unclear with recently published research, pointing out to a possible Ret count decrease after descending
from a 19-day sojourn at 3450 m altitude elevation (Klein et al., 2021), which goes in line with our findings
(-64.7% at T.¢), in contrast with opposite findings (Rice et al., 2001). Therefore, more research is needed
on Ret response after descending to sea level, and its role on enhancing endurance-athletes VOamax.
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In contrast with observations among elite biathletes living and training at 2050 m altitude for 16 days, in
which no changes in EPO from pre- to post-intervention were observed (Heinicke et al., 2005). In this
study, the EPO suppression observed at T21 days (-29%) and T16 days (-84%) might explain the 8.5% decrease
in erythrocyte values from Tas days 10 Ta6 days- Likewise, EPO suppression might explain the 38.3% Ret
decrease at altitude. Furthermore, the decrease in erythrocytes, Hb and Hct observed at W3 compared to W»
could be the consequence of an excessive number of high physiological demanding sessions completed
during W» (Sanz-Quinto et al., 2019). In fact, and in line with our observations, a 4.6 % descent in Hb after
an intense mesocycle compared to a greater mesocycle volume was observed in a group of elite cyclists
(Zapico et al., 2007).

Contrastingly, in a study with elite athletes, training and residing at moderate altitude (2100 m), who
combined low intensity sessions with a low number of intense sessions (5) during a 3-week LHTH sojourn,
failed to elicit sufficiently severe hypoxemia levels (~96 %) to trigger any change in Hb and Hct.
Furthermore, a decreasing trend (A -1.8%) in erythrocytes was reported compared to the first day of altitude
exposure (Sperlich et al., 2016). This lead us to think that both, enough elevation and a minimum of high
physiological demanding sessions are required to stimulate polycythemia. Regarding the magnitude of the
elevation, a recently published study conducted with 52 athletes and 50 sedentary inhabitants from two
towns of Ethiopia (Guna, 3100 m elevation and Addis Ababa, 2400 m elevation), reported significant
differences in the mean hemoglogin, being 6.2 % greater among male runners residing and training at the
highest town (17.47 vs. 16.39 g dI%). However, no differences were observed in the erythrocytes (5.58+0.3
vs. 5.56 + 03x10% mm?) (Zelalem Tilahum et al., 2021). Therefore, this study could help us to understand
the greater oscillations from pre-altitude to post-altitude in Hb compared to erythrocytes, observed in our
study participant.

The greater Hb and erythrocyte levels at W4 and Ws compared to W53, are in line with previous meta-
analysis results showing that peak blood parameters normally occur by the fourth week of altitude exposure
(Rasmussen et al., 2013). Furthermore, greater Hb, erythrocytes and Hct values observed one week after
returning to sea level confirm findings from previous LHTH studies conducted at 2050 m altitude (Heinicke
et al., 2005).

In this study, the magnitude of decrement in ferritin observed at altitude exceeded that of a previous
study (-56 vs. -15%) with elite biathletes (Heinicke et al., 2005). However, the differences in altitude
elevation (3900 vs. 2050 m) could partly explain this discrepant finding. Therefore, amounts greater than
105 mg per day of ferrous sulphate should be prescribed to athletes residing and training at ~ 4000 m,
practice which is encouraged even for athletes training at moderate altitude (Constantini et al., 2017;
Stellingwerff et al., 2019).

Noteworthy, decrease in resting RR at W5 occurred concomitantly with 12-14 % increases in erythrocytes
and Hb in reference to W.4, highlighting the negative relation between RR and hematological adaptations.
In fact, hyperventilation helps to cope with exercise under extreme hypoxic environments (Schoene et al.,
1984), facilitating the oxygen diffusion from the alveoli to the capillaries, and it is also related with a
positive early acclimatization to high altitude exposure (Hackett et al., 1982). Therefore, the increase in RR
found in our athlete is an homeostatic regulation in an attempt to preserve arterial oxygen saturation levels.

Finally, potential explanations for performance increments (3000 m time trial and power output)
observed in our wheelchair athlete after returning to sea level (Sanz-Quinto et al., 2019) are: 1) a slower
decay in hematological adaptations resulting from chronic hypoxic exposure after returning to sea level
(Constantini et al., 2017), 2) a faster ventilatory acclimatization (Chapman et al., 2014) during exercise
after returning to sea level compared to able-bodied runners and, 3) a lower impairment of the
neuromuscular function once resuming training at sea level (Constantini et al., 2014)], 4) Our participant
completed more than 10 training camps in the Breckenridge-Keystone area (~2900 m, Colorado, USA)
before the Peruvian Altiplano training camp, while athletes from Buskirk et al., (1967) had no previous
experience at this elevation. In support of the third assumption, the improvement in the 3000 m trial has
been associated with a greater mechanical efficiency at a submaximal speed in this athlete (Brizuela Costa
et al., 2009), indicating that neuromuscular function was probably not impaired after the altitude sojourn.

The main limitation of this study was the non-use of the CO-rebreathing technique, previously described
by Schmidt & Prommer (2005), thus not allowing us to determine the total haemoglobin mass and
hemodynamic parameters as blood volume and plasma volume. In order to minimize an hemoconcentraion
/ dilution status, we assessed each morning urine specific gravity, which was maintained inside normal
range (< 1.20) (Stover et al., 2006) throughout the altitude sojourn (1.014+0.006 to 1.019+0.002) (Sanz-
Quinto et al., in press).
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V. CONCLUSION

Residing and training at ~4000 m terrestrial altitude was a practical tool for a wheelchair marathoner
who has huge experience of training and residing at the greater threshold of moderate altitude, in order to
increase his VOamax in preparation for competitions, as a result of the induced greater polycythemia
triggered at higher elevations. Furthermore, resting RR assessment could be added to the athlete’s toolbox
to confirm that positive adaptations to altitude occur, especially during the acute acclimatization phase.
Interestingly, this elevation might be beneficial for enhancing performance after returning to sea level
among wheelchair marathoners, in contrast with the ~2500 m threshold proposed for able bodied runners.
Nevertheless, more research is needed, and this hypothesis will have to be tested in future studies with a
greater sample size.

ACKNOWLEDGMENT

The authors wish to thank the athlete who voluntarily participated in this case study, assisting with all
data collection.

CONFLICT OF INTEREST

Authors declare that they do not have any conflict of interest.

REFERENCES

Banchs, I., Casasnovas, C., Alberti, A., De Jorge, L., Povedano, M., Montero, J., et al. (2009). Diagnosis of Charcot-Marie-Tooth
Disease. Journal of Biomedicine and Biotechnology, 2009, 985415. https://doi.org/10.1155/2009/985415.

Berglund, B. (1992). High-altitude training. Aspects of haematological adaptation. Sports Medicine, 14(5), 289-303.
https://doi.org/10.2165/00007256-199214050-00002.

Brizuela Costa, G., Polo Rubio, M., Llana Belloch, S., & Pérez Soriano, P. (2009). Case study: effect of handrim diameter on
performance in a paralympic wheelchair athlete. Adapted Physical Activity Quarterly, 26(4), 352-363. https://doi.org/
10.1123/apaq.26.4.352.

Buskirk, E. R., Kollias, J., Akers, R. F., Prokop, E. K., & Reategui, E. P. (1967). Maximal performance at altitude and on return from
altitude in conditioned runners. Journal of Applied Physiology, 23(2), 259-266. https://doi.org/10.1152/jappl.1967.23.2.259.

Chapman, R.F., Karlsen, T., Resaland, G.K., Ge, R.L., Harber, M.P., Witkowski, S., et al. (2014). Defining the “dose” of altitude
training: how high to live for optimal sea level performance enhancement. Journal of Applied Physiology, 116(6), 595-603.
https://doi.org/10.1152/japplphysiol.00634.2013.

Constantini, K., Wilhite, D. P., & Chapman, R. F. (2017). A clinician guide to altitude training for optimal endurance exercise
performance at sea level. High Altitude Medicine and Biology, 18(2), 93-101. https://doi.org/10.1089/ham.2017.0020.

Dill, D. B., & Adams, W. C. (1971). Maximal oxygen uptake at sea level and at 3,090-m altitude in high school champion runners.
Journal of Applied Physiology, 30(6), 854-859. https://doi.org/10.1152/jappl.1971.30.6.854.

Eckardt, K. U., Boutellier, U., Kurtz, A., Schopen, M., Koller, E. A., & Bauer, C. (1989). Rate of erythropoietin formation in humans
in response to acute  hypobaric  hypoxia. Journal of  Applied Physiology, 66(4), 1785-1788.
https://doi.org/10.1152/jappl.1989.66.4.1785 Hackett, P. H., Rennie, D., Hofmeister, S. E., Grover, R. F., Grover, E. B., &
Reeves, J. T. (1982). Fluid retention and relative hypoventilation in acute mountain sickness. Respiration, 43, 321-329.
https://doi.org/10.1159/000194501.

Heinicke, K., Heinicke, 1., Schmidt, W., & Wolfarth, B. (2005). A three-week traditional altitude training increases hemoglobin mass
and red cell volume in elite biathlon athletes. International Journal of Sports Medicine. 26(5), 350-355. https://doi.org/10.1055/s-
2004-821052.

Hopkins, W. G., Marshall, S. W., Batterham, A. M., & Hanin, J. (2009). Progressive statistics for studies in sports medicine and
exercise science. Medicine & Science in Sports & Exercise, 41(1), 3-13. https://doi.org/10.1249/MSS.0b013e31818ch278.
Klein, M., Kaester, L., Bogdanova, A. Y., Minetti, G., Rudloff, S., Lundby, C., et al. (2021). Absence of neocytolysis in humans

returning from a 3-week high-altitude sojourn. Acta Physiologica, 232(3), €13647. https://doi.org/10.1111/apha.13647.

Levine, B. D., & Stray-Gundersen, J. (1997). “Living high-training low”: effect of moderate-altitude acclimatization with low-altitude
training on performance. Journal of Applied Physiology, 83(1), 102-112. https://doi.org/10.1152/jappl.1997.83.1.102.

Rasmussen, P., Siebenmann C, Diaz Molina, V., & Lundby, C. (2013). Red cell volume expansion at altitude: a meta-analysis and
Monte  Carlo  simulation.  Medicine &  Science in  Sports &  Exercise, 45(9), 1767-1775.
https://doi.org/10.1249/MSS.0b013e31829047e5.

Rice, L., Ruiz, W., Driscoll, T., Whitley, C. E., Hachey, D. L., Gonzales, G. F., et al. (2001). Neocytolysis on descent from altitude:
a newly recognized mechanism for the control of red cell mass. Annals of Internal Medicine, 134(8), 652-656.
https://doi.org/10.7326/0003-4819-134-8-200104170-00010.

Sanz-Quinto, S., Lopez-Grueso, R., Brizuela, G., Flatt, A. A., & Moya-Ramon, M. (2019). Influence of training models at 3900-m
altitude on the physiological response and performance of a professional wheelchair athlete: A case study. Journal of Strength
and Conditioning Research, 33(6), 1714-1722. https://doi.org/10.1519/JSC.0000000000002667.

Sanz-Quinto, S., Moya-Ramoén, M., Brizuela, G., Rice, 1., Urban, T., & Lopez-Grueso, R. (2019). Nutritional strategies in an elite
wheelchair marathoner at 3900 m altitude: a case report. Journal of the International Society of Sports Nutrition 16(1), 51.
https://doi.org/10.1186/s12970-019-0321-8.

Saugy, J. J., Schmitt, L., Cejuela, R., Faiss, R., Hauser, A., Wehrlin, J. P., et al. (2014). Comparison of “Live High — Train Low” in
normobaric versus hypobaric hypoxia. PL0oS One, 9(12), e114418. https://doi.org/10.1371/journal.pone.0114418.

Schmidt, W., Eckardt, K. U., Hilgendorf, A., Strauch, S., & Bauer, C. (1991). Effects of maximal and submaximal exercise under
normoxic and hypoxic conditions on serum erythropoietin level. International Journal of Sports Medicine, 12(5), 457-461.
https://doi.org/10.1055/s-2007-1024713.

DOI: http://dx.doi.org/10.24018/ejsport.2022.1.1.2 Vol 1| Issue 1 | February 2022 ﬂ


https://doi.org/10.1155/2009/985415
https://doi.org/10.2165/00007256-199214050-00002
https://doi.org/
https://doi.org/10.1123/apaq.26.4.352
https://doi.org/10.1152/jappl.1967.23.2.259
https://doi.org/10.1152/japplphysiol.00634.2013
https://doi.org/10.1089/ham.2017.0020
https://doi.org/10.1152/jappl.1971.30.6.854
https://doi.org/10.1152/jappl.1989.66.4.1785
https://doi.org/10.1055/s-2004-821052
https://doi.org/10.1055/s-2004-821052
https://doi.org/10.1249/mss.0b013e31818cb278
https://doi.org/10.1152/jappl.1997.83.1.102
https://doi.org/10.7326/0003-4819-134-8-200104170-00010
https://doi.org/10.1186/s12970-019-0321-8
https://doi.org/10.1371/journal.pone.0114418
https://doi.org/10.1055/s-2007-1024713

CASE STUDY

European Journal of Sport Sciences
WWW.ej-sport.org

Schoene, R. B., Lahiri, S., Hackett, P. H., Peters, R. M., Milledge, J. S., Pizzo, C. J., et al. (1984). Relationship of hypoxic ventilatory
response to exercise performance on Mount Everest. Journal of Applied Physiology, 56(6), 1478-1483.
https://doi.org/10.1152/jappl.1984.56.6.1478.

Schmidt, W., & Prommer, N. (2005). The optimised CO-rebreathing method: a new tool to determine total haemoglobin mass
routinely. Journal of Applied Physiology, 95(5-6), 486-495. https://doi.org/10.1007/s00421-005-0050-3.

Siebenmann, C., Robach, P., & Lundby, C. (2017). Regulation of blood volume in lowlanders exposed to high altitude. Journal of
Applied Physiology, 123(4), 957-966. https://doi.org/10.1152/japplphysiol.00118.2017.

Sperlich, B., Achtzehn, S., de Marées, M., von Papen, H., & Mester, J. (2016). Load management in elite distance German runners
during 3-weeks of high-altitude training. Physiolical Reports, 4, €12845. https://doi.org/10.14814/phy2.12845.

Stellingwerff, T., Peeling, P., Garvican-Lewis, L. A., Hall, R., Koivisto, A. E., Heikura, I. A., et al. (2019). Nutrition and altitude:
strategies to enhance adaptation, improve performance, and maintain health: A narrative review. Sports Medicine, 49(Suppl2),
169-184. https://doi.org/10.1007/s40279-019-01159-w.

Stover, E. A., Petrie, H. J., Passe, D., Horswill, C. A., Murray, B., & Wildman, R. (2006). Urine specific gravity in exercisers prior to
physical training. Applied Physiology Nutrition and Metabolism, 31(3), 320-327. https://doi.org/10.52082/jssm.2021.26.
Tanner, E. A., Montes, J., Manning, J. W., Taylor, J. E., DeBeliso, M., Young, J. C., et al. (2015). Validation of Hexoskin biometric
shirt to Cosmed K4 b2 metabolic unit in adults during trail running. Sports Technology, 8, 118-123.

https://doi.org/10.1080/19346182.2016.1248973.

Zapico, A. G., Calderon, F. J., Benito, P. J., Gonzalez, C. B., Parisi, A., Pigozzi, F., et al. (2007). Evolution of physiological and
haematological parameters with training load in elite male road cyclists: a longitudinal study. Journal of Sport Medicine and
Physical Fitness, 47(2), 191-196.

Zelalem Tilahum, M., Diresibachew Haile, W., Milkessa Bayissa, M., Endeshaw Chekol, A., Teklie Mengie, A., & Ediget Abebe, Z.
(2021). A comparative study of hematological parameters of endurance runners at Guna Athletics Sport Club (3100 meters above
sea level) and Ethiopian Youth Sport Academy (2400 meters above sea level), Ethiopia. Journal of Sports Medicine.
https://doi.org/10.1155/2021/8415100.

Santiago Sanz Quinto was born in Albatera (Spain), on September 18", 1980. Degree and PhD in Sport
Sciences (Exercise Physiology) by University of Valencia and Miguel Hernandez University (Elche, Spain),
respectively. MsC in High Performance in Sport and Health by Miguel Hernandez University (Elche, Spain).
g He was a professional athlete since 2004 until 2016 winning 107 International road events (5xBoston Marathon,
R ¢ 7xOita International Wheelchair Marathon in Japan, 5xLos Angeles Marathon, 1xLondon Marathon, 12xLilac
Bloomsday, 9xPeachtree road race). 13 World Records (former world record holder in 800 m, 1500 m, 5000 m
road and world record holder in 10000 m road and half marathon). He is interested in exercise physiology and
environmental physiology. He has published several papers about the effect of altitde training and living at
high-altitude on several physiological variables. He has also published one book.
Dr. Santiago Sazz is currently the Exercise Physiologist at the Spanish Paralympic Committee since 2020 and president of
AlbaSanz Track and Field Club. He coaches and is consultant physiologist of Spanish, American and Kenyan distance athletes.

Olivier Girard is PhD. in Human Movement Sciences at the University of Montpellier in France.

He worked for 8 years as Research Scientist at Aspetar — Qatar Orthopaedic and Sports Medicine Hospital, a
FIFA and 10C accredited medical center. He was also employed as a full-time researcher at Lausanne University,
Switzerland. The main focus of his research is to elucidate the mechanisms and adaptations that modulate human
performance and health during exercise and physical activity with environmental stress (heat and altitude).
Olivier has published over 140 articles in peer-reviewed journals (>5500 citations; H-factor of 40) and 20 book
in the field of exercise physiology/sports biomechanics and has presented his work on more than 150 national
and international conferences (including over 30 invited/keynote lectures).

Dr. OI|V|er Girard is an Associate Professor in Human Performance at The University of Western Australia in Perth (Western
Australia).

Raiil Lépez Grueso was born Sevilla (Spain), July 15", 1980. BSc. in Sports Science, BSc. In Human
Nutrition and Dietetics, MSc. in Nutrition Master in Obesity and Cardiovascular Risk Factors (University of
Granada, Spain), MSc and PhD in Physiology (Univ. Valencia, Spain and King’s College London, UK).
He worked as Biomedical Researcher during his PhD at Department of Physiology and Central Unit for
Medical Research Health Research Institute INCLIVA Clinic Hospital of Valencia with PET/CT-developing
and researching tasks, besides molecular techniques and teaching. Raul was part-time teacher (Sports
Sciences-athletics-swimming & Sports Nutrition at Faculty of Physical Activity and Sports Science,
University of Valencia), 2 years as Dietitian and Nutritionist at Unit of Endocrinology and Nutrition
(Dermilaser-Hospital Quirén Valencia), and 6 years as Lecturer/Researcher of Physical Activity and Sports
Smence Miguel Hernandez University).

Dr. Ratll Lopez Grueso is a Consultant professor in Exercise Physiology and Sports Nutrition at University Isabel I in Burgos
(Spain) and Sports Nutrition at Universitat Oberta de Catalunya in Barcelona (Spain). He is also Physiologist, Performance
consultant/scientist, Dietitian-Nutritionist as well as Triathlon & Athletics coach.

Gabriel Brizuela Costa was born in Buenos Aires (Argentina) on September 24", 1965. Degree and PhD in
sports sciences at the faculty of physical activity and sport sciences, University of Valencia.

He has been a coach of Olympic and Paralympic athletes since the Sydney 2000 Olympic Games and has
performed advisory functions in the area of Biomechanics for the Spanish Paralympic Committee until the
Rio 2016 Games.

Dr. Gabriel Brizuela Costa is researcher and lecturer at the faculty of physical activity and sport sciences in
the University of Valencia (Valencia, Spain) from 1995. Gabriel has directed several works and published
articles related with sports biomechanics, biomechanics of sport equipment and biomechanics applied to
adapted physical activity.

DOI: http://dx.doi.org/10.24018/ejsport.2022.1.1.2 Vol 1| Issue 1 | February 2022


https://doi.org/10.1152/jappl.1984.56.6.1478
https://doi.org/10.1152/japplphysiol.00118.2017
https://doi.org/10.14814/phy2.12845
https://doi.org/10.1007/s40279-019-01159-w
https://doi.org/10.52082/jssm.2021.26
https://doi.org/10.1080/19346182.2016.1248973
https://doi.org/10.1155/2021/8415100

CASE STUDY

European Journal of Sport Sciences
WWW.ej-sport.org

Manuel Moya Ramoén has Degree and PhD in sports sciences at the faculty of physical activity and sport
sciences, University of Valencia.

He spent nearly 15 years in the field of exercise physiology (fitness and conditioning and training
periodization) in Sports. Manuel completed his Doctoral Degree (2003) in Physical Education and Sports
at the University of Valencia in Spain. Since 2010. Manuel has published over 80 articles in peer-reviewed
journals and has presented his work on more than 80 national and international conferences.

Dr. Manuel Moya Ramon is researcher and lecturer at the Faculty of Sport Sciences of Miguel Hernandez
University in Elche (Spain). He works as Laboratory head and research group Director in Sport Research
Centre at Miguel Hernandez University.

DOI: http://dx.doi.org/10.24018/ejsport.2022.1.1.2 Vol 1| Issue 1 | February 2022 ﬂ


https://www.researchgate.net/publication/358646740

