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baroreflex sensitivity, blood pressure, heart rate, hypobaria, (HHx). Barometric pressure was matched between NNx vs. NHx

hypoxia, hypocapnia (7234 mmHg) and HNx vs. HHx (406 £ 4 vs. 403 £ 5 mmHg).
Inspired oxygen pressure (PiO,) was matched between NNx vs.
HNx (141.2+0.8 vs. 141.5+ 1.5mmHg) and NHx vs. HHx (75.7
0.4vs.74.3+1.0mmHg). BRS was assessed using the sequence
method. BRS significantly decreased in HNx, NHx and HHx com-
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Introduction (hypobaric hypoxia, HHx) have been reported [2]. In HHx compared
The physiological effects of altitude in humans are often studiedin ~ to NHx arterial oxygen saturation was lower [3, 4], sleep more dis-
normobaric hypoxia (NHx) according to the air equivalent model.  turbed [5], and oxidative stress more pronounced [6], whilst acute
This model posits that the inspired oxygen pressure (PiO,) matters ~ mountain sickness symptoms were more severe [7]. Subtle effects
without any influence of the barometric pressure perse [1]. How-  on heart rate variability were also reported [8]. Although still sub-
ever, in recent years, differences between NHx and “real altitude”  ject of debate [9, 10], at equivalent PiO, HHx appears as a stronger
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stimulus than NHx, which suggests an influence of the decreased
barometric pressure per se, at least in hypoxia.

But an additional hypobaric normoxic condition (HNX) is need-
ed to isolate the effect of hypobaria. By comparing NNx vs. HNx in
normoxia and NHx vs. HHx hypoxia, it becomes possible to further
disentangle the specific effects of environmental hypoxia and hy-
pobaria. The HNx condition requires lowering barometric pressure
combined with increasing inspired oxygen so that PiO, remains
similar to NNx values. Similar situations may occur in aviation when
breathing 100 % oxygen in a depressurized cabin.

The cardiovagal baroreflex aims at regulating blood pressure. A
decrease in arterial blood pressure (BP) reduces baroreceptor af-
ferent discharge leading to a decrease in parasympathetic tone and
an increase sympathetic tone, triggering an increase in HR, cardiac
contractility, and vascular resistance therefore countering the de-
crease in BP. A rise in pressure does the contrary. The cardiovagal
baroreflexis challenged in numerous conditions such as during al-
titude exposure [11,12].

Baroreflex sensitivity (BRS) is a measure of cardiovagal barore-
flex function [13]. In hypoxic conditions, there is a resetting of the
cardiovagal baroreflex operating point to higher pressures [14-16],
associated to a parasympathetic withdrawal [17-19] which results
in decreased BRS [20] in acute and chronic hypoxia [21]. This de-
crease in BRS is clear above 4,500 m [22]. Previous studies report-
ed lower BRS values in NHx and HHx than in NNx but without dif-
ferences between the two hypoxic conditions at 2,250 and 3,450 m
[11].

In order to better assess the respective influence of environmen-
tal hypoxia and hypobaria on BRS, the aim of the present study was
to investigate the potential effects of decreased barometric pres-
sure per se on the cardiovagal baroreflex sensitivity at rest in nor-
moxia (NNx vs HNx) and severe hypoxia corresponding to an alti-
tude of 5,000 m (NHx vs HHx).

Materials and Methods

Ethics

This study was performed according to the Declaration of Helsinki
and was approved by Swiss Research Ethics Committee of Ziirich
(Swissethics, BASEC ID: 2018-00006). The trial was registered on
ClinicalTrials.gov (ID: NCT03439202). The participants were in-
formed about all procedures of this study and gave their written
informed consent before participation.

Participant recruitment and screening

Eighteen healthy pilot trainees (14 men and 4 women, age 26+3
years; height 177 +£9 cm; weight 70 £ 11 kg) participated voluntar-
ily in this study. None of the participants were exposed to hypoxia
before enrolment in the present study and/or no relevant altitude
exposure was reported in the preceding four weeks preceding the
trials. A physician screened the participants during a familiariza-
tion visit to ensure they were healthy and did not report any med-
ical or altitude-related issues. None of the participants were on
medication during this study.

Study design

This study was conducted at the Aeromedical Center (AeMC) of the
Swiss Air Force, in Diibendorf, Switzerland.. During a single visit the
participants were exposed to four conditions: normobaric normox-
ia (NNx, Dibendorf, 440 m, barometric pressures in > Table 1), hy-
pobaric normoxia (HNx), normobaric hypoxia (NHx) and hypobar-
ic hypoxia (HHXx), in a randomized order and single-blind. Each con-
dition lasted 30 min and was carried out at local barometric
pressure or at a simulated altitude of 5,000 m in the Swiss army hy-
pobaric chamber hypobaric chamber. Each condition was preced-
ed by 30 min of rest in NNx. Decompression to 5,000 m took about
2min in the two hypobaric conditions (HNx and HHx).

During the twenty-four hours before the visit, the participants
were asked to avoid physical exercise or heavy meals, and to refrain
from alcohol and caffeine consumption. Each condition started with
a 5-min adaptation period followed by a concentration test (KLT-R
test [23] including arithmetic and working memory tasks) and
6 min seated at rest.

Conditions

Barometric pressure was matched between the two normobaric
(NNx vs. NHx) and between the two hypobaric (HNx vs. HHx) con-
ditions, whilst the inspired oxygen pressure (PiO,) was matched
between the normoxic (NNx and HNx) and between the hypoxic
(NHx and HHXx) conditions (cf. » Table 1). Matching was achieved
by adjusting the barometric pressure in the hypobaric chamber or
the inspired oxygen fraction (FiO,) using tanks of gas mixtures of
known concentrations [24]. Participants breathed 11.2% or39.4%
0, (0.03 % CO,, balance N,) during NHx and HNx, respectively,
whilst the barometric pressure was decreased comparably in HNx
and HHXx (cf. » Table 1). For blinding, the altimeter in the hypobar-
ic chamber was hidden and changes in pressure and gas concen-
trations administered through the mask were not communicated
to the participants.

Blood pressure recording

Blood pressure was recorded at a sampling frequency of 1,000 Hz
using a photoplethysmography device combined to a double cuff
(NIBP100D, Biopac Systems, Inc. Goleta, CA, USA). Blood pressure
was recorded continuously from the double cuff installed on the
index and the middle fingers. The device was connected to a com-
puter for data storage using dedicated software (Acgknowledge,
Biopac Systems, Inc. CA, USA). Signal processing was performed
offline using custom Matlab routines (MATLAB, R2019b, Math-
Works, Natick, MA, USA).

Ventilatory data

The gas analyzer (K5, Cosmed, Rome, Italy) was calibrated outside
of the hypobaric chamber before each session. This procedure was
recommended by the manufacturer and gives reliable results for
ventilation (E), tidal volume (VT), and respiratory frequency (Rf).
Flow was calibrated with a 3 L syringe. Zero CO, calibration was per-
formed using a scrubber. A second point calibration was performed
using a certified gas mixture (16 % O, and 5% CO,). Ventilatory data
were recorded breath-by-breath and exported with proprietary
software for later analysis (OMNIA, Cosmed, Roma, Italy) as in-
structed by the manufacturer [25, 26]. The PiO, measured with the
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> Table 1 Barometric pressure, inspired pressure in oxygen (PiO,) and pulse saturation (SpO,) at rest.

NNx HNx NHx HHx
Barometric pressure (mmHg) 7234 406+4 a 7234 403+5a
PiO, (mmHg) 141.2+0.8 141.5£1.5 75.7+0.4 ab 74.3+1.0ab
Sp0, 99.4+.5 98.3£2.1 83.5£6.0ab 74.7+£5.1 abc

p<0.05 for different with HNx; c p<0.05 different from NHx.

Normobaric normoxia (NNx); hypobaric normoxia (HNx); normobaric hypoxia (NHx); hypobaric hypoxia (HHx).; a: p<0.05 for difference with NNx; b

gas analyzer were as expected given the known concentrations of
the gas tanks which increases confidence in the measures realized
in the challenging HNx condition.

Blood pressure and baroreflex analyses

Systolic blood pressure (SBP) peaks, and heart beat-to-beat time
intervals, defined as the time intervals between successive systo-
lic peaks (inter-beat intervals, IBI), were extracted directly from the
BP recordings. the sequence method was used to compute BRS. It
is based on the identification of at least three consecutive beats in
which anincrease (or decrease) in SBP is followed by an increase (or
decrease) in IBI. Three conditions were necessary for a SBP-IBI se-
quence to be qualified for BRS computations: 1) a minimum change
of TmmHg between two consecutive SBP values and a minimum
change of 5 ms for IBI [27]; 2) the minimum correlation coefficient
between changes in SBP and changes in IBl was 0.85 and 3) at least
five sequences were necessary to validate a BRS estimate. The slope
of the regression line between changes in SBP and IBl was used as
BRS estimates and all the computed slopes were averaged to ob-
tain the BRS.

This method allows a direct interpretation of the causal link be-
tween blood pressure and heart rate changes [28]. It is one of the
most used. The computations are automatic and standardized,
which virtually eliminates intra- and inter-participant measurement
variability [29]. The baroreflex nature of these spontaneous beat-
to-beat interval systolic pressure sequences was demonstrated by
showing in cats that the number of sequences markedly dropped
(—89%) after the surgical opening of the baroreflex loop by sinoaor-
tic denervation [30]. Consistency of the various methods for BRS
computation in hypoxia has been shown recently [31].

Beat-to-beat heart rate (HR) was directly computed from the IBI
intervals. Mean, systolic, and diastolic blood pressure were extract-
ed from the continuous blood pressure recordings.

Heart rate variability analysis

RR intervals were recorded in parallel with the continuous blood
pressure trace using a chest strap (watch RS800CX + sensor
H7 + chest belt, Polar, Kempele, Finland). The RR intervals from the
resting period were first inspected to remove ectopic beats from
the recordings. Ectopic beats were then compensated by means of
interpolation to calculate normal-to-normal intervals. From the
normal-to-normal intervals, the following heart rate variability
(HRV) parameters were extracted: the root mean square of the suc-
cessive differences (RMSSD); the spectral power in the low-frequen-
cy (pLF, 0.04-0.15Hz) and high-frequency bands (pHF, 0.15-
0.40Hz) in ms2; and the values (expressed in normalized units) for
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LF and HF, respectively. However, since these two indexes are per-
fectly correlated, only normalized HF (nHF) are presented and dis-
cussed. The spectral power was estimated using a fast Fourier trans-
form on the resampled normal-to-normal intervals (4 Hz) using a
window length of 250 data points and an overlap of 50 %. All com-
putations were performed using custom MATLAB routines.

Statistical analysis

Data are presented as mean + SD. Normality of data was tested
using the Shapiro-Wilk test before performing a two-way repeated
measures [hypoxia vs. normoxia x hypobaria vs. normobaria]
ANOVA. The p level for significance was set at 0.05. Values for p are
presented<0.05, or<0.01 or<0.001. The Tukey-Kramer post hoc
test was performed when appropriate. All analyses were complet-
ed using custom MATLAB routines.

Results

Barometric pressure was matched between the two pairs of condi-
tions, NNx vs. NHx and HNx vs. HHx. Also, PiO, was matched be-
tween NNx vs. HNx and NHx vs. HHx (> Table 1).

BRS decreased comparably in HNx, NHx and HHx compared to
NNx (p<0.01, p<0.05 and p<0.001, respectively, » Fig. 1) whilst
there were no differences in heart rate (HR, » Fig. 1), mean, systol-
ic and diastolic blood pressures between the four conditions.

Results for E, VT, and Rf, are shown in » Fig. 1. All values were
comparable between conditions.

Blood pressure parameters are detailed in > Table 2. Mean, sys-
tolic and diastolic blood pressures were comparable between con-
ditions.

» Table 3 summarizes the HRV results. RMSSD significantly de-
creased in HHx compared to NNx and HNx (p<0.01 for both) and
there was a tendency for a decrease in NHx compared to NNx
(p<0.10). There was a tendency for decreases in HF and nHF in HHx
compared to NNx (p<0.10 for all).

Discussion

This study investigated the effect of hypobaria on cardiovagal ba-
roreflex sensitivity in both normoxic and hypoxic conditions. The
main result is a large and specific effect of hypobaria per se, at rest
in normoxia despite that no specific effects were found on HR or
blood pressure. This influence of hypobaria on BRS was less evident
in hypoxia.
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> Fig. 1 Baroreflex sensitivity (BRS, panel a), heart rate (HR, panel b), respiratory frequency (Rf, panel c), tidal volume (VT, panel d) and ventilation
(E, panel ) in normobaric normoxia (NNx), hypobaric normoxia (HNx), normobaric hypoxia (NHx) and hypobaric hypoxia (HHx), during rest.; a:

p<0.05 for difference with NNx,.

> Table 2 Blood pressure data.

Parameter NNx HNx NHx HHx
BPmean (mmHg) 93+14 98+14 9113 89+11
BPsys (mmHg) 126+23 130+22 125+18 12515
BPdia (mmHg) 77+11 85+ 14 79+13 7512
Normobaric normoxia (NNx); hypobaric normoxia (HNx); normobaric hypoxia (NHx); hypobaric hypoxia (HHx).

Decreased BRS in hypoxia

The comparable decrease in BRS at rest in the two hypoxic condi-
tions (NHx and HHx, when compared to NNx) confirms previous
findings in the literature [20, 21]. The known hypoxic effect did not
add to the hypobaric effect observed in HNx resulting in values sim-
ilar between HHx, NHx and HNXx.

The reductionin BRS in acute hypobaric hypoxia is probably me-
diated by the carotid body chemoreceptors [32]. Previous studies
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suggested that acute hypobaric hypoxia initiates a persistent in-
crease in chemo-afferent activity to the rostro-ventrolateral me-
dullavia the nucleus tractus solitarius, which results in long-lasting
sympathoexcitation, likely accompanied by a parasympathetic
withdrawal [33, 34]. The decreased BRS in hypoxic conditions is as-
sociated to these modifications of the autonomic balance [15]. Ac-
cordingly, there was a decrease in RMSSD, a tendency for a decrease
in HF (both markers of parasympathetic activity) and a tendency
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> Table 3 HRV data.

NNx HNx NHx HHx
RMSSD (ms) 4920 3717 30+20 (a) 18+15 ab
LF (ms?) 1317+732 1374+1263 1184+1665 559+637
HF (ms2) 1068+771 911£775 7524979 3294530 (a)
nHF (%) 42+14 41£11 38+8 3013 (a)
Normobaric normoxia (NNx); hypobaric normoxia (HNx); normobaric hypoxia (NHx); hypobaric hypoxia (HHx).; p<0.10; a: p<0.05 for difference with
NNx; b p<0.05 for different with HNx.

for a shiftin the autonomic balance toward sympathetic dominance
(decreased nHF) in the HHx conditions (> Table 3). An important
trigger may be the central chemoreceptors, which are known to be
more responsive to CO, than the peripheral ones [35,36] and there-
fore may play a pivotal role in BRS decrease in case there was a de-
crease in arterial CO,, likely the case in hypoxic conditions [31], and
hypothetical in hypobaric normoxic conditions.

Hypoxia has been reported to induce venodilation [37], which
may impact cardiac preload and heart rate response. This addition-
al mechanism may affect BRS in hypoxic conditions, but its role re-
mains to be investigated in hypobaric conditions.

The classical explanations are directly linked to the changes in
blood gases (and potentially in the cerebrospinal fluid), affecting
the chemoreceptors. In humans, the baro- and chemo-reflex arcs
coincide, so that sensory information regarding BP and arterial
blood gas homeostasis converge in an integrative fashion [38].
There is a negative relationship between the baro- and chemo-re-
flexes; i. e., the cardiovagal baroreflex activation inhibits the chem-
oreflex and vice versa [39]. Therefore, in case of hypocapnia in hy-
poxic conditions, heightened activation of the chemoreceptors
likely resulted in a resetting of the cardiovagal baroreflex operat-
ing point to higher pressures, which in turn resulted in the de-
creased BRS [21,32].

Effect of hypobaria on BRS: large in normoxia and
minimal in hypoxia

Previous study suggested that pulmonary blood flow through in-
trapulmonary arteriovenous anastomoses, was decreased by hy-
pobaria, independent of the hypoxia severity [40]. Previous work
has shown that hypobaric decompression increased total lung ca-
pacity, functional residual capacity, closing capacity, and residual
volume [41] which may be attributed to a greater volume of air
trapped in the alveoli at lower atmospheric pressure. An increase
inlung volume increases compression of alveolar capillaries [42,43]
and may contribute to modify arterial O, and/or CO, contentin the
HNx condition. However, the decrease in arterial CO, in the HNx
condition is a subject of debate. At 5,260 m, no differences in P,CO,
were reported between rest and high intensity exercise (as shown
by RER ~.99) despite induced hyperventilation [40]. However, a
light decrease in arterial CO, in the HNx condition cannot be total-
ly excluded and may have influence BRS.

Limitations

The present work used a spontaneous cardiovagal BRS, which only
estimates sensitivity or gain around the operating point of the car-
diovagal baroreflex stimulus-response curve. In HHx conditions, a

resetting of the cardiovagal baroreflex operating point to higher
pressures, coupled with an upward resetting of sympathetic vas-
cular baroreflex, without any alterations in BRS, was observed [44].
The main variable of interest of the present study was the cardio-
vagal baroreflex and there was no assessment of the sympathetic
vascular baroreflex component.

Respiration is a confounding factor for the characterization of
the cardiovagal baroreflex control from spontaneous fluctuations
[45]. In the present study no change in ventilation or breathing pat-
tern was observed, therefore limiting the effects of respiration as
a confounding factor.

In this paper, BRS is reported according to the sequence meth-
od, which is the most commonly used and which allows a direct in-
terpretation of the causal link between blood pressure and heart
rate changes. However, Bernardi’s ratio of the standard differenc-
es, the frequency and the transfer function methods were also used
[31]. The conclusion of this work would not have been different
with the other methods.

Eighteen participants may be seen as a rather small sample size
in regards of the number of factors of the analysis (effect of hypox-
ia and hypobaria). However, each participant underwent all the
conditions in a randomized order thereby minimizing the inter-in-
dividual variability. In addition, our group of participants was rath-
er homogeneous (all military aircraft pilot trainees), therefore de-
spite a small sample size the statistical results remain interesting
and contains original data.

Perspectives

Overall, our results indicate that humans exposed to HNx condi-
tions, such as military aircraft pilots, may experience decreased
BRS that may impact their cerebral perfusion. Future studies need
to determine the mechanisms and the adequate response to
prevent decreased cerebral perfusion and impaired cognitive and
motor performances. Small doses of inspired CO, may increase the
cardiovagal baroreflex function and may prevent the performance
impairment [46]. Future studies should focus on the relationship
between pulmonary O, and CO, diffusion, blood content and car-
diovagal baroreflex function in the four conditions, attempting to
further disentangle the chemo- and baro-reflex arcs to better un-
derstand the mechanisms of blood pressure regulation in condi-
tions of hypobaria and/or hypoxia.

Conclusion

This study was the first to demonstrate a specific effect of hypobar-
ia perse on BRS. This finding is of interest in space physiology since
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it has direct consequences for astronauts exposed to microgravity
or aircraft pilots when depressurization occurs, with large clinical-
ly significant physiological alterations. The effects of hypocapnia
and hypoxia did not add to each other so that the decrease in BRS
was comparable between HNx, NHx and HHx conditions. The hy-
pothesis that adequate additional inspired CO, in hypobaria-in-
duced hypocapnic conditions would prevent impaired BRS requires
further investigation. Particularly there is a need to clamp PgCO,
in various hypobaric vs normobaric and hypoxic vs normoxic con-
ditions to control the effects of capnia independently of the other
controlling variables.

Data availablilty

The data that support the findings of this study are openly availa-
ble in Zenodo at http://doi.org/10.5281/zenod0.4297460, refer-
ence number https://zenodo.org/record[4297460#.X8TAb7fjKUk.

Author Contribution

GPM designed the study. MRA collected the data. NB and MRA an-
alyzed the data. NB did the signal processing. NB wrote the article
and prepared the figures. GPM and BK reviewed the article. All the
authors approved the final version of the manuscript and declare
no conflict of interest.

Conflict of Interest

The authors declare that they have no conflict of interest.

References

[1] Conkin ], Wessel |H. Critique of the equivalent air altitude model. Aviat
Space Environ Med 2008; 79: 975-982

[2

Millet GP, Faiss R, Pialoux V. Point: Counterpoint: Hypobaric hypoxia
induces/does not induce different responses from normobaric hypoxia.
| Appl Physiol (1985) 2012; 112: 1783-1784

Saugy JJ, Schmitt L, Cejuela R et al. Comparison of “Live High-Train
Low” in normobaric versus hypobaric hypoxia. PloS One 2014; 9:
e114418. doi:10.1371/journal.pone.0114418

3

4

Coppel ], Hennis P, Gilbert-Kawai E et al. The physiological effects of
hypobaric hypoxia versus normobaric hypoxia: a systematic review of
crossover trials. Extrem Physiol Med 2015; 4: 2. doi:10.1186/
513728-014-0021-6

Heinzer R, Saugy ]J, Rupp T et al. Comparison of sleep disorders
between real and simulated 3,450-m altitude. Sleep 2016; 39:
1517-1523. doi:10.5665/sleep.6010

Ribon A, Pialoux V, Saugy J] et al. Exposure to hypobaric hypoxia results
in higher oxidative stress compared to normobaric hypoxia. Respir
Physiol Neurobiol 2016; 223: 23-27. doi:10.1016/j.resp.2015.12.008

5

6

[7

DiPasquale DM, Strangman GE, Harris NS et al. Acute mountain
sickness symptoms depend on normobaric versus hypobaric hypoxia.
BioMed Res Int 2016; 2016: 6245609. doi:10.1155/2016/6245609

[8] Aebi MR, Bourdillon N, Bron D et al. Minimal influence of hypobaria on
heart rate variability in hypoxia and normoxia. Front Physiol 2020; 11:
1072. doi:10.3389/fphys.2020.01072

[9] Millet GP, Debevec T. CrossTalk proposal: Barometric pressure,
independent of PO2, is the forgotten parameter in altitude physiology
and mountain medicine. | Physiol 2020; 598: 893-896. doi:10.1113/
|P278673

[10] Richalet J-P. CrossTalk opposing view: Barometric pressure,
independent of PO2, is not the forgotten parameter in altitude
physiology and mountain medicine. | Physiol 2020; 598: 897-899.
doi:10.1113/JP279160

[11] Bourdillon N, Saugy ], Schmitt L et al. Acute and chronic changes in
baroreflex sensitivity in hypobaric vs. normobaric hypoxia. Eur | Appl
Physiol 2017; 117: 2401-2407. doi:10.1007/s00421-017-3726-6

[12] Hermand E, Lhuissier F], Pichon A et al. Exercising in Hypoxia and
Other Stimuli: Heart Rate Variability and Ventilatory Oscillations. Life
(Basel) 2021; 11: 625

[13] Halliwill JR, Morgan BJ, Charkoudian N. Peripheral chemoreflex and
baroreflex interactions in cardiovascular regulation in humans. |
Physiol 2003; 552: 295-302. doi:10.1113/jphysiol.2003.050708

[14] Halliwill |R, Minson CT. Effect of hypoxia on arterial baroreflex control
of heart rate and muscle sympathetic nerve activity in humans. ] Appl
Physiol (1985) 2002; 93: 857-864

[15] Raven PB, Fadel P|, Ogoh S. Arterial baroreflex resetting during
exercise: a current perspective. Exp Physiol 2006; 91: 37-49.
doi:10.1113/expphysiol.2005.032250

[16] Steinback CD, Salzer D, Medeiros PJ et al. Hypercapnic vs. hypoxic
control of cardiovascular, cardiovagal, and sympathetic function. Am
] Physiol Regul Integr Comp Physiol 2009; 296: R402-R410.
doi:10.1152/ajpregu.90772.2008

[17] Hughson RL, Yamamoto Y, McCullough RE et al. Sympathetic and
parasympathetic indicators of heart rate control at altitude studied by
spectral analysis. | Appl Physiol (1985) 1994; 77: 2537-2542

[18] Hughson RL, Maillet A, Gharib C et al. Reduced spontaneous baroreflex
response slope during lower body negative pressure after 28 days of
head-down bed rest. | Appl Physiol (1985) 1994; 77: 69-77

[19] Ponchia A, Noventa D, Bertaglia M et al. Cardiovascular neural
regulation during and after prolonged high altitude exposure. Eur
Heart | 1994; 15: 1463-1469

[20] Roche F, Reynaud C, Garet M et al. Cardiac baroreflex control in
humans during and immediately after brief exposure to simulated high
altitude. Clin Physiol Funct Imaging 2002; 22: 301-306

[21] Bourdillon N, Yazdani S, Subudhi AW et al. AltitudeOmics: baroreflex
sensitivity during acclimatization to 5,260 m. Front Physiol 2018; 9:
767. doi:10.3389/fphys.2018.00767

[22] Querido ]S, Wehrwein EA, Hart EC et al. Baroreflex control of muscle
sympathetic nerve activity as a mechanism for persistent
sympathoexcitation following acute hypoxia in humans. Am ] Physiol
Regul Integr Comp Physiol 2011; 301: R1779-R1785. doi:10.1152/
ajpregu.00182.2011

[23] Diiker H, Lienert G. KLT-R Konzentrations-Leistungs-Test. Hogrefe.
Auflage Neubearbeitung von H Lukesch und S Mayrhofer. Hogrefe;
Gottingen: 2001Available: https://epub.uni-regensburg.de/2835/

[24] Conkin ]. Equivalent air altitude and the alveolar gas equation. Aerosp
Med Hum Perform 2016; 87: 61-64. doi:10.3357/AMHP.4421.2016

[25

Perez-Suarez |, Martin-Rincon M, Gonzalez-Henriquez ]| et al. Accuracy
and precision of the COSMED k5 portable analyser. Front Physiol 2018;
9: 1764. doi:10.3389/fphys.2018.01764

[26] Crouter SE, LaMunion SR, Hibbing PR et al. Accuracy of the Cosmed K5
portable calorimeter. PLoS One. 2019: 14: e0226290

[27] Bernardi L, De Barbieri G, Rosengard-Bérlund M et al. New method to
measure and improve consistency of baroreflex sensitivity values. Clin
Auton Res 2010; 20: 353-361

182 Bourdillon N et al. Both Hypoxia and Hypobaria... Int] Sports Med 2023; 44: 177-183 | © 2022. The Author(s)


https://epub.uni-regensburg.de/2835/

(28]

[29]

(30]

(31]

(32]

(33]

[34]

(35]

(36]

(37]

Bourdillon N et al. Both Hypoxia and Hypobaria... Int] Sports Med 2023; 44: 177-183 | © 2022. The Author(s)

Parati G, Di Rienzo M, Bertinieri G et al. Evaluation of the baroreceptor-
heart rate reflex by 24-hour intra-arterial blood pressure monitoring in
humans. Hypertension 1988; 12: 214-222

La Rovere MT, Pinna GD, Raczak G. Baroreflex sensitivity:
measurement and clinical implications. Ann Noninvasive Electrocardiol
2008; 13: 191-207

Di Rienzo M, Parati G, Castiglioni P et al. Baroreflex effectiveness index:
an additional measure of baroreflex control of heart rate in daily life.
Am ] Physiol Regul Integr Comp Physiol 2001; 280: R744-R751

Bourdillon N, Yazdani S, Vesin |-M et al. AltitudeOmics: spontaneous
baroreflex sensitivity during acclimatization to 5,260 m: a comparison
of methods. Front Physiol 2019; 10: 1505. doi:10.3389/
fphys.2019.01505

Mozer MT, Holbein WW, Joyner M| et al. Reductions in carotid
chemoreceptor activity with low-dose dopamine improves baroreflex
control of heart rate during hypoxia in humans. Physiol Rep 2016; 4:
e12859

Guyenet PG. Neural structures that mediate sympathoexcitation
during hypoxia. Respir Physiol 2000; 121: 147-162

Prabhakar NR, Kumar GK. Mechanisms of sympathetic activation and
blood pressure elevation by intermittent hypoxia. Respir Physiol
Neurobiol 2010; 174: 156-161. doi:10.1016/j.resp.2010.08.021

Dempsey JA, Powell FL, Bisgard GE et al. Role of chemoreception in
cardiorespiratory acclimatization to, and deacclimatization from,
hypoxia. ] Appl Physiol (1985) 2014; 116: 858-866

Smith CA, Blain GM, Henderson KS et al. Peripheral chemoreceptors
determine the respiratory sensitivity of central chemoreceptors to
CO2 : role of carotid body CO2. | Physiol 2015; 593: 4225-4243.
doi:10.1113/JP270114

Maher AR, Milsom AB, Gunaruwan P et al. Hypoxic modulation of
exogenous nitrite-induced vasodilation in humans. Circulation 2008;
117: 670-677. doi:10.1161/CIRCULATIONAHA.107.719591

(38]

(39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

Somers VK, Mark AL, Abboud FM. Interaction of baroreceptor and
chemoreceptor reflex control of sympathetic nerve activity in normal
humans. | Clin Invest 1991; 87: 1953-1957. doi:10.1172/JCI115221

Cooper VL, Pearson SB, Bowker CM et al. Interaction of chemoreceptor
and baroreceptor reflexes by hypoxia and hypercapnia - a mechanism
for promoting hypertension in obstructive sleep apnoea. | Physiol
2005; 568: 677-687. doi:10.1113/jphysiol.2005.094151

Petrassi FA, Davis |T, Beasley KM et al. AltitudeOmics: effect of reduced
barometric pressure on detection of intrapulmonary shunt, pulmonary
gas exchange efficiency, and total pulmonary resistance. ] Appl Physiol
(1985) 2018; 124: 1363-1376

Coates G, Gray G, Mansell A et al. Changes in lung volume, lung
density, and distribution of ventilation during hypobaric
decompression. | Appl Physiol 1979; 46: 752-755. doi:10.1152/
jappl.1979.46.4.752

Simmons DH, Linde LM, Miller JH et al. Relation between lung volume
and pulmonary vascular resistance. Circ Res 1961; 9: 465-471.
doi:10.1161/01.RES.9.2.465

Hakim TS, Michel RP, Chang HK. Effect of lung inflation on pulmonary
vascular resistance by arterial and venous occlusion. ] Appl Physiol
1982;53: 1110-1115. doi:10.1152/jappl.1982.53.5.1110

Simpson LL, Busch SA, Oliver S| et al. Baroreflex control of sympathetic
vasomotor activity and resting arterial pressure at high altitude:
insight from Lowlanders and Sherpa. | Physiol 2019; 597: 2379-2390.
doi:10.1113/JP277663

Porta A, Bassani T, Bari V et al. Accounting for respiration is necessary
to reliably infer Granger causality from cardiovascular variability series.
IEEE Trans Biomed Eng 2012; 59: 832-841. doi:10.1109/
TBME.2011.2180379

Aebi MR, Bourdillon N, Noser P et al. Cognitive impairment during
combined normobaric vs. hypobaric and normoxic vs. hypoxic acute
exposure. Aerosp Med Hum Perform 2020; 91: 845-851. doi:10.3357/
AMHP.5616.2020

183



