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ABSTRACT
Background: Neurological symptoms are common in acute mountain sickness (AMS); however, the extent of neuroaxonal
damage remains unclear. Neurofilament light chain (NfL) is an established blood biomarker for neuroaxonal damage.
Objective: To investigate whether plasma (p) NfL levels increase after simulated altitude exposure, correlate with the occurrence
of AMS, and might be mitigated by preacclimatization.
Methods:Healthy subjects were exposed to simulated high altitude (4500 m) by the use of a normobaric hypoxic chamber at the
University of Innsbruck two times, that is, within Cycle 1 (C1) over 12 h, andwithin Cycle 2 (C2) for another 12 h but with a random
assignment to prior acclimatization or sham acclimatization. Before each cycle (measurement [M] 1 and 3) and after each cycle
(M2 and M4), clinical data (arterial oxygen saturation [SaO2], heart rate, and Lake Louise AMS score [LLS]) and plasma samples
were collected. pNfL was measured using single-molecule array (Simoa) technique.
Results: pNfL levels did not significantly change within each study cycle, but increased over the total study period (M1: 4.57
[3.34–6.39], M2: 4.58 [3.74–6.0], M3: 5.64, and M4: 6.53 [4.65–7.92] pg/mL, p < 0.001). Subjects suffering from AMS during the
study procedures showed higher pNfL levels at M4 (6.80 [6.19–8.13] vs. 5.75 [4.17–7.35], p = 0.048), a higher total pNfL increase
(2.88 [1.21–3.48] vs. 0.91 [0.53–1.48], p = 0.022) compared to subjects without AMS. An effect of preacclimatization on pNfL levels
could not be observed.
Conclusions: pNfL increases alongside exposure to simulated altitude and is associated with AMS.

1 Introduction

High-altitude regions are physically and psychologically demand-
ing environments for visitors. The rapid ascent to high altitudes
is associated with the risk of high-altitude illnesses (Wilson,

Newman, and Imray 2009; Luks, Swenson, and Bärtsch 2017),
a heterogeneous compilation of disease entities of which acute
mountain sickness (AMS) represents the most common one
(Netzer et al. 2013). The leading symptom of AMS is headache,
which may be accompanied by low appetite, nausea, fatigue,
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weakness, and dizziness (Roach et al. 2018). Classical risk factors
for AMS include the absolute altitude reached, ascent rate, degree
of acclimatization, and individual susceptibility (Mairer et al.
2009; Jarius et al. 2012).

Mostly, AMS is self-limiting and resolves without treatment.
However, itmay evolve to amore severe form such as high altitude
cerebral edema (HACE) (Hackett and Roach 2001), which usually
presents with headache, decreased consciousness, and truncal
ataxia and may rapidly progress to coma or death without appro-
priate and prompt therapy (Luks, Swenson, and Bärtsch 2017;
Hackett et al. 1998). In patients with HACE, magnetic resonance
imaging (MRI) studies showed edema in the corpus callosum
region and evidence of blood–brain barrier leakage (Hackett et al.
1998; Schommer et al. 2013). However, MRI detected slight brain
swelling also in mildly affected or even asymptomatic subjects
(Kallenberg et al. 2007). Therefore, it may be hypothesized that
neuronal damage may occur in asymptomatic subjects when
acutely exposed to simulated high altitudes. Nevertheless, a
robust marker to measure subclinical affection of the central
nervous system in AMS is still scarce. Obviously, a peripheral
body fluid marker would be more practicable than possible MRI
markers.

Neurofilament light chain (NfL) is part of the cytoskeleton of
neuronal structures and an established biomarker of neuroaxonal
damage (Khalil et al. 2018). It has proven its diagnostic and
prognostic potential in a broad spectrum of disorders affecting
the central nervous system, for example, in multiple sclerosis
(Disanto et al. 2017; Novakova et al. 2017), traumatic brain injury
(Shahim et al. 2017; Shahim et al. 2016; Al Nimer, Thelin, and
Nystrom 2015), but also in brain hypoxia (Hoiland et al. 2021).

In the present study, we investigated whether plasma NfL
(pNfL) levels increase during and after exposure to normobaric
hypoxia, whether pNfL correlates with the occurrence of AMS,
and whether an increase in pNfL levels might be mitigated by
preacclimatization.

2 Methods

A detailed description of the study design has been previously
published; only remaining samples from this studywere analyzed
(Treml et al. 2020). Briefly, physically fit, healthy subjects were
eligible for inclusion. Exclusion criteria subsumed history of
cardiac, pulmonary, psychiatric, or neurological illnesses, as
well as preceding exposure to altitude, that is, visiting heights
≥ 2500 m for ≥ 24 h within the last 4 weeks prior to the study,
or permanently living ≥ 1000 m.

All healthy study participants were exposed to simulated altitude
in a normobaric hypoxic chamber located at the Department of
Sports Science, Leopold-FranzensUniversity, Innsbruck, Austria,
two times (Cycle 1 and Cycle 2), each for 12 h, with an oxygen
level of 12.6% being the equivalent of a height of approximately
4500 m. Before each cycle (i.e., measurement [M]1 and M3)
and after each cycle (M2 and M4), anthropometric and clinical
characteristics (body weight and height, heart rate, systemic
blood pressure, arterial oxygen saturation, and severity of AMS)
were assessed, and a blood sample (EDTA-plasma) was drawn by

peripheral venous puncture. Clinical parameters were measured
in a sitting position 3 h after initiation of hypoxia. AMS severity
was measured using the 2018 revised Lake Louise Acute Moun-
tain Sickness Score (LLS) ranging from 0 (no symptoms) to 12
(severe AMS symptoms) (Roach et al. 2018). LLS was measured
repeatedly during study procedures (Cycles 1 and 2), and the
highest values of LLS were recorded at each study cycle. The
presence of AMS was defined as an LLS ≥ 4 (Roach et al. 2018;
Treml et al. 2020). As indicated below, subjects were stratified
into a “Never AMS group” and an “AMS group” according to the
occurrence of AMS at least once during both study cycles.

AfterCycle 1 and a deconditioning phase of 4weeks, subjectswere
randomly assigned to an acclimatization or sham acclimatization
group, that is, the control group. Both groups were blinded for
their group assignment. The acclimatization group was exposed
to a preacclimatization protocol consisting of exposure to an
oxygen level of 12.6% for 1 h at 7 consecutive days. The control
group was exposed to an oxygen level of 20.9%, indicating sham
acclimatization for 1 h at 7 consecutive days. Before Cycle 2,
another deconditioning phase of 7 days was scheduled. All
procedures of Cycle 1 were repeated at Cycle 2. A graphical
overview of study procedures is given in Figure 1.

2.1 Sample Procession and NfLMeasurement

All samples were stored at −20◦C from the time-point of col-
lection until NfL measurement. pNfL levels were measured at
the Department of Neurology, Medical University of Vienna.
Study personnel conducting the measurement was blinded for
demographic and clinical data as well as group assignment. Mea-
surements were performed using the single-molecule enzyme-
linked immunosorbent assay (Simoa) technique on a Simoa
SR-X Analyzer (Quanterix, Lexington, MA, USA) (Rissin et al.
2010). For all measurements, themanufacturer’s instructions and
protocol were adhered to.

As NfL concentrations increase with age and decrease with BMI
under physiological conditions, we calculated age- and BMI-
adjusted Z scores. This allows to quantify the deviation of each
patient’s individual pNfL value in comparison to control persons
of the same age and BMI, based on a recently published reference
database (Benkert et al. 2022).

2.2 Statistical Analysis

Statistical analysis was performed using R software (Benkert
et al. 2022). Data were checked for normal distribution using the
Shapiro–Wilk test. Data are shown as mean ± standard deviation
(SD), or as median and interquartile range (IQR), as appropriate.
Group comparisons were performed by the Mann–Whitney U
test or χ2 test as appropriate. Repeated measurements were
analyzed by Friedman, Wilcoxon test, and ANOVA, respectively.
Pairwise complete observation units were used for repeated
measurement analyses. According to the occurrence of AMS,
subjects were stratified into a “Never AMS group” and an “AMS
group,” indicating an LLS ≥ 4 at least once during the two study
cycles. Two-sided p-values < 0.05 were considered statistically
significant.
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FIGURE 1 Study-related procedures. Pipettes indicate sampling time-points.

TABLE 1 Demographic, clinical, and laboratory characteristics of participants.

Number of participants (n = 63)

Sex (female) 27 (43)
Age (years) 24 ± 5
BMI (kg/m2) 22 (21–24)

Clinical and laboratory data of participants

M1 M2 M3 M4

Number of samples 51 48 44 43
pNfL (pg/mL) 4.57 (3.34–6.39) 4.58 (3.74–6.0) 5.64 (4.46–8.04) 6.53 (4.65–7.92)
pNfL increase (pg/mL)a 0.095 (−0.875 to 0.519) 0.164 (−1.117 to 1.614)
Total pNfL increaseb 1.70 (0.78–3.15)
NfL Z score −0.28 (−1.28 to 0.67) −0.28 (−0.88 to 0.50) 0.45 (−0.28 to 1.29) 0.74 (−0.18 to 1.17)
NfL Z score increasea 0.16 (−0.38 to 0.50) 0.08 (−0.43 to 0.50)
Total NfL Z score increaseb 1.00 (0.53–1.65)
LLS 4 (2–5) 2 (1–4)
Heart rate (bpm) 80 (73–85) 84 (76–92)b 80 (73–86) 84 (76–92)b

Heart rate increasec 6 (−2 to 16) 6 (−2 to 15)
SaO2 (%) 98 (97–98) 83 (79–87)b 97 (97–98) 83 (80–87)b

SaO2 decreasec 14 (12–18) 14 (11–16)

Note: Data are depicted as median (IQR), mean ± standard deviation, and n (%), as appropriate. Demographic data were assessed at baseline. LLS was assessed
according to Roach et al. (2018).
Abbreviations: bpm = beats per minute; LLS = Lake Louise Acute Mountain Sickness Score; M1–4 = measurements 1–4; pNfL = plasma neurofilament light;
SaO2 = arterial oxygen saturation.
aAn increase/decrease of variables between M1/M2 and M3/M4, respectively.
bAn increase/decrease of variables between M1 and M4.
cM2 and M4 of clinical parameters, that is, heart rate and SaO2 were performed after 3 h.

3 Results

A total of 63 healthy subjects at a median age of 24 (IQR
22–28) years were included in the study. Twenty-seven (43%)
participants were female, and the median BMI was 22 (21–24).
A detailed description of demographics, clinical, and laboratory
characteristics is given in Table 1.

3.1 Exposure to Simulated Altitude and
Physiological Impact

In both study cycles, heart rates of the participants significantly
increased 3 h after exposure to simulated high altitude (M1: 80
[73–85] vs. M2: 84 [76–91], p = 0.015 and M3: 80 [73–86] vs.
M4: 84 [76–92], p = 0.015), while median SaO2 levels decreased,
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FIGURE 2 Longitudinal plasmaNfL levels andNfLZ scores in subjects before and after altitude exposure. TheX-axis depicts the different sampling
time-points; sampling time-points 1 and 2 before and after studyCycle 1, sampling time-points 3 and 4 before and after studyCycle 2. NfL=neurofilament
light.

respectively (M1: 98 [97–98] vs. M2: 83 [79–87], p < 0.001 and M3:
97 [97–98] vs. M4: 83 [80–87], p < 0.001). The median increase
of the heart rate and decrease of SaO2 after 3 h did not differ
significantly between the two cycles (6 [−2 to 16] vs. 6 [−2 to
15], p = 0.917, and 14 [12–18] vs. 14 [11–16], p = 0.280). LLS was
significantly lower in Cycle 2 (2 [1–4]) than in Cycle 1 (4 [2–5],
p < 0.001).

pNfL levels did not significantly changewithin the cycles: Cycle 1,
M1: 4.57 [3.34–6.39] vs. M2: 4.58 [3.74–6.0], p = 0.783, and Cycle 2,
M3: 5.64 [4.46–8.04] vs. M4: 6.53 [4.65–7.92], p = 0.604. However,
pNfL concentrations significantly increased over the whole study
period (p < 0.001), and the median total pNfL increase from
M1 to M4 was 1.70 [0.78–3.15]. Similarly, NfL Z scores did not
significantly increase within Cycle 1 (M1: −0.28 [−1.28 to 0.67] vs.
M2: −0.28 [−0.88 to 0.50], p = 0.950) or within Cycle 2 (M3: 0.45
[−0.28 to 1.29] vs. M4: 0.74 [−0.18 to 1.17], p = 0.527), but NfL Z
scores increased from M1 to M4. The median total NfL Z score
increase was 1.00 (0.53–1.65, p = 0.015).

A graphical overview of pNfL levels at different time-points of
measurement is given in Figure 2.

3.2 Clinical Factors and NfL Are AssociatedWith
the Occurrence of AMS

Subjects of the “AMS” group were significantly younger (25 ± 5
vs. 27 ± 5 years, p = 0.037) and showed a larger decrease of SaO2
(15 [11–17] vs. 13 [9–15], p < 0.001) and a more pronounced heart
rate increase (7 [0–17] vs. 2 [−10 to 13], p = 0.004) compared to
those of the “Never AMS” group.

No differences between the “Never AMS group” and the “AMS
group” could be identified at baseline and at secondmeasurement
of Cycle 1 for absolute pNfL levels and NfL Z scores (M1: pNfL:
4.81 [3.99–7.35] vs. 4.31 [3.04–5.74], p = 0.233, NfL Z score: −0.71
[−1.48 to 0.05] vs. −0.01 [−0.99 to 1.01], p = 0.098; M2: pNfL: 4.66
[3.85–6.15] vs. 4.50 [3.34–5.85], p= 0.319, NfL Z score:−0.67 [−1.64
to 0.25] vs. 0.13 [−0.81 to 0.52], p = 0.058).

At Cycle 2, pNfL levels (M3: 6.69 [5.57–8.78] vs. 4.77 [3.89–8.01],
p = 0.086; and M4: 6.80 [6.19–8.13] vs. 5.75 [4.17–7.35], p = 0.048)
and NfL Z scores (M3: −0.15 [−1.17 to 0.50] vs. 0.74 [0.00–1.34],
p = 0.022; and M4: 0.25 [−0.95 to 1.08] vs. 1.02 [0.62–0.50],
p = 0.011) were higher in subjects suffering from AMS compared
to those who did not.
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TABLE 2 Differences of probands’ characteristics according to the occurrence of AMS.

Clinical and laboratory characteristics

Never AMS groupa AMS group p value

Age (years) 27 ± 5 25 ± 5 0.037
BMI (kg/m2) 22 (21–24) 22 (21–24) 0.412
Heart rate increaseb 2 (−10 to 13) 7 (0–17) 0.004
SaO2 decreaseb 13 (9–15) 15 (11–17) < 0.001
Sample number at M1 19 32 n.a.
pNfL at M1 (pg/mL) 4.31 (3.04–5.74) 4.81 (3.99–7.35) 0.233
NfL Z score M1 −0.71 (−1.48 to 0.05) −0.01 (−0.99 to 1.01) 0.098
Sample number at M2 18 30 n.a.
pNfL at M2 (pg/mL) 4.50 (3.34–5.85) 4.66 (3.85–6.15) 0.319
NfL Z score M2 −0.67 (−1.64 to 0.25) 0.13 (−0.81 to 0.52) 0.058
pNfL increase C1b 0.27 (−0.18 to 0.50) −0.17 (−1.40 to 0.52) 0.163
NfL Z score increase C1b 0.26 (−0.21 to 0.56) −0.12 (−0.74 to 0.46) 0.125
Sample number at M3 19 25 n.a.
pNfL at M3 (pg/mL) 4.77 (3.89–8.01) 6.69 (5.57–8.78) 0.086
NfL Z score M3 −0.15 (−1.17 to 0.50) 0.74 (0.00–1.34) 0.022
Sample number at M4 19 24 n.a.
pNfL at M4 (pg/mL) 5.75 (4.17–7.35) 6.80 (6.20–8.13) 0.048
NfL Z score M4 0.25 (−0.95 to 1.08) 1.02 (0.62–0.50) 0.011
pNfL increase C2b 0.16 (−0.81 to 1.19) 0.19 (−1.23 to 1.71) 0.990
NfL Z score increase C2b 0.08 (−0.45 to 0.22) 0.07 (−0.41 to 0.50) 0.807
pNfL increase totalc 0.91 (0.53–1.48) 2.88 (1.21–3.48) 0.022
NfL Z score increase total 0.78 (0.32–1.00) 1.56 (0.53–2.45) 0.072

Note: Data are depicted as median (IQR), mean ± standard deviation, as appropriate. Group comparisons were performed by the Mann–Whitney U test.
p-values < 0.05 were considered statistically significant and are marked bold.
Abbreviations: AMS = acute mountain sickness; bpm = beats per minute; C1 = Cycle 1; C2 = Cycle 2; LLS = Lake Louise Acute Mountain Sickness Score;
M1–4 =measurements 1–4; n.a. = not applicable; pNfL = plasma neurofilament light; SaO2 = arterial oxygen saturation.
aAMS was defined as LLS ≥ 4. LLS was assessed according to Roach et al. (2018).
bAn increase/decrease of variables within the respective cycle.
cThe total increase of pNfL from M1 to M4.

The total increase of pNfL (2.88 [1.21–3.48] vs. 0.91 [0.5321.48],
p = 0.022) and of NfL Z scores (0.78 [0.32–1.00] vs. 1.56 [0.53–
2.45], p = 0.072) from M1 to M4 was higher in subjects of the
“AMS group” than in those of the “Never AMS group.” The
repeated measures ANOVA also revealed a significantly higher
pNfL increase in the “AMS group” than in the “Never AMS
group” (p < 0.001). Differences in demographic, clinical, and
laboratory characteristics according to the “AMS” and the “Never
AMS group” are displayed in Table 2 and Figure 3.

3.3 The Effect of Preacclimatization on pNfL
Levels

Absolute pNfL levels at M3 (5.20 [4.34–7.84] vs. 6.89 [5.03–
8.77], p = 0.203) and M4 (6.53 [4.18–7.33] vs. 6.89 [5.21–8.83],
p = 0.242) did not differ significantly between the control group
and the acclimatization group. The pNfL increase during cycle

2 (0.16 [−1.34 to 1.87] vs. 0.18 [−0.90 to 1.40], p = 0.884) did not
show significant differences between the control group and the
acclimatization group. pNfL levels and increases according to the
control and acclimatization groups are depicted in Table S1.

4 Discussion

In the present study, we performed longitudinalmeasurements of
pNfL levels after exposure to simulated high altitude in healthy
subjects and revealed two main findings: (i) NfL levels increase
with exposure to simulated altitude, (ii) the occurrence of AMS
is associated with higher NfL levels after repeated exposure to
simulated altitude (M4).

The visit to high altitudes for various reasons is a globally
increasing trend being connected to potentially severe health
risks (Burtscher, Hefti, and Hefti 2021). Depending on risk factors
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FIGURE 3 Factors associated with the occurrence of AMS. LLS was assessed according to (Roach et al. 2018). “SaO2 decrease” is the decrease of
SaO2 3 h after exposure to simulated high altitude. “pNfL increase total” indicates the increase of pNfL fromM1 toM4. AMS= acute mountain sickness;
LLS = Lake Louise Acute Mountain Sickness Score; M1/M4 =measurement 1/4; pNfL = plasma neurofilament light; SaO2 = arterial oxygen saturation.

such as absolute height, speed of ascent, individual susceptibility,
and lack of acclimatization, persons exposed to high altitude can
develop AMS or even HACE (Wilson, Newman, and Imray 2009;
Luks, Swenson, and Bärtsch 2017; Roach et al. 2018; Mairer et al.
2009; Schneider et al. 2002). Thus, permanent damage to the CNS
may be a potential risk of exposure to high altitudes. Such CNS
damage is likely to be reflected by elevated NfL levels, as NfL
represents an established robust biomarker with high sensitivity
for any occurring neuroaxonal damage (Khalil et al. 2018). The
evident potential of NfL to monitor neurological damage after
high-altitude exposure has so far only been investigated in one
prior study (Sareban et al. 2021) reporting significantly increased
NfL levels in healthy volunteers, 44 h after reaching 4559 m;
however, they did not find any relation to AMS or extent of
hypoxemia. In line with this, our data suggest an increase of
pNfLwith increasing time exposed to high altitude. Furthermore,
we could demonstrate a relation between pNfL levels and the
occurrence of AMS. However, also in our cohort, a significant
pNfL increase and its relation to the occurrence of AMS were
only observed if the total study time was assessed (M1–M4), not
within each cycle. Therefore, in the previous study, pNFL might
have been measured too early, or too few cycles of high-altitude
exposure may have been applied to capture this association. This
may also be seen in line with literature from other neurological
diseases, in which hypoxia plays a crucial role, that is, in acute
ischemic stroke, a significant NfL increase has been reported
within days with its maximum approximately 3 months after
onset (Pedersen et al. 2019; Tiedt et al. 2018; Gattringer et al.
2017). From a mechanistic point of view, it may therefore be
hypothesized that after neuroaxonal damage caused by hypoxia,
it takes days to months to set NfL free. This may also have

influenced our negative finding concerning the effect of the
preacclimatization protocol on pNfL levels, as we had only a very
short follow-up time after the preacclimatization protocol. The
true NfL peak may have occurred substantially later than M4.

Further factors associated with AMS in our cohort were a larger
decrease of SaO2 after 3 h in simulated high altitude and younger
age. The former is in line with earlier reports, suggesting the level
of SaO2 decrease after acute exposure to high altitude to be a
predictor of the occurrence of AMS (Burtscher et al. 2019). The
latter may enrich the academic discourse on the hypothesis that
younger age may be a risk factor for AMS (Honigman et al. 1993).
This discussion is connected to the historical, however, recently
challenged so-called “tight-fit” hypothesis (Ross 1985). Our data
in fact may be of special interest in this context and other theories
on pathophysiological reasons for neurological symptoms at
high altitudes. For years, the prevailing concept was that the
interindividual difference in AMS susceptibility is the result of
different “tightness” of the brain in the cranial vault, that is, a
higher brain-volume-to-intracranial-volume ratio in susceptible
persons (Ross 1985). This hypothesis has recently been challenged
by findings of venous hypertension and molecular mechanisms
contributing to the occurrence and severity of AMS and HACE
(Wilson, Newman, and Imray 2009). The consequently proposed
“modified tight-fit” hypothesis takes also into account these
factors and suggests that neurological symptoms may be caused
or aggravated by the rise of intracranial pressure by increasing the
volume of cranial contents or failure to buffer. The former may
subsume anatomical susceptibility, increased intracranial blood
volume, or edema (cytotoxic and/or vasogenic), and the latter
failures in the twomain buffer systems: cerebrospinal fluid (CSF)
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and venous outflow (Wilson, Newman, and Imray 2009). This
theory is underpinned by measurements of optic nerve sheath
diameter, indicating an indirect measurement of the intracranial
pressure, which are associated with the occurrence and intensity
of AMS (Fagenholz et al. 2009; Kanaan et al. 2015).

Against this background, we provide data of higher pNfL levels
and larger pNfL increase in subjects suffering from AMS. There-
fore, we further substantiate the “modified tight-fit” hypothesis:
The more increase of intracranial pressure due to high altitude,
the more (neurological) AMS symptoms and the more pNfL
increase. Eventually, hypoxia is associatedwith bothNfL increase
(Hoiland et al. 2021) andAMS severity (Burtscher, Flatz, andFaul-
haber 2004).Measuring absoluteNfL levels or—even better—NfL
increase is therefore very likely to be closely related to measuring
hypoxia. By demonstrating a link between NfL and AMS, we
kind of “close the circle” and provide a biomarker to quantify the
neuronal damage in relation to AMS caused by hypoxia.

There are some limitations of our study. First, all measurements
were performed before, during, or after exposure to simulated
high altitude by the use of a normobaric hypoxic chamber.
Indeed, our results may rather display an association of pNfL
and hypoxia than between pNfL and high-altitude exposure.
Nonetheless, the essential physiological characteristic of high
altitude is the reduction of oxygen partial pressure, leading to
hypoxia. Key biological adaptations to high altitude are based on
the degree of hypoxia. Furthermore, it has been demonstrated
that normobaric hypoxia is a robust model for real (hypobaric)
high-altitude exposure (Burtscher, Flatz, and Faulhaber 2004),
although it still remains a model. In actual exposure to high alti-
tude, physical conditions such as weather, cold, solar radiation,
physical exhaustion, and dehydration may have a further impact
and therefore may limit the generalizability of our findings. In
terms of study standardization, however, this may also be seen as
a strength, as potential confounding effects, as mentioned above,
were ruled out in our cohort. The absolute increases of pNfL in
our study were small and, therefore, the clinical relevance may
be questioned. Some of the low effect size may be explained by
our study using EDTA plasma samples, since it is known that
absolute levels of NfL are lower if measured in plasma than in
serum (Altmann et al. 2021). More importantly, this study was
not primarily designed to reveal clinical implications of pNfL
increases, that is, possible neurological long-term impacts of high
altitude. It was designed as a proof of concept, whether pNfL
increases in simulated high altitude and might contribute to the
pathophysiological concepts of AMS.

In conclusion, we provide evidence that pNfL levels increase
during exposure to simulated altitude and are associated with the
occurrence of AMS.
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