Supplementary Materials

Table S1. STAR data reporting guidelines [35] assessed in the studies included in the current anal-
ysis.

Section Parameters
1.1 Study location
Section 1 1.2 Setting
ection 1: :
SETTING 1.3 Altitude

1.4 Starting point of the ascent

1.5 Maximum altitude reached

1.6 Mode of ascent (active or passive)

2.1 Age

2.2 Sex

2.3 Pre-existing altitude exposure

Section 2: 2.4 High-altitude native

INDIVIDUAL 2.5 Pre-existing health conditions

FACTORS 2.6 History of prior AMS

2.7 History of prior HACE

2.8 History of prior HAPE

2.9 Pre-acclimatization

2.10 Altitude of residence

3.1 Headache

3.2 Gastro-intestinal symptoms

3.3 Fatique / weakness

3.4 Dizziness / light-headedness

3.5 Ataxia
Section 3: 3.6 Change in mental status
AMS & HACE 3.7 AVPU

3.8 5p0O2

3.9 Time of fulfilling AMS definition — this suggests time of onset, not
diagnosis

3.10 Time of fulfilling HACE definition — same, needs to be consistent
with text

3.11 New Lake Louise AMS Score

4.1 Weakness / decreased exercise performance

4.2 Dyspnea at rest

4.3 Cough

4.4 Tachypnea

Section 4: 4.5 Orthopnea

HAPE 4.6 Pink frothy sputum
4.7 Respiratory Rate
4.8 Heart Rate

49 SpOZ

4.10 Rales and wheezing

4.11 Time of fulfilling HAPE definition — as above

5.1 List all drugs with generic names, dosages, mode of administra-

Section 5: tion, dosage intervals and indication
TREATMENT 5.2 Supplemental oxygen
5.3 Hyperbaric bag

5.4 Descent




Legend.
AMS: Acute mountain sickness; AVPU: Acronym from "alert, verbal, pain, unresponsive"; HACE:
High-altitude cerebral edema; HAPE: High-altitude pulmonary edema; SpO2: Oxygen saturation.

Table S2. List of articles and their findings of altitude impact on cognitive performance.

First Number of Study protocol: STAR Timing of Test Battery: Neuropsy- Changes in
authors participants Time of exposure, ex- core pa- neuropsy- chological tests (Cogni- cognitive performance
(sex)/Mean perimental condition, rameters chological tive Domain) <
age of par- altitude profile, maxi- test admin- + based on significant re-
ticipants mum altitude reached istration un- Further investigations sults,
(Mean* (Mode of ascent — ac- der exposure that are not part of this p <0.05 (test event if
SD); pro- tive/passive) (test event if review named)
fession if - named)/Du-
mentioned Study protocol baseline ration of
or control group (CG), Test Battery
altitude (test event if
named)
Abraini 8 (M)/26.5  31-days, hypobaric Section1 7 assess- Pegboard-Psychomotor Pegboard-Psychomotor
(1998) [42] (range 24— chamber, sealevel (SL) 2.1-2.3 ments over Test (Psychomotor ability) Test
37) y; climb-  to 8,848 m above sea 29  3ldaysbe- Number Ordination { At8,000 m (compared
ers level (ASL) Section 3 tween 4,500 Rey’s Test (Mental effi- to CG),
- 4.8,4.9 m and 8,848 cacy - reasoning) at 8,848 m and post ex-
Control  6-days pre-acclimatiza- m/Not avail- Visual Choice Reaction posure (compared to
group (CG) tion at 4,350 m (passive); able (NA) Time (reaction time) BCA)
8 (M)/24.5 3x Pre baseline cognitive Number Ordination
(range 22— assessment (BCA) and 1 Until 6,500 m (com-
40)y  1x Post cognitive assess- pared to BCA)
ment (CA), each at SL 4 At 8,000 & 8,848 m
and post exposure (com-
CG at SL pared to CG)
<> Visual Choice Reac-
tion Time
Altbacker 12(2 43 min, breathing of hy- 1.1-1.3 After 23 min Modified CPT (attention) CPT
(2019) [61] F)/32.72  poxic gas mixture via 1.5 of hypoxic ~ Number-Size Stroop <> Overall performance
(range 28— oronasal breathing mask 2.1-2.5 gasexpo- Variant Task (executive Stroop Task
39) y; recre- equivalent to 5,500 m of 2.9,2.10 sure/20 min function) <> Overall performance
ational altitude + T Efficiency for congru-
climbers - EEG recordings and  ent and neutral stimuli
Pre BCA under ERP data analysis
normoxia, Post CA
Asmaro 35 (4 F)/NA 35 min, hypobaric 1.1-1.5 3 assess- Word-Color Stroop Stroop Task
(2013) [27] (range 19-69 chamber, 2.1-2.3 ments  Task! (executive function) { Correct trials
y); 5 min at 7,620 m & 3.6  after entering Digit Span Forward 7T Faster reaction times
aviation in- 25,000 ft following 30 52 chamber at Task! (DST-F) (short term at7,620 m
dustry em- min at 5,334 m £ 17,500 7,620 m & memory) DST-F at 7,620 m &
ployees ft with intermittent 25,000 ft/5 DS Backward Task!  DST-B at 5,334 & 7,620
breathing of Oz min and (DST-B) (working m
= two tests at memory) { Correct responses
Pre BCA and Post CA, 5334 m 2 Trailmaking A Task! (at- Trailmaking A and B
altitude NA 17,500 ft tention) Task

starting at Trailmaking B Task! (ex- ¥ Slower completion
the first and ecutive function) times at 5,334 & 7,620 m
second half




First Number of Study protocol: STAR Timingof Test Battery: Neuropsy- Changes in
authors participants Time of exposure, ex- core pa- neuropsy- chological tests (Cogni- cognitive performance
(sex)/Mean perimental condition, rameters chological tive Domain) ot
age of par- altitude profile, maxi- test admin- + based on significant re-
ticipants mum altitude reached istration un- Further investigations sults,
(Mean+  (Mode of ascent - ac- der exposure that are not part of this  p < 0.05 (test event if
SD); pro- tive/passive) (test event if review named)
fession if - named)/Du-
mentioned Study protocol baseline ration of
or control group (CG), Test Battery
altitude (test event if
named)
of the 30-min
exposure/NA
Bjursten 7 (NA)/NA 5 days, field study, 1,115Section 1 3 assess- CNS Vital Signst: <> Verbal and Visual
(2010) [46] (range 42-51 m (NA) to 3,000 m (pas- 2.1,2.2, ments at Verbal Memory Test =~ Memory Test, Finger
y); physi- sive) to 4,554 m (active) 2.6, 3,647 m (2), (memory), Tapping Test, DSST,
cians (=5 y - 29,210 4554m(3) Visual Memory Test Word-Color Stroop Test
of alpine ex- Pre-study: one night at Section 3 and again at (memory), and Shifting Attention
perience) 2,864 m (passive) 48,49 3,647 m Finger Tapping Test Test
Familiarization session, (4)/25min  (psychomotor speed),
Pre BCA and Post CA at DSST (reaction time), Negative correlations of
1,115m Word-Color Stroop Test the Lake Louise Scale &
(executive function), calculated cognitive do-
Shifting Attention Test mains
(executive function) ~memory at 3,647 m (2)
Reaction time at 4,554 &
3,647 m (3 & 4)
Processing speed at
4,554 & 3,647 m (3 & 4)
Bonnon 7 (3 F)/NA; 30 days, field study, Section1 2 CAsday2 Cognitive Motor Task <> Cognitive Motor
(1999) [47] occasional 3,500 m (passive) to  2.1-2.3 at3,500 m with Pocket Calculator Task compared to CG
alpinists 6,200 m (active) Section 3 (A2), (Short term memory)
- 54 day 17 at +
BCA at 300 m (A1) 5400 m  Semidirected and sub-
CG under normoxia (A3)/NA  ject-centered interview

about mood states

Chrobo- 15 (M)/23.1 30 min, breathing of hy-
czek +21y; poxic gas mixture via

(2021) [62] physically face mask equivalent to
3,500 m £ FiO213 %

active

Familiarization session,
CA under normoxia, al-
titude NA

1.1-1.3 One assess- Stroop Interference Test 4 Slower time and time
2.1-2.3 ment after 30  (executive function)

2.5 min of acute Stage 1. giving “names”

delta of stage 3 naming
interference values
exposure/NA of colors
Stage 2. “reading” color
names
Stage 3. giving the name
of the font color,
each word is

written with

Dav-

ranche 8y; regular m £ 14,272 ft (passive)

(2016) [24] recreational
climbers

CA at SL

11 (M)/28 + 4 days, field study, 4,350Section1 3 assess-

Familiarization session, Section 3

Simon Task (excecutive
2.1, 2.2, ments on the function)
2.5,2.6 day of arrival Time Perception Task
(D0), (spatiotemporal
Integration)

Simon Task
{ Slower reaction times
(DO)
d Decision errors twice

4.8 as high over time of




First Number of Study protocol: STAR Timingof Test Battery: Neuropsy- Changes in
authors participants Time of exposure, ex- core pa- neuropsy- chological tests (Cogni- cognitive performance

(sex)/Mean perimental condition, rameters chological tive Domain) ©
age of par- altitude profile, maxi- test admin- + based on significant re-
ticipants mum altitude reached istration un- Further investigations sults,
(Mean+  (Mode of ascent - ac- der exposure that are not part of this  p < 0.05 (test event if
SD); pro- tive/passive) (test event if review named)
fession if - named)/Du-
mentioned Study protocol baseline ration of
or control group (CG), Test Battery
altitude (test event if
named)
the second altitude exposure with
day (D2) and the congruent trials
fourth day <> Decision errors with
(D4) the incongruent trials

J Time Perception Task
Underestimating of du-

rations

De 10 (M)/24.9 24 h, normobaric cham- 1.1-1.3 One Assess- DST-F (short term I DST
Aquino +5.02y ber, 433 mmHg £ 4,500 2.1-2.3 ment 24 memory) Lower sum of the ranks,
Lemos m ASL 2 FiO213,5 % 2.5 hours after DST-B (executive func- sum of direct order, sum
(2012) [66] - 3.1,3.2 the start of tion) of order, and span of di-

BCA at normoxic condi- exposure to Sequences of Numbers rect order
tions, altitude NA hypoxia/NA  and Letters (working | Sequence of Numbers
memory) and Letters Test
Corsi Blocks Forward =~ Lower number of cor-
(short term memory) and rect answers
Backward (working { Corsi Block Tests

memory) Lower values for direct

Random Number Gen- order, inverse order,
eration (working memory) sum of orders, and span

Stroop Color and Word of order inverse
Test (attention) I Random Number
+ Generator Test
Polysomnography, EEG, Higher index indicating
Brunel Mood Scale worsening
questionnaire { Stroop Color Test

Changes varying in ex-
pression over the three
test stages with higher
completion time, less
correct answers and
more errors
De Bels 17 (M)/26.3 4 h with ascent and de- 1.1-1.3 One assess- PEBL: <> No change in perfor-
(2019) [76] =+8.1y scent, exposure time “on 2.1, 2.2, ment afterat Modified Math Pro- mance in all three tests
the top” 3 h 20 min, hy- 2.4,2.5 least1hof cessing Task (Arithmetic
pobaric chamber, repro- 4.8, 4.9 exposure/NA Reasoning Problems),
duction of a cable car Perceptual Vigilance
ride scheme and stay at Task (reaction time),
a mountain top, 3,842 m




First Number of Study protocol: STAR Timingof Test Battery: Neuropsy- Changes in

authors participants Time of exposure, ex- core pa- neuropsy- chological tests (Cogni- cognitive performance
(sex)/Mean perimental condition, rameters chological

tive Domain) o
age of par- altitude profile, maxi- test admin- + based on significant re-
ticipants mum altitude reached istration un- Further investigations sults,
(Mean+  (Mode of ascent - ac- der exposure that are not part of this  p < 0.05 (test event if
SD); pro- tive/passive) (test event if review named)
fession if - named)/Du-
mentioned Study protocol baseline ration of
or control group (CG), Test Battery
altitude (test event if
named)
Pre-ascent BCA and

Time Wall Estimation
Task (spatiotemporal inte-
gration)

+

Post-descent CA at SL

Critical flicker fusion

frequency
Dykiert 10 (4 F)/21.5 20 days, field study, Section1 21 assess- Four-choice RT (atten- | Four-choice RT
(2010) [48] = 1.4 (range from 1,992 m to 3,271 m 2.1,2.2, ments, ap- tion) Increased reaction times
19-24)y  (passive) then with 1.5 2.3 prox. above 4,000 m revealed
m/min up to 5,565 m Section 3 daily/NA in linear mixed model-
(active) ASL 4.8 ing
4 x CA at 76 — 86 m ASL
prior to expedition
Falla 36 (18 F)/ 3 days, field study, Section1 3 assess- DSST! (attention) DSST

(2021) [49] 27.3+4.1 From 1,258 m to02,178 m 2.1-2.3 ments: PVT! (reaction time) 1 Number of correct re-

(range 22— (passive) thenin 3:30 h 2.5-2.10 upon arrival Balloon Analogue Risk  sponses (processing

40) y; health  to 3,269 m (active)  Section3 at 3,269 m Task (BART) (risky deci- speed) (D2 S3),
care person- - 4.8 (D1 S2), sion making) <> Back to normal (D3
nel Familiarization session, morning of + S4)
BCA at 1,258 m (D1 S1) the second Hospital anxiety and de- PVT

day (D2 S3) pression scale, State <> Mean reaction time,
morning of Trait Anxiety Inventory, number of lapses and
the third day Pittsburgh Sleep Quality number of false starts
(D3 S4)/NA Index, Insomnia Sever- 4 Higher number of
ity Index, Perceived  false starts with higher
Stress Scale, Wagnild Insomnia Severity Index
and Young's scale BART
7T Faster total time (D3
54),
T Mean earnings (D3 S4)

<> Number of pumps
Section 1 Testing on Cognition by Joggle Re- ! PVT

Frost 15(5F)/M 3 days, field study

(2021) 249+43y; 340mto12l6min4h 2.1-2.3 three consec- search’: Slower reaction times
[43] F26.4+51 and from 1,216 m to 2.5 utivedaysat PVT (reaction time) (ALT3)
y M+F 3,800 m in 2 h (passive) Section3 3,800 m BART (risky decision BART
range - 4.8 (ALT1, making) 1 Faster reaction times
19-32y)  Some assessments had ALT2, DSST (attention) (ALT2 + ALT3)
practice sessions, Group ALT3)/30

<> Number of pumps
split in half with either min




First Number of Study protocol:
authors participants Time of exposure, ex-

STAR Timingof Test Battery: Neuropsy-
core pa- neuropsy- chological tests (Cogni- cognitive performance

Changes in

(sex)/Mean perimental condition, rameters chological tive Domain) ot
age of par- altitude profile, maxi- test admin- + based on significant re-
ticipants mum altitude reached istration un- Further investigations sults,
(Mean+  (Mode of ascent - ac- der exposure that are not part of this  p < 0.05 (test event if
SD); pro- tive/passive) (test event if review named)
fession if - named)/Du-
mentioned Study protocol baseline ration of
or control group (CG), Test Battery
altitude (test event if
named)
pre-ascent BCA or post- Line Orientation Task <> DSST, Line Orienta-
descent CA at 340 m (visuospatial analytic tion Task, N-Back Task,
ASL ability) Abstract Matching, Mo-
N-Back Task (executive tor Praxis Task
function)
Visual Object Learning
Task (Visual memory)
Abstract Matching
(Visuospatial analytic
ability)
Motor Praxis Task (psy-
chomotor ability)
+
Nocturnal actigraphy
and polygraphy, Pitts-
burgh Sleep Quality In-

dex, Stanford Sleepiness
Scale, PROMIS Sleep
Disturbance question-
naire

Gibbons 10 (M)/27 £ 16 +4 days, field study, Section 1 One assess- Pro-point and Anti-

<> No change in perfor-

(2020) [44] 11y from SL in 6 h to 4,330 2.1, 2.2, ment after 16 Point Tasks (executive mance
m (passive) 25  +4days/~3 function)
= 4.7-49 min
Familiarization test,
BCA at 344 m prior to
expedition
Griva 198 (60 % 11 days, field study, Section1 3assess- Trail Making Test Parts  Attention, verbal abili-
(2017) [50] M)/44.5 £ from 3,500 m up to 5,300 2.1-2.3 ments with A! (attention) and B! (ex- ties and executive func-
13.7 y; m (active) 2.5  CA on either ecutive function) tioning
= Section 3 day 1 or day Controlled Oral Word { Memory and psycho-
CG:25 BCA at75m ASL prior 4.8,4.9 2 after arrival Association Test! (execu- motor function
(60 % to expedition at: tive function) T Cognitive decline
M)/44.5 + 3,500 m, Letter Cancellation Test greater amongst older
141y CG at/or near SL, NA at 5,300 m on (attention) people
day 11, Stroop Test (executive { Cognitive function af-
at 1,300 m on function) ter descent
return  Grooved Pegboard (psy-

chomotor ability)




First Number of Study protocol:
authors participants Time of exposure, ex-
(sex)/Mean perimental condition,
age of par- altitude profile, maxi-
ticipants mum altitude reached
(Mean+ (Mode of ascent — ac-

STAR Timing of
core pa- neuropsy-
rameters chological

test admin-
istration un-

Test Battery: Neuropsy- Changes in
chological tests (Cogni- cognitive performance

tive Domain) ©
+ based on significant re-
Further investigations sults,

der exposure that are not part of this p <0.05 (test event if

SD); pro- tive/passive) (test event if review named)
fession if - named)/Du-
mentioned Study protocol baseline ration of
or control group (CG), Test Battery
altitude (test event if
named)
Rey Auditory Verbal
Learning Test (verbal
memory)

Symbol Digit Modalities
Test! (attention)
Block Design Test (as-
sembling and building)
+
Brief Center for Epide-
miologic Studies De-
pression Scale, State
Trait Anxiety Inventory

Harris 26 (11 F)/M 18 days, field study,
(2009) [25] 34.9 (range from 410 m up to 5,400
23-53) y; F m (active)
32.5 (range =
25-40)y;  Practice test, CA at SL
prior to expedition
CG: 411 (32
F)/M 34.2 CG, NA
(range 25-
55)y, F34.2
(range 25-
40)y

Section 1 One assess-
2.1-2.3 ment within

DST-F! (short term { DST-F
memory) T DSST

the first 24 DST-B! (working memory) T Trail-Making Test,

hours of arri-

val at 5,100
m/NA

DSST?! (attention) Part B
Trail-making Test, Part T CogState Monitoring
B! (executive function) Test

Rey's Auditory-Verbal improved reaction time
Learning Test! (verbal
memory) Performance was more
Controlled Oral Word  variable in the written
Association Test! (execu- than the computerized
tive function) tests
CogState!:
Simple Reaction Time
(reaction time)
Choice Reaction Time
(executive function)
Monitoring Task Reac-
tion Time (attention)
Monitoring Task Accu-
racy (attention)
Working Memory Task
Reaction Time (attention)
Working Memory Task
Accuracy (working
memory),
Learning Task Accuracy
(visual memory)




First Number of Study protocol:
authors participants Time of exposure, ex-
(sex)/Mean perimental condition,
age of par- altitude profile, maxi-

ticipants mum altitude reached
(Mean+ (Mode of ascent — ac-
SD); pro- tive/passive)
fession if -

mentioned Study protocol baseline
or control group (CG),
altitude (test event if
named)

STAR Timingof Test Battery: Neuropsy-
core pa-
rameters chological

Changes in

neuropsy- chological tests (Cogni- cognitive performance

tive Domain) ot
test admin- + based on significant re-
istration un- Further investigations sults,
der exposure that are not part of this p <0.05 (test event if
(test event if review named)
named)/Du-
ration of
Test Battery

Issa (2016) 8 (NA)/35 + 23 days, field study,
[23] 10y
(active)
Familiarization trial,
Pre-ascent BCA (Base-
line) and post-descent
CA (Post) at 1,400 m
Retesting after return to
USA

Section1 3 assess-
1,400 mup to 5,500 m 2.1, 2.3
Section 3 5,500 m on

Rapid Cognitive Assess- No calculations of sig-

ments at ment Tool nificance but trend to
(executive function) — improvement regarding
day 2 (T1), Stroop Color-Word test baseline and base camp
day 5 (T2) (attention) <> No significant differ-

and day 7 Trail Making test part A ences between scores
(T3) after ar- (attention) and B (execu- taken at base camp (T1,

rival at base tive function) T2, T3) and the post ex-
camp/NA + pedition scores (Post)
Profile of Mood States for all 3 tests.

self-report question-  Stroop test performance
naire, Spielberger State- worsening associated
Trait Anxiety Inventory, with increase in AMS
Acceptance and Action

Questionnaire-II

Karinen 9 (M)/37.6 = 80 days, field study, Section 1
(2017) [40] 5.5 (range 1,400 m to 8,848 m (ac- 2.1-2.3
27-45) y; ex- tive) 2.10
perienced -

climbers Pre-ascent BCA (d2) and
post-descent CA (d69) at
1,400 m

4 assess- Colorado Perceptual T Colorado Perceptual
ments each Speed Test! Speed Test
at 5,300 m; (attention) Improving speed results
the first2 ~ Number Comparison  during the expedition
days after ar- Test! <> Number Comparison
rival at base  (executive function) Test
camp (d16),
then 2 days

after setting
up camp 3 at
7100 m (d34),
the third af-
ter 4 days’
rest (d43)
and 4 days
after success-
ful summit-

ing (d62)
KourtidouGroup I1: 10 NA, breathing of hy-  1.1-1.3 Time of hy- MATB-aPCbased  { Decrease in perfor-
-Papadeli  (M+F; poxic gas mixture via 2.1,2.2, poxia expo- Multiple Attribute Task mance with statistically
(2008) [41] NA)/32.1 + face mask equivalentto 2.5 sure NA/16 Battery! (executive func- significant increase of
6,74y;some 2,440 m £ 8,000 ft 4.7-4.9 min tion) Root mean scare error

are private -
pilots BCA under normoxia

with two-week training

multitask flight simula- compared to normoxic
tion package with moni-and hyperoxic condition
toring, tracking,




First Number of Study protocol: STAR Timingof Test Battery: Neuropsy- Changes in
authors participants Time of exposure, ex- core pa- neuropsy- chological tests (Cogni- cognitive performance

(sex)/Mean perimental condition, rameters chological tive Domain) ot
age of par- altitude profile, maxi- test admin- + based on significant re-
ticipants mum altitude reached istration un- Further investigations sults,
(Mean+  (Mode of ascent - ac- der exposure that are not part of this  p < 0.05 (test event if
SD); pro- tive/passive) (test event if review named)
fession if - named)/Du-
mentioned Study protocol baseline ration of
or control group (CG), Test Battery
altitude (test event if
named)
to establish a personal communications, and
performance plateau, fuel management tasks
post exposure CA under +
100 % Oz EEG measurements

Kramer 20 (2F)/31.2 Range from 18 to 26 Section 1 Testing alti- 1st group + CG: Auto- ¥ Slow performance
(1993) [28] +5.2y, days, field study, from 2.1,2.2 tudes  mated Performance Testwith higher reaction and
APTS 2,195 mup toNA (ac- 3.1-3.6 NA/NA  System (APTS) battery: response times

climbers; tive) Pattern Comparison <> No improvement in
32.3+£4.6, - Task (visuospatial ana- performance compared
category  Pre-ascent BCA and lytic ability), to CG
search  post-descent CA at 92 m Code (Letter Number)
climbers Substitution Task (atten- Learning effects and
CG, NA tion) outcome T in the Con-
CG:20 (2 Choice Reaction Time sistently Mapped Task
F)/29.3+£4.8 Task (executive function) than in the Varied Map-
y, APTS Memory Search Task ping Task
control; 30.9 (short term memory) { Levels of transfer
+ 3.8 y cate- Finger-Tapping Task ~ compared to control
gory search (psychomotor ability)
control 2nd group + CG: Cate-
gory Search Task (effi-
cacy, reasoning)
Consistently Mapped
Varied Mapping
Latshang 51 (M)/24 4 days, field study, fromSection1 4 assess- PVT (reaction time) ~ <> No change in perfor-

(2013) [38] (quartiles 490 m up to 1,630 m and 2.1-2.3 ments, 2x af- Divided Attention Steer- mance detected
20-28)y 2,590 m (passive) 2.5,2.6 ternightat ing Simulator (attention)
four groups with block Sections 1,630 m an 2x 1-, 2-, and 3-Number
designed altitude expo- 3 &4 at2,590min Back Task (executive

sure randomized function)
= order/NA Trail Making Test A (at-
Pre-ascent BCA and tention)
Post-descent CA at 490
m
Lefferts 18 (8 F)/ M 11 days, field study, Section1 3 assess- Flanker Task (attention) Flanker Task
(2019) [51] 32+15y; F 1,400 mup to 5160 m 2.1,2.2, ments: 2-Back version of an N- <> Accuracy
20x1y; M (active) 2.5 day 4at  Back Number Task (ex- T Faster RT at 4,240 m
+ F range - Section 3 3,440 m, day ecutive function) N-Back Task
18-60) y  Extensive familiariza- 4.7,4.8 8 at 4,240 m; d Decreased accuracy at

tion process prior to the 5,160 m




First Number of Study protocol:
authors participants Time of exposure, ex-

STAR Timingof Test Battery: Neuropsy- Changes in
core pa- neuropsy- chological tests (Cogni- cognitive performance

(sex)/Mean perimental condition, rameters chological tive Domain) ©
age of par- altitude profile, maxi- test admin- + based on significant re-
ticipants mum altitude reached istration un- Further investigations sults,
(Mean+  (Mode of ascent - ac- der exposure that are not part of this  p < 0.05 (test event if
SD); pro- tive/passive) (test event if review named)
fession if - named)/Du-
mentioned Study protocol baseline ration of
or control group (CG), Test Battery
altitude (test event if
named)
trek, and practice tests and day 11 at 7 Faster RT for 2-back at
throughout the trek 5,160 m/NA all altitudes
(hope of practice effects { Modest reductions in
plateau); caution and non-deci-
CA prior to expedition sion time
at 116 m ASL 7 Bias and strength of

evidence for non-match
items during the 2-back

Lefferts 8 (4 F)/23-7  7-days, field study,

Section1 2assess-  Stroop Task (Executive T Accuracy at 4,240 m

(2020) [52] (range 18— 1,400 mup t0 4,240 m 2.1, 2.2, ments: day 3 function) 1 Faster reaction times
41)y (active) 25  at3,440 and at 3,440 m and 4,240 m
= Section3 day 7 at
BCAondayOat1400m 4.7,48 4,240 m/3
altitude min
Limmer 80 (29 F)/M HYP + EX: 7-days, field Section1 2 assess-  Frankfurt Attention In- HYP + EX:

(2018) [36] 25.5 +6.0y; study, starting altitude
F248+59 NA upto5,739 m (ac-
y tive)

4 groups CA prior to expedition
HYP + EX at 154 m (D1) and post-
(hypoxia+ descent CA at 812 m

exercise): 15 (D18)
BF/M
27.3 +11.6 HYP: 2x21 minutes, nor-
y, F 32.7 + mobaric chamber, 3,500
17.6y; m 2 FiO213,5 % O2
HYP:25(6 (D14) and 5,800 m &
F)/M 24.7 + FiO210.0 % (D16)
31y,F227 -
+23y;  Pre-(D1)and post-CA
NOR- (D18) at 53 m normoxic

normoxia: conditions
21 (10 F)/M
247 +3.1y, NOR: CG at normoxia
F244+22
y; EX: CG with 7-days

EX:21 (10  physical exercise at
F)/M 244 + normoxia

2.1,2.2, mentson ventory-2 (attention) { Attentional functions
2.5 days 14 and  Performance Value, in Performance Value

Section 3 16: Continuity Value and and Continuity Value at
HYP + EX: Quality Value 5,739 m
day 4 of ex- <> Quality Value
pedition at
3,995 m HYP:
(D14), day 6 1 Attentional functions
of expedition in Performance Value,
at5,739 m Continuity Value and
(D16)/6 min Quality Value at 5,800 m
HYP: day 14

after 15 min
of exposure
to hypoxia
correspond-
ing to 3,500
m (D14), day
16 after 15
min corre-
sponding to
5,800 m
(D16)/6 min




First Number of Study protocol:
authors participants Time of exposure, ex-
(sex)/Mean perimental condition,
age of par- altitude profile, maxi-

ticipants mum altitude reached
(Mean+ (Mode of ascent — ac-
SD); pro- tive/passive)
fession if -

mentioned Study protocol baseline
or control group (CG),
altitude (test event if

STAR Timingof Test Battery: Neuropsy- Changes in
core pa- neuropsy- chological tests (Cogni- cognitive performance

rameters chological tive Domain) ot
test admin- + based on significant re-
istration un- Further investigations sults,
der exposure that are not part of this p <0.05 (test event if
(test event if review named)
named)/Du-
ration of
Test Battery

named)
1.3y, F24.0
+23y;
Loprinzi 21 (11 30 min, breathing of hy- 1.1-1.3 After 30 min Memory Interference = <> Proactive interfer-
(2019) [63] F)/21.0 poxic gas mixture via 2.1-2.3, of exposure Task (AB/AC paradigm) ence

(range 18- face mask FiO2=12 % £

2.5,210  start of (working memory) T Retroactive interfer-

35y 4,000 m ASL Section 3memory task immediate and delayed ence for both the imme-
= assessment, proactive and retroac- diate and delayed

Approx. 24 h apart after 20 min tive interference memory assessments,

counterbalanced rest distrac- suggesting a reduced
blinded condition with tion assess- memory interference ef-

one control CA under ment of de- fect 2 enhanced brain

normoxia layed function
memory re-
call/NA

Malle 4 (M)/29.2+ 6-weeks, field study, Section1 14 assess- Paced auditory serial <> No significant differ-
(2016) [39] 1l.6y; from approx. 1,400 m  2.1-2.3 ments of PA- addition test (PASAT) ences in any of the three

professionalstart with 13-days preac- 2.9 SAT between (attention) cognitive tasks
climbers climatization trek up to Section 3 1,400 m (D1) DST-F (short term
5,500 m, followed by a 4.8 and 7,200 m memory) and
4-week progressive as- (D40)/NA DST-B (working memory)
cent up to 8043 m (ac-
tive) 6 assess-
- ments of DST
Familiarization trial, 8- subtests be-
days (BL) prior to expe- tween 1,400
dition and 4- (D61) and m (D1) and
46-days (D103) post ex- 5,600 m
pedition CA respec- (D35)/NA
tively at 1,050 m
Merz 32 (7F)/43 21-days until summit Section1 3 assess- Saccadic Eye Movement <> Eye movement ex-
(2013) [53] (range 25— reach, field study, mean 2.1,2.2 ments: 4,497 (Ocular motor perfor-  periments revealed no
62) y; expe- ascent rate 191-201 m/d, Section 3m (BC), 5,533 mance) differences in either sac-
rienced from 3,750 mup to 7,546 4.8 ~m(Cl),and Line Bisection Test (vis- cade latency or main se-
non-profes- m (active) at 6,265 m ual perception) quence
sional - (C2)/NA Ruff 2/7 Cancellation
mountain- Familiarization trial, Test — Letter and Num- <> No impairments or
eers Prior to (ZH1) and 3- ber Condition! (atten- dependence on any alti-

months post-expedition
CA (ZH2) at 440 m

tion) tude-related parameter




First Number of Study protocol: STAR Timingof Test Battery: Neuropsy- Changes in
authors participants Time of exposure, ex- core pa- neuropsy- chological tests (Cogni- cognitive performance
(sex)/Mean perimental condition, rameters chological tive Domain) ot
age of par- altitude profile, maxi- test admin- + based on significant re-
ticipants mum altitude reached istration un- Further investigations sults,
(Mean+  (Mode of ascent - ac- der exposure that are not part of this  p < 0.05 (test event if
SD); pro- tive/passive) (test event if review named)
fession if - named)/Du-
mentioned Study protocol baseline ration of
or control group (CG), Test Battery
altitude (test event if
named)
Ruff Figural Fluency
Test (RFFT) (executive
function)
Modified Pegboard,
Chess test (Psychomotor
ability)

Nakano 7 (1 F)/NA 4 h 15 min, hypobaric
(2015) [77] (range 19— chamber, barometric
46 y); climb- pressure decreases -2
mmHg/min £ ascent
speed 33 m/min with

ers

maintained altitude con-

ditions of 2,000 m, 3,000

<> Normal score of 29.3
+0.8.

1.1-1.5 One assess- Mini-Mental State Ex-
2.1-2.3 ment at 4,500 amination (concentration
4.8-49 m ASL/NA or working memory, lan-
guage and prax-is, orienta-
tion, memory, attention
span, and other cognitive
factors)

m, 4,000 m, and 4,500 m

for 30 min
No control condition,
CA as widely adopted
method with cut-off
score set at 23/24

Nelson 12 (3 F)/NA; Duration NA, field test,

(1990) [54] climbers from 1,200 m up to 8,848 2.2,2.3

m (active)
Pre-ascent (1) and ap-
prox. 1-week post-de-

scent BCA (6) at 1,200 m

Section1 4 assess- Modified version of the <> FACTRETRIEVAL2
ments: FACTRETRIEVAL2 test test battery
after 48 hrs battery! (long-term No reliable changes in
at 5,400 m memory) mean percent or latency
(2);2 week  Feeling of Knowing of correct recall, no
trek to 6,500 (confidence-judgement) changes in mean percent
m, after 48 correct recognition on
hrs (3); ap- nonrecalled items across
prox. 2 the five testing locations

weeks later

at 6,500 m or { Feeling of Knowing
7,100 m (4); declined reliably be-
and at 5,400 tween the first two tests
m after hav- and the last three tests,
ing reaching the decrease is still pre-
ones highest sent more than a week
point during later

this expedi-

tion (5)/NA




First Number of Study protocol: STAR
authors participants Time of exposure, ex-
(sex)/Mean perimental condition,

age of par- altitude profile, maxi-

ticipants mum altitude reached
(Mean+ (Mode of ascent — ac-
SD); pro- tive/passive)
fession if -

mentioned Study protocol baseline
or control group (CG),
altitude (test event if

Timing of Test Battery: Neuropsy- Changes in

core pa- neuropsy- chological tests (Cogni- cognitive performance
rameters chological

tive Domain) ot
test admin- + based on significant re-
istration un- Further investigations sults,
der exposure that are not part of this p <0.05 (test event if
(test event if review named)
named)/Du-
ration of
Test Battery

named)
Nieder- 22 (11 12 h, normobaric cham- 1.1-1.5 4 data collec- Computer-based Game d Adverse risk behavior
meier F)/25.8+5.5 ber 2.1-2.3 tion points of Dice Task! (Risky deci- at 4,500 m

(2017) [67] y

FiO2=12.6 % 2 4500 m Section 3 after 2, 5, 8,

sion making) But reduced risk behav-

after short-term pre-ac- 4.8 and 10 h in ior in preacclimatized
CG:20 (8 climatization using in- hypoxia/NA subjects compared to
F)/24.8 + 4.6 termittent hypoxia 7 x 1 CG
y h FiO2 12.6 % (without
physical activity) Positive time effect on
- decision making: inde-
Familiarization session pendent of the group ef-
CG with sham pre-accli- fect, the number of risky
matization 7 x 1 h at decisions decreased
FiO2=20.9 % 2 600 m over time in hypoxia af-
ASL ter controlling for the
covariate age.
Ochi 21 (7F)/20.5 16,5 min, breathing of 1.1-1.3 2dwith2  Color-Word Stroop  { Slower reaction times
(2018) [64] = 2.5 (range hypoxic gas mixture via 2.1,2.2 conditions Task (executive function) at 5,000 m
18-29)y  facemask FiO2=16,5 4.7-49 per dayin <> Error rate
(mild)/13,5 (moder- randomized Significant main effect
ate)/10,5 (severe) % = order, >48 h of condition for reaction
2,000/3,500/5,000 m ASL between first time in Stroop interfer-
and second ence
Two practice sessions, day; assess- Negative correlation be-
CA at SL ment after tween reaction time in
10-min expo- Stroop interference and
sure/6,5 min 5,02
Parker 10 (3 F)/NA; 45 min, normobaricen- 1.1-1.4 After 15 min Operational Span proto- <~ VWMC

(2017) [68] orthopedic vironmental chamber, 2.2
FiO2=14.1% 2 3,000 m 4.7-49
2 10,000 ft ASL

surgeons

Practice trial before
VWMC, BCA before en-
tering the chamber;
Double blind, repeated
CA under normobaric
normoxia FiO2=20.9 %
near SL
~113 m

of exposure  col - Verbal Working

Surgical Skills

first VWMC  Memory Capacity <> Completion time

assess-  (VWMC) with counting | Worse application
ment/4-10  span, operation span, with higher pin-diver-
min; and reading span (work- gence score as a meas-

then surgical ing memory)
skill/maxi- Surgical Skills by appli-
mum of 15 cation of an orthopedic

ure of frame asymmetry

min; then external fixator (psycho-
again motor ability)
VWMC as-
sessment




First Number of Study protocol:
authors participants Time of exposure, ex-
(sex)/Mean perimental condition,
age of par- altitude profile, maxi-

ticipants mum altitude reached
(Mean+ (Mode of ascent — ac-
SD); pro- tive/passive)
fession if -

mentioned Study protocol baseline
or control group (CG),
altitude (test event if
named)

STAR Timingof Test Battery: Neuropsy- Changes in
core pa- neuropsy- chological tests (Cogni- cognitive performance

rameters chological tive Domain) ot
test admin- + based on significant re-
istration un- Further investigations sults,
der exposure that are not part of this p <0.05 (test event if
(test event if review named)
named)/Du-

ration of

Test Battery

Pavlicek 21 (M)/24.2 2 h, hypobaric chamber, 1.1-1.5 three 30-min 4 Word-Generation Flu- <> No significant differ-
(2005) [78] +24vy e Altitude profile1  2.1-2.3 test sessions ency Tasks - one Verbal ences in word fluency,
(AP1): 48,49 (TSs)sepa- Letter Fluency Task and word association, or lat-
AP1/AP2/C 450 (TS1); 1,500 (TS2); rated by 10- three Category Fluency eralized lexical decision
P group 4,500 (TS3) m min intervals Tasks (executive function) performances
with 7 sub- e Altitude profile 2 for pressure Lateralized Tachisto-
jects each (AP2): adjust-  scopic Lexical Decision
450 (TS1); 1,500 (TS2); ment/30 min, Task with high and low
3,000 (TS3) m Letter flu- emotional target words
- ency test 2 (affective flexibility)
¢ Control profile (CP): min; word
450 (TS1); 650 (TS2); 650 association
(TS3) m with 200 m task 1 min
“pseudo-ascent” to
mask for altitude
Pelamatti 15 3-5 days, field study, 1.5,1.6 Assessment Verbal Free Recall: 1 Recall of proper
(2003) [55] (NA)/34.5 400 m/day, up toanalti- 2.1 at4,500 mre- proper vs.common names
(range 29- tude between 4,500 m- spectively names (short-term { Primacy effect
37)y; 5,050 m during different 5,050 m/NA memory) <> Recency effect
mountain-  expeditions (active)
eers -
Pre-BCA, twice 15- and
40-days Post-CAs
Petiet 8 (F)/33.8+ 40-days, field study, Section1 3 assess- Gorham's Proverbs T PASAT, also im-
(1988) [56] 3.8 (range maximum altitude  2.1,2.2, ments: (Concept formation)  proved post expedition
29-40) y; ranged from 17,300 ft 2 2.6-2.8 Day 13 at PASAT (attention)
climbers 5,273 m to 20,500 ft & 5.1 12,000 ft. &2 DST (short term memory) 4 Expressive language
6,248 m (active) 3,658 m; Finger Tapping (psycho- ability, measured by the
= Day 17 at motor ability) Boston Naming Test
CA prior to expedition 14,800 ft. & Selective Auditory At-
at SL and BCA on Day 6 4,511 m; tention Task (attention)
at 4,000 ft 2 1,219 m Day 31.4+12 Selective Reminding
Post expedition CA at (range 30-41  Test (verbal memory)
SL on between 16 to 221 d) at highest Benton Line Orientation
days following the hy- elevation  Task (visuospatial ana-

poxic exposure

ranging from lytic ability)
5,273- 6,348 Boston Naming Test!
m/NA (Speech production and
syntax comprehension)
+




First Number of Study protocol:
authors participants Time of exposure, ex-
(sex)/Mean perimental condition,
age of par- altitude profile, maxi-

ticipants mum altitude reached
(Mean+ (Mode of ascent — ac-
SD); pro- tive/passive)
fession if -

mentioned Study protocol baseline
or control group (CG),
altitude (test event if
named)

STAR Timingof Test Battery: Neuropsy- Changes in
core pa- neuropsy- chological tests (Cogni- cognitive performance

rameters chological tive Domain) ot
test admin- + based on significant re-
istration un- Further investigations sults,
der exposure that are not part of this p <0.05 (test event if
(test event if review named)
named)/Du-
ration of
Test Battery

Self-perception inven-
tory of cognitive and af-
fective functioning; the

Acceptance of Others

Scale, Multiple Affect
Adjective Checklist-Re-

vised, Environmental

Symptoms Question-

naire
Phillips Experiment Experiment I: 1.1-1.3 Experiment DST-F (short term  Experiment I at 3,800 m
(1963) [57] I:5 3 days, field study, up to 2.1,2.2 I: memory) <> No changes
(M)/range 12,470ft 23,800 m £ 4.7,4.8 3 assessment Word Span Forward
1820y 490 mm Hg (NA) days at 3,800  (short term memory)  Experiment II at 4,340 m
- m/Rhymes Robinson's Rhymes and { Rhymes Test
Experiment 15-days familiarization and Num- Numbers tests 1 Numbers Test
1I: 8 with tests 300 ft 2 91 m bers tests  (mental efficacy, reason-
(M)/range £ 752 mm Hg max. 60 sec ing)
1820y each
Experiment II:
2 days, field study up to Experiment
14,250 ft 2 4,340 m 2 II:
455 mm Hg 2 assessment
- days at 4,340
Two groups, counterbal- m
anced BCA at SL
Phillips 18 (M)/NA 2-days, field study, up 1.1-1.3 2 assessment Word Span Forward - <> No significant
(1966) [58] to 3,800 m (NA) 2.2,2.3 daysat3,800 immediate and short- changes in altitude
- 4.7, 4.8 m/distraction term recall Only tendency for recall
Two groups, counterbal- task 30 sec  with or without 30 sec impairment with reten-
anced BCA at SL distraction task of back-  tion loss: forgetting
ward subtraction (short more items at the end of
term memory) a list
Pighin 26 (14  Exact duration NA, nor- 1.1-1.3 After 20 min BART (Risky decision BART

(2019) [69] F)/23.3 + 6.8 mobaric chamber, FiO2 =
y 14.1 % 2 3,000 m ASL
Familiarization session,
CA under normoxia
FiO2=20.9 % 2 0 m ASL
in randomized order

21,22
48,49

of expo-
sure/NA

! Adverse risk-taking
behaviour, higher num-

making)

ber of pumps




First Number of Study protocol: STAR Timingof Test Battery: Neuropsy- Changes in
authors participants Time of exposure, ex- core pa- neuropsy- chological tests (Cogni- cognitive performance

(sex)/Mean perimental condition, rameters chological tive Domain) ©
age of par- altitude profile, maxi- test admin- + based on significant re-
ticipants mum altitude reached istration un- Further investigations sults,
(Mean+  (Mode of ascent - ac- der exposure that are not part of this  p < 0.05 (test event if
SD); pro- tive/passive) (test event if review named)
fession if - named)/Du-
mentioned Study protocol baseline ration of
or control group (CG), Test Battery
altitude (test event if
named)
with experimental ses-
sion
Pighin 30 (16 F)/M 70 minutes, normobaric 1.1-1.3 After 25 min Computer-based Psy- { Psychomotor Speed
(2012) [70] 23.3 +4 y, F chamber, FiO2=14.1 % 2.1,2.2  of expo- chomotor Speed Task Task
205+19y 2 3,000 m ASL 48,49 sure/45min  (psychomotor ability) 8,85 % slower reaction
= Risk-Taking Task (Risky times
Familiarization session, decision making) Risk-Taking Task
CA under normoxia | Adverse risk-taking
FiO2=20.9 % 2 0 m ASL behaviour for choices
in randomized order involving losses
with experimental ses- <> Risk taking behav-
sion iour for choices involv-
ing gains
Pram- 11 (5F)/21+ Two separate nights, 1.1-1.5 2 assess- Choice reaction test 1 Slower cognitive reac-
sohler 21y normobaric chamber  2.1-2.3 ments di- (Schuhfried) (executive  tion times at 3,500 m
(2017) [71] 1st night FiO2 = 14,29 % £Section 3 rectly after function) and 5,500 m
3,500 m ASL awakening; + - Positive correlation (r
2nd night FiO2 = 11,05 % mean indi-  Polysomnography = 0,78) with 5,0z; lower
2 5,500 m vidual sleep SpOz surprisingly corre-
= duration: lated significantly with
BCA at 450 m £ FiOz = 1stnight 7,5 h shorter cognitive reac-
20.93 % 2d night 3,23 tion
h/10 min <> Motoric reaction time
Pun, 21 (13 2 x 6-days field study, Section1 2 assess- CANTAB™": T Selective and sus-
Guadagni F)/25.3 + 3.8 Cycle 1: day exposition 2.1,2.2, ments each Reaction Time Task (re- tained attention im-
(2018) [31] y to 5,050 m, sleeping 24  cycle: acute action time), proves with acclimatiza-
height 2,900 m (passive);Section 3 day 1 (Cycle Attention Switching tion
(alsosee  CG:17 (12 Week of rest at 520 m; 1 HA1, Cycle Task (attention),

Pun, Hart- F)/24.9 £2.6 Cycle 2: re-exposition 2 HA1), Rapid Visual Processing <> Improvement gained
mann y) following identical acclimatiza- (attention) in cognitive functions
(2018) schedule tionday 6 One Touch Stockings of during the acclimatiza-

[32]) = (Cyclel Cambridge Task (execu- tion period in Cycle 1
Familiarization trial, HAG®6, Cycle 2 tive function) did not carry over to the
2x BCA and post-expe- HA6)/30 min repeated exposure in
dition CA at 502 m Cycle 2
CGat 1,103 m
Pun, Hart- 21 (13 2 x 6-days field study, Section1 2 assess- PVT (reaction speed) PVT

mann F)/25.3 +3.8 Cycle 1: day exposition 2.1,2.2, ments each Trail Making Tests A & { Slower reaction times
(2018) [32] y to 5,050 m, sleeping 24  cycle:acute B (attention & executive  at acute exposure to
height 2,900 m (passive);Section 3 day 1 (Cycle function) 5,050 m




First Number of Study protocol: STAR Timingof Test Battery: Neuropsy- Changes in
authors participants Time of exposure, ex- core pa- neuropsy- chological tests (Cogni- cognitive performance
(sex)/Mean perimental condition, rameters chological tive Domain) ot
age of par- altitude profile, maxi- test admin- + based on significant re-
ticipants mum altitude reached istration un- Further investigations sults,
(Mean+  (Mode of ascent - ac- der exposure that are not part of this  p < 0.05 (test event if
SD); pro- tive/passive) (test event if review named)
fession if - named)/Du-
mentioned Study protocol baseline ration of
or control group (CG), Test Battery
altitude (test event if
named)
(also see Week of rest at 520 m; 1 HA1, Cycle + <> Reaction speed re-
Pun, Cycle 2: re-exposition 2 HA1), Actigraphy for Sleep covers after 6 days at al-
Guadagni following identical acclimatiza- Monitoring, Environ- titude and prevents im-
(2018) schedule tion day 6 mental Symptom Ques- pairments during subse-

[31])
Familiarization trial,

2x BCA and post-expe-
dition CA at 502 m

(Cycle 1 tionnaire, Handgrip  quent altitude re-expo-
HAG®6, Cycle 2 strength sure
HA®6)/10 min Trail Making Tests
<> reaction times
T further HA stay leads

to improvement

Roach 21 (9 F)/20.8 16-days, field study,
(2014) [33] (range 19— from 1,525 m in 3 h with

23)y supplemental oxygen
(also see up to 5,260 m (passive),
Subudhi after first assessment
(2014) down to 3800 m for 4-
[34]) days, then back up to
5,260 m

30-days pior to (SL) and
3 months post-expedi-
tion CA at SL

Section 1

2 assess- 2x Simple Reaction Time { Marked decrease in

21,22 ments:  (SRT) Test before (SRT1) throughput dSRT with
52  Day1after and after (SRT2) com- acute altitude exposure
arrival pletion of a 20-min <> dSRT normalized

(ALT1)and DANA Test Battery;
day 16 Change score dSRT =
(ALT16) at SRT1 minus SRT?2 (atten-
5,260 m /NA,  tion [ mental fatigue)
DANA 20
min

with acclimatization

Schlaepfer 10 (4 F)/23.8 25 min,

Section 1 Respective

Time Needed Reading T Faster completion

(1992) [37] =12y 1. field study, from 540 2.1,2.2 assessments Briefly Displayed Let-  time in both hypoxic
m in <10 min up to 3,450 2.10 within 15 ters (Visual perception) conditions
m (passive) min after ex-
2. Breathing of hypoxic posure/10
gas mixture via face min
mask FiO2=14.5 % &
3,450 m
Familiarization trial,
BCA at 540 m
Seo (2015) 16 (M)/24 + 2 h, normobaric cham- 1.1-1.3 One assess- ANAM -4t Edition sub- <> Go/No-Go Test no
[72] 4y ber, FiO2=12.5 % & 2.1-2.3, ment after testsl: statistical differences
4300m 2 14,110 ft ASL 2.5 60-min at Go/No-Go Test (response 4 RMCPT less % correct
- 48,49 rest/5min inhibition) and throughput score

Familiarization trial and
BCA during rest in
normoxia

Running Memory Con-  impaired compared

tinuous Performance  with rest in normoxia




First Number of Study protocol:
authors participants Time of exposure, ex-

STAR Timingof Test Battery: Neuropsy- Changes in
core pa- neuropsy- chological tests (Cogni- cognitive performance

(sex)/Mean perimental condition, rameters chological tive Domain) ot
age of par- altitude profile, maxi- test admin- + based on significant re-
ticipants mum altitude reached istration un- Further investigations sults,
(Mean+  (Mode of ascent - ac- der exposure that are not part of this  p < 0.05 (test event if
SD); pro- tive/passive) (test event if review named)
fession if - named)/Du-
mentioned Study protocol baseline ration of
or control group (CG), Test Battery
altitude (test event if
named)
+ Test (RMCPT) (working
Further examination but memory)
not part of this review:
CA under low and mod-
erate exercise perfor-
mance
Seo (2017) 15 (F)/22 +2 2 h, normobaric cham- 1.1-1.3 Two assess- ANAM-4t Edition": =~ <> RMCPT no change
[73] y ber, Fi02=125% &  2.1-2.3, ments after RMCPT (working after 30- or 60-min rest
4300 m 2 14,110 ft ASL. 2.5  30- and after memory) in hypoxia
- 48,49 60-minat Total Mood Disturbance
Familiarization trial and rest/5 min (affective flexibility) { Total Mood Disturb-
BCA during rest in ance score worse after
normoxia FiO2 =21 % 30- and after 60-min rest
+ in hypoxia compared to
Further examination but baseline
not part of this review:
CA under low and mod-
erate exercise perfor-
mance
Shi (2016) 30 (M)/25.2 3 h, field study, up to Section 1 One assess-  Visual-DST (V-DST) 1 A-DST, PVSAT, PA-
[45] +19y 4,280 m (passive) 2.1-2.3 ment after 3h  (short term memory)  SAT, and Picture Recog-
2.10 of expo-  Auditory-DST (A-DST) nition Test
Retrograde calculated Section3 sure/NA (short term memory) <> V-DST and Picture
division into AMS and 4.8 Paced Visual Serial Ad- Recall Test
non-AMS group dition Test (PVSAT) (at-
- tention) AMS vs. non-AMS
BCA “in the plain”, alti- PASAT (attention) group:
tude NA Picture Recall Test (short ~ { V-DST, A-DST
term memory) PVSAT, PASAT, and
Picture Recognition Test Picture Recognition Test
(short term memory) scores
<> Picture Recall Test
scores not different be-
tween groups
Stepanek  25(11 5 min, Breathing of hy- 1.2,1.3 One assess- King-Devick Test (ocular { 18 % slower comple-

(2013) [65] F)/32.4 +9.8 poxic gas mixture via
y face mask FiO2=8 % =
partial pressure 24.3
mmHg £ 23,300 ft 2
7,101 m

2.1,2.2, ment after 3
2.5
Section 3 sure/<2 min

motor performance) tion time during hy-

min expo- poxia compared to base-
line test
T faster completion time

upon returning to




First Number of Study protocol:
authors participants Time of exposure, ex-
(sex)/Mean perimental condition,
age of par- altitude profile, maxi-

STAR Timingof Test Battery: Neuropsy- Changes in
core pa- neuropsy- chological tests (Cogni- cognitive performance
rameters chological tive Domain) ot
test admin- + based on significant re-

ticipants mum altitude reached istration un- Further investigations sults,
(Mean+  (Mode of ascent - ac- der exposure that are not part of this  p < 0.05 (test event if
SD); pro- tive/passive) (test event if review named)
fession if - named)/Du-
mentioned Study protocol baseline ration of
or control group (CG), Test Battery
altitude (test event if
named)
- normoxia compared to
Familiarization tests, hypoxic testing
BCA and 3-min post CA <> no difference be-
at normoxia tween BCA and post CA
Subudhi 21 (9 F)/20.8 16-days, field study, Section1 4 assess- DANA®L d 5/9 tests from SL to
(2014) [34] +1.4  from 1,525 min 3 h with 2.1-2.3, ments: SRT1 & SRT2 (reaction ALT1 and
supplemental oxygen 2.5, Day 1 after time), <> normalized back to
(also see POST7  up to 5,260 m (passive), Section 3  arrival Procedural Reaction SL values by ALT16
Roach ~ group: 14  after first assessment 5.2 (ALT1) and  Time (reaction time), SRT Tests, Code Substi-
(2014) POST21 down to 3800 m for 3- day 16 ~ Go/No-Go (response inhi- tution - simultaneous,
[33]) group: 7 nights, then back up to (ALT16) at bition), Match to Sample, Proce-
5,260 m until day 16; 5,260 m; Code (Digit symbol) dural Reaction Time
Thereafter descent to Retesting at Substitution - simultane-
1,525 m for either 7- or 5,260 m after ous (attention) <> 4/9 tests from SL to
21-days (POST7 or pausing ei-  Code (Digit symbol) ~ ALT1: Code Substitu-
POST21) with return ther 7- or 21- Substitution - delayed  tion - delayed recall,
and retesting at 5260 m days (POST7 recall (short term Spatial Discrimination,
- or memory) Go/No-Go, Memory
Pre-BCA (SL) 30-days POST21)/NA Spatial Discrimination Search
pior to expedition at 130 (visuospatial analytic abil-
m ity), POST7
Match to Sample (visual <> 2/9 tests retention of
memory), acclimatization: Code
Sternberg’s Memory  Substitution — simulta-
Search (working memory) neous, Match to Sample
{ returning to ALT1 val-
ues indicating a loss of
improvement in tests of
reaction time (SRT
Tests, Procedural Reac-
tion Time)
POST21
{ No cognitive function
tests showed retention
of acclimatization
Turner 22 (12 F)/23 90 min, Breathing of hy- 1.2-1.3 One assess- CNS Vital Signs': ~ { Hypoxia group: effect
(2015) [74] +2 (range poxic gas mixture via 2.1,2.2, ment after 50  Verbal and Visual  of hypoxia was detected

20-28)y face mask FiO2=10 % =

5,500 m

25 min of
3.1-3.6 breathing the

Memory (verbal memory,
visual memory)

for all cognitive do-
mains: neurocognitive




First Number of Study protocol: STAR

authors participants Time of exposure, ex-

Timing of Test Battery: Neuropsy- Changes in

core pa- neuropsy- chological tests (Cogni- cognitive performance

(sex)/Mean perimental condition, rameters chological tive Domain) ot
age of par- altitude profile, maxi- test admin- + based on significant re-
ticipants mum altitude reached istration un- Further investigations sults,
(Mean+  (Mode of ascent - ac- der exposure that are not part of this  p < 0.05 (test event if
SD); pro- tive/passive) (test event if review named)
fession if - named)/Du-
mentioned Study protocol baseline ration of
or control group (CG), Test Battery
altitude (test event if
named)
- 48,49 gasmix- Finger Tapping (psycho- index (-20 %), composite

BCA under normoxia
Matched-pairs study
with a single-blind, ran-
domised design
sham group FiO2=21 %
2 SLL

ture/40 min motor ability)

Symbol digit coding (at- (-30 %), verbal memory

memory

tention) (-34 %), visual memory
Stroop Test (executive (-23 %), processing
function) speed (-36 %), executive

Shifting Attention (exec- function (-20 %), psy-

utive function) chomotor speed (-24 %),
CPT (attention) reaction time (-10 %),
+ complex attention (-

Environmental Symp- 19 %) and cognitive flex-
toms Questionnaire ibility (-18 %; all p <
0.05);
No practice effects

1 Sham group: Practice
effects for information
processing speed
(+30 %), executive func-
tion (+14 %), psychomo-
tor speed (+18 %), reac-
tion time (+5 %), cogni-
tive flexibility (+14 %),
overall cognitive func-
tioning
(+9 %; all p <0.05)

Weigle 19 (9 F)/M 12 days, field study, ex- 1.1-1.5
(2007) [59] 23.0 + 3.0 y, position to altitudes be- 2.1-2.3

F 21.4 +0.9 tween 4,000 — 14,250 ft 2Section 3 3,810 m on

y 1,200-4,300 m (NA) 4.8

BCA at SL

Two assess- Visual Motor Reaction Visual Motor Reaction
Time (psychomotor abil- Time

ments at

ity) { initially 3.2 % slower
day 3and Stroop Color-Word Test at 3,810 m, persisted
day 6/NA (executive function)  with repeated measure-

Verbal Reasoning Test: ~ ments on day 6 m
verbally presented prob--> impairment only seen
lem set needing simple in male subjects
mathematical, spatial, Stroop Test
and verbal analytic ~ V initially 27 % longer
skills (mental efficacy, rea-completion time at 3,810
soning)
Sentence Repetition
(short term memory)

m
<> No longer persistent
by day 6




First Number of

authors participants Time of exposure, ex-

(sex)/Mean
age of par-
ticipants
(Mean *
SD); pro-
fession if
mentioned

Study protocol:

perimental condition, tive Domain)

+

rameters chological
altitude profile, maxi- test admin-
mum altitude reached

(Mode of ascent — ac-

tive/passive) (test event if review
- named)/Du-
Study protocol baseline ration of
or control group (CG), Test Battery

altitude (test event if
named)

STAR Timingof Test Battery: Neuropsy-
core pa- neuropsy- chological tests (Cogni- cognitive performance

istration un- Further investigations
der exposure that are not part of this

Changes in

ot
based on significant re-
sults,
p <0.05 (test event if
named)

<> Verbal Reasoning

Test and Sentence Repe-
tition at 3,810 m

Williams 11 (M)/22 +
(019)[75] 4y

4 x 60 min in normo-  1.1-1.3 Assessments Eriksen flanker (atten-

baric, environmental =~ 2.1-2.3, respectively tion)
chamber, blinded to the 2.5,2.10 after 60 min N-Back Number Task
condition, FiOz2: 20,93 % Section 3  of expo- (executive function)
2 5L;17,0 % 2 1,600 m; 4.2,4.7,

1 N-Back Task accuracy
at FiO2=14,5 % com-
pared to baseline,
20,93 % and 17,0 %;

sure/NA Deary-Liewald Reaction at FiO2=12,0 % com-

14,5 % 2 3,000 m; 12,0 % 4.8 Time Task (reaction time) pared to 20,93 % but not
2 4500 m to baseline
Familiarization session; <> Eriksen flanker and
CA under SL conditions; Deary-Liewald Reaction
BCA prior to exposure Time Task performance
under supply of
normoxic air
Zhang 46 (M)/20.415 days, field study, 3,700 1.3 Neurobehavioral core 4 Santa Ana Manual
(2013) [60] -1.58y m (NA) 2.1-25 test battery approved by Dexterity Test, DSST,
- 2.10 the WHO and Pursuit Aiming Test
not part of BCA at 300 m Simple Reaction Time values decreased after 5
this review: Test (reaction time), days at 3,700 m com-
chronic ex- DST-F and DST-B (short pared to their previous
posure term memory, working SL performance
groups: 3 x memory),
50 subjects Santa Ana Manual Dex- <> No change in Simple
each, indi- terity Test (psychomotor — Reaction Time, DST,
viduals na- ability), and Benton Visual Re-
tive to high DSST (attention), tention Test
altitudes of Benton Visual Retention
3,700, 4,500 Test (copying),
and 5,100 m Pursuit Aiming Test
(psychomotor ability)
+

Mood state profile




Legend.

Alternate forms used DST-B Digit Span Test Backward
A-DST Auditory Digit Span Test F Female
ASL Above sea level M Male
BART Balloon Analogue Risk Task NA Information not available
BCA Baseline cognitive assessment PASAT Paced Auditory Serial Addition Test
CA Cognitive assessment PVSAT Paced Visual Serial Addition Test
CG Control group PVT Psychomotor Vigilance Test
CPT Continuous Performance Test RMCPT Running Memory Continuous Performance Test
DANA Defense Automated Neurobehavioral Assess-  SL Sea level
ment Test Battery 5p02 Simple Reaction Time
dSRT Change score = SRT1 minus SRT2 SRT Oxygen saturation
DSST Digit Symbol Substitution Test V-DST Visual Digit Span Test
DST Digit Span Test VWMC Verbal Working Memory Capacity
DST-F Digit Span Test Forward
Note.

For a better overview, only the first author and the year of publication are given in addition to the numerical source citation. The arrow
symbols represent the results of subsequently mentioned tests with <> meaning no effects, unchanged performance, T standing for
increased or better performance and  for reduced or worse performance. In Table S2 an overview of the study findings regarding the
impact of altitude exposure on cognitive performance is shown. Studies are presented with number, sex and age of the participants,
the study protocol with temporal duration, type of intervention, altitude profile and information on the control group/examination,
numbers of the STAR core parameters if considered in the study, the temporal and situational use of the neuropsychological tests, and
the neuropsychological tests with their cognitive domain.
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