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eAppendix 
 
Introduction. Estimation of the number of OSA patients travelling to altitude 
 
In the absence of specific scientific data our estimate of the number of OSA patients travelling to altitude relies 
on the following indirect lines of evidence. A) In a first step, the prevalence of OSA in general is derived from 
published studies. B) In a second step, we derive the number of tourists to mountain areas from published 
sources. C) Assuming conservatively that the prevalence of OSA among travelers to mountain areas is only 50% 
of the OSA prevalence in the general population we obtain an estimate of the number of OSA patients travelling 
to altitude. 
A) Based on data from the Wisconsin sleep cohort study it has been estimated that 2% of middle-aged women 

and 4% of men meet the minimal diagnostic criteria for the obstructive sleep apnea syndrome (OSA).1 More 
recent estimates suggest that OSA may be even more common, i.e., up to 5% in women and up to 7% in 
men.2 According to a World Health Organization report,3 the prevalence of patients with OSA worldwide 
exceeds 100 million. 

B) Mountains cover 24% of the world’s land surface. In the year 2000, 12% of the human population (i.e., 
around 720 million people) lived in such areas and around 63 million people lived at altitudes >2500 m.4,5 
According to the World Tourism Organization, there were 983 million international tourism arrivals 
worldwide in 2011 and there is a further increasing trend.6,7 Mountain tourism accounts for 15-20% of the 
worldwide tourism, i.e., 147.5 to 196.6 million people in 2011.6,7 In the USA, the number of ski tourists in 
the year 2000 has been estimated at 21.4 millions.8 Furthermore, of 52’214 hotels in the USA comprising 4.9 
million hotel rooms, 437 hotels comprising 41’010 rooms are situated in ski areas at >1800 m above sea 
level, i.e., at an altitude similar to the locations of our study. 9-11 Assuming a 60% occupancy and double 
rooms results in an estimated 17.962 million person-nights per year spent in hotels at ski resorts above 1800 
m in the USA (0.6*2*41’010*365=17’962’412). As this number includes persons travelling to areas with 
winter sports facilities only the total number of persons lodging each year at altitudes >1800 m is estimated 
to be higher. 

C) Assuming a conservative prevalence of 2% of OSA patients among the 196.6 tourists to mountain areas 
worldwide 6,7 we estimate that 3.932 million OSA patients travelled to mountains in 2011. Assuming a 2% 
OSA prevalence among persons spending a night in a hotel located in a ski resort at >1800 m in the USA we 
estimate that 359’248 nights were spent by OSA patients in hotels located in a ski resort at >1800 m in one 
year (2% of 17’962 million persons-nights per year). In a survey among the OSA patients participating in the 
current study, 43 of 45 respondents (96%) indicated that they were not concerned about potential adverse 
health effects of altitude travel. 
 

Based on the considerations above, we estimate that each year several hundred thousand to several million 
persons with OSA are travelling to mountain areas worldwide and spend nights at altitudes similar to that of the 
current study locations. These OSA patients are exposed to the risk and inconvenience of exacerbation of their 
sleep related breathing disturbances and may benefit from CPAP and acetazolamide during their altitude sojourn. 
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eMethods 

Patients. Patients with the obstructive sleep apnea syndrome (OSA) on CPAP therapy, 20 to 80 years old, both 
genders, living below 800 m, were invited to participate during follow-up consultations and by flyers posted in 
our outpatient clinic. Patients had to be non-sleepy (Epworth score ≤10)12 on regular CPAP therapy (mean use 
>4 h/night in the previous 3 months). A prior diagnosis of OSA based on excessive sleepiness and an 
apnea/hypopnea index (AHI) >20/h with predominant obstructive events prior to initiation of treatment had to be 
documented. Study inclusion further required >15 oxygen desaturations/h (>3% dips) during a current 
ambulatory pulse oximetry in the last of 4 nights of a CPAP withdrawal allowing sleep apneas to recur13  and an 
AHI >10/h with predominant obstructive apneas/hypopneas during the polysomnography off CPAP at 490 m 
(see below and figure in this supplementary appendix). Exclusion criteria were unstable cardiovascular disease, 
lung disease, pulmonary hypertension, internal, neurologic or psychiatric disease interfering with sleep quality, 
chronic rhinitis, previous upper airway surgery, current use of medication interfering with ventilation or sleep 
(acetazolamide, benzodiazepines and opioids). The study was approved by the local ethics committee and 
patients gave written informed consent. Travel expenses, food and lodging during the study were reimbursed to 
the study participants but no financial incentive was provided. The trial was registered at 
www.ClinicalTrials.gov: NCT00928655. 
 
Design and interventions. After screening examinations, patients underwent an adaptation period of 3 nights. 
During this period they got accustomed to using the study autoCPAP device (RemStar, Philips Respironics, 
Zofingen Switzerland) operating in auto-adjusting mode with a pressure range set at 5-15 cmH2O. Patients used 
their own mask, either nasal or full-face. The study was designed according to a randomized cross-over trial 
balanced for the order of acetazolamide and placebo during the 2 altitude sojourns. The 2 altitude sojourns 
comprised an acclimatization day/night at Davos Wolfgang, 1630 m (5348 ft, PB 630 Torr), followed by 2 study 
days/nights, one at Davos Wolfgang (1630 m) and one at Davos Jakobshorn, 2590m (8497 ft., PB 562 Torr). 
Two baseline evaluations were performed at 490m, one at the end of a 4-night CPAP withdrawal that allowed 
the breathing disturbances to return to the near untreated level13 and that served to confirm the diagnosis and 
assess severity of OSA. During CPAP withdrawal patients pursued their usual daily activities but were instructed 
not to engage in activities that require perfect vigilance such as driving a car. Another baseline examination at 
490m was performed on autoCPAP to verify control of breathing disturbances. During altitude sojourns, patients 
were allowed to walk around within a range of approximately 500 m, within sight of the building where the 
study took place. Strenuous physical exertion and changing altitude by more than a few meters was not allowed. 
The study design and interventions are illustrated in eFigure. 
 
 
Sleep studies. Polysomnography was performed using an Alice 5 diagnostic sleep system (Philips Respironics, 
Murrysville, PA, USA). Recordings included 6 EEG derivations (C3A2, C4A1, F1A2, F2A1, O1A2, O2A1), 
submental EMG, bilateral EOG, bilateral anterior tibialis EMG, bilateral diaphragmatic surface EMG, pulse 
oximetry, transcutaneous PCO2 (Microgas 7650, Radiometer, Basel, Switzerland) respiratory inductive 
plethysmography calibrated by the qualitative diagnostic calibration method.14 Nasal pressure (in studies off 
CPAP), and the following measures derived from the CPAP device were also recorded: mask pressure, 
instantaneous flow, tidal volume, breath rate, leak flow. Accuracy of the pressure recorded by the CPAP device 
was verified and confirmed within ±1 cmH2O by comparison to a water manometer before and after each sleep 
study. Sleep stages and arousals were scored according to Rechtschaffen and Kales and the American Academy 
of Sleep Medicine, respectively.15,16 Apnea/hypopnea as were defined as a reduction of the CPAP flow signal (or 
nasal pressure swings in studies off CPAP) or the inductive plethysmographic sum signal to <50% of the 
baseline during >10 s. 17,18 Transient reductions in breathing amplitude to <50% baseline for 5-10 s were also 
scored as apneas/hypopneas if they occurred as part of a periodic breathing pattern with hyperventilation 
alternating with central apneas/hypopneas for at least three consecutive cycles.19 Obstructive apneas/hypopneas 
were identified by rib cage and abdominal asynchrony and persistent or increasing diaphragmatic EMG 
activity.20 Central apneas/hypopneas were identified by absent rib cage-abdominal asynchrony, no signs of 
inspiratory flow limitations (no flattening of CPAP flow or nasal pressure contour) and reduced or absent 
diaphragmatic EMG activity. The apnea/hypopnea index was computed as the number of events per hour of 
sleep, the oxygen desaturation index (>3% dips) was computed as the number of events per hour in bed to allow 
comparisons to studies not using full polysomnography. 
 
Vigilance tests. Vigilance tests were performed between 9-10 a.m.. Patients were sitting comfortably on a chair 
in a quiet room. They were wearing earphones emitting a low-level noise to prevent any distraction by 
environmental stimuli. During the psychomotor vigilance test (PVT) patients had to press a button on a hand-
held device in response to a light on the device flashing at irregular intervals. Median reaction time was 
recorded.21 The divided attention steering simulator test (DASS) comprised a 30 min test drive during which 
patients had to use a steering wheel to keep a simulated car in the center of a road displayed on a video screen.22 
During the steering task, varying single digit numbers were displayed in the 4 corners of the screen and patients 
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had to press a button if one of the numbers was a 2. The standard deviation of the mean distance from the center 
line was recorded as tracking error. 
 
Questionnaires. The environmental symptoms questionnaire cerebral score (AMSc)23 consists of 11 questions 
evaluating symptoms of acute mountain sickness rated from 0 (not at all) to 5 (extreme). The weighted sum of 
responses ranges from 0 to 5. Scores >0.7 are considered clinically relevant AMS as it has been associated with a 
forced reduction of activity. 24 Acute mountain sickness was also evaluated by the Lake Louise scoring system. 
25 It comprises 5 questions evaluating symptoms (on a scale from 0 to 3) and 3 findings rated by an examiner (0 
to 4 for altered mental status, 0 to 4 for ataxia; 0 to 2 for peripheral edema). The Lake Louise total score ranges 
from 0 to 24, headache together with values >4 are considered clinically relevant AMS.24 The Karolinska 
sleepiness scale evaluates the current tendency to fall asleep on a scale ranging from 1 (very awake) to 9 (very 
tired).26 Patients rated side effects of the study drugs such as paresthesia, unpleasant taste or polyuria on a scale 
from 0-3 (0=absent, 1=mild, not disturbing; 2=moderate, somewhat disturbing; 3=severe, forcing to discontinue 
the medication) and they were asked to indicate any other side effects. 20 
 
Statistics.  
Data distribution was evaluated by Shapiro-Wilk tests.27 As the majority of variables was not normally 
distributed, data are summarized as medians (quartiles). Due to the complex study design with multiple 
interventions (i.e., acetazolamide/placebo, 3 altitude levels, on CPAP/off CPAP) the standard analysis for 
AB/BA cross-over trials could not be applied.28Therefore, in a first analysis, data were grouped according to 
treatment and altitude and overall effects were evaluated by Friedman analysis of variance (ANOVA). If 
ANOVA revealed a significant overall effect planned post hoc analyses were performed using Wilcoxon 
matched pairs tests applying a Bonferroni correction. Drug effects were additionally assessed by computing 
median differences with 95% confidence intervals of corresponding data on acetazolamide and placebo. 
 
To assess the effects of acetazolamide and of altitude, respectively, while controlling for potential confounding 
by the exposure sequence, time effects (including altitude acclimatization, carry-over, repeated testing) 
univariable and multivariable random effects generalized least square regression models were fitted to the mean 
nocturnal oxygen saturation (SpO2) and the AHI, respectively. The distribution of the main outcome variables 
was normalized by square root ([100-SpO2]

0.5) and logarithmic (log10[AHI]) transformation, respectively. The 
following independent variables were manually entered: the main exposure variables drug (placebo=1, 
acetazolamide=2) and altitude (1630 m=1, 2590 m=2); variables reflecting the study design ([drug order: 
acetazolamide first=1, placebo first=2], altitude exposure sequence [A to D, see eFigure], consecutive test 
number [2 to 5, see eFigure]), and demographic variables (age, gender[female=1, male=2]). Spearman rank order 
correlations did not indicate any colinearity among predictors. Model predictions for a 60 year old man were 
computed. 
Analyses were performed according to the intention to treat principle. Missing data during the acetazolamide 
period were replaced by corresponding values from the placebo period, and vice-versa, assuming no effect of 
acetazolamide. Missing values from baseline evaluations at 490 m were replaced by medians of the group. Two-
sided tests were applied using a cut-off of P<0.05 for significance. 
Analyses were performed with Statistica V8.0, StatSoft, Tulsa, USA, and Stata 11.1, StataCorp, College Station, 
USA. 
 
 
 
 

eResults 1. Predictors of the response to acetazolamide at altitude 
The correlation of baseline characteristics with the reduction in AHI on acetazolamide at 2590 m revealed the 
following Spearman R: body mass index R=+0.24, P=0.10; AHI by polysomnography at 490 m in the 4th night 
of CPAP withdrawal: R=+0.26, P=0.06; AHI by polysomnography at 490 m on autoCPAP: R=+0.42, P=0.002; 
AHI recorded in the internal memory of the autoCPAP device during home therapy: R=+0.40, P=0.005. 
Receiver operating characteristic (ROC) analyses were performed to identify patients in whom acetazolamide 
provided the greatest reduction in the AHI at 2590 m, i.e., to differentiate the 25 patients with an AHI reduction 
of >10/h from the 26 patients with a reduction of <10/h. Using the AHI during polysomnography on autoCPAP 
at 490 m as predictor revealed an area under the ROC curve of 0.75 (95% confidence interval 0.62 to 0.89). 
Using the AHI recorded by the autoCPAP device during home therapy at 490 m as predictor revealed an area 
under the ROC curve of 0.70 (95% confidence interval 0.54 to 0.85). A residual AHI >5/h recorded by the 
autoCPAP device identified good responders to acetazolamide at 2590 m with a specificity of 0.72 and a 
sensitivity of 0.65. 
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eResults 2. Multivariable regression analysis 
Univariable and multivariable random effects generalized least square (GLS) regression analysis confirmed a 
significant increase in mean nocturnal oxygen saturation by acetazolamide compared to placebo and a significant 
decrease in oxygen saturation at 2590 m compared to 1630 m (eTable 2). There was a significant interaction of 
drug*altitude indicating a greater efficacy of acetazolamide in increasing oxygen saturation at 2590 m compared 
to 1630 m. The analysis did not show any effect of the drug order (acetazolamide first or placebo first), the 
altitude exposure sequence (A to D) and there was no time effect (consecutive test number)(eFigure).  
Univariable and multivariable random effects GLS regression revealed a significant decrease in the AHI by 
acetazolamide compared to placebo and a significant increase in the AHI at 2590 m compared to 1630 m (eTable 
3). Acetazolamide was more effective in reducing the AHI at 2590 m compared to 1630 m (significant 
interaction drug*altitude). The analysis did not show any effect of the drug order (acetazolamide first or placebo 
first). However, there was a negative association of the consecutive test numbers 3 and 5 (day 3 of each altitude 
sojourn compared to day 2, see eFigure) consistent with a time effect, possibly related to acclimatization. The 
altitude exposure sequences B and D in which the second night of each altitude sojourn was spent at 2590 m 
were associated with lower AHI compared to sequence A in which 2590 m was reached on the third 
day.Regression model predictions for a 60 year old man revealed higher values of mean nocturnal oxygen 
saturation and lower AHI on acetazolamide compared to placebo at both altitudes (eTable 5). 
 



 

© 2012 American Medical Association. All rights reserved. 
 

 

References 

1. Young T, Palta M, Dempsey J, Skatrud J, Weber S, Badr S. The occurrence of sleep-disordered breathing 
among middle-aged adults. N Engl J Med. 1993;328):1230-1235. 

2. Punjabi NM. The epidemiology of adult obstructive sleep apnea. Proc Am Thorac Soc. 2008;5(2):136-143. 

3. Bousquet J, Khaltaev N, editors. World Health Organization. Global surveillance, prevention and control of 
chronic respiratory diseases. A comprehensive approach. Geneva, Switzerland, 2007;1:1-146. 
http://www.who.int/gard/publications/GARD%20Book%202007.pdf. Accessed October 2, 2012. 

4. Huddleston B, Ataman E, de Salvo P, et al. Food an Agricultural Orgaziation of the United Nations. 
Towards a GIS-based analysis of mountain environments and populations. Rome, Italy, 2003. 
ftp://ftp.fao.org/docrep/fao/005/Y4558E/Y4558E00.pdf. Accessed October 2, 2012. 

5. Charters T, Saxon E. United Nations Environment Programme, Division of Technology, Industry, 
Economics. Tourism and Mountains. A practical guide to managing the environmental and social impacts of 
mountain tours. Paris, France, 2007;1-29. http://www.uneptie.org/shared/publications/pdf/DTIx0957xPA-
MountainsEN.pdf. Accessed October 2, 2012. 

6. United Nations Environmental Programme, Division of Technology, Industry, Economics. Tourism and 
Mountains. Mountain tourism. Paris, France, 2009. 
http://www.unep.fr/scp/tourism/topics/ecosystem/mountains/tourism.htm. Accessed October 2, 2012. 

7. World Toursim Organization. UNWTO Tourism Highlights 2012 Edition. Madrid, Spain 2012. 
http://dtxtq4w60xqpw.cloudfront.net/sites/all/files/docpdf/unwtohighlights12enhr_1.pdf. Accessed October 
2, 2012. 

8. Canadian Tourism Commission, Research Solutions & Consulting Ltd. U.S. alpine ski tourists. A special 
analysis of the Travel and Activities Motivation Survey. Vancolurver, Canada, 2003. http://en-
corporate.canada.travel/sites/default/files/pdf/Research/Product-
knowledge/TAMS/US%20Outdoor%20Activity/tams_report_U.S._alpine_ski.pdf. Accessed October 2, 
2012. 

9. US Department of Commerce et al. Lodging industry summary. Washington D.c., USA, 2009. 
http://www.census.gov/compendia/statab/2012/tables/12s1282.pdf. Accessed October 2, 2012. 

10. Plunkett Research L. Market resarch, industry statistics, trends and in-depth analysis of top companies. 
Houston, TX, USA, 2011. http://www.plunkettresearch.com/travel-tourism-market-research/industry-
statistics. Accessed October 2, 2012. 

11. Ski-adventure guide.com. Mountain resorts stats. 2012. http://ww.ski-adventure-
guide.com/mountainresortstats.html. Accessed October 2, 2012. 

12. Bloch KE, Schoch OD, Zhang JN, Russi EW. German version of the Epworth Sleepiness Scale. Respiration. 
1999;66(5):440-447. 

13. Kohler M, Stoewhas AC, Ayers L et al. Effects of continuous positive airway pressure therapy withdrawal 
in patients with obstructive sleep apnea: a randomized controlled trial. Am J Respir Crit Care Med. 
2011;184(10):1192-1199. 

14. Sackner MA, Watson H, Belsito AS et al. Calibration of respiratory inductive plethysmograph during 
natural breathing. J Appl Physiol. 1989;66):410-420. 

15. Rechtschaffen A et al.Rechtschaffen A, Kales A, editors A manual of standardized terminology, techniques 
and scoring system for sleep stages of human subjects. 1968; 

16. Sleep Disorders Atlas Task Force of the American Sleep Disorders Association. EEG Arousals: Scoring 
Rules and Examples. Sleep. 1992;15):174-184. 



 

© 2012 American Medical Association. All rights reserved. 
 

17. Thurnheer R, Xie X, Bloch KE. Accuracy of nasal cannula pressure recordings for assessment of ventilation 
during sleep. Am J Respir Crit Care Med. 2001;164(10 Pt 1):1914-1919. 

18. American Academy of Sleep Medicine Task Force. Sleep-related breathing disorders in adults: 
Recommendations for syndrome definition and measurement techniques in clinical research. Sleep. 
1999;22):667-689. 

19. Brack T, Thuer I, Clarenbach CF et al. Daytime Cheyne-Stokes respiration in ambulatory patients with 
severe congestive heart failure is associated with increased mortality. Chest. 2007;132(5):1463-1471. 

20. Nussbaumer-Ochsner Y, Schuepfer N, Ulrich S, Bloch KE. Exacerbation of sleep apnoea by frequent central 
events in patients with the obstructive sleep apnoea syndrome at altitude: a randomised trial. Thorax. 
2010;65(5):429-435. 

21. Dinges DF, Pack F, Williams K et al. Cumulative sleepiness, mood disturbance, and psychomotor vigilance 
performance decrements during a week of sleep restricted to 4-5 hours per night. Sleep. 1997;20(4):267-277. 

22. Juniper M, Hack MA, George CF, Davies RJ, Stradling JR. Steering simulation performance in patients with 
obstructive sleep apnoea and matched control subjects. Eur Respir J. 2000;15(3):590-595. 

23. Sampson JB, Cymerman A, Burse RL, Maher JT, Rock PB. Procedures for the measurement of acute 
mountain sickness. Aviat Space Environ Med. 1983;54(12 Pt 1):1063-1073. 

24. Maggiorini M, Muller A, Hofstetter D, Bartsch P, Oelz O. Assessment of acute mountain sickness by 
different score protocols in the Swiss Alps. Aviat Space Environ Med. 1998;69(12):1186-1192. 

25. Roach RC et al. The Lake Louise acute montain sickness scoring system. 1993;272-274. 

26. Kaida K, Takahashi M, Akerstedt T et al. Validation of the Karolinska sleepiness scale against performance 
and EEG variables. Clin Neurophysiol. 2006;117(7):1574-1581. 

27. Kirkwood BR et al. Essential medical statistics. 2003;2 

28. Senn S. Cross-over trials in clinical research. John Wiley & Sons, Ltd. Chichester, UK, 2002;2:1-344 

29. Maggiorini M, Buhler B, Walter M, Oelz O. Prevalence of acute mountain sickness in the Swiss Alps. BMJ. 
1990;301(6756):853-855. 

 



 

© 2012 American Medical Association. All rights reserved. 
 

 
eTable 1. Results in NREM and REM sleep 

 1630 m   2590 m  

 

490m 

Placebo Aceta-
zolamide 

Placebo Aceta-
zolamide 

P 
ANOVA 

SpO2, % NREM 95 
(94;95) 

93* 
(92;94) 

94¶* 
(93;94) 

89*† 
(87;90) 

 

91¶* 
(90;92) 

 

<0.001 

SpO2, % REM 95 
(94;96) 

93* 
(91;94) 

94¶* 
(92;95) 

88*† 
(86;90) 

 

90¶*† 
(89;92) 

 

<0.001 

Obstructive AHI, 1/h 
NREM 

3.1 
(1.6;6.0) 

 

2.5 
(1.1;4.9) 

 

1.6* 
(0.6;3.2) 

 

2.8 
(1.2;8.4) 

 

1.4¶* 
(0.8;3.6) 

 

<0.001 

Obstructive AHI, 1/h 
REM 

4.3 
(0.9;10.0) 

 

4.8 
(1.6;9.8) 

 

2.7 
(0.9;8.6) 

 

5.7 
(1.6;11.2) 

 

4.1 
(0.5;10.0) 

 

0.454 

Central AHI, 1/h NREM 1.8 
(0.4;4.0) 

 

3.8* 
(1.3;14.2) 

 

1.4¶ 
(0.5;4.8) 

 

11.9*† 
(4.2;24.3) 

 

3.6¶† 
(1.1;7.7) 

 

<0.001 

Central AHI, 1/h REM 1.2 
(0.5;4.3) 

 

3.0* 
(1.1;9.3) 

 

2.1 
(0.8;7.4) 

 

7.6*† 
(2.5;16.3) 

 

3.6¶* 
(0.7;11.1) 

 

<0.001 

PtcCO2, mmHg, NREM 47 
(43;51) 

44† 
(42;48) 

42¶* 
(38;45) 

44* 
(40;48) 

40¶* 
(37;42) 

<0.001 

PtcCO2, mmHg, 
REM 

49 
(44;52) 

45† 
(43;49) 

43¶* 
(39;46) 

44† 
(42;48) 

40¶*† (37;43) <0.001 

CPAP 50th %ile, NREM 8.4 
(7.6;10.7) 

9.2 
(8.0;11.7) 

8.2¶ 
(7.0;10.6) 

10.0*† 
(9.0;13.0) 

9.0¶ 
(7.4;10.8) 

<0.001 

CPAP 50th %ile, REM 8.1 
(6.7;10.6) 

9.9* 
(8.3;12.7) 

8.9¶ 
(7.6;11.2) 

10.7* 
(8.9;12.4) 

9.5¶ 
(7.2;11.0) 

<0.001 

CPAP 90th %ile, NREM 11.2 
(9.2;13.3) 

12.7* 
(9.8;15.0) 

11.3¶ 
(9.0;12.9) 

13.0* 
(11.2;15.0) 

11.0¶ 
(9.0;14.3) 

<0.001 

CPAP 90th %ile, REM 10.2 
(8.5;12.6) 

12.1* 
(9.6;14.3) 

10.6 
(9.1;13.0) 

12.4* 
(10.6;15.0) 

10.6¶ 
(8.9;14.0) 

<0.001 

Medians (quartiles), n=51. P values computed by Friedman ANOVA for overall effects and Wilcoxon matched pairs  tests for comparisons between corresponding 
variables as follows: ¶ P<0.05 vs. placebo, * P<0.05 vs. 490 m, † P<0.05 vs. 1630 m within treatment. SpO2=mean nocturnal oxygen saturation; 
AHI=apnea/hypopnea index; NREM/REM=non-rapid eye movement and rapid eye movement sleep; PtcCO2=transcutaneous carbon dioxide pressure 
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eTable 2.  Random effects generalized least square regression analysis of the effect of 
acetazolamide on nocturnal oxygen saturation. 
 Univariable analysis  Multivariable analysis 

Overall model: R2=0.445, P <0.001 

Dependent variable 

(100-SpO2)
0.5 

Coef. 95% CI P  Coef. 95% CI P 

Drug, acetazolamide vs. 
placebo 

-0.251 -0.310 to -0.193 <0.001  -0.140 -0.204 to -0.077 <0.001 

Altitude, 2590 m vs. 1630 m 0.528 0.456 to 0.600 <0.001  0.638 0.573 to 0.702 <0.001 

Drug order, placebo first vs. 
acetazolamide first 

0.092 -0.069 to 0.254 0.264  0.083 -0.077 to 0.244 0.309 

Altitude exposure sequence †        

B vs. A 0.123 -0.071 to 0.317 0.215  0.131 -0.103 to 0.365 0.271 

C vs. A 0.036 -0.165 to 0.238 0.723  0.033 -0.180 to 0.246 0.761 

D vs. A 0.114 -0.098 to 0.325 0.292  0.105 -0.120 to 0.330 0.359 

Consecutive test number †        

3 vs. 2 -0.092 -0.269 to 0.085 0.309  -0.071 -0.177 to  0.036 0.195 

4 vs. 2 -0.004 -0.093 to 0.086 0.936  0.002 -0.066 to 0.070 0.947 

5 vs. 2 -0.069 -0.260 to 0.121 0.476  -0.064 -0.138 to 0.010 0.092 

Age, per year older -0.000 -0.010 to 0.009 0.956  0.002 -0.009 to 0.014 0.679 

Gender, male vs. female  0.121 -0.082 to 0.324 0.242  0.083 -0.192 to 0.358 0.554 

Interaction drug*altitude, 
acetazolamide vs. placebo  at 
2590 m vs. acetazolamide  vs. 
placebo at 1630 m 

    -0.222 -0.336 to -0.108 <0.001 

n=204 observations at 1630 m and 2590 m. The multivariable model is adjusted for all variables listed. Results are presented for the 
dependent variable 100-mean nocturnal oxygen saturation normalized by square root transformation (100-SpO2)

0.5. Due to this transformation, 
negative coefficients reflect positive associations of SpO2 with independent variables such as acetazolamide, for example. Drug levels: 
1=placebo, 2=acetazolamide; altitude levels: 1=1630 m, 2=2590 m; drug order: 1= acetazolamide first, 2=placebo first. † The altitude 
exposure sequences and the consecutive test numbers are illustrated in the eFigure. CI=confidence interval. 
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eTable 3.  Random effects generalized least square regression analysis of the effect of 
acetazolamide on the apnea hypopnea index. 
 Univariable analysis  Multivariable analysis* 

Overall model: R2=0.344, P <0.001 

Dependent variable 

Log10(AHI) 

Coef. 95% CI P  Coef. 95% CI P 

Drug (acetatzolamide vs. 
placebo) 

-0.326 -0.390 to -0.261 <0.001  -0.256 -0.342 to -0.170 <0.001 

Altitude, 2590 m vs. 1630 m 0.170 0.115 to 0.226 <0.001  0.239 0.165 to 0.313 <0.001 

Drug order, placebo first vs. 
acetazolamide first 

0.067 -0.117 to 0.251 0.474  0.091 -0.071 to 0.252 0.271 

Altitude exposure sequence †        

B vs. A -0.424 -0.647 to -0.201 <0.001  -0.449 -0.667 to -0.231 <0.001 

C vs. A -0.174 -0.395 to 0.048 0.125  -0.178 -0.411 to 0.054 0.133 

D vs. A -0.199 -0.359 to -0.038 0.015  -0.216 -0.395 to -0.037 0.018 

Consecutive test number †        

3 vs. 2 -0.111 -0.206 to -0.016 0.022  -0.101 -0.177 to - 0.024 0.010 

4 vs. 2 -0.047 -0.170 to 0.076 0.456  -0.046 -0.136 to 0.044 0.314 

5 vs. 2 -0.090 -0.226 to 0.047 0.198  -0.093 -0.175 to -0.010 0.027 

Age, per year older 0.004 -0.009 to 0.181 0.526  -0.002 -0.014 to 0.010 0.775 

Gender, male vs. female 0.000 -0.455 to 0.455 0.999  -0.002 -0.283 to 0.280 0.991 

Interaction drug*altitude, 
acetazolamide vs. placebo  at 
2590 m vs. acetazolamide  vs. 
placebo at 1630 m 

    -0.141 -0.251 to -0.030 0.013 

n=204 observations at 1630 m and 2590 m. The multivariable model is adjusted for all variables listed. Results are presented for the logarithmically 
transformed apnea/hypopnea index (log10[AHI]) as the dependent variable. Drug levels: 1=placebo, 2=acetazolamide; altitude levels: 1=1630 m, 
2=2590 m; drug order: 1= acetazolamide first, 2=placebo first. † The altitude exposure sequences and the consecutive test numbers are illustrated 
in the eFigure. CI=confidence interval. 
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eTable 4.  Main outcomes predicted for a 60 year old man by regression models
 1630 m 2590 m 

 Placebo Aceta-
zolamide 

Placebo Aceta-
zolamide 

Mean nocturnal oxygen 

saturation, % 

92.9 

(92.4 to 93.4) 

93.7 

(93.2 to 94.1) 

89.1 

(88.4 to 89.8) 

91.4 

(90.7 to 92.0) 

Apnea/hypopnea index, 1/h 9.5 

(7.5 to 11.9) 

5.2 

(4.1 to 6.7) 

16.4 

(12.7 to 21.1) 

6.6 

(5.2 to 8.4) 

Values are back transformed predicted means (and 95% confidence intervals) from the regression models shown in eTables 2 
and 3. 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

eTable 5. Numbers needed to treat 
Event to be prevented AHI >10/h Mean nocturnal oxygen 

saturation <90% 
 1630 m 2590 m 1630 m 2590 m 

n patients, total 51 51 51 51 

n patients with event on placebo 27 37 5 37 

n patients with event on acetazolamide 13 15 3 18 

absolute risk reduction 0.27 0.43 0.04 0.37 

number needed to treat (95% 
confidence interval) 

4 (2 to 12) 2 (2 to 4) 26 (NA to 13) 3 (2 to 6) 

The absolute risk reduction is computed as the difference between the prevalence of events during nights on placebo minus 
corresponding value on acetazolamide. NA= lower 95% confidence interval is negative.

eTable 6. Prevalence of acute mountain sickness (AMS)* 
 490 m  1630 m 2590 m 

 Off CPAP On CPAP  Placebo Aceta-
zolamide 

Placebo Aceta-
zolamide 

Environmental symptoms 
questionnaire 

1 1 1 1 2 1 

Lake Louise score 2 1 1 0 2 1 
*The presence of acute mountain sickness was defined as an AMSc score >0.7 or a Lake Louise score >4 in the presence of 
headache, respectively, after ascent to altitude.29 For comparison, the symptoms were also evaluated at 490 m and the same criteria 
for AMS applied. 
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eTable 7. Side effects 

 1630 m   2590 m 

 

 

Placebo 
Aceta-

zolamide 
Placebo 

Aceta-

zolamide 

Absent 

Side effects, n (%) 

Unpleasant taste 

Paresthesia 

Polyuria 

 

 

 

50 (98%) 

 51 (100%) 

 51 (100%) 

 

39 (76%)* 

34 (66%)* 

46 (90%) 

 

     50 (98%) 

51 (100%) 

51 (100%) 

 

36 (70%)* 

33 (64%)* 

45 (88%)* 

Mild, not disturbing 

Side effects, n (%) 

Unpleasant taste 

Paresthesia 

Polyuria 

 

 
1 (2%) 
0 (0%) 
0 (0%) 

 
11 (22%)* 
15 (30%)* 
5 (10%) 

 
1 (2%) 
0 (0%) 
0 (0%) 

 
12 (24%)* 
14 (28%)* 
6 (12%)* 

Moderate, somewhat disturbing 

Side effects, n (%) 

Unpleasant taste 

Paresthesia 

Polyuria 

 

 

 

0 (0%) 

0 (0%) 

0 (0%) 

 

1 (2%) 

2 (4%) 

0 (0%) 

 

0 (0%) 

0 (0%) 

0 (0%) 

 

3 (6%) 

 4 (8%) 

0 (0%) 

Severe, forcing to discontinue the medication 

Side effects, n (%) 

Unpleasant taste 

Paresthesia 

Polyuria 

 

 

 

 

0 (0%) 

0 (0%) 

0 (0%) 

 

 

0 (0%) 

0 (0%) 

0 (0%) 

 

 

0 (0%) 

0 (0%) 

0 (0%) 

 

 

0 (0%) 

0 (0%) 

0 (0%) 

 

Numbers of patients and percent of patients with corresponding symptom. Side effects were rated on a scale from 0 to 3 
(0=absent, 1=mild, not disturbing; 2=moderate, somewhat disturbing; 3=severe, forcing to discontinue the medication). No other 
side effects than those listed here were noted. * P<0.05, vs. placebo at corresponding altitude, chi-square tests.  



 

   

eFigure. Study Design and Interventions 

 
 
Figure legend: Patients were randomly allocated to one of 4 altitude exposure sequences (A to D) by letting them select one of the 
available study time slots according to preference. Neither the patient nor the coordinator was aware of details of the altitude exposure 
sequence at the time of allocation. Assessments are numbered consecutively from 1 to 6. Baseline 1 assessment (at 490 m) took place 
before departure to altitude. Altitude sojourns started with an acclimatization night at 1630m (A). On days/nights 2 and 3 patients 
underwent studies either 1st at 1630 m and 2nd at 2590 m, or vice-versa, according to randomization. Altitude sojourns were separated 
by a 2 week wash-out period during which patients stayed at <800 m. After return from both altitude sojourns and a 2 week wash-out 
period, baseline 2 assessment took place. Baseline 1 and 2 assessments were performed on and off CPAP (the latter in the 4th night of 
a CPAP withdrawal), respectively, and vice-versa according to randomization. Patients in groups A to D were randomized to receive 
either acetazolamide during the 1st and placebo during the 2nd altitude sojourn, or vice-versa. 
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