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Introduction
With the increasing popularity of high-altitude 
traveling, interventions targeting potential asso-
ciated dysfunctions are of great importance. 
Sleep-disordered breathing manifesting as fre-
quent arousals, nocturnal hypoxemia, and sleep 
apnea [Wickramasinghe and Anholm, 1999] is 
frequently reported in newcomers ascending to 
high altitudes above 2500 m [Shah et al. 2015]. 
This pattern of periodic hyperventilation with 
central apnea or hypopnea is closely related to 
hypobaric hypoxia and can weaken already 
exhausted climbers.

Of the two types of sleep apnea, obstructive sleep 
apnea (OSA) occurs as a result of repeated col-
lapse of the pharyngeal airway due to inadequate 
motor tone. On the other hand, central sleep 
apnea (CSA) is characterized by a lack of drive to 
breathe, which is common in sojourners to high 
altitude [Eckert et al. 2007; Park et al. 2011]. The 
severity of sleep apnea can be measured with the 
Apnea–Hypopnea Index (AHI) that calculates 
the average episodes of apnea and hypopnea per 
hour of sleep and is classified as mild (5 to <15), 
moderate (15 to <30), or severe (⩾30) [Sahin 
et al. 2014]. A clinical review published in 2015 
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highlighted that OSA patients may be at higher 
risk for developing adverse events during their 
stay at high altitude, because the co-occurrence of 
central and obstructive apnea might result in sus-
tained hypoxia [Bloch et al. 2015].

Acetazolamide, a carbonic anhydrase inhibitor, is 
now the standard drug for preventing acute 
mountain sickness with the dose of 250 mg daily 
[Low et  al. 2012]. Acetazolamide causes meta-
bolic acidosis by increasing bicarbonate secretion 
from the kidneys, thus increasing ventilation and 
arterial oxygenation and promoting acclimatiza-
tion to high altitude [Leaf and Goldfarb, 2007; 
Shah et  al. 2015]. Previous studies showed that 
acetazolamide was also beneficial for the treat-
ment of sleep apnea at high altitude due to 
reduced periodic breathing and nocturnal wake-
fulness [Nicholson et  al. 1988; Luks, 2008]. 
However, the efficacy and optimal dose of aceta-
zolamide for improving sleep apnea at high alti-
tude remain unclear due to the limited number of 
cases and methodological differences in existing 
studies [Burgess et al. 2014] and have not been 
systematically reviewed to date [Luks, 2008; 
Rolan, 2015], leaving clinicians uncertain on the 
use of acetazolamide for high-altitude travelers 
with sleeping disturbances, particularly the more 
vulnerable OSA patients.

The purpose of this systematic review and meta-
analysis of acetazolamide was to assess its effect 
on sleep apnea improvement at high altitude, to 
determine its optimal dose, and to compare its 
efficacy in healthy trekkers and OSA patients.

Materials and methods
Following the guidelines of the Preferred 
Reporting Items for Systematic Reviews and 
Meta-Analyses (PRISMA) statement [Moher 
et  al. 2009], we performed a systematic review 
with a database search date up to 4 July 2015, 
using the PubMed, Embase, Scopus, and 
Cochrane Library databases. The search strat-
egy included the terms Altitude [MeSH] AND 
acetazolamide [MeSH] AND (sleep apnea syn-
dromes [MeSH] OR sleep apnea OR sleep-dis-
ordered breathing OR sleep-related breathing 
disorders OR periodic breathing during sleep 
OR nocturnal periodic breathing). We also hand 
searched related articles on the Airiti Library 
that consists of two sources, Chinese Electronic 
Periodical Services and Chinese Journal and 
Thesis Database (CJTD). The relevant studies 

were included if they met the following criteria: 
(1) randomized controlled trial (RCT); (2) low-
landers as trial subjects; (3) trial conducted at 
high altitudes above 2500 m; (4) acetazolamide 
as intervention; and (5) sleep study in the trial 
design. There were no language restrictions, 
whereas animal studies, reviews, trials with 
duplicate study populations, or those lacking 
direct comparisons between acetazolamide and 
control groups were excluded. Studies focusing 
on populations with underlying medical condi-
tions other than OSA were also excluded. Two 
reviewers (HML and CC) independently 
reviewed titles, abstracts, and full articles for 
trial inclusion and reached a final consensus 
through discussion. If necessary, study authors 
were contacted to retrieve unpublished data. 
Completed PRISMA checklists are available 
online in the supplementary material.

Our primary outcome was the effect of acetazola-
mide on sleep apnea as assessed by either the AHI 
or percentage of periodic breathing time, and the 
secondary outcome was nocturnal oxygenation. 
The bias of included studies were determined by 
the Cochrane Collaboration’s tool for assessing 
risk of bias, including random sequence genera-
tion, allocation concealment, blinding of partici-
pants and personnel, blinding of outcome 
assessment, incomplete outcome data, selective 
reporting, and other sources of bias [Higgins and 
Green 2011].

Analyses were conducted using Review Manager 
(RevMan) Version 5.3 (Copenhagen, Denmark) 
and were presented as forest plots in random 
effects models [The Nordic Cochrane Centre, 
2014]. Summary measures were differences in 
means. Publication bias was assessed by detect-
ing asymmetry in funnel plots if at least 10 stud-
ies were included, and sensitivity analysis was 
assessed for eligibility criteria based on charac-
teristics of the intervention. The healthy trek-
kers and OSA patients were further divided into 
two subgroups to compare acetazolamide effi-
cacy. As they measure distinct aspects of sleep 
apnea, AHI and percentage of periodic breath-
ing time were analyzed separately. If the mean 
and variance were not reported in a trial, they 
were estimated from the median, range, and 
sample size [Hozo et  al. 2005]. Heterogeneity 
was assessed using χ2 test and I2 statistic and 
was categorized as low (< 30%), moderate (30–
60%), or high (> 60%) by I2 values [Higgins 
and Thompson, 2002].
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Results
The literature search yielded 331 articles from the 
PubMed, Embase, Scopus, and Cochrane Library 
databases and five articles from the CJTD data-
base. After removal of duplicates, the remaining 
236 studies were reviewed against the exclusion 
criteria based on the titles and abstracts; a total of 
223 articles were excluded. Of the remaining 13 
full-text articles that were reviewed in detail, five 
did not meet the predetermined inclusion criteria 
and were excluded. Finally, eight trials including 
a total of 190 adults were included in the meta-
analysis (Figure 1) [Sutton et  al. 1979; Hackett 
et  al. 1987; Fischer et  al. 2004; Rodway et  al. 
2011; Latshang et al. 2012; Nussbaumer-Ochsner 
et  al. 2012; Burgess et  al. 2014; Caravita et  al. 
2015].

Table 1 summarizes the characteristics of the 
included eight trials with publication dates rang-
ing from 1979 to 2015. Six trials recruited healthy 
participants with an age range of 20–56 years 
[Sutton et al. 1979; Hackett et al. 1987; Fischer 
et  al. 2004; Rodway et  al. 2011; Burgess et  al. 
2014; Caravita et al. 2015]. Two trials included 
OSA patients with median age of 63 and 64 years, 
respectively [Latshang et al. 2012; Nussbaumer-
Ochsner et  al. 2012]. Six trials included both 
male and female subjects [Sutton et  al. 1979; 

Rodway et  al. 2011; Latshang et  al. 2012; 
Nussbaumer-Ochsner et  al. 2012; Burgess et  al. 
2014; Caravita et al. 2015], whereas the other two 
trials enrolled only male participants [Hackett 
et al. 1987; Fischer et al. 2004]. Trials were con-
ducted worldwide: two were in North America 
[Sutton et  al. 1979; Hackett et  al. 1987], four 
were in Europe [Fischer et  al. 2004; Latshang 
et  al. 2012; Nussbaumer-Ochsner et  al. 2012; 
Caravita et  al. 2015], and two were in Nepal 
[Rodway et  al. 2011; Burgess et  al. 2014]. The 
mean final altitude was 4687 m in trials with 
healthy trekkers and 2590 m in trials with OSA 
patients.

All analyzed trials compared the efficacy of aceta-
zolamide on the improvement of sleep apnea at 
high altitude, as measured by nocturnal oxygena-
tion [Sutton et  al. 1979; Hackett et  al. 1987; 
Fischer et al. 2004; Rodway et al. 2011; Latshang 
et  al. 2012; Nussbaumer-Ochsner et  al. 2012; 
Burgess et  al. 2014; Caravita et  al. 2015], AHI 
[Fischer et al. 2004; Rodway et al. 2011; Latshang 
et  al. 2012; Nussbaumer-Ochsner et  al. 2012; 
Burgess et al. 2014; Caravita et al. 2015], or per-
centage of periodic breathing time [Sutton et al. 
1979; Hackett et al. 1987]. The dose of acetazola-
mide as intervention varied between different tri-
als. One trial used 125 mg per day orally [Rodway 

Figure 1. Selection flow diagram of the study.
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Table 1. Characteristics of RCTs (n = 8) of acetazolamide effects on sleep apnea at high altitude.

Study Participants Intervention Outcomes Risk of bias assessmenta

1 2 3b 4 5 6

Sutton et al. [1979]
Study design: 
randomized
controlled, data analyzer
blinded, crossover

9 healthy trekkers
M/F 5/4
Age range 22–36 
years

ACZ 250 mg/8 h
(oral), total 5 doses
Final altitude: 5360 
m in
North America

Oxygen saturation
Breathing frequency

U U A A A U

Hackett et al. [1987]
Study design: 
randomized
controlled, double-blind,
crossover

4 healthy trekkers
Male
Age range 26–35 
years

ACZ 250 mg/8 h
(oral), total 3 doses
Final altitude: 4400 
m in
North America

Hypoxic ventilatory 
response
Sleep study

U U A U A U

Fischer et al. [2004]
Study design: 
randomized
controlled, double-blind

20 healthy trekkers
Male
ACZ/control 10/10
BMI <25

ACZ 250 mg twice daily
(oral), for 4 days
Final altitude: 3454 m 
in Switzerland

Polysomnography
Acute mountain 
sickness
Pulse rate, Arterial 
blood gases
Oxyhemoglobin 
saturation

U U A A A U

Rodway et al. [2011]
Study design: 
randomized
Controlled

8 healthy trekkers
M/F 12/3c

ACZ/control 4/4
Age range 25–55 
years

ACZ 125 mg/day (oral),
for 1 night
Final altitude: 5300 m 
in Nepal

Heart rate 
Respiratory rate
Oxygen saturation
Tidal volume, Minute 
volume AHI

A U A U A U

Nussbaumer-Ochsner 
et al. [2012]
Study design: 
randomized
controlled, double-blind,
crossover

45 OSA patients
M/F 42/3
Median age 64 
years

ACZ 250 mg twice daily
(oral), for 3 nights
Final altitude: 2590 
m in
Switzerland

Polysomnography
Vigilance, Symptoms
Oxygen saturation
AHI

U A A A A A

Latshang et al. [2012]
Study design: 
randomized
controlled, double-blind,
crossover

51 OSA patients
M/F 48/3
Median age 63 
years

ACZ 250/500 mg
(morning /evening, 
oral), for 3 nights
Final altitude: 2590 m 
in Switzerland

Oxygen saturation
AHI
Sleep structure 
Vigilance Symptoms 
Adverse effects
Exercise 
performance

U A A A A A

Burgess et al. [2014], 2014
Study design: 
randomized
controlled, single-blind,
crossover

12 healthy trekkers
M/F 8/4
Mean age 30 years

ACZ 10 mg/kg
(intravenous), for 1 
night
Final altitude: 5050 m 
in Nepal

Arterial blood gas
Cerebral blood flow
Ventilatory response
Sleep study

U U A U A U

Caravita et al. [2015]
Study design: 
randomized
controlled, double-blind

41 healthy trekkers 
ACZ 20 (M/F 10/10) 
Control 21 (M/F 
11/10)
Mean age 36 years

ACZ 250 mg/day (oral),
for 2 days
Final altitude: 4559 m 
in Italy

Resting ventilation 
Chemoreflex
Cardiorespiratory 
sleep study

U U A U A A

M, male; F, female; ACZ, acetazolamide; AHI, Apnea–Hypopnea Index; BMI, body mass index; OSA, obstructive sleep apnea; U, unclear; A, ad-
equate.
a Risk of bias assessment determined by the Cochrane Collaboration’s tool for assessing risk of bias, including: (1) random sequence genera-
tion; (2) allocation concealment; (3) blinding of participants and personnel; (4) blinding of outcome assessment; (5) incomplete outcome data; (6) 
selective reporting.

b Though six studies that included healthy participants did not provide adequate information to permit the assessment of performance bias or were 
not double-blinded, the outcomes were judged not likely to be influenced by lack of blinding because sleep apnea and nocturnal oxygenation were 
unlikely to have a placebo effect.

c The total 15 participants in the study that were assigned to 4 different treatment groups, of which ACZ and control group were included in this 
meta-analysis.
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et al. 2011], whereas another trial tested 250 mg 
per day orally [Caravita et al. 2015]. Four studies 
included 250 mg/dose acetazolamide at different 
dosing schedules: two trials evaluated twice-daily 
oral administration [Fischer et  al. 2004; 
Nussbaumer-Ochsner et  al. 2012], whereas the 
other two evaluated oral dosing every 8 h [Sutton 
et al. 1979; Hackett et al. 1987]. One trial assessed 
750 mg per day oral acetazolamide [Latshang 
et  al. 2012], and only one trial used 10 mg/kg 
administered intravenously 30 min before further 
testing [Burgess et al. 2014].

The risk of bias assessment of the included RCTs 
is also presented in Table 1. Random sequence 
generation was assessed as an unclear risk of bias in 
seven of the eight trials [Sutton et al. 1979; Hackett 
et  al. 1987; Fischer et  al. 2004; Latshang et  al. 
2012; Nussbaumer-Ochsner et  al. 2012; Burgess 
et al. 2014; Caravita et al. 2015] one study stated 
that the subjects were assigned using a computer-
based random procedure and thus were judged as 
having a low risk of bias [Rodway et al. 2011]. Six 
of the eight trials were assessed as an unclear risk of 
bias for allocation concealment [Sutton et al. 1979; 
Hackett et al. 1987; Fischer et al. 2004; Rodway 
et  al. 2011; Burgess et  al. 2014; Caravita et  al. 
2015], whereas two trials were assessed as ade-
quate [Latshang et al. 2012; Nussbaumer-Ochsner 
et al. 2012]. Because the majority of included trials 
provided insufficient information, the overall selec-
tion bias remained unclear.

Blinding of participants and personnel was judged 
as adequate in eight studies. Though six studies 
that included healthy participants did not provide 
adequate information to permit the assessment of 
performance bias or were not double-blinded 
[Sutton et al. 1979; Hackett et al. 1987; Fischer 
et  al. 2004; Rodway et  al. 2011; Burgess et  al. 
2014; Caravita et  al. 2015], the outcomes were 
judged not likely to be influenced by lack of blind-
ing because sleep apnea and nocturnal oxygena-
tion were unlikely to have a placebo effect. 
Blinding of the outcome assessment yielded 
inconsistent results among trials. Four studies 
provided insufficient information to make a judg-
ment [Hackett et  al. 1987; Rodway et  al. 2011; 
Burgess et al. 2014; Caravita et al. 2015], and the 
remaining four trials clearly stated the procedure 
of blinding of outcomes and had a lower risk of 
detection bias [Sutton et al. 1979; Fischer et al. 
2004; Latshang et al. 2012; Nussbaumer-Ochsner 
et al. 2012].

All included trials were judged as having a low 
risk of attrition bias. Five trials did not have miss-
ing outcome data [Sutton et  al. 1979; Hackett 
et al. 1987; Rodway et al. 2011; Latshang et al. 
2012; Burgess et al. 2014]. The other three trials 
discussed withdrawals; the missing outcome data 
was either balanced in numbers across interven-
tion groups [Nussbaumer-Ochsner et al. 2012] or 
only consisted of a small portion of participants 
[Fischer et al. 2004; Caravita et al. 2015]. Three 
trials were judged as having a low risk of reporting 
bias as the study protocols were available and all 
predetermined study outcomes of this meta-anal-
ysis were reported [Latshang et  al. 2012; 
Nussbaumer-Ochsner et al. 2012; Caravita et al. 
2015]. The other five trials provided insufficient 
information to judge on selective reporting 
[Sutton et al. 1979; Hackett et al. 1987; Fischer 
et  al. 2004; Rodway et  al. 2011; Burgess et  al. 
2014]. The ascent profiles, adaptation of altitude, 
route of administration and dose of acetazola-
mide were not consistent among studies.

In the meta-analysis of the effects of acetazola-
mide on AHI, the point and pooled estimates of 
four trials [Fischer et  al. 2004; Rodway et  al. 
2011; Burgess et al. 2014; Caravita et al. 2015] 
that included 93 healthy cases favored acetazola-
mide intervention, with low heterogeneity (p = 
0.7, I2 = 0%) (Figure 2). Of these trials, only one 
was not significant at the 5% significance level 
[Rodway et al. 2011]. In addition, the point and 
pooled estimates of two trials [Latshang et  al. 
2012; Nussbaumer-Ochsner et  al. 2012] that 
included 192 OSA cases indicated a beneficial 
effect of acetazolamide on AHI, with low hetero-
geneity (p = 0.33, I2 = 0%), while the effect size 
seemed to be smaller than that of healthy partici-
pants. In other words, acetazolamide is more ben-
eficial in healthy trekkers than in patients with 
OSA. The overall treatment effect of acetazola-
mide on AHI in healthy and OSA participants  
(n = 285) was a mean difference of 23.83 [95% 
confidence interval (CI) 12.60–35.05] with high 
heterogeneity (p = 0.002, I2 = 73%). The pooled 
estimates of two trials [Sutton et al. 1979; Hackett 
et  al. 1987] with 26 healthy cases favored the 
acetazolamide intervention effect on the percent-
age of periodic breathing time, with low heteroge-
neity (p = 0.24, I2 = 28%) (Figure 3).

The combined effect of acetazolamide on noctur-
nal oxygenation in six trials [Sutton et al. 1979; 
Hackett et al. 1987; Fischer et al. 2004; Rodway 
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et  al. 2011; Burgess et  al. 2014; Caravita et  al. 
2015] that included 119 healthy cases was a mean 
difference of 4.75% (95% CI 1.35–8.15%), with 
high heterogeneity (p < 0.001, I2 = 87%) (Figure 
4). Of these trials, one did not reach the 5% sig-
nificance level [Rodway et al. 2011], and one did 
not favor the intervention with acetazolamide 
[Burgess et al. 2014]. The pooled effect of aceta-
zolamide on nocturnal oxygenation in two trials 
[Latshang et al. 2012; Nussbaumer-Ochsner et al. 
2012] with 192 OSA cases was a mean difference 
of 1.85% (95% CI 1.08–2.62%), with low hetero-
geneity (p = 0.56, I2 = 0%). The overall treatment 
effect of acetazolamide on nocturnal oxygenation 
in a total of 311 healthy and OSA cases was a 
mean difference of 3.74% (95% CI 1.56–5.92%), 
with high heterogeneity (p < 0.001, I2 = 88%).

The intervention effect of random and fixed 
models yielded mild differences in both subtotal 
and overall effect of acetazolamide on AHI, the 
percentage of periodic breathing time, and noc-
turnal oxygenation. Sensitivity analysis of the 

effect of acetazolamide on AHI showed a similar 
outcome when only those studies with oral aceta-
zolamide administration were included (Figure 
5) [Fischer et  al. 2004; Rodway et  al. 2011; 
Latshang et al. 2012; Nussbaumer-Ochsner et al. 
2012; Caravita et  al. 2015]. Sensitivity analysis 
was not necessary for the percentage of periodic 
breathing time as both studies that included peri-
odic breathing time administered acetazolamide 
orally [Sutton et al. 1979; Hackett et al. 1987]. 
However, in healthy participants, the effect of 
oral acetazolamide on nocturnal oxygenation was 
a mean difference of 6.13% (95% CI 4.92–
7.34%) with low heterogeneity (p = 0.36, I2 = 
8%) by sensitivity analysis (Figure 6), whereas 
the original mean difference was only 4.75% 
(95% CI 1.35–8.15%) with high heterogeneity  
(p < 0.001, I2 = 87%).

Discussion
The results of this systematic review and meta-
analysis including 311 cases from eight RCTs 

Figure 2. Forest plot of the effects of acetazolamide on Apnea Hypopnea Index.
CI, confidence interval; df, degrees of freedom; IV, ; OSA, obstructive sleep apnea; SD, standard deviation.

Figure 3. Forest plot of the effects of acetazolamide on periodic breathing time (%).
CI, confidence interval; df, degrees of freedom; IV, inverse variance; SD, standard deviation.
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Figure 4. Forest plot of the effects of acetazolamide on nocturnal oxygenation.
CI, confidence interval; df, degrees of freedom; IV, ; OSA, obstructive sleep apnea; SD, standard deviation.

Figure 5. Sensitivity analysis of the effects of acetazolamide on Apnea Hypopnea Index.
CI, confidence interval; df, degrees of freedom; IV, ; OSA, obstructive sleep apnea; SD, standard deviation.

Figure 6. Sensitivity analysis of the effects of acetazolamide on nocturnal oxygenation.
CI, confidence interval; df, degrees of freedom; IV, ; OSA, obstructive sleep apnea; SD, standard deviation.
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indicate that acetazolamide is effective in improv-
ing sleep apnea at high altitudes by decreasing the 
AHI and percentage of periodic breathing time 
and increasing nocturnal oxygenation. In addi-
tion, acetazolamide is more beneficial in healthy 
participants than in OSA patients. Though risk of 
bias for all outcomes across studies did not result 
in a high risk of bias, many of them were judged 
as unclear risk of bias due to insufficient informa-
tion provided. We are unable to determine the 
most effective dose of acetazolamide due to the 
variety of doses used among the included studies. 
However, in this review, a 250 mg daily dose may 
be as effective as, if not more, higher or more fre-
quent daily doses for healthy trekkers [Caravita 
et al. 2015].

Our findings support two recently published litera-
ture reviews, which concluded that acetazolamide 
was beneficial for OSA patients during their alti-
tude sojourn by improving oxygenation and reduc-
ing sleep apnea [Bloch et al. 2015; Rolan, 2015]. 
The results of this meta-analysis are in agreement 
with a literature review from 2008 showing that 
acetazolamide improved sleep in healthy individu-
als at high altitudes [Luks, 2008]. Our study is the 
first systematic review and meta-analysis evaluat-
ing the efficacy of acetazolamide in improving 
sleep apnea at high altitudes, which is a major dif-
ference from previous reviews. Furthermore, the 
participants in our study consist of not only healthy 
trekkers but also OSA patients, whereas previous 
studies mostly examined one or the other.

The findings of this study demonstrate that 
healthy participants are more susceptible to the 
beneficial effect of acetazolamide than OSA 
patients. One possible explanation for this out-
come is that CSA occurs predominantly when 
ascending to high altitude and serves as a target of 
acetazolamide [Javaheri, 2006; Burgess et  al. 
2014]. OSA patients, however, continue to suffer 
from the coincident repeated pharyngeal airway 
collapse. In other words, the effect of acetazola-
mide on CSA is there, but not on OSA. Note that 
of the two studies that included OSA patients, 
one mentioned the application of a background 
continuous positive airway pressure device 
[Latshang et al. 2012], whereas the other discon-
tinued it at altitude [Nussbaumer-Ochsner et al. 
2012]. The combination of both acetazolamide 
and continuous positive airway pressure device is 
believed to be the best practice for OSA patients 
to improve sleep at altitude [Rolan, 2015]. One 

other possibility is the difference in the mean final 
altitude between the two participant groups: 4687 
m in healthy participants and 2590 m in OSA 
patients. As oxygen levels are much lower at 
higher altitude, the severity of sleep apnea may 
increase and require longer times for acclimatiza-
tion, thus enhancing the effect of acetazolamide 
[Pagel et al. 2011].

Oral acetazolamide can increase bicarbonate 
secretion from the kidneys and induce meta-
bolic acidosis, while intravenous acetazolamide 
works predominantly on altering cerebral blood 
flow and does not cause significant metabolic 
acidosis [Burgess et al. 2014]. This may explain 
the high heterogeneity in the overall treatment 
effect of acetazolamide on nocturnal oxygena-
tion but not on AHI, as sensitivity analysis 
showed a similar outcome when only those 
studies with oral acetazolamide administration 
were included.

The relatively smaller oral dose of 250 mg per day 
may be as effective as higher or more frequent 
daily doses in improving sleep apnea for healthy 
trekkers [Caravita et  al. 2015], which is in line 
with the lowest effective acetazolamide dose for 
acute mountain sickness [Low et al. 2012], imply-
ing an additional protective role for acetazola-
mide during mountaineering. The side effects of 
acetazolamide are minor and include change in 
taste; however, as a diuretic, its use can exacer-
bate dehydration and is a concern [Kupper et al. 
2008]. Therefore, trekkers should hydrate well, 
especially when taking acetazolamide.

AHI measures sleep apnea and is categorized as 
mild (5 to < 15), moderate (15 to < 30), or 
severe (> 30) [Sahin et  al. 2014]. Our results 
show that AHI reduction of approximately 35 
points (95% CI 25–44) in healthy participants 
and 13 (95% CI 9–17) in OSA patients, both 
with low heterogeneity (I2 = 0%), suggesting 
meaningful clinical significance. When taken 
orally, acetazolamide improves nocturnal oxy-
genation by approximately 6% (95% CI 5–7%) 
in healthy participants with low heterogeneity 
(I2 = 8%), which is much higher than 1.2% 
reported by a trekking company [Eigenberger 
et al. 2014].

Our study has several limitations. First, not all 
included trials reported outcomes as mean values 
with standard deviation. In order to improve the 
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inclusiveness of all relevant trials for this meta-
analysis, we estimated the mean and variance 
from the median, range, and sample size from a 
distribution-free formula [Hozo et  al. 2005]. 
Second, two studies used the percentage of peri-
odic breathing time instead of AHI to measure 
sleep apnea; thus, the data could not be pooled 
[Sutton et al. 1979; Hackett et al. 1987]. Though 
another two studies did not perform standard 
polysomnography [Rodway et al. 2011; Caravita 
et al. 2015], their devices for detecting AHI had 
been supported by previous research. Third, gen-
der distribution was balanced in only two of the 
eight trials [Sutton et  al. 1979; Caravita et  al. 
2015], and two studies included only males 
[Hackett et al. 1987; Fischer et al. 2004]. One of 
the included trials concluded that males suffered 
from more severe periodic breathing at high alti-
tude, which was alleviated by acetazolamide in 
both sexes [Caravita et al. 2015]. Finally, the total 
length of journey and duration of acetazolamide 
intervention varied across trials, and this leads to 
differences in altitude adaptation, making the 
pooled results of studies performed in the first few 
nights at altitude with studies performed after five 
[Burgess et al. 2014] or ten [Sutton et al. 1979] 
days at altitude not physiologically sound. Thus, 
further studies including participants with similar 
characteristics and comparable parameters are 
needed, and the confirmation of dose-dependent 
efficacy of acetazolamide on sleep apnea at high 
altitude requires larger clinical trials.

Conclusion
This systematic review and meta-analysis has pro-
vided evidence that acetazolamide is effective in 
improving sleep apnea at high altitude by decreas-
ing AHI and percentage of periodic breathing 
time and increasing nocturnal oxygenation. 
During overnight travel at altitude, it is more  
beneficial in healthy participants than in OSA 
patients, and a 250 mg daily dose may be as effec-
tive as higher or more frequent daily doses for 
healthy trekkers.
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