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Drug Therapy for Obstructive Sleep Apnea: Are We There Yet?

Obstructive sleep apnea (OSA) is highly prevalent and can lead to
major neurocognitive and cardiovascular impairments (1). Once
believed to be a purely anatomical problem, it is now clear that
nonanatomical factors (endotypes) are necessary for OSA to develop
in up to 70% of patients (1–3). This paradigm shift has set the stage
for increasingly promising research into endotype-targeted
pharmacotherapies, which are urgently needed to help the many
patients with OSA who are unable or unwilling to use current
treatment options such as continuous positive airway pressure
(CPAP) (4).

One strategy is to augment insufficient upper airway dilator
muscle tone during sleep via drugs with combined adrenergic
and antimuscarinic effects. In a landmark study by Taranto-
Montemurro and colleagues, one dose of atomoxetine-
oxybutynin at bedtime improved OSA severity as measured by
the apnea–hypopnea index (AHI) by 63% (216 events/h) (5). But
it remains to be seen whether longer-term use of these or similar
drugs maintains efficacy and, importantly, whether these
reductions of the AHI (a surrogate outcome) translate into
improved clinical outcomes. At least in theory, adrenergic

medications may disrupt sleep quality and could have net adverse
effects on cardiovascular health by increasing sympathetic tone
despite improving OSA.

Another line of investigation aims to improve unstable
ventilatory control (high loop gain), which is not only a driver
of central sleep apnea but also a major contributor to OSA
pathogenesis in 30–40% of patients (2). An individual with
high loop gain tends to have periodic drops in respiratory
drive that result in reduced activation of upper airway dilator
muscles and thus can directly lead to repetitive respiratory
events (i.e., OSA). One important regulator of ventilation is
CA (carbonic anhydrase), which has 15 different isoforms
that are ubiquitous in human tissues including kidneys,
erythrocytes, endothelium, and central/peripheral
chemoreceptors (6–8). By inducing a renal metabolic acidosis
and other complex effects (7), CA inhibitors (CAIs) such as
acetazolamide augment ventilation, which dampens
fluctuations in CO2 and thus respiratory drive (i.e., lower loop
gain) (9). Consequently, acetazolamide has been found to
reduce the AHI in patients with sleep apnea on average by
�38% (214 events/h) based on a meta-analysis of 26 small
studies (10). Of note, effects were similar in obstructive and
central sleep apnea, and a subsequent meta-analysis using a
different methodology reported a nonsignificant but similar
effect size for OSA (AHI 210 events/h), supporting the
findings of the former analysis (10–12).

However, acetazolamide is just one among dozens of CAIs,
which vary somewhat in their affinity for the different CA isoforms
and tissues, likely explaining a portion of the variability of clinical
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effects across CAIs (6, 8). For example, the CAIs zonisamide and
topiramate are clinically used for epilepsy and weight loss
management, which may be predicted by their effects on CA isoforms
II/IIV (affecting pH and ionic composition of neurons) and VA/VB
(involved in lipogenesis and gluconeogenesis), respectively. Yet
despite similar affinities for these CA isoforms, acetazolamide has
limited antiepileptic and antiobesity benefits (8). Given that obesity is
a strong risk factor for OSA (1), and the complexity of how inhibition
of different CA isoforms in different tissues can affect ventilatory
control (7), one may wonder if CAIs differ with regard to their
potential therapeutic value for sleep apnea. So far, two prior studies
suggested relatively similar effects across CAIs. First, in a study of
obese patients with OSA, 8 weeks of topiramate plus phentermine
resulted in a placebo-adjusted AHI reduction by 37% (216 events/h)
(13). Second, a study by Eskandari and colleagues found that 4 weeks
of zonisamide reduced the AHI in patients with OSA on average by
33% (29 events/h) (14). However, these studies of CAIs showed high
variability in interindividual response, ostensibly reflecting the
variability to which loop gain contributes to sleep apnea pathogenesis
in different individuals. These studies were further limited by short-
term usage (<4 wk) and few data on clinical outcomes, although
some data suggest that cardiovascular benefits may be more
pronounced with CAIs than with CPAP for OSA (10, 14).

In the current issue of the Journal, Hedner and colleagues
(pp. 1461–1469) present interesting findings from an industry-
funded dose-finding phase II trial exploring safety (primary
objective) and efficacy of a fourth CAI—sulthiame—for OSA
(15). In brief, 68 adults with moderate/severe OSA who had
abandoned CPAP therapy were randomized to 4 weeks of
sulthiame or placebo. Following prespecified procedures, subjects
in the sulthiame arm were randomized to either 200 mg (n = 12)
or 400 mg (n = 34). Sulthiame’s CA affinity profile greatly
overlaps with that of acetazolamide, zonisamide, and topiramate
(6, 8); thus, many of the findings were expected based on the
prior studies. For example, side effects were more common with
higher doses, were mostly mild and transient (causing study
discontinuation in six patients without serious events), and
included paresthesias, dyspnea, gastrointestinal upset, fatigue,
and dysgeusia (13, 14, 16). Furthermore, similar to other CAIs,
the relative AHI reduction was232% and241% with sulthiame
200 mg and 400 mg, respectively. However, the absolute AHI
reduction by221 and222 events/h in the two sulthiame groups
is remarkable compared with prior drug studies, including
atomoxetine-oxybutynin. But most surprising and noteworthy is
the consistency of the effect across individuals shown in Figure 2
of the article: unlike the marked heterogeneity seen with other
CAIs, almost all subjects experienced pronounced AHI
reductions of similar magnitude with sulthiame.

Using average AHIs from two PSGs at baseline and follow-
up was a methodological strength, which likely reduced
measurement errors and thus variance. Furthermore, the authors
suggest that sulthiame may be a more efficient respiratory
stimulant (and thus loop gain–lowering agent) than other CAIs,
potentially explaining its more consistent and pronounced
effects. Another potential explanation is that the eligibility
criteria used (e.g., body mass index, 35 kg/m2, CPAP
abandonment) may have favored enrollment of patients with
high loop gain who are expected to respond more vigorously to
loop gain–lowering therapy. Furthermore, the similar effects in

rapid eye movement (REM) and non-REM sleep suggest that
sulthiame may also have beneficial effects on factors other than
loop gain (which contributes less to OSA pathogenesis during
REM sleep) (17, 18). Future endotyping at baseline and follow-up
in this and other CAI trials could provide important insights into
these underlying mechanisms.

One notable finding of this trial is that despite the substantial
AHI reductions from sulthiame, few patients (fewer than five)
achieved resolution of OSA (e.g., AHI, 10–15 events/h). Although
the effective AHI reduction from gold standard therapy with CPAP is
also often incomplete once taking variable adherence into account
(14), the high residual AHI in this trial suggests that sulthiame should
perhaps be reserved for patients with milder OSA and/or combined
with other interventions. Ultimately, improvements in hard
outcomes will be required for new interventions such as sulthiame to
be embraced clinically. The lack of improvements in clinical
outcomes in the current study may be related to the relative short
treatment period or the high residual OSA burden but could also
reflect adverse effects from CAIs. For example, fatigue may
adversely affect measures of quality of life (16), or inhibition of
central nervous system CA can potentially impair neurocognitive
function (8). Thus, as suggested by the authors, longer-term
studies of sulthiame including rigorous assessments of clinical
outcomes would be welcome. In conclusion, we are “not there yet,”
but this study by Hedner and colleagues is likely another
milestone in our journey toward developing pharmacotherapy
for OSA.�
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