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THE HIGH PREVALENCE OF OSA1 AND PLETHORA OF 
ASSOCIATED COMORBIDITIES AND CONSEQUENCES 
OF OSA HAVE BEEN EXTENSIVELY INVESTIGATED 
and elucidated over the past few decades.2,3 Despite the accru-
al of a large body of scientific evidence, the underlying neural 
mechanisms and pathogenesis of upper airway closure in OSA 
is not fully understood, limiting the development of effective 
pharmacologic interventions. Although the current standard of 
therapy, continuous positive airway pressure (CPAP) is effective 
in controlling the expression of sleep disordered breathing and in 
ameliorating many of the associated comorbidities,4-6 these salu-
tary effects of CPAP are highly dependent on adherence,7 which 
remains a challenge.8 Putative pharmacologic interventions have 
attempted neuromodulation to increase upper airway muscle 
tone, to accentuate central respiratory drive, or to suppress REM 
sleep. Currently, there is no generally effective pharmacologic 
treatment for OSA, with only a minority of the interventions test-
ed showing beneficial effects on short-term outcomes.9

Decreased serotonergic facilitation of upper-airway motor 
neurons during sleep may be an important mechanism render-
ing the upper airway vulnerable to collapse in OSA.10 The ef-

fect of serotonergic activation on the expression of sleep apnea 
is determined by the site of activation (central vs. peripheral). 
This is further complicated by the multitude of serotonin recep-
tor subtypes in the central and peripheral nervous system,11 as 
well as their differential effects on phrenic nerve12 and upper 
airway motor outputs,13 and alterations of chemical and me-
chanical ventilatory reflexes.14 Furthermore, evidence from ani-
mal studies suggest that apnea-induced long-term facilitation 
(LTF) or augmentation of respiratory activity of the phrenic and 
hypoglossal motor neurons is serotonin dependent.15

In the brainstem, endogenous serotonin release promotes 
drive to the upper airway dilators in the waking state, primarily 
via postsynaptic 5-HT2 receptors,13 while peripherally, serotonin 
release at 5-HT3 receptors in the nodose ganglion promotes the 
expression of REM-related apnea.16 These observations provide 
a theoretical framework that may reconcile some of the incon-
sistent therapeutic effects associated with the use of systemic 
serotonergic neuromodulation on sleep disordered breathing 
(SDB) attempted with buspar,17 paroxetine,18 and fluoxetine.19 
Collectively, these studies suggest only limited therapeutic ef-
fects of selective serotonin reuptake inhibitors (SSRI) on SDB, 
and only during NREM sleep.

We hypothesized that combined stimulation of central 5-HT2 
and inhibition of peripheral 5-HT3 receptors may result in more 
robust and consistent inhibition of apnea-genesis, independent 
of sleep stage. Two distinct compounds with 5-HT3 receptor 
antagonistic properties, administered intraperitoneally to a rat 
model of sleep apnea suppressed the expression of spontaneous 
central apnea. These salutary effects were remarkably state de-
pendent, being most significant in REM sleep.20,21 Ondansetron, 
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a selective 5-HT3 receptor antagonist 
administered orally, has also been 
shown to be effective in reduction 
of SDB expression in the English 
bulldog, an animal model of OSA.22 
However, the same drug showed no 
therapeutic potential in a single-dose 
placebo controlled human study of 
moderate to severe OSA.23 While ef-
ficacy of mirtazapine, an antidepres-
sant with 5-HT1 agonist as well as 
5-HT2 and 5-HT3 antagonist effects 
in sleep apnea expression has been 
reported in animal studies,24 the re-
sults are mixed for human trials.25,26

We conducted a proof of concept, double-blind, placebo-
controlled, parallel-groups clinical trial aimed to test the hy-
pothesis that a combination of ondansetron and fluoxetine (Ond 
+ Fl) can reduce the expression of sleep disordered breathing in 
patients with obstructive sleep apnea syndrome. The primary 
objective was to demonstrate the efficacy of this drug combina-
tion on the AHI; the most widely accepted objective measure 
of disease severity. Secondary objectives included examination 
of the dose-effect on AHI, and evaluation of dose effects on 
objective measures of sleep quality and other polysomnography 
based variables indicative of disease severity.

METHODS

Subjects
Subjects were selected from a clinical population referred to 

a single tertiary-care center Sleep laboratory with a known or 
suspected diagnosis of OSAS. After providing written informed 
consent at the initial screening visit, all subjects underwent 
history, physical, and laboratory examination. After a 7-day 
no-treatment period, during which subjects discontinued any 
current therapy for their OSAS, subjects underwent baseline 
overnight polysomnography. Subjects aged 21 to 65 years with 
AHI ≥ 10 were then randomized as to treatment group subject 
to the following exclusion criteria: arterial oxygen saturation < 
75% for more than 5% of total sleep time on screening PSG; 
severe OSA that precluded withdrawal of PAP treatment; his-
tory of shift work or rotating shifts within preceding 1 month; 
history of any surgical treatment for OSA at any time or other 
major surgery within 6 months; participation in any form of 
medically managed weight loss program within 6 months, any 
clinically significant cardiopulmonary, gastrointestinal, pancre-
atic, hepatic, renal, hematologic, endocrine (including type 1 
diabetes), neurological, urogenital, psychiatric, or sleep disor-
der other than OSA. Additional exclusion criteria included use 
of any central nervous system-active drug or serotonergic drug, 
pregnancy, alcohol or recreational drug use, positive plasma 
drug screen, or clinically significant abnormality on complete 
blood count. This study was approved by the Institutional Re-
view Board of the University of Illinois at Chicago.

Study Protocol
Figure 1 depicts the disposition of all subjects enrolled in 

the study. Eighty-one subjects provided initial informed con-

sent to participate and were enrolled. Of these, 44 subjects met 
all inclusion/exclusion criteria and were randomized to specific 
treatment groups. Although the randomization schedule was 
balanced, the number of subjects to complete the study per-pro-
tocol ranged from 7 (placebo) to 10 (high-dose combination).

Randomized subjects initiated treatment the day immedi-
ately following their first overnight PSG performed 7 to 10 
days after discontinuation of CPAP treatment, which served as 
their baseline PSG as well as the final screening step to verify 
inclusion/exclusion criteria. Randomized subjects were pro-
vided blinded study agent in white capsules on coded blister 
cards and instructed to take one labeled pill with breakfast 
(placebo or fluoxetine) and one labeled pill 30 minutes before 
bed (placebo or ondansetron) each night, and to complete a 
sleep/activity/drug-administration log daily. Randomization 
of subjects was to one of 4 treatment groups: placebo AM/
placebo PM, placebo AM + Ond (24 mg QD PM), Fl (5 mg 
QD AM) + Ond (12 mg QD PM) or Fl (10 mg QD AM) + Ond 
(24 mg QD PM). Subjects continued daily AM/PM dosing of 
study medications for 28 days with subsequent overnight PSG 
studies on treatment days 14 and 28. The dose of fluoxetine 
and ondansetron were chosen to minimize adverse effects and 
in consideration of the results of our previous experiments 
where we found a ratio of approximately 1:1 by weight was 
best in the rat-model of sleep disordered breathing.34 Because 
the bioavailability of fluoxetine is higher in humans than in 
rats, we estimated that a ratio of 1:2.4 (Fl: Ond) by mouth 
would be likely to yield a plasma ratio similar to that which 
pertained in the animal studies. Treatment adherence was as-
sessed by self-report, accounting of all returned treatment 
units as well as venous blood pharmacokinetic (pK) analysis 
of study drugs on days 14 and 28 of the study period. Five 
to ten days after completing the treatment period (day 28), 
subjects returned for a final post-study visit comprising a 
brief physical examination, adverse event monitoring, and 
where appropriate, compliance monitoring for re-institution 
of CPAP treatment. There was a single subject from the pla-
cebo group who was discontinued after randomization due to 
adverse events.

After randomization and throughout the duration of the pro-
tocol each subject was instructed to maintain a regular sched-
ule and sleep/wake/activity pattern, was given sleep/activity/
drug-administration logs, instructed in their use, and was asked 
to bring completed logs to each subsequent visit. Subjects that 

Figure 1—Randomization flow chart. Ond, Ondansetron; Fl, Fluoxetine.
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required discontinuation of their continuous positive airway 
pressure (CPAP) treatment were instructed to expect recurrence 
of the symptoms of their sleep apnea, including daytime sleepi-
ness. They were also instructed in how to chart these symptoms 
and received follow-up from the study coordinator on days 3 
and 5 after treatment suspension to assess the occurrence and 
severity of such symptoms. In the final 2 days of the CPAP 
washout period as well as each of the two 2-week treatment pe-
riods, the subjects completed a Stanford Sleepiness Scale every 
2 h while awake for a total 2 days each time.

Each subject underwent overnight polysomnography in the 
Center for Sleep and Ventilatory Disorders at the University of 
Illinois Hospital on days 0 (screening), 14, and 28. Subjects re-
ported to the Center at 21:00 and were instrumented for elec-
troencephalogram (C3/A2, O2/A1), bilateral electroculogram, 
electromyogram (submental, bilateral anterior tibial), electrocar-
diogram, oronasal airflow (thermistor and nasal pressure trans-
ducer), thoracoabdominal motion (piezocrystal, EPM Systems), 
arterial oxygen saturation by pulse oximetry, and body position. 
All signals, including digital infrared video, were acquired, pro-
cessed, and stored using the Alice 3 digital system (Respironics). 
Subjects were administered the PM dose of their study medica-
tion on days 14 and 28, 30 minutes before lights out. All subjects 
were given a minimum of 8 hours time in bed opportunity.

Sleep was scored according to standard criteria on 30-sec ep-
ochs, and respiratory events were scored according to previously 
published American Academy of Sleep Medicine guidelines.27 
Specifically, hypopneas were scored when a reduction in airflow 
of > 50% occurred and was associated with either an oxygen 
desaturation > 3% or an arousal. Electroencephalogram arousals 
were scored according to American Academy of Sleep Medicine 

guidelines.28 Time in bed was computed 
as the number of minutes in bed between 
lights out and lights on; total sleep time as 
the number of minutes of sleep between 
lights out and lights on; and sleep effi-
ciency as the ratio of the two: total sleep 
time divided by time in bed. The distri-
bution of sleep stages was separately 
determined as percentages of total sleep 
time scored as: (1) stage N1 or stage N2, 
(2) stage N3 or N4, and (3) REM sleep. 
In view of the above technologic limita-
tions, and because AHI was the primary 
outcome variable, we sought to minimize 
variability of respiratory-event scoring by 
using a single polysomnographer blinded 
to subject and treatment information.

Statistical Analysis
The primary efficacy analysis was 

performed on the per-protocol (PP) pop-
ulation. The PP population included all 
randomized subjects who: (1) received 
at least one dose of study medication 
(the intent to treat [ITT] population); (2) 
missed no more than 4 PM doses in treat-
ment period 2 (days 15 to 28); and (3) 
received both doses of study medication 

(AM and PM) on study day 28. Safety analyses were performed 
on the ITT population, comprising all subjects who received at 
least one dose of study medication.

The primary efficacy measurement was the change from 
baseline in the AHI at treatment days 14 and 28. The changes 
from baseline in the active treatment groups were compared to 
the placebo group using an ANCOVA design with treatment 
group as the main effect and body mass index (BMI) and base-
line AHI as covariates. Dunnett test was used to adjust the post 
hoc pairwise comparisons between each active treatment group 
and placebo. All analyses were performed using SAS 8.2, and a 
P-value < 0.05 was considered significant.

RESULTS
There were no significant differences in the incidence of ad-

verse events in subjects between the active treatment groups 
and placebo, with most of the reported adverse events being 
gastrointestinal symptoms, including constipation. Eight ran-
domized subjects failed to complete the trial per protocol (at-
trition from ITT to PP population):1 due to AE in the placebo 
group, and two in the placebo and Ond 24 + Fl 10 treatment 
groups each, and 1 each from the other groups due to noncom-
pliance. As described in Table 1, baseline AHI, mean oxygen 
saturation nadir following respiratory events, and sleep ef-
ficiency did not differ significantly among treatment groups. 
Mean arousal index was higher in the placebo group than the 
active treatment groups (Table 1).

Primary Endpoint: Efficacy
Change in AHI from baseline (no treatment) to day 28 of 

treatment within the per protocol groups was the primary effi-

Table 1—Screening demographic characteristics of all subjects completing per protocol 

Parameter Mean (SD)
Gender [n (%)]

Placebo
(N = 7)

Ondasetron
(N = 9)

Fluoxetine 
(5 mg) + 

Ondasetron 
(12 mg)
(N = 9)

Fluoxetine 
(10 mg) + 

Ondasetron 
(24 mg)
(N = 10) P-value

Male 6 (85.7) 5 (55.6) 5 (55.6) 7 (70) 0.554
Female 1 (14.3) 4 (44.4) 4 (44.4) 3 (30)

Race [n (%)]
White 3 (42.9) 2 (22.2) 6 (66.7) 4 (40)

0.626African American 4 (57.1) 5 (55.6) 3 (33.3) 5 (50)
Hispanic 1 (14.3) 2 (22.2) 1 (11.1) 0 (0.0)
Other 0 (0.0) 2 (22.2) 0 (0.0) 1 (10)

Age (years) 46 (10.57) 46.1 (12.26) 50.9 (8.07) 49.4 (10.35) 0.706
BMI (kg/m2) 35.2 (3.63) 30.9 (5.21) 37.5 (6.76) 35.2 (7.13) 0.149
Polysomnographic Variables

Sleep efficiency (%) 91.8 (3.55) 91.2 (6.73) 76.8 (21.14) 87.5 (12.66) 0.098
Arousal Index (/hour) 43.6 (13.67) 20.1 (14.93) 32.3 (21.54) 24.2 (11.99) 0.022
AHI (/h) 54.2 (29.75) 33.6 (19.82) 44.0 (30.79) 37.0 (23.28) 0.422
Minimum SpO2 87.0 (3.83) 91.4 (2.30) 89.2 (2.68) 89.0 (3.86) 0.112
Stanford Sleepiness Scale 4.25 (0.56) 4.72 (0.74) 4.31 (0.84) 3.70 (0.39) 0.076

SD, Standard deviation; SpO2, oxygen saturation by pulse oximetry; AHI, apnea hypopnea index; The 
P-values are for ANOVA.
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P = 0.009). No significant correlations were observed within 
this group at day 28 or in the combined low-dose and high-
dose combination treatment groups at either day 14 or day 28.

It is crucial that an effective therapy control apnea/hypopnea 
expression independent of the sleep position of the patient. The 
impact of the high-dose combination treatment on AHI (overall 
and according to sleep position) is presented for each of the 10 
individual subjects of this group in Figure 4. As expected, AHI 
was higher during supine than during non-supine sleep in 9 of 
the 10 subjects. The most important finding illustrated by Fig-
ure 4 is the general consistency of the therapeutic effect for all 
subjects. It does appear that there may be a loss of effect at very 
high baseline AHI (AHI > 70), but verifying this possibility will 
require significant additional data from future study phases. In 
addition, the three responders (defined by a > 50% reduction 
and a post-treatment AHI at day 28 < 10) are highlighted by the 
brown circle at the lower right of Figure 4. The responder group 
increased to 4 of 6 possible responders when only non-supine 
sleep was considered.

cacy endpoint. As shown in Figures 2 and 3, the high dose com-
bination treatment showed a trend toward improvement with 
a mean of 12.9 events/h reduction in AHI, or 40.5% decrease 
at treatment day 28 in comparison to baseline (unadjusted P 
= 0.005, adjusted P = 0.19). Conversely, there was a lack of 
change with treatment in the placebo group. Numerically, the 
lower dose combination treatment exhibited a more modest 
reduction in AHI of 4.2 events per hour, or 8.8%. While com-
parison of the high- and low-dose combination effects on AHI 
is consistent with a dose-response relationship, the lower dose 
effects did not achieve statistical significance and will require 
further clinical testing to firmly establish a threshold dose for 
efficacy. In the ondansetron alone group, there was a trend to-
ward increased AHI post-treatment, which was not statistically 
significant.

Primary Endpoint: Stratification
Beyond the biometric characteristics and upper airway 

structural parameters of individual subjects, several other 
factors are well-recognized to influence the expression of 
disordered breathing events. Most important among these ad-
ditional factors are sleep stage and body position. Therefore, 
the treatment effects on AHI were stratified according to REM 
sleep versus NREM sleep; and according supine versus non-
supine sleep. Among these, REM sleep and supine sleep are 
the most provocative states for apnea/hypopnea expression. 
In addition, because the kinetics of ondansetron may not have 
been optimal to achieving all-night treatment effects (mean 
elimination half-life of 5.7 h), the primary endpoint also was 
stratified according to time of night: first half (4 hours) versus 
second half (4 h).

Table 2 summarizes the stratified primary endpoint analysis 
as described above, for the high dose combination treatment 
and placebo groups. The AHI exhibited similar (approximately 
40%) reductions for all strata: REM, NREM, supine, non-su-
pine, first half and second half of the night. In addition, similar 
reductions were observed in both apnea index and hypopnea 
index. These reductions achieved statistical significance for 
REM AHI and AHI during non-supine sleep. Notably, the 
most sustained effect on AHI with-
in the high dose combination treat-
ment group occurred in the second 
half of the night and was signifi-
cant at both days 14 and day 28. 
Because combination treatments 
may affect individual drug levels, 
and their relative plasma levels 
may also affect treatment-related 
effects. Thus, we examined the ef-
fect of the morning serum samples 
for Ond to Fl drug levels ratios 
after overnight polysomnography 
performed at the end of each treat-
ment period. Within the Ond 24 + 
Fl 10 mg group, the Ond to Fl ratio 
appeared to affect AHI reduction at 
day 14, when an increase in ratio 
from 0-5 correlated with reduc-
tion in AHI significantly (r = 0.76, 

Figure 2—Adjusted mean change from baseline in AHI within groups at 
treatment day 14 and treatment day 28. *P = 0.069; **P = 0.057.
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Figure 3—Adjusted mean percent change from baseline in AHI within groups at treatment day 14 and 
treatment day 28.*P= 0.02; #P = 0.19.
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ployed metric of sleep continuity. In the present POC study, 
there were no statistically significant treatment effects ob-
served on arousal index. As delineated in Table 2, the high 
dose combination treatment was associated with a numerical 
decrease in arousal index ranging from 10% to 20% with re-
spect to baseline.

Finally, consideration was given to measures of REM sleep 
expression and integrity because fluoxetine is known to sup-
press REM sleep. No significant treatment-related changes in 
REM expression were demonstrated, and baseline measures of 
REM sleep (latency, duration, percentage of TST) were within 
normal limits in all 4 treatment groups. There was a trend to-
ward degraded REM sleep in the group receiving high dose 
combination treatment: REM latency increased by 10%, and 
REM duration and REM percent of TST decreased by approxi-
mately 5%; none of these were statistically significant.

DISCUSSION
This randomized, double-blind, placebo-controlled study 

demonstrated that AHI was reduced by combination treatment 
with fluoxetine and ondansetron in patients with OSA. This 
effect was consistent across sleep stages, body position, and 
throughout the night.

Serotonergically active drugs have been previously exam-
ined as putative OSA therapeutics. In an uncontrolled human 
trial,19 fluoxetine was reported to reduce AHI during NREM 
sleep. In a placebo-controlled randomized trial on men with 
OSA, paroxetine was found to significantly reduce apnea index 
by approximately 35% but only during NREM sleep, while hav-
ing no effect on hypopnea event density in any stage of sleep.18

Animal data regarding the impact of serotonin on respiratory 
control during sleep demonstrate considerable complexity, with 
a multitude of site- and receptor-specific effects. State-depen-
dent withdrawal of serotonin release in the brainstem (nadir in 
REM sleep) has been reported during natural sleep,29,30 and an 
excitatory effect of serotonin on hypoglossal motor neurons via 
5HT2A receptors has been demonstrated.13 Notwithstanding the 
above, the role of endogenous serotonin in the facilitation of 
genioglossus muscle tone during sleep has been questioned.31,32

Other data also are not fully consistent. While application 
of a serotonergic neurotoxin in the brainstem inhibits respira-
tory chemoreflexes,14 intravenous injection of 5-HT induces a 
dose-dependent apnea.33 Intraperitoneal administration of 5-HT 
in freely behaving rats augments the expression of apnea dur-
ing REM sleep and is blocked by pretreatment with ondanse-

tron.16 The likely site for 
these observed effects 
is the 5HT3 receptors 
on the nodose ganglion, 
as neither ondansetron 
nor serotonin effectively 
crosses the blood-brain 
barrier. Indeed, ondan-
setron has been shown 
to reduce apnea expres-
sion during REM sleep 
in two different animal 
models.21,22 These results 
however, were not rep-

Secondary Endpoints

Oximetry
Transient oxygen desaturation of arterial hemoglobin is com-

monly associated with individual apnea/hypopnea events, and 
these desaturations are believed to contribute to both cardiovas-
cular and cognitive impairment. Secondary endpoints to assess 
treatment-related improvement in oxygen delivery included 
change from baseline to day 28 of treatment in 2 measures: (1) 
time (minutes) spent with oxygen saturation < 90% and (2) per-
cent of total sleep time at oxygen saturation below 90%. As 
summarized in Table 3, even the high-dose combination treat-
ment exerted only a modest trend toward improvement in either 
of these measures.

Sleep Architecture
Arousal index, a measure of the frequency of brief (3-15 s) 

arousals observable in the cortical EEG is a commonly em-

Table 3—Summary of secondary oximetry endpoint analysis in the per-protocol population

Treatment group

Time (min) at SpO2 < 90%
Mean (SD)

Percent of TST at SpO2 < 90%
Mean (SD)

Baseline Day 14 Day 28 Baseline Day 14 Day 28
Placebo/Placebo (N = 7) 85.9 (85.67) 104.2 (100.33) 96.4 (101.85) 19.2 (18.80) 25.1 (22.82) 23.4 (24.10)
Placebo / Ond 24 mg (N = 9) 13.2 (17.44) 20.0 (26.66) 51.8 (69.61) 2.9 (3.63) 4.4 (5.76) 11.2 (14.47)
Fl 5 mg / Ond 24 mg (N = 9) 38.5 (41.34) 66.5 (84.43) 77.6 (91.29) 10.1 (9.26) 18.7 (22.29) 18.7 (22.03)
Fl 10 mg / Ond 24 mg (N = 10) 53.6 (71.18) 36.6 (45.74) 46.3 (58.49) 12.9 (16.78) 9.6 (13.15) 11.7 (15.11)

TST, total sleep time; SpO2, oxygen saturation by pulse oximetry; Ond, ondansetron; Fl, fluoxetine. Dunnett adjusted 
P-values were not significant for all group and time comparisons.

Table 2—Summary of stratified findings for primary endpoint analysis in 
the per-protocol population

PSG

Placebo/Placebo 
(N = 7)

Fl 10 mg/Ond 24 mg 
(N = 10)

Baseline Day 
14

Day 
28 Baseline Day 

14
Day 
28

REM AHI 55.2 58.6 62.4 45.5 27.3 
P = 0.018

36.8 

NREM AHI 53.8 55.4 55.2 33.8 23.4 20.5
Supine AHI 84.4 64.9 92.6 48.4 40.9 33.4
Non-Supine AHI 50.3 56.4 53.6 22.7 16.1 

P = 0.044
14.8

AHI 1st Half 63.5 59.8 61.7 37.9 29.7 23.3
AHI 2nd Half 45.5 52.5 52.8 36.5 20.4 

P = 0.004
25.0 

P = 0.035
Apnea Index 24.4 27.5 25.2 13.8 7.1 8.0
Hypopnea Index 29.8 28.7 31.8 23.2 17.8 16.2
Arousal Index 43.6 46.3 40.7 24.2 18.9 21.4

Fl, Fluoxetine; Ond, Ondansetron; PSG, polysomnogram; AHI, apnea 
hyponea index; 1s and 2nd half of the entire night of PSG recording. The 
polysomnographic parameters with statistically significant change at days 
14 and 28 of treatment compared to baseline are indicated within the 
table with numerical P values specified.
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efficacy of the combination treatment, but leaves the necessity 
of ondansetron in question. A previous study with fluoxetine 
showed similar numerical reduction in AHI of approximately 
40% at 4 weeks during NREM sleep only.19 However, another 
study with paroxetine did not demonstrate any treatment effect 
on hypopneic events in NREM and the AHI overall in REM 
sleep at 6 weeks.18 In consideration of above, our observation 
that the percent reduction in AHI achieved statistical signifi-
cance only at day 14 suggests an initial therapeutic response 
in OSAS to serotonin neuromodulation in the central nervous 
system that wanes at day 28, likely as a result of neuroplasticity, 
potentially limiting the role of this therapeutic approach.

Notwithstanding the improvement in the respiratory event 
density measures of OSA disease severity in the high dose 
combination treatment group, this group failed to demonstrate 
a significant treatment response assessed by the oximetry-based 
indices. The nonlinear and dynamic characteristics of oxygen 
binding to hemoglobin and the further degradation of ventila-
tion/perfusion matching within the lungs during REM sleep 
provide a physiologic mechanism and in our speculation a ra-
tionale for this observation.

The study population is too small to attempt any firm charac-
terization of the responder group. However, it may be notewor-
thy that the 3 responders among those receiving the high dose 
combination treatment were also among the least obese of the 
study population, with BMI < 32 for each. This suggests that 

licated in a 10-subject, single-dose human 
study of moderate OSA.23 The authors pos-
tulated that the low-dose, single-night ad-
ministration, and species-specific effects of 
ondansetron as potential explanations for 
the contradictory results observed.

Based on the collective evidence pre-
sented above, it may be hypothesized that 
an OSA pharmacologic intervention target-
ing the central 5HT2A and the peripheral 
5HT3 receptors may prove to be efficacious 
across the sleep stages and may be expect-
ed to result in a meaningful overall clinical 
response. In fact, our experiments on a rat 
model of SDB, showed a significant reduc-
tion in apnea index with administration of 
ondansetron (at 1 mg/kg dose) alone and 
a significant potentiation of this observed 
therapeutic effect by combining ondanse-
tron with fluoxetine (at 1 mg/kg each).34

To our knowledge, this randomized, 
double-blind, placebo-controlled study 
is the first to examine a combined phar-
macologic approach targeting the previ-
ously observed site and receptor specific 
serotonin-mediated effects in humans with 
OSAS. The observed high-dose combina-
tion treatment-related mean reduction in 
AHI of 40% is clinically meaningful, given 
this small POC trial, in which the baseline 
AHI of subjects ranged from mild (AHI = 
10) to severe (AHI = 98). Although, we did 
not observe a concomitant improvement in 
daytime sleepiness assessed by the Stanford Sleepiness Scale, 
the present study was not adequately powered to examine sub-
jective responses. A reduction in AHI on the order of 40% to 
50% may be expected to result in reduced daytime symptoms 
in some patients and potentially reduce risks for incidence or 
progression of cardiovascular or metabolic disease in most pa-
tients with OSAS.35,36 Nevertheless, a reduction in AHI from 80 
to 40 still leaves clinically significant untreated disease (and its 
attendant morbidity) in place; whereas a reduction from 15 to 
7.5, for example, may be sufficient to control both the risks and 
symptoms associated with OSAS. Both the practical constraints 
of pharmacotherapeutics in OSAS, and the specific findings of 
the present POC study, suggest that the high-dose combination 
treatment may yield a fully therapeutic response in only a sub-
set of patients with mild-moderate OSA.

With respect to respiratory event density index (AHI), the op-
erational definition for a “clinical responder” was a subject who 
exhibited: an AHI reduction from baseline of at least 50% and a 
final on-treatment (day 28) AHI of less than 10 events per hour. 
Using this definition, a responder analysis revealed that 3 of 10 
(30%) of subjects receiving the high dose combination treat-
ment were clinical “responders” in contrast to 0 of 7 receiving 
placebo, 0 of 9 receiving low dose combination treatment, and 
1of 9 receiving ondansetron alone. Ondansetron alone also ex-
hibited a trend toward increased AHI at day 28. These findings 
collectively support the view that fluoxetine is necessary to the 

Figure 4—Individual treatment responses for the high dose combination group at day 28 (n = 10). 
The solid line marker is for an AHI of 10; the dashed line an AHI of 0. The circles identify the clinical 
responders defined a priori: Post-treatment AHI of less than 10 and reduction in AHI of > 50% 
from baseline. RDI (Respiratory Disturbance Index) reflects the apnea hypopnea index (AHI). Each 
subject is represented by a different color and individual line segments connect the observed values 
for AHI in that subject at baseline (left side of each segment) and at day 28 of high dose combination 
treatment (right side of each segment). The left column presents observations from supine sleep, 
the center column (Pos) from non-supine sleep, and the right column from overall sleep (same 
values reflected in the aggregate in Figures 2 and 3).
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The assessment of all efficacy measures was limited to 28 
days. Longer-term sustained therapeutic responses remain to 
be demonstrated. Any clinical implications must be drawn with 
caution, given small sample size of the present POC study. A 
definitive evaluation of the therapeutic response with a high 
dose combination treatment with fluoxetine and ondansetron 
will require additional data from future studies.
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