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Abstract

Rationale: Obstructive sleep apnea (OSA) has multiple pathophysiological causes. A low
respiratory arousal threshold (ArTh) and a high loop gain (unstable ventilatory control) can
contribute to recurrent respiratory events in patients with OSA. Prior small studies have shown
that donepezil, an acetylcholinesterase inhibitor, might improve OSA, but the mechanism is
unknown.

Objectives: To determine whether a single dose of donepezil lowers the apnea hypopnea index
(AHI) by modulating the ArTh or loop gain.

Methods: In this randomized, double-blind cross-over trial, Forty one OSA subjects underwent
two polysomnograms with ArTh and loop gain evaluated, during which 10 mg of donepezil or
placebo were administered.

Measurements and Main Results: Compared to placebo, sleep efficiency (77.2 vs 71.9%;
P=0.015) and total sleep time decreased with donepezil (372 vs 351min; P=0.004). No
differences were found in AHI (51.8 vs 50.0 events/hr; P=0.576), or nadir SpO; (80.3 vs 81.1%;
P=0.241) between placebo and donepezil, respectively. ArTh was not significantly changed
(-18.9 vs -18.0 cmH,0; P=0.394) with donepezil. As a whole group, loop gain (LG1, ventilatory
response to a 1 cycle/min disturbance) did not change significantly (P=0.089).

Conclusions: A single dose of donepezil does not appear to affect the overall severity of OSA in
this patient group, and no consistent effects on ArTh or loop gain were observed. Donepezil may
have minor effects on sleep architecture.

Clinical Trial registered with clinicaltrials.gov (NCT02264353)

Abstract Word Count: 220
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Obstructive sleep apnea (OSA), which is characterized by repetitive narrowing or collapse of the
upper airway during sleep, is an increasing public health issue *. Continuous positive airway
pressure is the first line treatment for OSA, but it only has an adherence rate of about 50-75% °.
Thus, alternative therapies targeting OSA pathogenesis are needed.

A low respiratory arousal threshold (awakening easily to respiratory stimuli) and a high
loop gain (exaggerated response to ventilatory perturbations) are important non-anatomical
contributors in a substantial proportion of patients with OSA®. Respiratory events terminated
with cortical arousals are associated with increased risk of secondary respiratory events
compared to events without arousals *. Moreover, premature arousals may disrupt
accumulation of respiratory stimuli, which could activate upper airway dilator muscles and help
achieve stable breathing ® A high loop gain, which is associated with enhanced ventilation
responses and sequential excessive blood gas fluctuations, may lead to instability of ventilation
during sleep, resulting in an increase in respiratory events . Therefore, pharmacologically
increasing arousal threshold (ArTh) and/or decreasing loop gain may be beneficial for some OSA
patients "°. Some sedative medications have been reported to increase the ArTh and eliminate
sleep apnea in patients with low ArTh ”°; decreasing loop gain by medication or supplemental
oxygen might improve sleep apnea severity 1011

Donepezil is a reversible acetylcholinesterase inhibitor commonly used to treat
Alzheimer’s disease (AD). Prior small studies have shown that donepezil improved OSA in both

12,13

patients with and without AD over a period of weeks “~". Acetylcholine plays an important role

I 14-16

in the sleep process and modulation of ventilatory contro . Moreover, we have previously

identified an important medullary region with heavy cholinergic staining which we believe is

Copyright © 2016 by the American Thoracic Society
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1718 Thus, pharmacological manipulation of acetylcholine might

crucial for pharyngeal patency
improve sleep apnea via augmenting pharyngeal protective reflexes. However, the mechanism
of potential improvement in OSA with donepezil is unknown. The hypothesis of this study is

that a single dose of donepezil 10mg will reduce the apnea hypopnea index (AHI) by modulating

the ArTh.

Methods

Study Design

A double-blind randomized crossover study design was used. All participants underwent two
in-lab overnight polysomnograms (PSGs) at least 12 days apart based on the pharmacological
half-life of donepezil (t1/2 = 70 hours). Subjects were administered either 10 mg of donepezil or
an indistinguishable placebo (in blinded, arbitrary order) two hours before sleep. When they
returned for a second PSG, they received a placebo or donepezil 10 mg based on initial

randomization.

Power Calculation

The number of observations needed was estimated according to the values of the standard
deviation of the difference in apnea-hypopnea index (AHI) seen in a prior study of donepezil 12
With a 90% power to reject the null hypothesis and alpha = 0.05,the estimated sample size was

38 subjects. Based on a 10% dropout rate we recruited 44 subjects.

Copyright © 2016 by the American Thoracic Society
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Participants

Patients were eligible for the study if they were 18-70 years of age. All subjects had a history of
untreated OSA with an AHI greater than 5 events/h according to American Academy of Sleep
Medicine Task Force criteria **. Exclusion criteria were presence of pulmonary, cardiac,
neurological or other active severe medical or psychiatric diseases; current use of continuous
positive airway pressure therapy. No drugs that might interact with the investigational
medication or known to affect sleep were taken during the trial or one month before the study.
We also excluded patients with known allergy to donepezil, currently smoking, or taking
alcohol>3 oz per day. Written informed consent was signed by the subject before participation
in the study, and the study protocol was approved by the Human Research Committee,

University of California San Diego.

Polysomnography

Electroencephalograms, electrooculograms, and surface electromyograms were applied to
score arousals, leg movements, and sleep stage. Abdominal and chest movements, pulse
oxygen saturation, oral and nasal flow were recorded to detect respiratory events. Participants
were instructed to sleep supine as much as possible throughout the duration of the night. PSGs
were analyzed by experienced technicians who were blinded to both the order of
medication/placebo and the ArTh measurement according to the scoring guidelines of

American Academy of Sleep Medicine Task Force criteria 9

Copyright © 2016 by the American Thoracic Society
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Arousal Threshold Measurements

7920 Briefly, subjects were

Respiratory ArTh was measured using previously reported methods
instrumented overnight with an epiglottic pressure catheter (model MCP-500; Millar, Houston,
TX). ArTh was defined as the average nadir epiglottic pressure immediately prior to cortical
arousal (>3 sec of high-frequency activity on the EEG) from 20 randomly selected respiratory
events. To evaluate the impact of epiglottic pressure monitoring on the assessment of the

change of sleep parameters with donepezil, ArTh was assessed in 21 of the 41 subjects (i.e.

about the half the subjects slept without a catheter in place).

Loop Gain Analyses

The sensitivity of the ventilatory control system (loop gain) was quantified by fitting a simplified
mathematical model to the spontaneous ventilatory pattern of OSA 2%, Loop gain is reflected in
the size of the ventilatory overshoot following a ventilatory perturbation (hypopnea/apnea),
where loop gain = response/disturbance. Ventilatory fluctuations are estimated using the
square-root transformed nasal pressure waveform. Loop gain was reported as the ventilatory
response to a 1 cycle/min disturbance (LG1); a value of LGn>1 yields periodic central apnea.

Calculations were performed using MATLAB (MathWorks, Natick, MA, USA).

Statistical Analysis
Statistical analyses were performed using SPSS 22.0 (SPSS Inc., Chicago, lllinois). Sleep
parameters with placebo or donepezil were compared using the Wilcoxon signed ranks test.

Obstructive sleep apnea severity and loop gain with placebo or donepezil were compared using

Copyright © 2016 by the American Thoracic Society
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t test. The respiratory arousal thresholds with placebo and donepezil were compared using
Mann-Whitney U test. Spearman’s correlation coefficient was used to identify significant

associations. Statistical significance was set at p < 0.05.

Results

Of the 44 subjects recruited, one quit the study because of difficulty in falling asleep in the lab
after taking placebo; one reported “heartburn” and decided to quit after taking placebo; one
was excluded due to a pulmonary embolism detected 10 days after placebo administration and
prior to the second study night. The final sample consisted of the remaining 41 patients. One
subject reported mild nausea after completing the study, however, no unanticipated problems
related to donepezil were observed during the study.

The characteristics of the participants are listed in Table 1. BMI did not change between
placebo visit to donepezil visit (p=0.349). There were no significant statistical differences in
anthropometric or the baseline sleep apnea severity in the patients with or without epiglottic

pressure assessment (p > 0.05, see supplementary material for details).

Effect of Donepezil on Obstructive Sleep Apnea Severity and Sleep Parameters

Sleep apnea severity was not different between donepezil and placebo (Table 2). Although the
group means showed little difference, there was wide intra-subject variability. Changes of AHI

and NREM supine AHI with donepezil compared with placebo varied from —29.2 to 35.3

Copyright © 2016 by the American Thoracic Society
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events/hr and -31.67 to 35.8 events/hr, respectively.

In 25 (61.0%) of the study population, the AHI difference between the two nights of the
recording was greater than 5 events/hr. Reduction in AHI 210% and 215% with donepezil were
observed in 15 (36.6%) and 9 (22.0%) patients; increase of AHI 210% and 215% with donepezil
were found in 9 (22.0%) and 6 (14.6%) subjects.

There were two people who had substantially increased AHI (>30 events/h) with
donepezil compared with placebo condition (Subject 2, AHI=85 events/h at baseline and 117.2
events/h with donepezil; Subject 41, AHI=79.8 events/h at baseline and 115.1 events/h with
donepezil). If we remove these two outliers, we do see a significant improvement in AHI in the

remaining participants, but we view such analyses as exploratory and require further study.

Figure 1 shows individual AHI change with placebo and donepezil. Compared with the
placebo visit, decreased total sleep time and sleep efficiency were observed in donepezil visit

(Table 3).

Effect of Donepezil on Respiratory Arousal Threshold

ArTh was not significantly different (-18.9 [-27.5,-12.3] vs -18.0 [-27.0,-11.8] cmH,0, Z=-0.852,

p=0.394) between placebo and donepezil in the 21 patients with epiglottic pressure assessment.

Even when focused on patients with a low arousal threshold (defined as <-15cm of water, n=8),
there was no significant change in ArTh (-12.2 [-13.8, -10.3] vs. -11.3 [-14.2, -8.5] cmH,0,

Z=-0.059, P=0.953). Individual ArTh changes with placebo and donepezil are shown in Figure 2.

Copyright © 2016 by the American Thoracic Society
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Effect of Donepezil on Loop Gain

As a whole group, loop gain at a disturbance of frequency 1 cycle /minute (LG1) did not change
significantly with placebo and donepezil (0.58+0.16 vs 0.55+0.15, t=1.744, p=0.089). In the
subject with a relatively high LG1 (LG1>0.5, n=26), LG1 were slightly lower with donepezil
(0.674£0.13 vs 0.62+0.14, t=2.093, p=0.046). Figure 3 shows individual LG1 change with placebo

and donepezil in subjects.

The Relationships between the Changes in Physiological Traits and the Treatment Responses
Given the wide range of responses in OSA severity to donepezil and the underlying
physiological traits, we sought to understand the relationship between changes in AHI and the
underlying traits. In the 21 patients with epiglottic pressure measurement, there was no
significant association between the changes of AHI and the change of ArTh (r=0.331, P=0.143,
Figure 4). There was a positive association between the changes of AHI and the changes of LG1

(r=0.325, p=0.038, Figure 5).

Discussion

We identify 3 major findings of this study. First, we did not find a consistent change in sleep
apnea severity with a single dose of 10mg donepezil. Moreover, some individuals with severe
OSA even showed significant increases in AHI with donepezil raising potential safety concerns.
Second, donepezil may be associated with decreased sleep efficiency compared with placebo.

Third, there were no significant changes in respiratory ArTh and loop gain for the donepezil vs.

Copyright © 2016 by the American Thoracic Society
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placebo night. However, loop gain might decrease with donepezil in the select subjects with
relatively high loop gains.

To our knowledge, no previous studies have examined the acute effect of donepezil on
OSA. To date, there are two studies supporting the beneficial impact of donepezil on AHI, nadir
oxygen saturation as well as Epworth Sleepiness Scale (ESS) score in patients with or without

1213 The major findings of the present study are different from the previous one 2

dementia
who observed improvement in OSA severity from 42.2 events/hour to 32.8 events/hour with
2-4 weeks of daily donepezil. There are several potential reasons for the inconsistency across
studies. First, in one prior study, donepezil was given at a dosage of 5 mg /day for the first two
weeks and 10 mg/day for the last two weeks for non-dementia OSA patients. Given the
medication may have some beneficial effects on the long-term facilitation of upper airway
dilatory muscle activity and ventilatory control, a single night of therapy may be insufficient to
see potential benefits.

Moreover, donepezil inhibits acetylcholinesterase dose-dependently in the human brain
in vitro 22, Because donepezil has a long elimination half-time of ~70 hours %, longer duration of
medication administration might generate a more robust effect.

In addition, the current study population covered a larger range of baseline AHI (with a
range of 6.1-101.3 events/h) compared to the previous studies. None of the previous studies
included subjects with a baseline AHI >70 events/h while eleven were included in our study.
Among these subjects, two had substantially increased AHI (>30 events/h) with donepezil

compared with placebo condition (Subject 2, AHI=85 events/h at baseline and 117.2 events/h

with doneperzil; Subject 41, AHI=79.8 events/h at baseline and 115.1 events/h with donepezil).

Copyright © 2016 by the American Thoracic Society
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In contrast, no increase of over 15 events/h or more in AHI under donepezil condition was
observed in the prior studies.

Interestingly, if the two outliers who experienced deterioration are removed, we do see
a small but significant improvement in AHI in the remaining participants, but we recognize such
subgroup analyses are underpowered and therefore exploratory. Thus, the discrepancy of the
results between various studies might be due to subject characteristics as well. Moreover,
physiological characteristics could be used in subsequent studies to determine who may be
good candidates for pharmacological intervention. To our knowledge, no previous study
examining the effect of donepezil on arousal threshold or loop gain in patients with OSA has
been reported. We found no change in either arousal threshold or loop gain with acute
administration of donepezil.

Breathing control is relatively stable in slow wave sleep, and the upper airway is

2425 Thus, change in sleep

considered to be more vulnerable to collapse during REM
architecture may also be related to the severity of sleep apnea. Our results were consistent
with one previous study showing decreases in REM latency and increases in REM percentage in
the first donepezil night in healthy persons °. Although REM sleep percentage increased from
13.5% to 15% with donepezil, REM AHI and NREM AHI were not changed by donepezil.

| 2728 Therefore, it is

Furthermore, slow wave sleep percentage was not changed by donepezi
unlikely that acute donepezil has a major impact on AHI through sleep stage migration.
One consideration when we designed the experiment was the impact of epiglottic

pressure monitoring on the assessment of sleep parameters. In an early report, there was a

statistically insignificant trend for reduced sleep quality and oxygen saturation with esophageal

Copyright © 2016 by the American Thoracic Society
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pressure monitoring %°. A more recent study reported that an epiglottic catheter was well
tolerated and also found no statistically significant impact on sleep quality parameters or sleep
apnea severity . In the present study, the changes of sleep apnea severity or sleep
architecture with donepezil were not significantly different in the group with epiglottic pressure
catheter from the group without catheter (see supplement results).

A different order of donepezil and placebo administration may alter the effects of

donepezil by the “first night effect” 3

, which refers to lower sleep efficiency and less REM sleep
during the first in-lab polysomnographic study in a series of polysomnograms. In theory, this
effect should be minimized by a randomized study design. With further analyses, we also

confirmed no significant impact of order of medication vs placebo administration in our study

(see supplement results).

Limitations
We performed an acute experimental study and thus we did not test the long-term effect of
donepezil on OSA severity and the physiological traits.

Considering the severity of OSA decreased about 25% with long-term donepezil
administration in prior studies'?, one could consider pharmacological treatment of OSA as a
short term alternative i.e. applied when patients are short term off CPAP. In theory, a subset of
patients with particular physiological features may respond well to the medication. Our study
results did not show an improvement of OSA severity with a single dose of donepezil. Thus it is
unlikely that donepezil could be used as a short-term alternative treatment for OSA patients.

We call for more research to determine the short term and long term effects of various

Copyright © 2016 by the American Thoracic Society
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potential pharmacotherapies in OSA.

The one sleep apnea phenotypic trait we did not measure was upper airway muscle
effectiveness (so called upper airway gain). Cholinergically mediated neurons have been
reported to promote upper airway negative pressure reflexes in animal studies®’. Thus, we
would advocate for future studies to assess the impact of donepezil on upper airway motor
control and perhaps to identify patients likely to respond to donepezil by measuring upper

airway mechanics.

Summary

Overall, in contrast with the beneficial effect of longer administration of donepezil in patients
with OSA previously reported, a single dose of 10mg donepezil does not appear to affect the
severity of OSA, and no consistent effects on arousal threshold were observed. As some
individuals with severe OSA showed significant increases in AHI with donepezil, the potential
risk of donepezil in worsening sleep apnea should be considered in certain patients. In addition,
the underlying mechanism(s) of sleep apnea is likely to vary across individuals such that one
might predict that an intervention may only be effective in a subset of OSA patients. However,
whether there is a readily identifiable subset of OSA patients who may respond well to

donepezil remains unclear.

Copyright © 2016 by the American Thoracic Society



ANNALSATS Articlesin Press. Published on 21-July-2016 as 10.1513/Annal SATS.201605-3840C
Page 14 of 31

Acknowledgments
We appreciate our study participants, technicians and physicians at University of California, San

Diego for their help with this study.

Copyright © 2016 by the American Thoracic Society



Page 15 of 31

ANNALSATS Articlesin Press. Published on 21-July-2016 as 10.1513/AnnalsATS.201605-3840C

References

10.

11

12.

13.

14.

. Peppard PE, Young T, Barnet JH, Palta M, Hagen EW, Hla KM. Increased prevalence of

sleep-disordered breathing in adults. Am J Epidemiol. 2013;177:1006-1014.

. Weaver TE, Grunstein RR. Adherence to Continuous Positive Airway Pressure Therapy. Proc

Am Thorac Soc 2008;5: 173-178

. Eckert DJ, White DP, Jordan AS, Malhotra A, Wellman A. Defining phenotypic causes of

obstructive sleep apnea. Identification of novel therapeutic targets.Am J Respir Crit Care
Med. 2013;188:996-1004.

.Jordan AS1, Eckert DJ, Wellman A, Trinder JA, Malhotra A, White DP. Termination of

Respiratory Events with and without Cortical Arousal in Obstructive Sleep Apnea. Am J
Respir Crit Care Med. 2011;184:1183-1191

. Younes M, Ostrowski M, Atkar R, Laprairie J, Siemens A, Hanly P. Mechanisms of breathing

instability in patients with obstructive sleep apnea. J Appl Physiol 2007;103:1929-1941.

. Eckert DJ, Younes M. Arousal from sleep: implications for obstructive sleep apnea

pathogenesis and treatment. J Appl Physiol 2014;116:302-13.

. Smales ET, Edwards BA, Deyoung PN, McSharry DG, Wellman A, Velasquez A, Owens R, Orr JE,

Malhotra A. Trazodone Effects on Obstructive Sleep Apnea and Non-REM Arousal Threshold.
Ann Am Thorac Soc. 2015;12:758-764

. Eckert DJ, Owens RL, Kehlmann GB, Wellman A, Rahangdale S, Yim-Yeh S, White DP,

Malhotra A. Eszopiclone increases the respiratory arousal threshold and lowers the
apnoea/hypopnoea index in obstructive sleep apnoea patients with a low arousal threshold.
Clin Sci (Lond) 2011; 120: 505-514

. Eckert DJ, Malhotra A, Wellman A,White DP. Trazodone increases the respiratory arousal

threshold in patients with obstructive sleep apnea and a low arousal threshold. SLEEP
2014;37:811-819.

Edwards BA, Sands SA, Eckert DJ, White DP, Butler JP, Owens RL, Malhotra A, Wellman A.
Acetazolamide improves loop gain but not the other physiological traits causing obstructive
sleep apnoea. J Physiol 2012; 590: 1199-1211.

. Wellman A, Malhotra A, Jordan AS, Stevenson KE, Gautam S, White DP. Effect of oxygen in
obstructive sleep apnea: role of loop gain. Respir Physiol Neurobiol 2008; 162: 144-151.

Sukys-Claudino L, Moraes W, Guilleminault C, Tufik S, Poyares D. Beneficial effect of
donepezil on obstructive sleep apnea: a double-blind, placebo-controlled clinical trial. Sleep
Med. 2012;13:290-296.

Moraes W, Poyares D, Sukys-Claudino L, Guilleminault C, Tufik S. Donepezil improves
obstructive sleep apnea in Alzheimer disease: a double-blind, placebo-controlled study.
Chest. 2008;133:677-683.

Miller DB, O’Callaghan JP. The pharmacology of wakefulness. Metabolism. 2006;55(10 Suppl

Copyright © 2016 by the American Thoracic Society



15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

ANNALSATS Articlesin Press. Published on 21-July-2016 as 10.1513/AnnalsATS.201605-3840C

2):513-9.

Shi YF, Han Y, Su YT, Yang JH, Yu YQ. Silencing of Cholinergic Basal Forebrain Neurons Using
Archaerhodopsin Prolongs Slow-Wave Sleep in Mice. PLoS One. 2015 Jul 7;10(7):e0130130.

Bellingham MC, Ireland MF. Contribution of cholinergic systems to state-dependent
modulation of respiratory control. Respir Physiol Neurobiol. 2002;131:135-144.

Chamberlin NL, Eikermann M, Fassbender P, White DP, Malhotra A. Genioglossus
premotoneurons and the negative pressure reflex in rats. J Physiol. 2007; 579: 515-526.

Volgin DV, Rukhadze I, Kubin L. Hypoglossal premotor neurons of the intermediate
medullary reticular region express cholinergic markers. Journal of applied physiology. 2008
Nov 1;105(5):1576-84.

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

Edwards BA, Eckert DJ, McSharry DG, Sands SA, Desai A, Kehlmann G, Bakker JP, Genta PR,
Owens RL, White DP, Wellman A, Malhotra A. Clinical predictors of the respiratory arousal
threshold in patients with obstructive sleep apnea. Am J Respir Crit Care Med.
2014;190:1293-300.

Terrill PI, Edwards BA, Nemati S, Butler JP, Owens RL, Eckert DJ, White DP, Malhotra A,
Wellman A, Sands SA. Quantifying the ventilatory control contribution to sleep apnoea
using polysomnography. Eur Respir J. 2015; 45: 408-418

Kasa P, Papp H, Kasa P Jr, Torok I. Donepezil dose-dependently inhibits acetylcholinesterase
activity in various areas and in the presynaptic cholinergic and the postsynaptic
cholinoceptive enzyme-positive structures in the human and rat brain. Neuroscience.
2000;101:89-100.

Dooley M, Lamb HM. Donepezil: a review of its use in Alzheimer's disease. Drugs Aging.
2000;16:199-226.

McSharry DG1, Saboisky JP, Deyoung P, Matteis P, Jordan AS, Trinder J, Smales E, Hess L,
Guo M, Malhotra A. A mechanism for upper airway stability during slow wave sleep. SLEEP
2013;36:555-563

Younes M. Role of respiratory control mechanisms in the pathogenesis of obstructive sleep
disorders. Journal of Applied Physiology. 2008;105:1389-405. .

Nissen C, Nofzinger EA, Feige B, Waldheim B, Radosa MP, Riemann D, Berger M. Differential
effects of the muscarinic M1 receptor agonist RS-86 and the acetylcholine-esterase inhibitor
donepezil on REM sleep regulation in healthy volunteers. Neuropsychopharmacology 2006;

31:1294-1300

Schredl M, Hornung O, Regen F, Albrecht N, Danker-Hopfe H, Heuser I. The effect of
donepezil on sleep in elderly, healthy persons: a double-blind placebo-controlled study.
Pharmacopsychiatry. 2006;39:205-208.

Copyright © 2016 by the American Thoracic Society

Page 16 of 31



Page 17 of 31

28.

29.

30.

31.

ANNALSATS Articlesin Press. Published on 21-July-2016 as 10.1513/AnnalsATS.201605-3840C

Perlis ML, SmithMT, Orff HJ, Andrews PJ, Gillin JC, Giles DE. The effects of an orally
administered cholinergic agonist on REM sleep in major depression. Biol Psychiatry 2002; 51:
457-462.

Skatvedt O, Akre H, Godtlibsen OB. Nocturnal Polysomnography With and Without
Continuous Pharyngeal and Esophageal Pressure Measurements Sleep,1996,19:485-490

Stuckenbrock JK, Freuschle A, Nakajima |, Stuck BA. The influence of pharyngeal and
esophageal pressure measurements on the parameters of polysomnography. Eur Arch
Otorhinolaryngol. 2014;271:1299-304.

Le Bon O, Staner L, Hoffmann G, Dramaix M, San Sebastian I, Murphy JR, Kentos M, Pelc |,
Linkowski P. The first-night effect may last more than one night. J Psychiatr Res.
2001;35:165-172.

Copyright © 2016 by the American Thoracic Society



ANNALSATS Articlesin Press. Published on 21-July-2016 as 10.1513/Annal SATS.201605-3840C
Page 18 of 31

Figure Legends

Figure 1: Sleep apnea severity as measured by apnea hypopnea index (AHI, events/hr)) under

each condition.

Figure 2: Arousal threshold (ArTh, cm of water) during the placebo and donepezil condition.

Figure 3: Loop gain (the ventilatory response to a 1 cycle/min disturbance,LG1) during the

placebo and the donepezil condition for each patient.

Figure 4: Change in AHI during the placebo/donepezil condition and the change of the
respiratory arousal threshold. There was no significant association between the changes of AHI

and the change of ArTh (r=0.331, P=0.143).

Figure 5: Change in AHI during the placebo/donepezil condition and the change of loop gain

(the ventilatory response to a 1 cycle/min disturbance,LG1) There was a positive association

between the changes of AHI and the changes of LG1 (r=0.325, p=0.038).
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Table 1. Baseline demographics and sleep parameters of the participants

Subject Characteristics (n=41)

Gender (Male/Female) 27/14

33 Caucasians, 6 Asians and 2

Race
more than one races

Age (years) 51.6+11.1 *
Epworth Sleepiness Scale 8[4.5,12]

Body mass index (kg/m?) 29.2+5.4 *

Apnea hypopnea index (events/h) 51.8£27.4 *

Nadir oxygen saturation during sleep(%) 80.316.4 *

Time between studies (days) 14[13,16] T

*Normally distributed parameters were showed as mean * Std. deviation; T parameters were

showed as median [25 percentage, 75 percentage]
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Table 2. Sleep apnea severity with placebo or donepezil (n = 41)

Placebo Donepezil p Value
AHl(events/hr) 51.8+27.4 50.0+23.4 0.576
Supine NREM AHI (events/hr) 51.7+26.6 51.8+31.0 0.954
Supine REM AHI (events/hr) 49.8+22.1 47.8+26.3 0.291
Hypopnea Index (events/hr) 31.5+18.1 30.3+18.7 0.472
Event duration (s) 26.0+4.9 24.9+5.3 0.055
Arousal Index (events/hr) 49.1+19.6 48.7+21.7 0.824
Nadir O, saturation (%) 80.316.4 81.1+7.1 0.241

Data were showed as mean * Std. deviation. Abbreviations: NREM, Non rapid eye movement

sleep; REM, Rapid eye movement sleep; AHI, apnea hypopnea index.
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Table 3. Sleep parameters with placebo or donepezil (n = 41)

ANNALSATS Articlesin Press. Published on 21-July-2016 as 10.1513/AnnalsATS.201605-3840C

Placebo Donepezil p Value
Sleep Efficiency (%) 77.2[63.7,85.2] 71.9[65.1,80.0] 0.015*
Sleep onset latency (minutes) 5.6[2.9,34.7] 8.75[4.4,20.2] 0.422
NREM Stagel sleep (%TST) 28.8[21.8,51.0] 27.5[18.1,48.5] 0.502
NREM Stage2 sleep (%TST) 54.7[34.8,60.7] 48.8[41.7,56.8] 0.547
NREM Stage3 sleep (%TST) 0.34[0,3.26] 0.42[0,7.57] 0.642
REM sleep (%TST) 13.5[8.6,16.1] 15.0[8.8,23.7] 0.014*
Total sleep time (minutes) 372[304,407] 351[278,379] 0.004t

Abbreviations: NREM, Non rapid eye movement sleep; REM, Rapid eye movement sleep; TST,

Total sleep time. Median [25 percentage,75 percentage]. *p<0.05; t p<0.01.
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Sleep apnea severity as measured by apnea hypopnea index (AHI, events/hr)) under each condition.
figure 1
62x64mm (300 x 300 DPI)
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Arousal threshold (ArTh, cm of water) during the placebo and donepezil condition.
figure 2
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Loop gain (the ventilatory response to a 1 cycle/min disturbance,LG1) during the placebo and the donepezil
condition for each patient.
figure 3
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Change in AHI during the placebo/donepezil condition and the change of the respiratory arousal threshold.
There was no significant association between the changes of AHI and the change of ArTh (r=0.331,
P=0.143).
figure 4
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Change in AHI during the placebo/donepezil condition and the change of loop gain (the ventilatory response
to a 1 cycle/min disturbance,LG1) There was a positive association between the changes of AHI and the
changes of LG1 (r=0.325, p=0.038).
figure 5
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Online Data Supplement

The Effect of Donepezil on Arousal Threshold and Apnea Hypopnea Index: A Randomized,
Double-blind Cross-over Study

Yanru Li, MD, Robert L Owens, MD, Scott Sands, PhD, Jeremy Orr, MD, Walter Moraes MD PhD,
Pamela DeYoung, RPSGT, Erik Smales, RPSGT, Rachel Jen, MD, Atul Malhotra MD
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SUPPLEMENT RESULTS

The impact of epiglottic pressure measurements on the assessment of sleep parameters
Forty-one subjects completed the study. There were no statistically significant differences in
mean age, baseline AHI, nadir oxygen desaturation during (LSAT) or the BMI in the patients with
or without epiglottic pressure assessment for arousal threshold (Table S1)

The changes of sleep apnea severity or sleep architecture with donepezil were not significantly
different in the group with epiglottic pressure catheter from the group without catheter (Table
S2).

The impact of the order of donepezil and placebo administration on the study results

The impact of order of medication vs placebo administration on sleep parameters and sleep
apnea severity was assessed by comparing the changes of sleep and physiological traits in
patients with different medication/placebo administration orders (Table S3). No difference

was found between the patients with different medication/placebo administration orders.
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TABLES

Table S1. Baseline anthropometric and sleep characteristics in patients with or without

epiglottic pressure measurements.

Subjects with Subjects without p Value

epiglottic  pressure epiglottic pressure

measurements measurements

(n=21) (n=20)
Age (years) 50.7+13.1 52.6%8.9 0.594
BMI (kg/m?) 29.2+5.4 28.9+4.0 0.831
Gender (M/F) 14/7 13/7 0.910
AHI 51.8+27.4 50.0+23.4 0.814
LSAT (%) 80.3+7.3 80.3+5.6 0.986

Abbreviations: BMI, body mass index; AHI, apnea hypopnea index; LSAT, Nadir oxygen

saturation during sleep. Normally distributed data were showed as mean # Std. deviation
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Table S2. Changes of sleep and physiological traits with donepezil in patients with and without

epiglottic pressure measurement

Page 30 of 31

With Epiglottic Without t Value p Value
catheter Epiglottic
(n=21) catheter (n=20)

AAHI (events/hr) 1.2+11.0 0.8+12.1 -0.123 0.903
ASleep Efficiency% 10.3t12.4 1.3+12.6 -2.316 0.026*
ASupine NREM AHI (events/hr) 0.4+10.9 -0.7+14.9 -0.263 0.794
AEvent duration (s) 1.7+3.0 0.5%4.2 -1.084 0.285
ALSAT (%) -1.1+4.1 0.615.0 0.327 0.745
ALG1 0.0+0.1 0.0+0.1 -0.143 0.887

* p<0.05. Abbreviations: NREM, Non rapid eye movement sleep; AHI, apnea hypopnea index;

LSAT, Nadir oxygen saturation during sleep; LG1, Loop gain (at a disturbance of frequency 1

cycle /minute). Normally distributed data are shown as mean + Std. deviation
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Table S3. Changes of sleep and physiological traits in patients with different
medication/placebo administration orders

Arm1 first Arm2 first night t Value p Value

night with with donepezil,

placebo, second night

second night with placebo
with donepezil (n=25)
(n=16)

AAHI (events/hr) 4.2+6.3 -1.1+13.4 1.463 0.151
ASleep Efficiency% 4.3+14.0 7.0£12.7 -0.644 0.523
ASupine NREM AHI (events/hr) 2.4+8.7 -1.7+14.9 0.988 0.329
AEvent duration (s) 0.743.6 1.4+3.7 -0.585 0.562
ALSAT (%) -0.615.5 -1.04£3.9 0.240 0.812
ALG1 0.05+0.11 0.02+0.12 0.669 0.507

Abbreviations: NREM, Non rapid eye movement sleep; AHI, apnea hypopnea index; LSAT, Nadir
oxygen saturation during sleep. (Normally distributed data were showed as mean + Std.
deviation), LG1, Loop gain (at a disturbance of frequency 1 cycle /minute).* p<0.05
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