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Purpose: Although patients with suspected obstructive sleep apnea (OSA) might suffer difficulty 

in falling asleep during overnight polysomnography (PSG), standard hypnotics to obtain sleep 

during PSG have not been established. The aim of this study was to investigate the safety and 

efficacy of a new hypnotic agent, suvorexant, a dual orexin receptor antagonist, for insomnia 

in suspected OSA patients during in-laboratory PSG.

Patients and methods: An observational study was conducted during PSG for 149 patients 

with suspected OSA who had no insomnia at home. Patients with difficulty in falling asleep 

during PSG were optionally permitted to take single-use suvorexant. Patients with residual 

severe insomnia (.1 hour) after taking suvorexant were permitted to take an add-on use 

zolpidem. Clinical data and sleep questionnaire results were analyzed between a no insomnia 

group (without hypnotics) and an insomnia group (treated with suvorexant).

Results: Among 84 patients who experienced insomnia during PSG and required hypnotics 

(the insomnia group; treated with suvorexant), 44 (52.4%) achieved sufficient subjective sleep 

with single-use of suvorexant, while the other 40 (47.6%) required suvorexant plus zolpidem. 

An apnea hypopnea index (AHI) of $5 was observed in 144 out of 149 patients with predomi-

nantly obstructive respiratory events. Among those patients, 70.8% in the no insomnia group 

and 63.1% in the insomnia group had severe OSA. Regarding both subjective sleep time and 

morning mood, significant differences between the no insomnia group and the insomnia group 

were not observed. No patient taking suvorexant had an adverse event, such as delirium or falling.

Conclusion: Single-use suvorexant seems to be a safe and effective (but mild) hypnotic agent 

for suspected OSA patients with insomnia during in-laboratory PSG.

Keywords: insomnia, suvorexant, polysomnography, obstructive sleep apnea, zolpidem, 

natural sleep

Introduction
In-laboratory overnight polysomnography (PSG) has been still widely conducted as a 

gold standard test to diagnose obstructive sleep apnea (OSA). Although most patients 

with suspected OSA can undergo PSG with substantial sleep due to the symptom of 

severe sleepiness, some patients suffer difficulty in falling asleep during PSG. This 

insomnia is partly explained by a “first-night effect” of PSG recordings, a well-known 

phenomenon caused by discomfort with the PSG electrode cables, limitation of move-

ment, and/or maladaptation to the unfamiliar circumstances of a sleep laboratory,1,2 

especially in anxiety disorders patients and older patients.3,4 Because the first-night 
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effect causes a decrease in total sleep time (TST), frequent 

nocturnal awakening, and disruption of sleep structure 

(eg, increased stage N1 sleep, reduced rapid eye movement 

[REM] sleep, and longer REM latency),5 more adequate 

amount of natural sleep during the sleep test is preferred. 

However, conducting PSG on multiple nights seems imprac-

tical due to the cost benefit, patient burden, and limited 

resources. Additionally, the use of an ideal hypnotic agent 

to mitigate insomnia during PSG has not been standardized.

Benzodiazepines and/or non-benzodiazepines (ie, type A 

gamma-aminobutyric acid [GABA
A
] receptor hypnotic agents) 

are most frequently used to treat insomnia worldwide, even 

during hospitalization.6 However, there are several concerns 

about the routine use of GABA
A
 receptor agonists for patients 

with insomnia who might have undiagnosed OSA. First, 

benzodiazepines have the potential to decrease upper airway 

muscle activity and ventilatory responses to carbon dioxide, 

which could confound the disease state of sleep apnea.7–9 

Although both benzodiazepines and non-benzodiazepines did 

not increase apnea index in patients with mild-to-moderate 

OSA,10,11 the effects of GABA
A
 receptor hypnotic agents in 

patients with severe OSA is yet unknown. Second, GABA
A
 

receptor hypnotic agents can be occasionally associated 

with delirium and falling, which may cause bone fractures, 

especially in elderly patients.12–14 Third, benzodiazepines are 

known to disrupt natural sleep architecture by decreasing 

slow wave sleep and REM sleep, and non-benzodiazepines 

are controversially reported to reduce REM sleep.15,16

In 2014, the US Food and Drug Administration (FDA) 

approved suvorexant (Merck & Co., Inc., Whitehouse Sta-

tion, NJ, USA), a new class of hypnotic agent, which blocks 

both orexin receptor type 1 and 2, for the treatment of insom-

nia with sleep onset and/or sleep maintenance difficulties. 

Since orexin is a neuropeptide that promotes wakefulness 

and affects the sleep–wake cycle,17,18 this orexin receptor 

antagonist can represent a novel approach to treat insomnia; 

current benzodiazepine receptor agonists appear to promote 

sleep by increasing the function of GABA, the major inhibi-

tory neurotransmitter in the whole brain. Therefore, the new 

hypnotic agent, suvorexant, is expected 1) to have limited 

effects on sleep architecture and EEG power spectrum 

(ie, preserve natural sleep),19,20 2) to lack clinically important 

respiratory effects during sleep,21 and 3) to have less serious 

adverse effects compared with GABA
A
 receptor hypnotic 

agents, because it has no effect on the GABA
A
 receptor.22 

Accordingly, suvorexant might have potential as a useful 

hypnotic agent for patients with insomnia during overnight 

PSG. However, no study has yet investigated the efficacy and 

safety of single-use suvorexant for patients with all severi-

ties of OSA during PSG. In this study, we investigated the 

efficacy and safety of suvorexant in suspected OSA patients 

with insomnia during in-laboratory PSG in a single center.

Materials and methods
Ethical approval
All study procedures involving human participants were 

approved by the Ethical Review Board of the Graduate 

School of Medicine of Chiba University (approval number 

2584). The study protocol was conducted in accordance with 

the ethical principles of 1964 Helsinki Declaration and sub-

sequent amendments. All patients provided written informed 

consent before undergoing the tests and procedures prior to 

the PSG recording.

Subjects and study design
This research is an observational retrospective study 

which included 190 consecutive patients who underwent 

in-laboratory PSG with clinically suspected OSA in Chiba 

University Hospital from April 2016 to March 2018. Patients 

who used hypnotics at home, those who were younger than 

18 years old, and those who underwent deep brain stimula-

tion surgery were excluded (Figure 1).

Figure 1 Flowchart of patient selection.
Notes: Of 190 patients who were screened, 65 were assigned to the no insomnia 
group (without hypnotics) and 84 to the insomnia group (treated with suvorexant). In 
the insomnia group, 40 patients required zolpidem after suvorexant. (+) = Yes, (-) = No.
Abbreviations: DBS, deep brain stimulation; OSA, obstructive sleep apnea; PSG, 
polysomnography.
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In principle, the lights were turned off in the rooms at 

9:00 pm, and all patients prepared to sleep at that time. 

Patients with difficulty in falling asleep were first optionally 

permitted to take single-use suvorexant before 12:00 am. 

Patients with residual severe difficulty in falling asleep 1 hour 

after taking suvorexant were additionally permitted to take 

add-on use zolpidem (5 mg). The dose of suvorexant was 

decided as 15 mg in this study according to a phase III trial 

including 247 Japanese (P028 trial), in which the clinical 

dose of suvorexant was decided as 20 mg for adult patients 

and 15 mg for elderly patients in Japan.23

Patients were analyzed in two groups according to hyp-

notic usage: a no insomnia group of patients who did not use 

hypnotics during PSG, and an insomnia group of patients who 

used suvorexant during PSG. Patients in the insomnia group 

were also divided into two groups according to zolpidem 

usage: a suvorexant only group of patients, who used only 

suvorexant during PSG, and a suvorexant+zolpidem group 

of patients, who used suvorexant plus additional zolpidem 

during PSG. Patients who did not obey our hypnotics protocol 

were excluded (Figure 1).

PSG recording and scoring
PSG was scored according to the American Academy of 

Sleep Medicine Manual for the Scoring of Sleep and Asso-

ciated Events, version 2.3. Apnea was defined as a reduc-

tion in nasal airflow to ,10% of baseline for 10 seconds or 

longer, while hypopnea was defined as a reduction in nasal 

airflow signal amplitude of $30% for 10 seconds or longer 

in association with either a $3% oxygen desaturation or 

electroencephalographic arousal. OSA was defined as an 

apnea hypopnea index (AHI) of five or more events per hour 

combined with predominantly obstructive respiratory events. 

OSA severity was classified according to AHI values as 

mild, 5–15; moderate, .15–30; or severe, .30. Periodic leg 

movements were scored according to the World Association 

of Sleep Medicine criteria.24 According to the International 

Classification of Sleep Disorders, third (ICSD-3) criteria, 

periodic limb movements during sleep (PLMS) index .15 

was considered abnormal.

Clinical data and sleep questionnaire
Clinical patient characteristics, including age, sex, body mass 

index, Epworth sleepiness scale score, usage of psychotropic 

drugs at home, and usage of hypnotics during PSG were 

collected from clinical records. Data analyses were consecu-

tively conducted upon admission of each patient to the Sleep 

Disordered Breathing Clinic of Chiba University Hospital.

Patients were asked to answer an ordinary sleep ques-

tionnaire in the morning after PSG. The sleep questionnaire 

consisted of two questions regarding a) subjective sleep time 

compared with home (“Longer,” “No change,” or “Shorter”) 

and b) morning mood compared with home (“Better,” 

“No change,” or “Worse”). Patients with insufficient sleep 

questionnaire data were excluded (Figure 1).

Statistical analyses
All statistical analyses were performed using JMP Pro 13.2.1 

software (SAS Institute Inc., Cary, NC, USA), and all data 

are expressed as medians (interquartile ranges). The Mann–

Whitney U-test was used to determine the significance of 

differences and Fisher’s exact test was used to determine 

differences in the proportions of groups. All tests were two-

tailed and a probability (P) value of ,0.05 was considered 

statistically significant.

Results
Patient characteristics
The clinical characteristics of patients are shown in Table 1. 

One hundred and ninety patients were assessed for eligibility. 

After excluding 41 patients, 149 patients (65 patients in the 

no insomnia group [without hypnotics] and 84 patients in 

the insomnia group [treated with suvorexant]) were studied 

(Figure 1). In the insomnia group, 44 (52.4%) of 84 patients 

had substantial subjective sleep with single-use suvorexant, 

and the other 40 (47.6%) required additional zolpidem due 

to residual subjective difficulty in falling asleep after taking 

suvorexant. The majority of patients in both groups were 

middle-aged obese males. Subjective daytime sleepiness 

was deemed not severe, the median Epworth sleepiness scale 

score of all patients was 8.0 (range = 5.0–12.0). Some patients 

used psychotropic drugs at home. There were no significant 

differences in patient characteristics between the two groups, 

except antidepressant usage.

PSG data
PSG data are shown in Table 2. Sleep efficiency was sig-

nificantly lower in the insomnia group and relatively low 

in both groups. Since patients with severe insomnia with 

sleep onset took suvorexant (Figure 1), sleep latency was 

significantly longer in the insomnia group, as compared with 

the no insomnia group. However, there was no significant 

difference in TST between the two groups. The median 

rates of %Stage N3 in the no insomnia group and the insom-

nia group were 2.5% and 3.2%, respectively, suggesting 

poor sleep architecture in both groups. An AHI of $5 was 
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observed in 144 out of 149 patients, and all displayed pre-

dominantly obstructive respiratory events. Severe sleep apnea 

(AHIAHI .30) occurred in 46/65 patients (70.8%) in the no 

insomnia group and 53/84 patients (63.1%) in the insomnia 

group. The severity of sleep apnea, as determined by AHI, 

oxygen desaturation index (ODI), and % time spent with 

SpO
2
 ,90% (%SpO

2
 ,90%), were not significantly different 

between the two groups. AHI, ODI, or %SpO
2
 ,90% did not 

differ significantly between the suvorexant only group and 

the suvorexant+zolpidem group, neither (data not shown). A 

PLMS index greater than 15 was noted in 9.2% of patients 

in the no insomnia group and 14.3% of those in the insomnia 

group, without significant difference.

Sleep questionnaire
The questionnaire results related to subjective sleep symptoms 

are shown in Figure 2 and Figure S1. The majority of the patients 

answered that sleep time was longer or no change and morning 

mood was better or no change compared to those at home in 

all the groups. There were no significant differences between 

the no insomnia group and the insomnia group and between 

the suvorexant only group and the suvorexant+zolpidem group 

regarding both subjective sleep time and morning mood. The 

subjective sleep latency was almost consistent with sleep 

latency detected by PSG (Figure S1 and Table 2).

Adverse events
No patient fell and experienced delirium during the study 

period in either group.

Discussion
In this study, several important features regarding single-use 

suvorexant for insomnia in suspected OSA (all: 149 patients, 

OSA: 144/149 patients, severe OSA: 99/144 patients) 

Table 1 Patient characteristics

No insomnia group (n=65) Insomnia group (n=84) P-value

Age (years) 54.0 (44.0–66.0) 60.0 (51.0–69.0) 0.055
Male sex 49 (75.4) 60 (71.4) 0.71
Body mass index (kg/m2) 27.7 (23.8–30.1) 26.5 (23.4–30.2) 0.59
Epworth sleepiness scale 7.0 (5.0–12.0) 8.0 (5.0–12.0) 0.71
Psychotropic drugs 7 (10.8) 5 (6.0) 0.37

Antipsychotics
Antidepressant
Antianxiety

1 (1.5)
5 (7.7)
5 (7.7)

2 (2.4)
0 (0.0)
3 (3.6)

1.00
0.014*
0.30

Notes: Data are presented as the median (interquartile range) for numerical data and n (%) for categorical data. *P,0.05.

Table 2 Summary of PSG data

  No insomnia group (n=65) Insomnia group (n=84) P-value

TST (min) 384.0 (327.5–461.3) 356.8 (315.6–423.8) 0.062
Sleep efficiency (%) 66.6 (57.3–81.8) 62.9 (52.9–73.1) 0.043*
Sleep latency (min) 28.1 (14.0–50.9) 46.1 (24.1–78.9) 0.010*
REM latency (min) 105.0 (75.8–165.3) 138.8 (97.3–191.1) 0.084
Stage N1 (% TST) 25.8 (16.5–41.1) 25.0 (13.6–36.1) 0.23
Stage N2 (% TST) 48.7 (35.7–57.8) 47.8 (38.9–55.1) 0.79
Stage N3 (% TST) 2.5 (0.0–11.3) 3.2 (0.0–13.7) 0.38
REM (% TST) 17.6 (12.3–24.3) 19.0 (14.3–23.2) 0.43
WASO 144.5 (92.8–212.8) 162.5 (112.5–203.8) 0.36
Arousal index (events/h) 40.5 (28.5–54.9) 37.1 (27.6–62.3) 0.80
AHI (events/h) 39.7 (28.9–58.0) 37.4 (21.6–60.5) 0.72
3% ODI 31.4 (19.8–46.1) 27.5 (16.5–40.5) 0.31
4% ODI 22.3 (11.5–40.2) 19.7 (9.4–34.1) 0.64
%SpO2 ,90% 3.2 (0.4–8.2) 4.1 (0.7–11.8) 0.31
Mean SpO2 (%) 95.0 (94.0–96.0) 95.0 (94.0–97.0) 0.95
Lowest SpO2 (%) 77.0 (71.0–85.0) 76.5 (71.0–84.8) 0.78
PLMS index (events/h) 0.0 (0.0–3.0) 0.0 (0.0–2.3) 0.57

Notes: Data are presented as the median (interquartile range). *P,0.05.
Abbreviations: AHI, apnea-hypopnea index; ODI, oxygen desaturation index; PLMS, periodic limb movements during sleep; PSG, polysomnography; REM, rapid eye 
movement; %SpO2 ,90%, % time spent with SpO2 ,90%; TST, total sleep time; WASO, wake time after sleep onset.
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patients during overnight PSG were found. First, 84 (56.4%) 

of 149 patients with OSA who originally had no insomnia 

at home experienced difficulty in falling asleep during PSG 

and required the use of one or two hypnotic agents to sleep. 

Among these 84 patients, 44 (52.4%) achieved sufficient 

sleep with single-use suvorexant, while the other 40 (47.6%) 

required suvorexant plus zolpidem. Second, both subjective 

sleep time and morning mood in the majority of patients in 

the insomnia group were not different from those at home. 

Additionally, 84 patients who used suvorexant had no appar-

ent adverse event, such as delirium or falling.

In the present study, suvorexant had some substantial 

effects for patients with difficulty in falling asleep during 

in-laboratory PSG, although GABA
A
 receptor agonists had 

been conventionally used to treat insomnia in our facility. 

Approximately half of the patients with suvorexant admin-

istration needed add-on hypnotics to sleep during overnight 

PSG; therefore, the effect of single-use suvorexant on sleep 

induction in this medical circumstance appears to be mild. 

Our study settings analyzed patients who had no insomnia at 

home. The difficulty in falling asleep during PSG was mainly 

due to unfamiliar environment, discomfort caused by the 

PSG cables, or limitation of movement (ie, first night effect 

of PSG recordings). However, the subjective symptoms of 

sleep time and morning mood in suvorexant users were not 

worse compared with those at home in most patients, sug-

gesting that suvorexant could have induced subjective natural 

sleep. In fact, suvorexant has been reported to improve sleep 

quality by reducing long wake bout times.25 Additionally, 

since several previous studies showed that suvorexant has 

less effects on sleep architecture and EEG power spectrum 

than other hypnotics,19,20 it would be better if patients during 

PSG can sleep well with suvorexant use. In the present 

setting, however, optimizing hypnotic use timing or the type 

of add-on hypnotics might not be enough to sleep well. Thus, 

further studies are needed to conclude the preferred use of 

suvorexant for patients during PSG.

Suvorexant is a dual orexin receptor antagonist. Orexin 

neurons originate in the lateral hypothalamus and project 

throughout the brain, including respiratory centers in the 

brain stem,26 suggesting the association of orexin and 

respiration. Nevertheless, suvorexant was not reported to 

increase respiratory events, possibly because an orexin 

receptor antagonist may have some effects on respiratory 

control during the awake state, but not during the sleep 

state.21 Suvorexant was reported not to affect respiratory 

events during sleep or oxygenation in patients with mild-

to-moderate OSA.27 In addition, suvorexant showed no 

consistent pattern of change of any sleep stages in healthy 

young men.28 Therefore, single-use suvorexant may have 

potential as a standard single-use hypnotic for some hospi-

talized patients with sleep onset insomnia during PSG. In 

addition, suvorexant might be preferable for patients with 

insomnia during out of center sleep testing at home.

Figure 2 Summary of sleep questionnaire responses: subjective sleep time compared with home (A), and morning mood compared with home (B).
Notes: The majority of the patients answered the subjective sleep time was longer or no change and morning mood was better or no change compared to those at 
home in all the groups. There were no significant differences between the no insomnia group and the insomnia group and between the suvorexant only group and the 
suvorexant+zolpidem group regarding both subjective sleep time and morning mood.
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In this study, no adverse event was observed in all the 

patients. A large observational study of 53,081 patients in an 

European country revealed that GABA
A
 receptor hypnotic 

agents (eg, lorazepam and zolpidem) were administered to 

48.3% of hospitalized patients.6 In consideration of the poten-

tial side effects of hypnotic agents, GABA
A
 receptor hypnotic 

agents might 1) modify sleep architecture, 2) increase respi-

ratory events during sleep (cause respiratory depression), 

3) increase the risk of falls (or bone fracture), and 4) cause 

acute cognitive dysfunction and hallucination.15,16,27,29,30 Kolla 

et al31 evaluated 36,141 patients undergoing PSG and reported 

adverse events in only 0.16%, with falls being the second 

most frequent, at 0.05%. No adverse events were observed in 

both patients taking suvorexant and those without hypnotics 

in this study. Nevertheless, residual daytime sleepiness was 

not evaluated in this study. Hence, since patients were dis-

charged from the hospital soon after PSG, hypnotics with a 

short half-life should be more acceptable. Suvorexant has a 

relatively long half-life compared with short-acting GABA
A
 

hypnotics such as zolpidem. Hence, residual daytime sleepi-

ness due to suvorexant use remains a concern. Five patients 

used antidepressants in the no insomnia group, and no patient 

used antidepressants in the insomnia group, with significant 

differences between the two groups. Four patients used selec-

tive serotonin reuptake inhibitor (SSRI), and one patient used 

both SSRI and serotonin noradrenaline reuptake inhibitor 

(SNRI). SSRI and SNRI have been reported to prolong sleep 

latency and worsen sleep continuity.32 Because the present 

study did not show any result concerning the influence of 

antidepressant agent, this effect remains unclear.

There were several limitations associated with this study. 

First, this study included a relatively small number of patients 

with OSA and it was conducted in a single hospital. Thus, the 

number of patients may have been insufficient to elucidate 

the actual incidence of adverse events because, in a previous 

report, falls were observed in only 0.8% of patients and hal-

lucinations in only 0.4% among those prescribed 15/20 mg 

of suvorexant in two 3-month phase III trials.23 Second, 

hypoventilation during PSG was not evaluated by PaCO
2
 

monitoring. Accordingly, it was not possible to analyze the 

effect of suvorexant on ventilation, although such an effect 

of suvorexant has not been reported. Nonetheless, single-

use suvorexant had at least some effects on insomnia with 

sleep onset in patients with suspected OSA without obvious 

adverse effects. Third, we did not use a specific scale, such 

as the visual analog scale or a numeric rating scale, when 

analyzing patients’ subjective evaluation of sleep during 

PSG. Therefore, our sleep questionnaire data could have 

been inaccurate. Fourth, the time of suvorexant administra-

tion was different in each patient, which could have affected 

sleep latency, sleep efficiency, and sleep questionnaire data. 

Fifth, zolpidem was administered to approximately half of 

the patients in the insomnia group. Zolpidem usage could 

have modified our results and worsened the results of the 

insomnia group because it was reported to decrease the 

minimum SpO
2
 and cause falls and delirium.33–35 However, 

because little is known about the efficacy (regarding both 

the effects on PSG and subjective sleep quality) and safety 

of single-use suvorexant during overnight PSG for patients 

with suspected OSA, the results of the present study may be 

useful for sleep clinicians and respiratory physicians.

Conclusion
In conclusion, suvorexant might have potential as a safe 

and effective (but mild) hypnotic during overnight PSG for 

patients with suspected OSA. However, further prospective 

studies are required to confirm the results of this study.
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Supplementary material

Figure S1 Summary in the questionnaire of subjective sleep latency.
Notes: The subjective sleep latency was significantly longer in the insomnia group compared to the no insomnia group. Among the insomnia group, the subjective sleep 
latency in the no insomnia group was significant shorter compared to the insomnia group. Furthermore, subjective sleep latency was significantly shorter in the suvorexant 
only group than in the suvorexant+zolpidem group.
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