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INTRODUCTION
Residual daytime sleepiness and associated impairment of 

psychomotor and cognitive functioning the day after bedtime 
use constitutes one of the main concerns associated with the 
use of hypnotics. In car drivers this is of particular concern, 
since reduced alertness and slowed reactions may increase 
a person’s risk to become involved in accidents. Currently 
available hypnotics are typically GABA agonists, i.e., ben-
zodiazepines and benzodiazepine-like drugs. Results from 
epidemiological studies show that use of benzodiazepines is 
associated with increased risks of car accidents.1–3

In August 2014, suvorexant (MK-4305), a drug with a novel 
mechanism of action, was approved in the United States for 
adults with insomnia who have difficulty falling asleep and/or 
staying asleep.4 Suvorexant promotes sleep by blocking orexin 
receptors.5,6 Orexin (or hypocretin) is a peptide produced by 
neurons in the lateral hypothalamus that seems essential for 
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stable waking, as shown by narcolepsy patients who suffer 
from a lack of orexin. In their recent review of orexin regu-
lation of sleep and wakefulness, de Lecea and Huerta7 report 
that orexin neurons exhibit firing patterns that parallel those of 
monoaminergic neurons, i.e., most active during wakefulness, 
mild firing during NREM sleep, and silent during REM sleep. 
In line with this, orexin levels have been found to peak at the 
end of the active phase, and fall to about half their maximum 
levels during sleep. It was also found that phasic activity of 
orexin neurons during sleep increases the probability of awak-
ening. Reduction of orexinergic tone seems therefore essential 
for initiation and maintenance of sleep.5,7 Blocking the orexin 
system during the night might reduce hyperarousal and thus 
improve sleep in insomnia patients.8,9

Suvorexant is a potent and selective antagonist at orexin-1 
and orexin-2 receptors, i.e., a dual orexin receptor antago-
nist (DORA). Following oral administration it is well ab-
sorbed, with an average tmax occurring between 1.5 and 4 h 
after PM dosing and a half-life of about 12 h.10 Steady state is 
reached after 3 days of dosing.4 Clinical studies have shown 
that suvorexant in doses between 10 and 100 mg significantly 
improves subjective and objective measures of sleep.10–13 Su-
vorexant was found to decrease sleep latencies and wake time 
after sleep onset in healthy young volunteers and insomnia 
patients.10–13 A 1-year multicenter trial to determine the safety 
and efficacy of suvorexant 30 and 40 mg showed that su-
vorexant had sustained effects on subjective total sleep time up 
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to 1 year.12 Furthermore, suvorexant was well tolerated and did 
not show rebound or withdrawal effects upon discontinuation. 
The most common adverse events associated with suvorexant 
30 and 40 mg were primarily extensions of the drug’s pharma-
cological activity, i.e., somnolence (13.2%), fatigue (6.5%), and 
dry mouth (5.0 %).12

Results from animal studies suggest that DORAs require a 
high level of orexin-2 receptor occupancy, i.e., 65% or more.14 
When occupancy falls below this threshold, the sleep-pro-
moting effects seem to disappear. Based on these findings it 
is hypothesized that orexin antagonists like suvorexant, with 
a pharmacokinetic profile such that occupancy falls below a 
sleep-promoting threshold by morning,10,14 are not likely to 
produce residual daytime sedation due to decreasing drug 
levels and increasing competition by endogenous orexin upon 
awakening. A key determinant for the extent of morning re-
ceptor occupancy is the dose used.

The recommended starting dose of suvorexant in the United 
States is 10 mg, which may be increased to a maximum of 20 
mg.4 Clinical trials including exploratory evaluations of re-
sidual effects of suvorexant on performance, did not find con-
sistent dose-dependent differences from placebo for doses up 
to 80 mg.10,11 A study in 19 young healthy male volunteers com-
pared the effects of single bedtime doses of suvorexant 10, 50, 
and 100 mg, and placebo on simple reaction time, choice reac-
tion, and digit symbol substitution test (DSST) performance 
the next morning, 10 h after intake.10 Statistically significant 
impairment was found after the 100 mg dose, but not after the 
10 and 50 mg doses. A Phase 2B study in insomnia patients 
also evaluated residual effects of suvorexant 10, 20, 40, and 
80 mg and placebo after the first dose and after 4 weeks of 
treatment, using a DSST and a digit symbol copying test.11 
Results did not show consistent dose-dependent effects. The 
only significant differences from placebo were found after the 
first dose of 20 mg on DSST and after 4 weeks of treatment 
with 40 mg on digit symbol copying test. Exploratory findings 
of clinical trials therefore suggest that next-day effects of su-
vorexant are likely to be absent or minor after bedtime doses 
of 40 mg or less.

The primary objective of the present study was to evaluate 
the next-morning residual effects of suvorexant 20 and 40 mg 
on car driving, after single and repeated bedtime use in healthy 
volunteers younger than 65 years. Driving performance was 
assessed by the standard deviation of lateral position (SDLP 
in cm) in a standardized on-the-road driving test.15 The ef-
fects of suvorexant were to be compared to those of placebo 
by analysis of mean drug-placebo changes and by symmetry 
analysis of drug-placebo.16 Based on results from a previous 
calibration study with alcohol,17 a mean drug-placebo differ-
ence in SDLP with a 90% confidence interval < 2.4 cm was not 
considered clinically meaningful. A symmetry analysis was 
used to determine whether there was a statistically significant 
imbalance between the number of subjects with drug-placebo 
differences larger than the criterion of 2.4 cm (impairment) 
versus the number of subjects with drug-placebo differences 
less than −2.4 cm (improvement).

Secondary or exploratory objectives were to compare the 
residual effects of suvorexant with those of placebo on per-
formance in tests of word learning, digit symbol substitution 

and postural balance, and to determine the relation between 
suvorexant blood concentrations (obtained at 11 h post dose) 
and driving performance. Zopiclone 7.5 mg was selected as an 
active control, because it was consistently found to have mod-
erate impairing effects on driving the morning after bedtime 
administration.16,18–20

METHODS

Subjects
Twenty-eight subjects (13 men, 15 women) were recruited 

via advertisements placed in local newspapers. Healthy vol-
unteers between 21 and 64 years of age (inclusive) were eli-
gible to enroll if they possessed a valid driver’s license, had 
driving experience ≥ 5,000 km/year on average within the last 
3 years, body mass index between 18 and 30 kg/m2 (inclusive), 
and normal vision (corrected or uncorrected). Subjects were 
required to be in good health, as confirmed by their medical 
history, physical examination, vital sign measurement, electro-
cardiogram, and laboratory safety tests (blood chemistry and 
hematology). Women of childbearing potential had to agree 
not to become pregnant and be willing to use double barrier 
methods of birth control.

Subjects who met any of the following criteria were excluded 
from the study: history or present evidence of any clinically 
significant physical, neurological, psychiatric or sleep disor-
ders, alcoholism or drug abuse; pregnancy or breastfeeding; 
use of medication known to affect driving performance or 
hepatic drug metabolism; estimated creatinine clearance ≤ 80 
mL/min based on the Cockroft-Gault equation; major surgery, 
blood donation or participation in any other clinical trial within 
4 weeks prior to screening; smoking > 6 cigarettes per week; 
alcohol consumption > 3 drinks per day; caffeine consump-
tion > 6 servings per day. All subjects were tested for drug use 
(amphetamines, benzodiazepines, cannabis, cocaine, ecstasy, 
and opiates), and females for pregnancy at prestudy screening 
and at the start of each test session.

During participation subjects were required to abstain from 
prescription and non-prescription medication, and grapefruits 
or grapefruit products. They also had to refrain from smoking 
and/or consuming caffeine and alcohol from the time of arrival 
at the site on treatment days until the completion of all tests 
the next day. In addition, alcoholic drinks, fruit juice, caffeine, 
and food were not permitted from 48, 12, 10, and 4 h prior to 
arrival, respectively. Furthermore, subjects were required not 
to drive their own vehicles from intake of the first dose until 24 
h after the last dose of each treatment period.

Ethical approval was obtained from the Medical Ethics 
Committee of Maastricht University and all volunteers pro-
vided written informed consent prior to enrollment. The study 
was carried out in accordance with the principles of good clin-
ical practice.

Design
The study (Merck protocol 035) was conducted from June 

to October 2011 according to a randomized, double-blind, pla-
cebo, and active drug controlled, 4-period crossover design. 
Each treatment period lasted for 8 days and residual effects 
were assessed in the mornings of day 2 and 9. Treatments were 
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bedtime doses of suvorexant 20 mg, suvorexant 40 
mg, and placebo for 8 consecutive days, and zopi-
clone 7.5 mg as an active control on day 1 and 8 only, 
with placebo given for the 6 days in between (day 2 to 
7). Order of treatment conditions was balanced over 
subjects. Washout between treatment periods was at 
least 7 days. The study was registered at clinicaltrials.
gov (NCT01311882).

Assessments

Highway Driving Test
Residual effects were assessed using a standard-

ized highway driving test,15 which assesses SDLP as a 
measure of driver vehicle control (Figure 1).

In this test, subjects operate a specially instru-
mented vehicle for about 1 h over a 100-km (61-mile) 
primary highway circuit, accompanied by a licensed 
driving instructor having access to dual controls 
(brakes and accelerator). The subjects’ task is to drive 
with a steady lateral position between the delineated 
boundaries of the slower (right) traffi c lane, while 
maintaining a constant speed of 95 km/h (58 mph). 
Subjects may deviate from those instructions only to 
pass a slower vehicle, and to leave and re-enter the 
highway at the turnaround points. During the drive, 
the vehicle’s speed and lateral distance to the left 
lane-line are continuously recorded. These signals 
are digitized at a rate of 4 Hz and stored on an on-
board computer disk fi le for later preprocessing and 
analysis. Preprocessing consists of off-line visual inspection 
of all data by trained processors to mark data segments that re-
veal signal loss or disturbances such as passing maneuvers and 
turn-around points. The preprocessed dataset is then used to 
calculate means and variances of lateral position and speed of 
clean (unmarked) data. The primary outcome variable is SDLP 
in cm, and the secondary outcome variable is standard devia-
tion of speed (SDS in km/h). Performance in this test of healthy 
volunteers and insomnia patients has repeatedly been found 
sensitive to residual effects of zopiclone 7.5 mg.16,18,21

Word Learning Test
In the Word Learning Test22 measuring verbal memory, a 

sequence of 15 monosyllabic nouns is shown on a computer 
display at a rate of 1 per 2 seconds. Immediately thereafter the 
subject is required to verbally recall as many words as pos-
sible. The sequence is repeated on 4 more trials, and the sum 
of separate trial scores is the Immediate Recall Score. After a 
delay ≥ 30 min, the subject is again required to recall as many 
words as possible without prompting. The total number of 
words correctly recalled is the Delayed Recall Score. Finally, 
the subject is shown a sequence of 30 words on the computer 
display, including 15 words from the original set and 15 new 
words in random order. The subject has to indicate as quickly 
as possible whether a word originates from the original set 
or not by pressing a corresponding buttons. The number and 
speed of correct responses are recorded as the Recognition 
Score and the Recognition Reaction Time (in ms), respectively. 
Nine parallel lists were used, with a different list for each of 

the 8 testing days and the training. Lists were balanced across 
treatments. Performance in this test has repeatedly been found 
sensitive to residual effects of zopiclone 7.5 mg.23–26

Body Sway
The ability of subjects to maintain a balanced body posture 

was evaluated by measures of body sway during quiet stance 
maintenance using a portable AccuSwayPlus force platform (Ad-
vanced Mechanical Technology Inc., Watertown, MA). In this 
test, subjects are instructed to stand as still as possible on the 
platform in an upright position with bare feet placed parallel 
at hip width, arms relaxed along the body and facing forward. 
The system measures ground reacting force and movement in 
3 orthogonal directions, providing the center of foot pressure 
(CoP) coordinates. These data are used to calculate the extent 
of movement of the CoP during each recording. Dependent 
variables are the path length of the CoP (in cm) and the surface 
area of 95% confi dence ellipse enclosing the CoP (A95 in cm2). 
A95 is the primary measure, as it has shown to be a more sensi-
tive measure of postural stability.27–29 Each test consisted of six 
40-second trial recordings comprising 2 task conditions. In the 
fi rst 3 trials, subjects were instructed to keep their eyes open 
and fi xated on a point 50 cm in front of them at eye level. In the 
following 3 trials, subjects were instructed to keep their eyes 
closed. A95 and CoP scores were averaged over each set of 3 
trials. Foot position is standardized between trials by markings 
on the platform. A recent study has shown that postural bal-
ance as measured with this test is dose-dependently sensitive 
to the acute effects of low and moderate doses of alcohol.30

Figure 1—Highway driving test. (A) Subjects drive a specially instrumented vehicle 
for about 1 hour over a 100 km primary highway circuit, accompanied by a licensed 
driving instructor having access to dual controls. The subjects’ task is to drive with 
a steady lateral position between the delineated boundaries of the slower (right) 
traffi c lane, while maintaining a constant speed of 95 km/h. (B) A camera on top of 
the car continuously registers the lateral position of the car on the road with respect 
to the left lane delineation. (C) The standard deviation of lateral position (SDLP in 
cm) is an index of road tracking error or “weaving.” SDLP scores increase compared 
to placebo after the use of many sedating drugs including low doses of alcohol.
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Digit Symbol Substitution Test
The DSST measures processing speed and working 

memory. It is a computerized version31 of the original paper 
and pencil test taken from the Wechsler Adults Intelligence 
Scale. The subject is shown an encoding scheme consisting 
of a row of squares at the top of a touch-screen, wherein nine 
digits are randomly associated with particular symbols. The 
same symbols are presented in a fixed sequence at the bottom 
of the screen as a row of separate response buttons. The en-
coding scheme and the response buttons remain visible while 
the subject is shown successive presentations of a single digit 
at the center of the screen. The subject is required to match 
each digit with a symbol from the encoding list as rapidly 
as possible by touching the corresponding symbol on the 
touch-screen. The number of digits correctly encoded within 
3 minutes is the performance measure. Performance in this 
test has previously been found sensitive to residual effects of 
zopiclone 7.5 mg.25

Subjective Ratings
Before starting the cognitive tests, subjects indicated their 

subjective feelings using the Bond and Lader32 16-item mood 
scale for providing three factor analytically defined summary 
scores: “alertness,” “contentedness,” and “calmness.” The 
scale for alertness summary score ranges from 0 to 27, where 
0 corresponds to most alert. The driving instructors used 2 
similar 0–100 visual-analog scales for describing the subject’s 
driving quality and apparent sedation at the conclusion of the 
driving test, where 0 corresponds to best driving quality and 
lowest sedation.

Pharmacokinetics
Blood samples (7 mL) for suvorexant and zopiclone deter-

minations were collected after driving, at approximately 11 h 
post dose. Plasma samples were stored and frozen at −20°C 
and later analyzed.

The analytical methods for the determination of suvorexant 
were based on a liquid-liquid extraction of drug from human 
plasma. The drug and internal standard were separated using 
reverse-phase high-performance liquid chromatography 
(HPLC) and detected with tandem mass spectrometry (LC-MS/
MS), employing a heated nebulizer (HN) interface in the posi-
tive ion mode and multiple reaction monitoring (MRM) mode. 
The lower limit of quantitation (LLOQ) for this method was 1 
ng/mL with a linear calibration range from 1 to 1,000 ng/mL. 
Samples were assayed by WuXi AppTec Co. (Shanghai, China).

The analytical methods for the determination of zopiclone 
were based on a liquid-liquid extraction of drug from human 
plasma. The drug and internal standard were separated using 
reverse-phase HPLC and detected with LC-MS/MS. The 
LLOQ for this method was 0.30 ng/mL with a linear calibra-
tion range from 0.30 to 150 ng/mL. Samples were assayed by 
PharmaNet Canada (Québec, Canada).

Procedure
Within two weeks before the first treatment period, subjects 

slept one night in the same facilities as during treatment con-
ditions, to overcome possible sleep disturbances associated 
with sleeping in an unfamiliar environment. In the evening 

preceding their habituation night and the following morning, 
subjects were individually trained to perform all tests, in-
cluding the driving test.

On days 1 and 8 of each treatment period, subjects arrived 
at the test facility at approximately 21:30, upon which their eli-
gibility and compliance with study restrictions was verified by 
questioning, urine screens for drugs of abuse and pregnancy, 
breath testing for alcohol, and measurement of vital signs. A 
maximum of 4 subjects were treated on the same night and 
tested the following day with 5-min difference between their 
activities. At 23:25, the first subject was administered drug or 
placebo with 240 mL water in the presence of an investigator 
and retired to bed. At 07:25 the first subject was awakened and 
vital signs were measured. Following toilet and dress, subjects 
were provided a standardized light breakfast without caffeine 
and transported to the highway. The first driving test started 
at approximately 08:25, i.e., 9 h after bedtime dosing. After 
completion of the driving test subjects were transported to 
the university for further assessments. Approximately 11 h 
after dosing, a blood sample was taken and vital signs were 
measured. Subsequently subjects performed the immediate 
recall part of the Word Learning test, the DSST, the balance 
test, and the delayed recall and recognition parts of the Word 
Learning test, in fixed order. Upon completion of all tests at 
approximately 11:30, subjects were served a light snack and 
transported home.

During days 2 to 7 of all treatment periods, trial medication 
was taken by the subjects at their homes, within one hour of 
the scheduled times on days 1 and 8. Subjects recorded time of 
administration in a diary. On day 4 or 5 of each treatment pe-
riod, subjects were contacted by telephone to check treatment 
compliance and possible adverse events.

Approximately 14 days after the last treatment period, sub-
jects’ health and well-being were confirmed by questioning 
them about adverse events, and by physical examination and 
laboratory tests (blood chemistry and hematology).

Statistical Analyses
The primary endpoint was mean SDLP. Secondary endpoints 

were symmetry analysis of individual changes from placebo in 
SDLP (see below) and mean word learning and body sway test 
scores. Mean DSST and subjective rating scores were explor-
atory endpoints. Sample size was determined based on power 
calculations to rule out a clinically relevant mean difference 
in SDLP between suvorexant and placebo, defined as the 90% 
confidence interval for the mean difference in SDLP falling 
below 2.4 cm. A mean increase in SDLP of 2.4 cm as com-
pared to placebo corresponds to the effects previously found 
for alcohol while subjects drove with average blood alcohol 
concentrations of 0.5 g/L.17 Assuming a within-subject vari-
ance in SDLP of 3.55 cm2 based on a previous study,19 and a 
sample size of 24, the study would have a probability of at least 
0.80 that the 90% CI would fall below 2.4 cm if the true mean 
difference was as high as 1.0 cm. To ensure 24 completers, 28 
subjects were enrolled.

All performance parameters were analyzed using a linear 
mixed model ANOVA for repeated measures with fixed fac-
tors for Treatment (suvorexant 20 and 40 mg, zopiclone and 
placebo, abbreviated as S20, S40, ZOP, and PBO respectively), 
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Day (D2 and D9), Period (1 to 4), and a Treatment by Day in-
teraction and a random factor for Subject.

As a secondary analysis SDLP was also analyzed using sym-
metry analysis of individual changes from placebo in SDLP. To 
perform this symmetry analysis, generalized signs test were 
used for each treatment condition and treatment day separately 
to test whether the number of subjects with an increase in 
SDLP ≥ 2.4 cm (reflecting impairment) differed significantly 
from the number of subjects with a decrease in SDLP of −2.4 
cm or more (reflecting improvement).

All statistical analyses were done by using the SAS statis-
tical program version 9.3 (SAS Institute Inc. Cary, NC). No 
adjustments were made for multiple comparisons.

This study was not powered for the secondary/exploratory 
endpoints, nor were any adjustments for multiplicity made 
across these numerous endpoints and timepoints. Results 
should be interpreted with this in mind.

RESULTS

Demographic Data
All 28 enrolled subjects completed the study. Mean ± standard 

deviation (SD) age was 45.6 ± 13.2 y (range 23 to 64 y). Twenty-
seven subjects were white, and one was Asian. Mean ± SD body 
mass index of 24.7 ± 3.0 kg/m2. Mean ± SD body weight was 
81.7 ± 6.8 kg for the males (range 72 to 94 kg), and 68.1 ± 10.8 
kg for the females (range 51 to 82 kg).

Missing Data
Data for 3 subjects were incomplete. For one subject, all per-

formance data on D9 of PBO were missing because of adverse 
events: the subject reported severe anxiety and insomnia during 
the night (approx. 1:25 h post dosing) and withdrew from fur-
ther testing. For a second subject, speed data during driving 
on D2 and D9 of S20 were missing due to technical problems. 
Finally, for a third subject the DSST score on D2 of PBO was 
missing, because the subject did not follow test instructions.

Driving
Four female subjects requested that a total of 5 driving tests 

be stopped prematurely because they felt too drowsy to con-
tinue safely: 2 subjects in S40, 1 subject in S20, and 1 subject 
in S20 and S40 (Table 1).

One of the subjects who stopped driving on D2 of S40 
was not able to return for the D8 visit for personal reasons, 

and therefore repeated this S40 treatment period. The repeat 
driving test was completed as scheduled. Only the data from 
her repeat treatment period were used for analysis of perfor-
mance assessments. Finally, one driving test on D2 of S20 had 
to be terminated after 20 minutes due to technical problems. 
SDLP scores for prematurely terminated tests were calculated 
from the data collected until termination of each ride. For sym-
metry analysis, all prematurely terminated tests were included 
as SDLP changes ≥ 2.4 cm in this analysis.

Mean SDLP scores per treatment and test day, and mean 
drug-placebo changes with 90% CI are shown in Table 2. 
Individual and mean changes in SDLP from placebo are shown 
in Figure 2.

On D2, mean changes from placebo in SDLP scores were 
1.01 cm (90% CI: 0.36 to 1.66) in S20 and 1.66 cm (90% CI: 
1.01 to 2.31) in S40. On D9, the differences were 0.48 (90% CI: 
−0.18 to 1.13) in S20 and 1.31 (90% CI: 0.65 to 1.96) in S40. 
The upper limits of the 90% CI of these changes all fell below 
the criterion of 2.4 cm, indicating that the residual effects of 
suvorexant on driving were not clinically relevant. The lower 
limits of the 90% CI, however, fell above 0 cm on both days in 
S40, and on D2 in S20, indicating that the mean change was 
statistically significantly different from placebo. Plots of indi-
vidual SDLP changes from placebo by gender for suvorexant 
are shown in Figure S1 (supplemental material). There did not 
appear to be a marked gender difference in the distribution 
of scores.

In ZOP mean SDLP was increased by 2.14 (90% CI: 1.49 
to 2.79) cm and 1.45 (90% CI: 0.79 to 2.10) cm on D2 and D9, 
respectively. These results confirm assay sensitivity, and show 
effects of zopiclone on driving were clinically relevant on D2, 
but not on D9.

Symmetry analysis of individual changes in SDLP showed 
that significantly more subjects showed an increase in 
SDLP ≥ 2.4 cm than a decrease in SDLP of the same magni-
tude on both treatment days in ZOP and S40, and on D2 in S20 
(Table 3).

Variability in speed during driving, as measured by SDS, 
was significantly increased compared to placebo in S20, S40, 
and ZOP on D2, and in S40 on D9, as shown by the lower 
limits of the 90% CIs above zero (Table 2).

Word Learning
No statistically significant impairment was observed in im-

mediate recall. Delayed recall was significantly impaired in 

Table 1—Driving tests terminated prematurely due to subjective feelings of drowsiness.

Subject Treatment Day
Time before 
Stop (min)

SDLP
Placebo (cm)

Change in 
SDLP (cm)

Change in 
Alertness (VAS) b

Drug Plasma 
Concentration 

(C11h, μM)
Female, 26 y Suvorexant 40 mg 2 45 12.74 +5.88 +1.62 0.523
Female, 23 y Suvorexant 40 mg 2 a 44 13.16 +4.81 +1.60 0.889
Female, 57 y Suvorexant 20 mg 2 57 16.80 +2.82 +5.28 0.259
Female, 26 y Suvorexant 20 mg 9 46 18.73 −0.06 +13.03 NA

Suvorexant 40 mg 2 29 17.29 −0.42 +13.66 NA

aTreatment period and test were later repeated. Repeat test was completed normally and included in statistical analysis. bPositive changes indicate 
impairment. NA, not available (sample not collected at the discretion of the investigator due to phlebotomy difficulties)
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S40 and ZOP on D2, but not on D9 (Table 2). Finally, speed, 
but not accuracy, of word recognition was significantly im-
paired in ZOP on D9. No significant impairment was observed 
in S20.

Body Sway
Body sway was statistically significantly increased in S20, 

S40 and ZOP on D2, but not on D9 (Table 2). On D2, surface 
area of CoP (A95) with eyes open was increased by all ac-
tive treatments compared to PBO. In addition, A95 with eyes 
closed was increased in ZOP, and path length of CoP was in-
creased in S40, both with eyes open and eyes closed.

DSST
Performance in the DSST was statistically significantly im-

paired in S40 and ZOP on D2. No significant impairment was 
observed in S20, or on D9 (Table 2).

Subjective Evaluations
Subjects judged themselves as statistically significantly less 

alert on D2 in S40 as compared to placebo. The driving instruc-
tors judged the subjects as appearing significantly more sedated 
on both treatment days in S20 and S40 as compared to placebo. 
They judged the subjects’ driving quality as significantly worse 
than placebo on both days in S40 and on D2 in S20.

Table 2—Model-based mean performance scores, and mean drug-placebo changes (90% CI) at both test days in each treatment condition. 

 Day
Means Treatment Differences vs PBO, Mean (90% CI)

PBO S20 S40 ZOP S20 S40 ZOP
Driving test

SDLP (cm) 2 15.53 16.54 17.19 17.66 1.01 (0.36, 1.66) 1.66 (1.01, 2.31) 2.14 (1.49, 2.79)
9 15.47 a 15.94 16.77 16.91 0.48 (−0.18,1.13) 1.31 (0.65, 1.96) 1.45 (0.79, 2.10)

SDS (km/h) 2 1.66 1.85 a 1.84 1.84 0.19 (0.09, 0.30) 0.18 (0.07, 0.29) 0.18 (0.07, 0.29)
9 1.72 a 1.79a 1.85 1.78 0.07 (−0.04,0.18) 0.12 (0.02, 0.23) 0.06 (−0.05,0.17)

Word learning test
Immediate recall (number correct) 2 51.3 49.9 50.5 49.1 −1.4 (−3.7, 0.9) −0.8 (−3.1, 1.4) −2.2 (−4.4, 0.1)

9 49.6 a 51.2 52.4 50.4 1.6 (−0.7, 3.9) 2.9 (0.6, 5.1) 0.9 (−1.4, 3.1)

Delayed recall (number correct) 2 10.0 9.5 9.1 8.6 −0.4 (−1.2, 0.4) −0.9 (−1.6, −0.1) −1.4 (−2.2, −0.6)
9 9.0 9.7 9.7 9.1 0.7 (−0.1, 1.5) 0.7 (−0.1, 1.5) 0.1 (−0.7, 0.9)

Recognition (number correct) 2 27.4 27.6 27.5 a 26.6 0.3 (−0.5, 1.1) 0.2 (−0.6, 1.0) −0.8 (−1.6, 0.1)
9 27.4 a 27.1 27.4 27.1 −0.2 (−1.0, 0.6) −0.0 (−0.8, 0.8) −0.3 (−1.1, 0.5)

Recognition speed (ms) 2 780 779 778 a 809 −2 (−31, 27) −3 (−32, 27) 28  (−1, 57)
9 755 a 761 770 817 6 (−24, 35) 15 (−14, 45) 63 (33, 92)

Body sway test
A95 eyes open b (cm2) 2 0.86 1.06 1.01 1.13 1.23 (1.07, 1.41) 1.18 (1.03, 1.36) 1.32 (1.15, 1.51)

9 0.99 a 0.93 0.96 1.07 0.94 (0.82, 1.07) 0.96 (0.84, 1.11) 1.08 (0.94,1.24)

A95 eyes closed b (cm2) 2 1.84 1.89 2.08 2.16 1.03 (0.90, 1.17) 1.14 (0.997,1.29) 1.18 (1.03, 1.34)
9 1.77 a 1.72 2.02 1.87 0.97 (0.85, 1.10) 1.14 (0.997,1.30) 1.05 (0.92,1.20)

CoP eyes open b (cm) 2 36.8 37.4 37.8 36.6 1.02 (0.99, 1.04) 1.03 (1.01, 1.05) 0.99 (0.97,1.02)
9 37.1 a 36.7 36.3 36.5 0.99 (0.97, 1.01) 0.98 (0.96, 1.00) 0.98 (0.96,1.01)

CoP eyes closed b (cm) 2 51.6 53.0 53.4 52.7 1.03 (0.99, 1.06) 1.04 (1.001, 1.07) 1.02 (0.99,1.06)
9 50.6 50.5 50.1 51.0 1.00 (0.96, 1.03) 0.99 (0.96, 1.03) 1.01 (0.97,1.04)

DSST (number correct) 2 87.0 a 85.9 84.0 82.8 −1.1 (−3.2, 0.9) −3.1 (−5.1, −1.0) −4.2 (−6.3, −2.2)
9 87.1 a 88.5 87.3 85.3 1.4 (−0.7, 3.5) 0.2 (−1.9, 2.2) −1.9 (−3.9, 0.2)

Subjective rating scales
Instructor-rated driving quality (mm) 2 23.9 27.6 30.4 24.9 3.8 (0.1, 7.4) 6.5 (2.9, 10.1) 1.0 (−2.6, 4.6)
Very well (0)–very bad (100) 9 23.2 26.6 27.5 25.0 3.4 (−0.2, 7.1) 4.3 (0.6, 7.9) 1.7 (−1.9, 5.4)

Instructor-rated sedation (mm) 2 7.1 15.8 24.7 9.5 8.6 (3.2, 14.1) 17.5 (12.1, 23.0) 2.3 (−3.1, 7.8)
None (0)–completely (100) 9 8.3 16.1 15.0 9.6 7.8 (2.3, 13.3) 6.7 (1.2, 12.2) 1.3 (−4.2, 6.8)

Subject-rated alertness (mm) 2 18.4 19.2 21.1 18.5 0.8 (−0.6, 2.1) 2.7 (1.4, 4.0) 0.1 (−1.3, 1.4)
Very alert (0)–not alert (27) 9 17.7 18.2 18.8 18.3  0.5 (−0.8, 1.8) 1.2 (−0.2, 2.5) 0.6 (−0.7, 2.0)

n = 28 subjects except where indicated: an = 27. bChanges reflect fold-changes from placebo. Significant differences (values with CIs that do not overlap 0, 
or 1 in the case of fold-change values) are in bold. PBO, placebo; S20, suvorexant 20 mg; S40, suvorexant 40 mg; ZOP, zopiclone 7.5 mg.
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Blood Samples
On D2 mean (range) plasma concentrations of suvorexant 

(C11h) were 0.290 (0.167 to 0.434) and 0.482 (0.299 to 0.889) 
μM, for 20 and 40 mg doses, respectively. On D9 mean C11h 
increased to 0.400 (0.216 to 0.673) and 0.552 (0.200 to 1.032) 
μM, respectively. Mean (range) plasma concentrations (C11h) of 

zopiclone were 15.62 ng/mL (8.73 to 23.79) on D2 and 15.82 
ng/mL (8.72 to 26.41) on D9. The correlations between plasma 
concentrations of suvorexant (pooled over dose) and SDLP 
were weak, i.e., r = 0.21 on D2 and r = 0.32 on D9. Plots of indi-
vidual SDLP difference from placebo scores versus suvorexant 
plasma concentration by gender are shown in Figure S2 

Figure 2—Individual SDLP (cm) differences from placebo (distinguishing observations from subjects whose driving tests were prematurely stopped due to 
somnolence), mean and 90% confidence interval by Treatment and Day, following bedtime administration of suvorexant 20 mg, 40 mg single dose (Day 2) 
and multiple doses (Day 9), and single dose of zopiclone 7.5 mg (Day 2 and Day 9). n = 28 on Day 2, n = 27 on Day 9. Horizontal dashed lines indicate 
thresholds for impairment (> 2.4 cm) and improvement (< −2.4 cm). Only the SDLP data used for the statistical analysis are shown, which includes 4 
prematurely terminated tests (black triangles).
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Table 3—Symmetry analysis numbers of subjects whose SDLP increased more than 2.4 cm (indicating impairment) and numbers of subjects whose 
SDLP decreased more than 2.4 cm (indicating improvement).

Treatment Condition Day N ∆SDLP ≥ 2.4, n (proportion) ∆SDLP ≤ −2.4, n (proportion) Test Statistic a Reject H0

S20 2 28 6 (0.21) 0 (0.00) 2.45 Yes
9 27 3 (0.11) 1 (0.04) 1.00 No

S40 2 28 11 (0.39) 2 (0.07) 2.50 Yes
9 27 6 (0.22) 0 (0.00) 2.45 Yes

ZOP 2 28 15 (0.54) 1 (0.04) 3.50 Yes
9 27 8 (0.30) 0 (0.00) 2.83 Yes

aGeneral sign test. Reject H0 (null hypothesis) if statistic > 1.74 (indicates statistically significant imbalance). All prematurely terminated tests were included 
as SDLP changes ≥ 2.4 cm for this analysis. S20, suvorexant 20 mg; S40, suvorexant 40 mg; ZOP, zopiclone 7.5 mg.
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(supplemental material). The weak relationship between SDLP 
and suvorexant plasma concentration appeared to be similar 
for women and men.

Safety
Table 4 presents a summary of adverse events reported 

by ≥ 5% of the subjects after any treatment.
After suvorexant, the most common AEs were headache 

(17.9% with 40 mg; 25.0% with 20 mg), somnolence (25.0% 
with 40 mg; 14.3% with 20 mg), and fatigue (14.3% with 40 
mg; 3.6% with 20 mg). Four subjects reported 5 occurrences of 
somnolence with moderate intensity that resulted in a prema-
turely stopped car driving test (Table 1).

After zopiclone, dysgeusia was the most common AE 
(25.0%). The remaining AEs were reported by no more than 
two (7.1%) subjects.

After placebo (which includes placebo treatment days 2 to 7 
in ZOP), 21 subjects reported at least one adverse experience, 
including the only adverse experiences which were rated as se-
vere (anxiety and insomnia). All other AEs were rated as mild 
or moderate in intensity. Headache was the most frequently 
reported AE after placebo (39.3%), followed by fatigue (17.9%), 
and dyssomnia (10.7%).

No serious AEs and events of clinical interest, such as cata-
plexy, were reported in this study, and there were no consistent 
treatment-related changes in laboratory, vital signs, or ECG 
safety parameters.

DISCUSSION
The primary objective of this study was to assess the re-

sidual effects of suvorexant 20 and 40 mg on car driving as 
measured by SDLP, 9 hours after single and repeated bedtime 
use in healthy non-elderly (< 65 years old) volunteers. Driving 
impairment was evaluated by comparing means and 90% CIs 
of drug-placebo changes in SDLP to a predefined criterion of 
2.4 cm, and by symmetry analyses of the numbers of subjects 
showing drug-placebo changes in SDLP exceeding 2.4 cm or 

−2.4 cm. Results showed that mean SDLP following suvorexant 
40 mg increased by +1.66 cm on day 2, and by +1.31 cm on 
day 9 as compared to placebo. Following the first dose of su-
vorexant 20 mg mean SDLP increased by +1.01 cm. CIs of 
these changes lay above zero, but below the criterion of 2.4 cm, 

indicating that the effects were statistically significant, but not 
clinically meaningful. Following 8 consecutive nights of su-
vorexant 20 mg the difference from placebo in SDLP was 0.48 
cm with a 90% CI less than 2.4 and including zero, indicating 
that driving performance was not clinically nor statistically 
different from placebo. Symmetry analyses showed a similar 
pattern of results. There was a statistically significant imbal-
ance in the number of subjects who showed SDLP changes 
suggestive of impairment rather than improvement after both 
doses of suvorexant on day 2, and after the highest dose on 
day 9.

The effects of suvorexant on SDLP are supported by data 
from driving speed. Standard deviations of speed increased 
after both doses on day 2, and after the highest dose on day 
9. Consistent with these results, driving tests that were prema-
turely stopped by the subjects due to feelings of drowsiness, 
were mostly on day 2 (4/5) and after suvorexant 40 mg (3/5).

Effects of zopiclone 7.5 mg clearly demonstrated assay-sen-
sitivity in the current study. Zopiclone significantly increased 
mean SDLP by 2.14 cm on day 2, and by 1.45 cm on day 9. 
CIs of these changes lay well above zero, and included the 2.4 
cm criterion on day 2, but not on day 9. Symmetry analysis 
indicated significantly more impairment than improvement on 
both days. The results are consistent with those of a number 
of studies that assessed the residual effects of zopiclone in 
healthy non-elderly volunteers using the same standardized 
highway driving test.16,18–20,25 All of these studies demonstrated 
that bedtime doses of zopiclone 7.5 mg produced residual 
driving impairment in the morning, comparable to a BAC be-
tween 0.5 and 0.8 g/L. In the present study, impairment after 
zopiclone confirms the sensitivity of test and procedures for 
sedative drug effects.

In line with objective measures of driving performance, 
instructors judged subjects’ driving quality as slightly worse 
than placebo after both suvorexant doses on day 2, and after 
the highest dose on day 9. They also rated subjects as ap-
pearing slightly more sedated after both suvorexant doses and 
on both days. The rating results did not discriminate, however, 
between zopiclone and placebo. The latter is in line with re-
sults from previous studies showing that the instructors do not 
consistently judge driving quality and sedation to be worse 
after zopiclone.23,24 Subjects’ ratings of alertness only differed 

Table 4—Summary of AEs reported by at least 5% of the subjects after any treatment (N = 28).

PBO, n (%) a S20, n (%) S40, n (%) ZOP, n (%)
Subjects with at least 1 AE 21 (75.0) 10 (35.7) 17 (60.7) 10 (35.7)
Headache 11 (39.3) 7 (25.0) 5 (17.9) 1 (3.6)
Somnolence 1 (3.6) 4 (14.3) 7 (25.0) 1 (3.6)
Dysgeusia 1 (3.6) 0 (0.0) 0 (0.0) 7 (25.0)
Fatigue 5 (17.9) 1 (3.6) 4 (14.3) 2 (7.1)
Dry mouth 2 (7.1) 0 (0.0) 2 (7.1) 2 (7.1)
Gastrointestinal disorder 1 (3.6) 0 (0.0) 0 (0.0) 2 (7.1)
Cystitis 2 (7.1) 0 (0.0) 1 (3.6) 0 (0.0)
Dyssomnia 3 (10.7) 0 (0.0) 0 (0.0) 0 (0.0)
Insomnia 2 (7.1) 0 (0.0) 0 (0.0) 0 (0.0)

aIncludes placebo treatment days 2 to 7 in ZOP. PBO, placebo; S20,suvorexant 20 mg; S40, suvorexant 40 mg; ZOP, zopiclone 7.5 mg.
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significantly from placebo after the first dose of suvorexant 40 
mg. It should be noted that these ratings do not necessarily re-
flect the subjects feeling at the time of the driving test, because 
the scales were filled out approximately 45 minutes later, at the 
start of the laboratory test battery.

Results of the secondary or exploratory psychomotor and 
memory tests suggested that suvorexant 20 mg had no signifi-
cant effects on DSST and memory. The first doses of suvorexant 
40 mg, however, and zopiclone appeared to have residual im-
pairing effects as measured by the DSST and word learning 
test. These effects were not apparent on repeat testing after one 
week. On average the effects of single doses of suvorexant 40 
mg were less severe than those of zopiclone in both tasks. The 
effects of zopiclone in these tests were comparable to those 
found in a previous study.25 The effects of suvorexant 40 mg on 
DSST are in contrast to those from a Phase 2B clinical trial in 
insomnia patients that found no residual effects on DSST, al-
though there was some evidence of residual effects on a similar 
task (digit symbol copying) after 4 weeks of treatment with 40 
mg.11 There was also some evidence of residual effects after a 
single dose of suvorexant 100 mg on simple and choice reac-
tion time in a previous study in healthy subjects.10

With regard to the assessment of body sway, for the “eyes 
open” evaluation, results showed increased body sway after 
the first doses of suvorexant 20 and 40 mg, and zopiclone. The 
effects of suvorexant appeared on average less pronounced 
than those of zopiclone. For the “eyes closed” evaluation, su-
vorexant 20 mg had no effects, suvorexant 40 mg increased 
path length, and zopiclone increased sway surface area. Ef-
fects on body sway were not apparent after one week of su-
vorexant dosing.

Residual effects of suvorexant on SDLP were increased for 
the higher dose. Associated plasma concentrations increased 
dose-dependently. Plasma levels of suvorexant peak at ap-
proximately 2 hours after dosing and fall to levels below those 
predicted to provide sufficient receptor occupancy for sleep 
promotion by approximately 8 hours after dosing for the 20 mg 
dose.10,14 Although the suvorexant concentrations at 11 hours 
in the present study are consistent with data in other studies, 
residual effects are not only determined by plasma concen-
trations, as these concentrations were found to have a weak 
correlation with SDLP. It is possible that this weak correlation 
is influenced by increasing competition from rising levels of 
endogenous orexin on awakening, in the presence of declining 
suvorexant plasma levels. The finding that residual effects of 
hypnotics on driving correlate poorly with drug plasma concen-
trations is supported by similar results in previous studies.21,33

Results showed that residual effects of suvorexant decreased 
with repeated dosing. This suggests that tolerance may have 
developed, at least partially, for the residual effects. Data from 
zopiclone treatment in the present study also showed that the 
residual effects decreased from D2 to D9. These were assessed 
after two single doses, separated by one week of placebo treat-
ment. The findings could therefore be due to chance variability. 
If not due to chance then the findings cannot easily be ex-
plained by development of physiological tolerance to residual 
effects. Possibly a single exposure to the effects of zopiclone 
may have induced behavioral tolerance. Subjects may have 
learned to perform the task by developing behavioral strategies 

to compensate for the drug effects, as seen with alcohol, for 
example.34 Simple learning effects are not likely, as shown by 
stable performance in the placebo condition.

Four female volunteers requested to have their driving 
prematurely stopped following suvorexant, due to feelings of 
drowsiness. There was no apparent relationship with driving 
performance or plasma concentrations of suvorexant in these 
volunteers, which is consistent with the literature.33,35 Previous 
studies show that it is not unusual that driving tests are termi-
nated prematurely. The overall percentage of tests terminated 
in the present study is 2% (5 of 225 tests), which is comparable 
to that found in other studies.16,35 The SDLP difference from 
placebo during prematurely stopped driving tests did not al-
ways exceed the pre-specified cutoff for impaired driving per-
formance (2.4 cm). The lack of relationship between SDLP and 
prematurely stopped driving is consistent with that reported 
in the literature.36 Contrary to previous studies, the decision 
to stop driving in the present study was made by the volun-
teers, instead of by the driving instructor. In previous studies 
assessing the residual effects of hypnotics on on-the-road 
driving, when the tests were stopped it was nearly always by 
the driving instructors judging the subjects to be too drowsy 
to continue safely.15,16,23–26,37–39 This discrepancy may be due to 
differences in the mechanism of action of the drugs, and the 
associated effects on mood and cognition. Benzodiazepines 
and benzodiazepine-like hypnotics have sedative as well as 
anxiolytic effects, which may alter subjects’ judgment and re-
duce the likelihood that they will decide to terminate a driving 
test. Orexin antagonists, such as suvorexant, have no known 
anxiolytic effects. Subjects may therefore not only be more 
aware of the drug’s effects on performance, but also sooner 
decide to stop driving (i.e., be more careful).

The use of healthy volunteers instead of patients could be 
considered as a limitation of this study. An important reason 
to study the effects of suvorexant in healthy volunteers is to 
facilitate comparisons to previous driving studies, which were 
virtually all conducted with normal volunteers.3,16,18–20,25 More 
importantly, a recent study comparing the effects of zopiclone 
on driving in patients with insomnia and healthy volunteers 
suggests that healthy volunteers may be more sensitive to the 
residual effects.40 Thus, studying drug effects in healthy volun-
teers minimizes the risk of failing to detect clinically relevant 
impairment associated with use of a drug. Additional studies in 
patients may help to determine the interaction of these effects 
with the diagnosis of insomnia and other comorbid disorders, 
or concomitant medication. The present study was intended 
to determine the impairment potential of suvorexant alone, as 
compared with that of other drugs such as zopiclone 7.5 mg at 
bedtime.

Another point for discussion relates to the cut point used for 
individual driving impairment in the symmetry analysis. It is 
based on known average effects of alcohol, the only drug for 
which widely accepted limits in blood concentrations during 
driving and accident statistics are available17,41,42 No other 
widely accepted criterion for driving impairment is available. 
The residual effects of zopiclone 7.5 mg are increasingly used 
as reference in studies evaluating residual effects of hypnotics, 
because they are reliable and comparable in magnitude to 
those of alcohol at BACs of 0.5 g/L.
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In conclusion, as assessed by overall group mean changes 
in SDLP, there was no clinically meaningful residual effect of 
suvorexant doses of 20 and 40 mg on next-morning driving 
performance (9 hours or more after bedtime dosing) in healthy 
subjects younger than 65 years. Measurable impairment did 
occur as compared to placebo, but the effects were less se-
vere than those of alcohol in blood concentrations of 0.5 g/L, 
which is the limit for driving in most countries. For the 20 mg 
dose of suvorexant, the maximum approved daily dose in the 
United States, driving impairment was not apparent in most 
subjects after one week of daily dosing. There may be some 
individuals who experience next-day effects, as suggested by 
the symmetry analysis of individual changes in SDLP and the 
prematurely stopped driving tests due to somnolence.

ABBREVIATIONS
A95, area of 95%
AE, adverse event
BAC, blood alcohol concentration
CI, confidence interval
CoP, center of pressure
D2, day 2
D9, day 9
DORA, dual orexin receptor antagonist
DSST, digit symbol substitution test
GABA, gamma amino butyric acid
h, hour(s)
HPLC, high performance liquid chromatography
km, kilometers
LC-MS/MS, tandem mass spectrometry
LLOQ, lower limit of quantification
PBO, placebo
S20, suvorexant 20 mg
S40, suvorexant 40 mg
SD, standard deviation
SDLP, standard deviation of lateral position
SDS, standard deviation speed
ZOP, zopiclone 7.5 mg

ACKNOWLEDGMENTS
The authors thank Anique van Dorp, MD, for medical su-

pervision of the subjects; Henk Brauers, Jo Gorissen, Hans 
Sleebe, Bert Adriaens, and Eef Gorissen for ensuring safety 
of the subjects during driving; Irma Brauers, Sander Huisman, 
Lizzy Vuurman, ZsaZsa Weerts, Camiel Zeijen, Eveline 
Beurskens, Marit van der Sande, Vivian Vernimmen, Noortje 
Wismans, Sam Kirsch, Marc Leclerc, and Jan Schmitt for as-
sistance during data collection; Christopher Lines from Merck 
for assistance in editing the manuscript; and Sheila Erespe 
from Merck for assistance in formatting the manuscript.

DISCLOSURE STATEMENT
This study was financially supported by Merck & Co. Inc. 

Maastricht University received financial support from Merck 
& Co. Inc., to conduct this study. Drs. Vermeeren, Vuurman, 
Van Leeuwen, Mr. Jongen, and Ms. Van Oers are employees 
of Maastricht University. The remaining authors are cur-
rent or former employees of  Merck Sharp & Dohme Corp., 

a subsidiary of Merck & Co. Inc., Kenilworth, NJ, USA, and 
own or owned stock/stock options in Merck. Dr. Sun is cur-
rently affiliated with Amgen in Thousand Oaks, CA. Drs. Ver-
meeren and Sun contributed equally to the work and are joint 
first authors.

REFERENCES
1. Dassanayake T, Michie P, Carter G, Jones A. Effects of benzodiazepines, 

antidepressants and opioids on driving: a systematic review and meta-
analysis of epidemiological and experimental evidence. Drug Saf 
2011;34:125–56.

2. Smink BE, Egberts AC, Lusthof KJ, Uges DR, de Gier JJ. The 
relationship between benzodiazepine use and traffic accidents: a 
systematic literature review. CNS Drugs 2010;24:639–53.

3. Vermeeren A. Residual effects of hypnotics: epidemiology and clinical 
implications. CNS Drugs 2004;18:297–328.

4. Merck & Co. Inc. BELSOMRA (suvorexant) prescribing information. 
Whitehouse Station, NJ: Merck & Co., Inc., 2014.

5. Winrow CJ. Promotion of sleep by suvorexant-a novel dual orexin 
receptor antagonist. J Neurogenet 2011;25:52–61.

6. Cox CD, Breslin MJ, Whitman DB, et al. Discovery of the dual 
orexin receptor antagonist [(7R)-4-(5-chloro-1,3-benzoxazol-2-yl)-7-
methyl-1,4-diazepan-1-yl][5-methyl-2-(2H -1,2,3-triazol-2-yl)phenyl]
methanone (MK-4305) for the treatment of insomnia. J Med Chem 
2010;53:5320–32.

7. de Lecea L, Huerta R. Hypocretin (orexin) regulation of sleep-to-wake 
transitions. Front Pharmacol 2014;5:16.

8. Riemann D, Spiegelhalder K, Feige B, et al. The hyperarousal model 
of insomnia: a review of the concept and its evidence. Sleep Med Rev 
2010;14:19–31.

9. Riemann D, Spiegelhalder K. Orexin receptor antagonists: a new 
treatment for insomnia? Lancet Neurol 2014;13:441–3.

10. Sun H, Kennedy WP, Wilbraham D, et al. Effects of suvorexant, an 
orexin receptor antagonist, on sleep parameters as measured by 
polysomnography in healthy men. Sleep 2013;36:259–67.

11. Herring WJ, Snyder E, Budd K, et al. Orexin receptor antagonism 
for treatment of insomnia: a randomized clinical trial of suvorexant. 
Neurology 2012;79:2265–74.

12. Michelson D, Snyder E, Paradis E, et al. Safety and efficacy of 
suvorexant during 1-year treatment of insomnia with subsequent 
abrupt treatment discontinuation: a phase 3 randomised, double-blind, 
placebo-controlled trial. Lancet Neurol 2014;13:461–71.

13. Herring WJ, Connor KM, Ivgy-May N, et al. Suvorexant in patients 
with insomnia: results from two 3-month randomized controlled 
clinical trials. Biol Psychiatry 2014 Oct 23. [Epub ahead of print].

14. Gotter AL, Winrow CJ, Brunner J, et al. The duration of sleep promoting 
efficacy by dual orexin receptor antagonists is dependent upon receptor 
occupancy threshold. BMC Neurosci 2013;14:90.

15. O’Hanlon JF. Driving performance under the influence of drugs: 
rationale for, and application of, a new test. Br J Clin Pharmacol 1984;18 
Suppl 1:121S–129S.

16. Vermeeren A, Vuurman EF, Leufkens TR, et al. Residual effects of low-
dose sublingual zolpidem on highway driving performance the morning 
after middle-of-the-night use. Sleep 2014;37:489–96.

17. Louwerens JW, Gloerich ABM, De Vries G, Brookhuis KA, O’Hanlon 
JF. The relationship between drivers’ blood alcohol concentration 
(BAC) and actual driving performance during high speed travel. In: 
Noordzij PC, Roszbach R, editors. International Congress on Alcohol, 
Drugs and Traffic Safety. Amsterdam: Exerpta Medica, 1987:183–6.

18. Leufkens TR, Vermeeren A. Zopiclone’s residual effects on actual 
driving performance in a standardized test: a pooled analysis of age and 
sex effects in 4 placebo-controlled studies. Clin Ther 2014;36:141–50.

19. Ramaekers JG, Conen S, de Kam PJ, et al. Residual effects of 
esmirtazapine on actual driving performance: overall findings 
and an exploratory analysis into the role of CYP2D6 phenotype. 
Psychopharmacology (Berl) 2011;215:321–32.

20. Mets MA, de Vries JM, Senerpont Domis LM, Volkerts ER, Olivier B, 
Verster JC. Next-day effects of ramelteon (8 mg), zopiclone (7.5 mg), 
and placebo on highway driving performance, memory functioning, 
psychomotor performance, and mood in healthy adult subjects. Sleep 
2011;34:1327–34.



SLEEP, Vol. 38, No. 11, 2015 1813 Driving Performance after Bedtime Use of Suvorexant—Vermeeren et al.

21. Leufkens TR, Ramaekers JG, de Weerd AW, Riedel WJ, Vermeeren A. 
Residual effects of zopiclone 7.5 mg on highway driving performance in 
insomnia patients and healthy controls: a placebo controlled crossover 
study. Psychopharmacology (Berl) 2014;231:2785–98.

22. Rey A. L’examen clinique en psychologie. Paris: Presses Universitaire 
de France, 1964.

23. Vermeeren A, Danjou PE, O’Hanlon JF. Effects of evening and middle 
of the night doses of zaleplon 10 and 20 mg on memory and actual 
driving performance. Hum Psychopharmacol 1998;13:S98–107.

24. Vermeeren A, Riedel WJ, van Boxtel MP, Darwish M, Paty I, Patat A. 
Differential residual effects of zaleplon and zopiclone on actual driving: 
a comparison with a low dose of alcohol. Sleep 2002;25:224–31.

25. Leufkens TR, Lund JS, Vermeeren A. Highway driving performance 
and cognitive functioning the morning after bedtime and middle-
of-the-night use of gaboxadol, zopiclone and zolpidem. J Sleep Res 
2009;18:387–96.

26. Leufkens TR, Vermeeren A. Highway driving in the elderly the morning 
after bedtime use of hypnotics: a comparison between temazepam 20 mg, 
zopiclone 7.5 mg, and placebo. J Clin Psychopharmacol 2009;29:432–8.

27. Boyle J, Danjou P, Alexander R, et al. Tolerability, pharmacokinetics 
and night-time effects on postural sway and critical flicker fusion of 
gaboxadol and zolpidem in elderly subjects. Br J Clin Pharmacol 
2009;67:180–90.

28. Norris JA, Marsh AP, Smith IJ, Kohut RI, Miller ME. Ability of static 
and statistical mechanics posturographic measures to distinguish 
between age and fall risk. J Biomech 2005;38:1263–72.

29. Otmani S, Metzger D, Guichard N, et al. Effects of prolonged-release 
melatonin and zolpidem on postural stability in older adults. Hum 
Psychopharmacol 2012;27:270–6.

30. Jongen S, Vuurman E, Ramaekers J, Vermeeren A. Alcohol calibration 
of tests measuring skills related to car driving. Psychopharmacology 
(Berl) 2014;231:2435–47.

31. Ramaekers JG, Louwerens JW, Muntjewerff ND, et al. Psychomotor, 
Cognitive, extrapyramidal, and affective functions of healthy 
volunteers during treatment with an atypical (amisulpride) and a classic 
(haloperidol) antipsychotic. J Clin Psychopharmacol 1999;19:209–21.

32. Bond A, Lader M. The use of analogue scales in rating subjective 
feelings. Br J Med Psychol 1974;47:211–8.

33. Verster JC, Roth T. Blood drug concentrations of benzodiazepines 
correlate poorly with actual driving impairment. Sleep Med Rev 
2013;17:153–9.

34. Vogel-Sprott M. Is behavioral tolerance learned? Alcohol Health Res 
World 1997;21:161–8.

35. Verster JC, Roth T. Drivers can poorly predict their own driving 
impairment: a comparison between measurements of subjective and 
objective driving quality. Psychopharmacology (Berl) 2012;219:775–81.

36. Verster JC, Roth T. The prevalence and nature of stopped on-the-
road driving tests and the relationship with objective performance 
impairment. Accid Anal Prev 2012;45:498–506.

37. Vermeeren A, O’Hanlon JF DeClerck AC, KL. Acute effects of 
zolpidem and flunitrazepam on sleep, memory and driving performance, 
compared to those of partial sleep deprivation and placebo. Acta Ther 
1995;21:47–64.

38. Vermeeren A, Ramaekers JG VLC, O’Hanlon JF. Residual effects 
an actual car driving of evening dosing of chlorpheniramine 8 
and 12 mg when used with terfenadine 60 mg in the morning. Hum 
Psychopharmacol 1998;13:S79–86.

39. Volkerts ER, van Laar MW, van Willigenburg APP. A comparative 
study of on-the-road and simulated driving performance after nocturnal 
treatment with lormetazepam 1 mg and oxazepam 50 mg. Hum 
Psychopharmacol 1992;7:297–309.

40. Leufkens TRM, Ramaekers JG, De Weerd AL, Riedel WJ, Vermeeren 
A. On-the-road driving performance and driving related skills in 
older untreated insomnia patients and chronic users of hypnotics. 
Psychopharmacology 2014;231:2851–65.

41. Borkenstein RF, Crowther RF, Shumate RP, Zeil WB, Zylman R. 
The role of the drinking driver in traffic accidents. Bloomington, IN: 
Indiana University, 1964

42. Krüger HP, Vollrath M. The alcohol-related accident risk in Germany: 
procedure, methods and results. Accid Anal Prev 2004;36:125–33.



SLEEP, Vol. 38, No. 11, 2015 1813A Driving Performance after Bedtime Use of Suvorexant—Vermeeren et al.

SUPPLEMENTAL MATERIAL

Figure S1—Suvorexant SDLP Differences from Placebo by Gender and 
Day for Suvorexant 40 mg (A) and Suvorexant 20 mg (B).

Figure S2—Plots of Individual SDLP Differences from Placebo versus 
Suvorexant Plasma Concentrations by Gender at Day 2 (A) and Day 9 (B).


