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WHAT IS ALREADY KNOWN ABOUT
THIS SUBJECT
• Body sway increases in older adults and may lead

to an increase in the risk of falling.
• The problem of impaired stability in the elderly

may be compounded by the use of hypnotics,
which have been associated with an increased
risk of next-day falls as well as drowsiness.

• The potential adverse effects of hypnotic drugs
on steadiness may be exacerbated during the
night, in the event that an individual needs to get
out of bed.

WHAT THIS STUDY ADDS
• This study examines the effects of gaboxadol (an

investigational treatment for insomnia), zolpidem
(a current hypnotic included as an active control)
and placebo on body sway and
attention/information processing ability
following bedtime dosing in elderly subjects who
were woken during the night for assessments.

• Zolpidem and gaboxadol increased body sway at
various time points during the night relative to
placebo; at 1.5 h post dose, the time of peak
concentrations of both drugs, gaboxadol
produced less impairment than zolpidem.

• Compared with placebo, neither gaboxadol nor
zolpidem impaired attention/information-
processing ability as assessed by critical flicker
fusion.

AIMS
To evaluate tolerability, pharmacokinetics and night-time effects on body sway
and critical flicker fusion (CFF) of gaboxadol following bedtime dosing in
healthy elderly subjects.

METHODS
Subjects (17 women, seven men) aged 65–75 years received gaboxadol 10 mg,
zolpidem 5 mg (active control) or placebo at 22.00 h in a three-period,
randomized, double-blind crossover study. They were awakened during the
night for evaluation of body sway and CFF. Pharmacokinetics of gaboxadol were
assessed during a fourth single-blind treatment period. Adverse events were
recorded throughout the study.

RESULTS
The number of subjects with adverse events was 14 for gaboxadol 10 mg, seven
for zolpidem and nine for placebo; most were mild or moderate in intensity. Two
women discontinued the study following gaboxadol; one vomited and one
experienced a severe vasovagal syncope after venepuncture. Mean gaboxadol
tmax was 2 h, t1/2 was 1.7 h, AUC0–• was 430 ng·h ml-1 and Cmax was 139 ng ml-1.
At 1.5 h and 4 h post dose, zolpidem increased body sway relative to placebo
(P < 0.01). Gaboxadol increased body sway at 4 h (P < 0.001) and 8 h (P < 0.05)
relative to placebo. At 1.5 h, the time point closest to peak drug concentrations,
zolpidem increased body sway compared with gaboxadol (P < 0.01). Gaboxadol
and zolpidem had no effects on CFF vs. placebo.

CONCLUSIONS
A bedtime dose of gaboxadol 10 mg was generally well tolerated. Changes in
body sway at 1.5 h after bedtime dosing were smaller with gaboxadol 10 mg
than with zolpidem 5 mg, whereas changes were similar at 4 h for both
treatments and returned to near baseline at 8 h.
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Introduction

Poor sleep is a common complaint of the elderly [1, 2] and
may involve difficulty falling asleep and staying asleep,
as well as difficulty awakening in the morning. These
complaints appear related to sleep fragmentation with
increased arousals and awakenings, an increased number
of stage shifts, difficulty maintaining good quality sleep,
and reduced sleep efficiency [3]. In addition to subjective
complaints, polysomnography recordings show some evi-
dence of decreased slow wave sleep [3–5]. Other evidence
suggests that gender influences age-related changes in
sleep, as slow wave sleep may be better preserved in
women [6,7],even though they are more likely to complain
of sleep disturbance [8, 9] and to use hypnotics [10]. Early
morning awakenings and problems maintaining sleep
may be linked to circadian dysfunction, particularly in
women [11].

A consequence of poor sleep, especially in the aged, is
the possibility of reduced daytime alertness and associ-
ated impaired cognition, leading to an increased risk of
accidents [12–14]. Further, body sway increases in older
adults, and there is some evidence that increased sway
leads to an increase in the risk of falling [15]. Body sway
increases with increasing drowsiness (and with reduced
cortical, EEG alpha amplitude), [16] making it a useful sur-
rogate of impairment and accident risk.

This problem of impaired stability in the elderly may be
compounded by the use of hypnotics, which have been
associated with an increased risk of falls, increased inci-
dence of hip fractures and increased risk of automobile
accidents [17–20]. Elderly subjects may also have various
health problems, including nocturia, that result in a need to
get up in the night [3], potentially leading to exacerbated
drowsiness and stability problems.

In light of the potential effects of age and gender in the
use of hypnotics, we carried out a study of the novel hyp-
notic, gaboxadol, in elderly men and women. In contrast
to all GABAA ligands and benzodiazepines currently pre-
scribed for the treatment of sleep disorders, gaboxadol is
an agonist that acts directly on the GABA binding site of
the GABAA receptor and has no affinity for the benzodiaz-
epine binding site [21]. It has highest functional activity for
a4b3d containing GABAA receptors, which are insensitive
to benzodiazepine agonists, probably exist mainly extra-
synaptically, and are localized predominantly in the thala-
mus, dentate gyrus, cerebellum and cortex [21]. Gaboxadol
has a peak plasma concentration within approximately
30 min of ingestion and an elimination half-life of 1.5–2 h
[22, 23]. Although it is no longer in clinical development for
the treatment of insomnia, in the elderly gaboxadol 10 mg
reduced the number of awakenings, decreased wake after
sleep onset, increased sleep efficiency and increased slow
wave sleep [24].

The primary objective of the present study was to
determine the safety and tolerability of a single oral dose

of gaboxadol 10 mg administered at bedtime in elderly
subjects. Based on previous studies in young subjects, it
was hypothesized that, as evaluated by an assessment of
clinical and laboratory adverse events, a single bedtime
dose of gaboxadol 10 mg would be well tolerated in
elderly women and men. A secondary objective was to
characterize the gaboxadol plasma concentration–time
profile in elderly subjects. An exploratory objective was to
assess the night-time effects of gaboxadol 10 mg and
zolpidem 5 mg administered at bedtime on body sway
and critical flicker fusion (CFF), a measure of attention and
information-processing ability, in elderly subjects.

Both body sway and CFF have been shown to be sen-
sitive to psychoactive compounds [25–28]. Zolpidem 5 mg
was included as a comparator agent. Zolpidem is a benzo-
diazepine site agonist that is marketed for use in the treat-
ment of occasional or short-term insomnia. The dose of
zolpidem selected for use in this study (5 mg) is the label-
indicated dose for use in patients >65 years old.

Methods

Design
Gaboxadol protocol 001 was carried out between 13 June
and 15 July 2004 at a single site (Human Psychopharma-
cology Research Unit, University of Surrey). Subjects
participated in four treatment periods. The first part
was a randomized, double-blind, zolpidem- and placebo-
controlled, three-period crossover study for pharmacody-
namic evaluation of gaboxadol 10 mg. This was followed
by a single-blind pharmacokinetic evaluation of gaboxa-
dol 10 mg in the same subjects.

The protocol was approved by the Quorn Research
Review Committee. This study was conducted in conform-
ance with Good Clinical Practice standards and was carried
out in accord with ‘The Medicines for Human Use (Clinical
Trials) Regulations SI 1031’; written informed consent was
obtained from all subjects.

Subjects
Healthy subjects aged �65 to �80 years were eligible to
enrol if they had a self-reported usual bedtime between
20.00 h and midnight, and visual acuity adequate for the
study procedures (based on standard eye tests and inves-
tigator’s judgment). The subjects agreed to avoid exercise
that was strenuous or to which they were unaccustomed.
They were required to be in good health, as confirmed by
their medical history, physical examination, electrocardio-
gram, and laboratory tests (haematology and clinical bio-
chemistry). Subjects were to have estimated creatinine
clearance >70 ml min-1 (or serum creatinine �1.2 mg dl-1).
During prestudy screening, 11 subjects with estimated
creatinine clearance >60 ml min-1 but <70 ml min-1 were
considered acceptable to be included by the investigator
and the sponsor; estimated creatinine clearance ranged
from 60 to 92.2 ml min-1.
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Exclusion criteria included the use of hypnotics on
more than 22 occasions in the previous year, a history of
drug or alcohol abuse, consumption of more than five
caffeine-containing beverages or the nicotine equivalent
of more than 15 cigarettes a day, and a history of repeated
falls or a fracture secondary to a fall within the past 2 years.
Subjects were required to be free of any condition that
could interfere with their sleep (e.g. apnoea and restless
legs syndrome), severe or acute respiratory failure, myas-
thenia gravis, and muscle spasm. Subjects were required to
abstain from prescription and nonprescription drugs and
supplements, other than once-daily vitamins, for at least 2
weeks or five half-lives (whichever was longer) before the
start of the study and during the study. Certain drugs were
permitted if taken regularly in daily doses or occasionally,
but not exceeding twice a week: nonsedating drugs used
for allergies, drugs for cardiovascular disease (e.g. calcium
antagonists, b-blockers), drugs for pain relief (e.g. paraceta-
mol, acetylsalicylic acid, diclofenac) and hormones.

During the study subjects were required to limit their
daily consumption of alcoholic beverages to two glasses of
wine (118 ml per glass) or two bottles of beer (354 ml per
bottle) a day. Alcoholic drinks were not permitted from
48 h before admission to the unit or before prestudy and
poststudy visits. Caffeine consumption was limited to the
equivalent of five cups a day and nicotine intake was
limited to the equivalent of five cigarettes a day. Both caf-
feine and nicotine were prohibited from 24 h before and
during each visit to the unit.

Pharmacodynamic evaluation
In the initial three-period crossover portion of the study,
subjects were assigned randomly in a double-blind,
double-dummy manner to one of six sequences of treat-
ments, according to a Latin square design for a three-
period, three-treatment randomized crossover study.
Treatments comprised single oral doses of gaboxadol
10 mg (two 5-mg encapsulated tablets), zolpidem 5 mg
(tablet), and placebo separated by wash-out periods of �3
days. The double-dummy design was necessary because
two gaboxadol 5-mg tablets were used to achieve the
10-mg dose. The gaboxadol and placebo-for-gaboxadol
tablets were encapsulated, whereas zolpidem (and match-
ing placebo) was provided as a tablet. On each dosing
occasion, patients took two capsules (containing a total of
gaboxadol 10 mg or placebo) and a tablet (zolpidem 5 mg
or placebo). Treatment periods 1–3 were each approxi-
mately 12 h in duration. Treatments were administered
at bedtime (22.00 h) following a 4-h fast. A computer-
generated random allocation schedule supplied by the
study sponsor (Merck Research Laboratories, West Point,
PA, USA) was used to assign the order in which subjects
received these three treatments.

Body sway was measured using a stabilometric plat-
form (AccuSwayTM; Advanced Mechanical Technology, Inc.,
Watertown, MA, USA). In this system, subjects stand on a

force platform. Strain gauges under the platform provide
input that is used to calculate the centre of pressure (COP);
the extent of movement of the COP directly relates to
the subject’s ability to maintain balance. The AccuSwayTM

system derives the length of the COP and the area of
the 95% confidence ellipse enclosing the COP (A95). The
primary measure was A95 [29]; increases in the A95 reflect
increased body sway, which indicates impairment. Sub-
jects were tested on the platform in bare feet positioned at
hip width and with their vision fixed at a point 50 cm in
front at eye level. Foot position was standardized between
time points. For each time point, a subject’s A95 was mea-
sured three times in the ‘eyes open’ condition and three
times in the ‘eyes closed’ condition, and the mean of each
set of three measurements was used. A representative
scatter plot of COP derived from the body sway procedure
is shown in Figure 1.

Attention and information-processing ability were
assessed by examining ascending and descending CFF,
i.e. the perceptual threshold at which a flickering light
appears to be steady and vice versa, as determined by the
method of limits described as follows [30]. Four light-
emitting diodes were arranged in a 1-cm square on a black
background and held at foveal fixation at a distance of 1 m.

–1.1 1.1

1.1

Figure 1
Representative scatter plot of the centre of pressure (COP) data from an
‘eyes closed’ condition in the body sway test. Scatter plot demonstrates
displacement of the COP on the abscissa and ordinate relative to the
platform (cm). The plot is overlaid with the 95th percentile ellipse and
represents the area of the 95% confidence ellipse enclosing the COP (A95,
cm2)
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The frequency of light flickering was increased (ascending)
or decreased (descending) progressively until the subjects
reported that they perceived fusion (ascending) or flicker
(descending). A decrease in the frequency at which sub-
jects perceive fusion or flicker reflects central nervous
system impairment. The ascending and descending CFF
were each determined four times (at each time point) with
the mean of these four measurements used.The mean CFF
(key end-point) was determined from the mean of ascend-
ing and descending CFF combined [31].

Subjects underwent at least two training sessions for
the body sway and CFF evaluations during the prestudy
phase. During the study, the tests were carried out imme-
diately before subjects ingested study drug and again
when they were awakened at 1.5, 4 and 8 h postdose.
Blood was drawn for estimations of gaboxadol concentra-
tions before ingestion and 1.5, 4 and 8 h after ingestion
to allow exploration of a possible pharmacokinetic–
pharmacodynamic relationship.However, no such relation-
ship was apparent on visual inspection of graphical plots
of the data, and therefore these data were not evaluated
further. Initially, venepuncture was performed prior to
pharmacodynamic assessments, but after an episode of
vasovagal syncope occurred (see Results) the timing of
venepuncture was changed to occur after the pharmaco-
dynamic assessments.

Pharmacokinetic evaluation
Subjects underwent a wash-out period of at least 3 days
before they entered the single-blind fourth period. All sub-
jects received a single oral dose of gaboxadol 10 mg at
bedtime (22.00 h). Using an in-dwelling catheter, blood
samples were collected into sodium heparin-containing
polypropylene tubes before the subjects ingested study
drug and at 0.25, 0.5, 0.75, 1, 1.5, 2, 2.5, 3, 4, 5, 6, 8, 10, 12 and
16 h after ingestion for the measurement of gaboxadol
concentrations. Urine was collected before subjects
ingested study drug and from 0.0 to 4 h, 4 to 8 h, 8 to 12 h,
and 12 to 16 h after ingestion. The urine excreted during
each period was pooled for storage in separate polyethyl-
ene containers at 2–8°C.

Pharmacokinetic parameters estimated for gaboxadol
were area under the concentration–time curve (AUC0–•),
maximum plasma concentration (Cmax), time to Cmax (Tmax),
apparent terminal half-life (t1/2), urine recovery, and renal
clearance (CLR). Calculations were made using the software
WinNonlin Enterprise Version 4.1.b. The apparent terminal
t1/2 was estimated from the best-fit parameters of a single
exponential to the log-linear portion of the plasma
concentration–time curve using unweighted linear regres-
sion. AUC0–• was calculated using the linear up/log down
method up to the last measured concentration and the
additional area estimated from that concentration and the
value of apparent terminal t1/2 estimated for that adminis-
tration. Cmax and Tmax were obtained by inspection of the
concentration–time data. AUC0–• and Cmax values were

corrected for the assayed potency of the formulation of
gaboxadol used in the study.CLR was calculated as the ratio
of the amount excreted unchanged in urine through 16 h
postdose to AUC0–16h.

Safety evaluation
Subjects were initially screened within 3 weeks of the first
administration of study drug, and a similar routine was
used in the medical examinations carried out within 5–7
days of the final dose of the study drugs. The medical
examinations included estimations of heart rate and blood
pressure, respiratory rate and oral temperature, as well as
routine laboratory evaluations. During both the pharma-
codynamic and pharmacokinetic portions of the study,
vital signs were measured at 1 and 0.25 h before and 1.5, 4
and 8 h postdose. Electrocardiograms (ECGs) were also
performed at regular intervals. Adverse events were moni-
tored from initial screening to at least 14 days after the last
dose of study drug. The investigator judged each adverse
experience with respect to intensity (mild, moderate,
severe), likelihood of being related to study drug, and
seriousness (serious, nonserious).

Analytical methods
Solid-phase extraction was used to isolate gaboxadol from
plasma and urine at Merck Research Laboratories. Analy-
sis was conducted by hydrophilic interaction liquid
chromatography (Ashipak NH2P-50 2D HPLC column,
150 ¥ 2.0 mm, 5 mm) coupled with mass spectrometric
detection (Sciex API 4000 tandem mass spectrometer
equipped with a Turbo Ion Spray interface and Analyst
software). The internal standard was a stable isotope-
labelled analogue of gaboxadol, d4-gaboxadol hydrochlo-
ride (Lundbeck, Taastrup, Denmark).The mobile phase was
70/30 v/v% acetonitrile/20 mM ammonium acetate (pH
4.0), and the column flow rate was 0.2 ml min-1. The assay
was linear from 0.5 to 20 mg ml-1 for plasma and 0.05 to
20 mg ml-1 for urine. The lower limit of quantification was
0.5 ng ml-1 for plasma and 0.05 mg ml-1 for urine. For the
standards in plasma, the intrarun precision (percent coef-
ficient of variation) was �4.6% and the accuracy was 98.3–
101.1%. For the standards in urine, the intrarun precision
was �5.6% and the accuracy ranged from 98.6 to 101.2%.
For the low, medium and high plasma quality control
samples, the interday precision (coefficient of variation of
daily mean values) was 2.2–2.9%, and the interday accu-
racy was 100.5–102.7%. For the low, medium and high
urine quality control samples, the interday precision was
0.6–3.1%, and the interday accuracy was 104.5–106.7%.

Statistical methods
Up to 24 subjects, including at least 12 women, were
planned to complete the study. Results with P-values
�0.05 are reported as statistically significant. No multiplic-
ity adjustments were made.
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Safety Adverse experiences were tabulated for each treat-
ment in the pharmacodynamic and pharmacokinetic
portions of the study.

Pharmacokinetics AUC0–• and Cmax were potency-adjusted
to facilitate comparison of pharmacokinetic data across
studies. To assess the pharmacokinetics of gaboxadol in
elderly subjects,prior to statistical analysis,AUC0–•, and Cmax

were natural log transformed. An ANOVA with a factor for
gender was applied to the gaboxadol AUC0–• and Cmax.The
geometric mean and 95% confidence intervals (CIs) were
calculated for AUC0–• and Cmax for both genders using
appropriate between-subject standard deviations from
the above model. Gender was examined in an exploratory
fashion. To assess the effects of gender on the plasma
concentration–time profile after a single 10-mg dose of
gaboxadol, 95% CIs for the ratio of AUC0–• and Cmax geo-
metric means (women vs. men) were calculated. Summary
statistics were computed for Tmax (minimum, maximum,
median, arithmetic mean and standard deviation) and
apparent terminal t1/2 (harmonic and arithmetic means and
standard deviation). Arithmetic means were calculated for
urine recovery and CLR.

Pharmacodynamics Assessments of body sway were
made using an ANOVA appropriate for a three-period cross-
over with repeated measures (within a treatment period)
design. The ANOVA was applied to the natural log-
transformed fold-change from baseline body sway area
(A95) values because review of the literature suggested
that body sway data are log normally distributed. Baseline
was defined as the -0.5 h time point in each period. Fold-
change from baseline at time t was defined as (value at
time t)/(value at baseline). ‘Eyes open’ and ‘eyes closed’
conditions were analysed separately. The ANOVA for each
body sway condition contained between-subject factors
for gender (1 d.f.) and subject within gender (21 d.f.), and
within-subject factors for period (2 d.f.), treatment (2 d.f.),
hour (body sway evaluations performed at 1.5, 4 and 8 h
within a treatment period, 2 d.f.), treatment by hour (4 d.f.),
treatment by gender (2 d.f.), treatment by gender by hour
(6 d.f.) and within-subject error (166 d.f.). The gender by
treatment interaction was included in the model because
it was statistically significant. The treatment by hour inter-
action was included in the model to explore pairwise treat-
ment comparisons summed over gender, whereas the
treatment by gender by hour interaction was included in
the model to explore pairwise treatment comparisons by
gender (due to the statistically significant gender by treat-
ment interaction). A test for first-order carryover was also
performed at the a = 0.05 level. The analysis was adjusted
for carryover where carryover was statistically significant,
otherwise it was dropped from the ANOVA model.

To compare gaboxadol 10 mg with placebo, two-sided
95% CIs for the difference (gaboxadol minus placebo) in
mean natural log-transformed fold changes from baseline

in body sway at 1.5, 4 and 8 h postdose were calculated
using the within-subject error from the ANOVA model and
referencing a t distribution. These confidence limits were
exponentiated to obtain a 95% CI for the geometric mean
body sway ratio (gaboxadol/placebo) of fold change from
baseline. A similar approach was used to compare gaboxa-
dol with zolpidem, and zolpidem with placebo.

Analyses similar to those described above for body
sway were performed on CFF. However, these data were
not log transformed, and the gender by treatment interac-
tion was not included in the model because it was not
statistically significant.

Results

Twenty-four white subjects were admitted to the study
(seven men and 17 women). They were 65–75 years old,
with mean body weights of 70.1 kg (range 52.6–87.4 kg)
for the women and 90.3 kg (range 80.7–99.7 kg) for the
men. Twenty-three subjects completed the body sway
assessments and 22 completed the CFF assessments. Two
women discontinued following treatment with gaboxadol
because of adverse experiences (vomiting and a vasovagal
reaction); these women were excluded from the pharma-
codynamic analyses but were included in the safety analy-
ses (up to the point that they discontinued).

Safety
Clinical information was gathered on all 24 subjects admit-
ted to the study, including the two subjects who withdrew.
There was no evidence from the poststudy evaluations of
changes considered to be of clinical significance either in
the physical examination or in the vital signs, laboratory
data or ECG. There were 58 adverse events in 13 of the 17
women, and 15 adverse events in six of the seven men
(Table 1); most of these were classified as mild or moderate.
Forty-one of the adverse events that occurred in nine of
the 17 women and 10 that occurred in six of seven men
were considered by the study physician to be related to
treatment. The most frequently occurring events were diz-
ziness and fatigue. For the gaboxadol double-blind treat-
ment,of the five subjects who had dizziness three reported
onset approximately 1.5 h after dosing and the other two
subjects experienced dizziness at about 4 h post dose.Two
women were discontinued from the study. One woman,
aged 70 years and weighing 69.8 kg,withdrew because she
vomited after ingestion of gaboxadol 10 mg, and this was
considered by the study physician to be possibly related to
study drug.The other woman, aged 73 years and weighing
64.9 kg, had an event that was classified by the investigator
as serious. It occurred with gaboxadol 10 mg and persisted
for about 2.5 h. She reported ‘hunger’ around 2 h after
ingestion of the drug and, at 4 h (02.00 h), after a difficult
venepuncture and during the assessment of body sway,
she complained of nausea, became dizzy and lost con-
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sciousness. The carotid and femoral pulses could not be
detected for about 20 s and there were no respirations. She
vomited on regaining consciousness and, subsequently,
there were no relevant findings on medical evaluation. Her
vital signs were within acceptable limits, the ECG was
normal and the laboratory investigations were negative. It
was considered by the study physician that the event was
a severe vasovagal syncope, and that it was possibly drug
related.

Pharmacokinetic end-points
Table 2 gives the pharmacokinetic parameters for
gaboxadol. Figure 2 displays the plasma concentrations of
gaboxadol over time for men and women and for all sub-
jects combined. These data suggest that the pharmacoki-
netics of gaboxadol were generally similar between elderly
men and women. AUC values were similar for elderly men
and women, although Cmax values appeared to be slightly
higher for elderly women (~19%). Tmax values were also

Table 1
Clinical adverse experiences summary

Number (%) subjects

Double-blind treatment phase Single-blind
Gaboxadol
10 mg
(n = 24)

Zolpidem
5 mg
(n = 23)

Placebo
(n = 23)

Gaboxadol
10 mg
(n = 22)

Subjects with �1 adverse experiences 14 (58.3) 7 (30.4) 9 (39.1) 6 (27.3)
Most common adverse experiences*

Dizziness 5 (20.8) 2 (8.7) 1 (4.3) 1 (4.5)
Fatigue 3 (12.5) 3 (13.0) 3 (13.0) 1 (4.5)
Headache 2 (8.3) 0 (0) 1 (4.3) 1 (4.5)
Insomnia 1 (4.2) 0 (0) 2 (8.7) 0 (0)
Nausea 3 (12.5) 1 (4.3) 1 (4.3) 0 (0)
Vomiting 2 (8.3) 0 (0) 0 (0) 0 (0)

Subjects with �1 drug-related adverse experience† 12 (50.0) 6 (26.1) 5 (21.7) 3 (13.6)
Most common drug-related adverse experiences*†

Dizziness 5 (20.8) 2 (8.7) 1 (4.3) 0 (0.0)
Fatigue 3 (12.5) 3 (13.0) 3 (13.0) 1 (4.5)
Nausea 3 (12.5) 1 (4.3) 1 (4.3) 0 (0)
Vomiting 2 (8.3) 0 (0) 0 (0) 0 (0)

*�5.0% incidence in any one treatment group. †Considered by the investigator to be possibly, probably, or definitely related to study drug. Although a subject may have had an
adverse experience more than once or with changing intensity, the subject is counted only once for a specific adverse experience. The same subject may be counted in more than
one row. After the first dosing of study drug, adverse experiences that began predose and did not change intensity post dose were counted with the treatment received in the
previous period.

Table 2
Pharmacokinetic parameters after a single dose of gaboxadol 10 mg in healthy elderly subjects

Pharmacokinetic variable All subjects (n = 22) Women (n = 15) Men (n = 7) Women/men P-value for gender comparison

AUC0–•* (ng·h ml-1) 430 440 408 1.08 0.249
(95% CI) (0.94, 1.23)
Cmax* (ng ml-1) 139 147 123 1.19 0.159
(95% CI) (0.93, 1.53)

Tmax† (h) 2 2 2
(range) (0.75–3) (0.75–3) (0.75–3)
(arithmetic mean) 1.8 1.8 2.0
(SD) (0.7) (0.6) (0.8)

Apparent terminal half-life‡ (h) 1.7 1.5 2.1
(arithmetic mean) 1.7 1.6 2.1
(SD) (0.3) (0.2) (0.1)
Urinary recovery (% of dose) 58 59 54
(SD) (6) (6) (3)

CLR (ml min-1) 227 229 223
(SD) (42) (48) (29)

*AUC0–• and Cmax values are geometric means adjusted for assayed potencies of the formulations. Urinary recovery and CLR values are based on arithmetic mean and SD. †Median,
min, max, arithmetic mean, and SD for Tmax. ‡Harmonic mean, arithmetic mean, and SD for apparent terminal half-life. AUC, area under the concentration–time curve; CI, confidence
interval; CLR, renal clearance; Cmax, maximum plasma concentration; SD, standard deviation; Tmax, time to Cmax.
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similar between elderly men and women. The most
notable difference in pharmacokinetics was the slightly
shorter apparent terminal half-life for elderly women. Con-
sistent with the renal excretion of gaboxadol in previous
studies, an average of 58% of gaboxadol was recovered
intact in the urine.

Pharmacodynamic end-points
Between-treatment comparisons of body sway for the
analysis of the entire sample are given in Table 3 and illus-
trated in Figure 3. At 1.5 h and 4 h postdose, zolpidem
increased body sway (‘eyes open’ and ‘eyes closed’) relative
to placebo (P < 0.01), but not at 8 h. At 1.5 h, relative to
placebo, gaboxadol had no significant effect on the fold
change from baseline in body sway (‘eyes open’ or ‘eyes
closed’). Gaboxadol increased body sway (‘eyes open’ con-
dition only) at 4 and 8 h relative to placebo (P < 0.001 and
P < 0.05, respectively). In the comparison between gaboxa-
dol and zolpidem at 1.5 h, the time point closest to peak
drug concentrations, gaboxadol produced significantly
less of an increase in the fold change from baseline in body
sway with ‘eyes open’ [0.61 (95% CI 0.49, 0.75); P < 0.001]
and ‘eyes closed’ [0.71 (95% CI 0.57, 0.89); P = 0.003].

Between-treatment comparisons of body sway for
women and men separately are also shown in Table 3. For
‘eyes open’, the effects of the three treatments in the all-
subjects-combined analyses were generally similar to the
effects in the men-only and the women-only analyses. For
‘eyes closed’, increases in body sway were dependent on
the effect in the women for all three time points for both
gaboxadol (P < 0.05) and zolpidem (P < 0.01).

The between-treatment differences in change in CFF
from baseline over the 8-h period after ingestion of the
three treatments are given in Table 4.There were no differ-
ences between gaboxadol and placebo, zolpidem and

placebo, or gaboxadol and zolpidem at any time point.
Subgroup analyses for men only and women only also
showed no differences.

Discussion

The present study investigated the tolerability, pharmaco-
kinetics and effects on body sway and CFF of gaboxadol
10 mg and zolpidem 5 mg,given at bedtime, in elderly sub-
jects who were repeatedly awakened during the night.
The study was directed at understanding the potentially
adverse effects that such drugs could have during the
night, in the event that the individual would need to get
out of bed.

A single dose of gaboxadol 10 mg administered at
night-time appeared to be generally well tolerated in
healthy elderly subjects. Adverse events that occurred in
the study were mostly mild or moderate in intensity.
Dizziness and fatigue were the most commonly reported
adverse events for both gaboxadol and zolpidem, along
with nausea for gaboxadol. Physical and laboratory exami-
nations, including vital signs and ECG, yielded no clinically
significant findings. Two women discontinued due to
adverse experiences following gaboxadol 10 mg that were
considered possibly drug related by the investigator; one
discontinued due to an episode of vomiting and the other
discontinued due to a severe vasovagal syncope.The latter
subject had a difficult venepuncture at the 4-h postdose
procedures (at 02.00 h) and subsequently, during the body
sway assessments, became nauseous and dizzy, losing and
then regaining consciousness. She had no significant find-
ings on laboratory or ECG evaluations, and her blood pres-
sure and heart rate were stable following the event.

Results from this study suggest that the pharmacoki-
netics of gaboxadol were generally similar between elderly
men and elderly women, although Cmax values appeared to
be slightly higher, and apparent t1/2 was shorter, for elderly
women. Comparison of the present data with that from
fasted young subjects in previous studies [22, 23] suggests
that there may be small differences in the pharmacokinet-
ics of gaboxadol between young and elderly subjects. AUC
and Cmax were up to 40–50% higher in elderly subjects than
in young subjects. The tmax also appeared to be longer for
elderly subjects than young subjects.However,some of the
observed differences may be attributable to differences in
the timing of doses relative to meals in different studies,
since a high-fat meal has been shown to affect absorption
of gaboxadol (Cmax decreased by ~30% and delayed by
~0.5 h; unpublished data on file). In the present study,
gaboxadol was administered ~3–4 h after dinner.

With regard to the assessment of body sway, for the
‘eyes open’ evaluation there was increased body sway
around 1.5 h after ingestion of zolpidem 5 mg, but not
after ingestion of gaboxadol 10 mg. Body sway increased
for both gaboxadol 10 mg and zolpidem 5 mg relative to
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Table 3
Treatment ratios for fold change (from baseline) in body sway area (A95) after administration of gaboxadol 10 mg, zolpidem 5 mg, and placebo, with ‘eyes
open’ and ‘eyes closed’, for all subjects and by gender

Hour Statistic

Treatment ratio of fold change Treatment ratio of fold change
‘EYES OPEN’ ‘EYES CLOSED’
Gaboxadol vs.
placebo

Zolpidem vs.
placebo

Gaboxadol vs.
zolpidem

Gaboxadol vs.
placebo

Zolpidem vs.
placebo

Gaboxadol vs.
zolpidem

All subjects
(n = 23)

1.5 GM 1.22 2.00 0.61 1.17 1.65 0.71
95% CI (0.98, 1.51) (1.62, 2.46) (0.49, 0.75) (0.93, 1.46) (1.33, 2.04) (0.57, 0.89)
P-value 0.070 <0.001 <0.001 0.173 <0.001 0.003

4.0 GM 1.59 1.78 0.90 1.21 1.38 0.88
95% CI (1.29, 1.97) (1.44, 2.20) (0.72, 1.11) (0.98, 1.50) (1.11, 1.71) (0.71, 1.09)
P-value <0.001 <0.001 0.307 0.083 0.003 0.230

8.0 GM 1.27 1.23 1.03 1.15 1.09 1.06
95% CI (1.03, 1.57) (1.00, 1.52) (0.83, 1.27) (0.93, 1.43) (0.88, 1.35) (0.85, 1.31)
P-value 0.027 0.052 0.778 0.206 0.433 0.620

Women
(n = 16)

1.5 GM 0.96 1.91 0.50 1.33 2.21 0.60
95% CI (0.76, 1.21) (1.51, 2.41) (0.40, 0.63) (1.05, 1.68) (1.74, 2.80) (0.48, 0.76)
P-value 0.735 <0.001 <0.001 0.019 <0.001 <0.001

4.0 GM 1.35 1.47 0.92 1.37 1.70 0.81
95% CI (1.07, 1.71) (1.16, 1.85) (0.73, 1.16) (1.08, 1.74) (1.34, 2.15) (0.64, 1.02)
P-value 0.012 0.001 0.488 0.009 <0.001 0.074

8.0 GM 1.12 1.10 1.01 1.42 1.43 0.99
95% CI (0.89, 1.41) (0.87, 1.39) (0.80, 1.28) (1.11, 1.80) (1.13, 1.81) (0.78, 1.26)
P-value 0.344 0.409 0.903 0.005 0.004 0.964

Men (n = 7) 1.5 GM 1.54 2.09 0.74 1.03 1.23 0.84
95% CI (1.09, 2.18) (1.48, 2.95) (0.52, 1.05) (0.71, 1.49) (0.87, 1.74) (0.58, 1.21)
P-value 0.015 <0.001 0.088 0.885 0.248 0.341

4.0 GM 1.88 2.16 0.87 1.07 1.12 0.95
95% CI (1.33, 2.66) (1.53, 3.05) (0.62, 1.23) (0.75, 1.52) (0.79, 1.59) (0.67, 1.36)
P-value <0.001 <0.001 0.432 0.708 0.517 0.787

8.0 GM 1.44 1.38 1.05 0.93 0.83 1.12
95% CI (1.02, 2.04) (0.98, 1.95) (0.74, 1.48) (0.66, 1.33) (0.59, 1.18) (0.79, 1.59)
P-value 0.038 0.068 0.792 0.694 0.299 0.522

GM, geometric mean.
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Figure 3
Geometric mean fold change from baseline (95% CI) for body sway area after 10 mg gaboxadol, 5 mg zolpidem, and placebo, and P-values for treatment
ratios of fold change from baseline for (a) ‘eyes open’ and (b) ‘eyes closed’. A value >1 indicates increased body sway relative to baseline. ***P < 0.001;
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placebo at 4 h, and returned to near baseline levels at 8 h,
although a significant difference vs. placebo was seen for
gaboxadol at 8 h. For the ‘eyes closed’ evaluation, gaboxa-
dol 10 mg had no effect on body sway at any time, but
zolpidem 5 mg increased body sway at 1.5 and 4 h after
ingestion. In the comparison between gaboxadol 10 mg
and zolpidem 5 mg at 1.5 h, the time point closest to peak
drug concentrations, gaboxadol produced significantly
less impairment of body sway in both the ‘eyes open’ and
‘eyes closed’ conditions. When observing the gender
groups separately, in the eyes closed condition, body sway
effects were present in women only and not men for both
drugs at all time points.The findings with zolpidem 5 mg in
the present study are consistent with previous studies of
zolpidem that have shown increases in body sway with
both ‘eyes open’ and ‘eyes closed’ up to 8 h after ingestion
[28, 32]. The present observations suggest generally
reduced effects of gaboxadol 10 mg compared with zolpi-
dem 5 mg on body sway during the night, particularly
at 1.5 h after dosing.

These body sway findings should be interpreted within
the context of the study design. After the subjects went to
bed, they were awakened at 1.5, 4 and 8 h to undergo
study procedures; thus, the effects of repeated disruption
of sleep should be considered, especially for the later time
points.The 8 h time point corresponds to a time point that
is often included in studies that assess next-day residual
effects of psychoactive compounds after a full night’s
sleep. In the present context, the 8 h time point should not
be viewed as a valid measure of next-day residual effects
because subjects were woken regularly during the night.

Neither gaboxadol 10 mg nor zolpidem 5 mg was dif-
ferent from placebo with respect to the change in CFF, and
the two drugs were not different from each other. As noted
in the Introduction, CFF has been previously shown to be

sensitive to psychoactive compounds [25, 26], suggesting
that the lack of differences is unlikely to be due to lack
of sensitivity of the procedure. However, it should be
acknowledged that studies assessing next-day residual
effects of zolpidem using CFF have shown variable results,
with some studies finding that zolpidem produced impair-
ments [33, 34] and others showing no effects [35, 36]. The
CFF method included in this study is not sensitive to pupil
diameter, and it is therefore unlikely that variations in pupil
size obscured differences between treatments [37].

A relationship between the pharmacokinetic profile of
gaboxadol and body sway or CFF could not be established
in the present study. Changes in sway with zolpidem 5 mg,
at the time point close to that for the peak plasma concen-
tration in the present study, were greater than those seen
with gaboxadol 10 mg, although changes in sway with
gaboxadol appeared later. Central effects with rapidly
absorbed drugs appear quickly, and so the differences
between the appearance of effects with zolpidem and
gaboxadol cannot be explained on the basis of the phar-
macokinetic profile alone, but would appear to depend on
the relative activity of the drugs, particularly with respect
to the gender of the subjects. Moreover, the blood sam-
pling times were infrequent and perhaps too sparse for
appropriate modelling.

In summary, a single oral bedtime dose of gaboxadol
10 mg was generally well tolerated in elderly subjects.
Changes in body sway at 1.5 h after bedtime dosing were
smaller with gaboxadol 10 mg than with zolpidem 5 mg,
and neither drug affected CFF.
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