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Study Objective: To evaluate multiple doses of gabapentin
250 mg on polysomnography (PSG) and participant-reported
sleep assessments in a 5-h phase advance insomnia model.
Methods: Adults reporting occasional disturbed sleep
received gabapentin 250 mg (n = 128) or placebo (n = 128).
On Days 1 and 28, participants received medication 30 min
before bedtime and were in bed from 17:00 to 01:00, ~5 h
before their habitual bedtime. Sleep was assessed by PSG,
a post sleep questionnaire, and the Karolinska Sleep Diary.
Next-day residual effects and tolerability were evaluated. On
Days 2-27, participants took medication at home 30 min before
their habitual bedtime.

Results: Treatment-group demographics were comparable.
Gabapentin resulted in significantly less PSG wake after sleep
onset (WASO) compared with placebo on Day 1 (primary
endpoint, mean: 107.0 versus 149.1 min, p < 0.001) and Day
28 (113.6 versus 152.3 min, p = 0.002), and significantly greater
total sleep time (TST; Day 1: 347.6 versus 283.9 min; Day 28:
335.3 versus 289.1 min) (p < 0.001). Participant-reported
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WASO and TST also showed significant treatment effects on
both days. Gabapentin was associated with less %stage1 on
Day 1, and greater %REM on Day 28, versus placebo. During
home use, gabapentin resulted in significantly less participant-
reported WASO and higher ratings of sleep quality. Gabapentin
was well tolerated (most common adverse events: headache,
somnolence) with no evidence of next-day impairment.
Conclusion: Gabapentin 250 mg resulted in greater PSG
and participant-reported sleep duration following a 5-h phase
advance on Day 1 and Day 28 of use without evidence of
next-day impairment, and greater sleep duration during
at-home use.
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Gabapentin interacts with ., subunits of voltage-gated cal-
cium channels' and is approved for the management of
postherpetic neuralgia and restless legs syndrome (RLS), and
as adjunctive therapy for the treatment of partial seizures with
and without secondary generalization (with maximal daily
doses ranging from 600 to 1,800 mg, depending on indication
and drug formulation).** In addition to these approved indica-
tions, gabapentin has been investigated in a variety of patient
populations, and evidence from clinical studies suggests that it
may have a positive effect on sleep. In clinical studies of pain-
related disorders, gabapentin significantly improved self-re-
ports of disturbed sleep in patients with postherpetic neuralgia,
painful diabetic neuropathy, fibromyalgia, painful neuropathies
associated with human immunodeficiency virus and hemodi-
alysis, and traumatic nerve injury pain.*'* Menopausal women
with hot flashes also reported improved sleep quality following
gabapentin treatment."!

Studies using polysomnography (PSG) further demonstrate
positive effects of gabapentin on sleep, particularly sleep
maintenance. In studies using healthy volunteers, gabapen-
tin increased slow wave sleep,'>" and in healthy individuals
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BRIEF SUMMARY

Current Knowledge/Study Rationale: Adults commonly report occa-
sional disturbed sleep. Using a 5-h phase advance transient insomnia
model known to impair sleep maintenance, the present study evaluated
the effects of single and multiple daily doses of gabapentin 250 mg on
sleep measures assessed by polysomnography (PSG) and participant
reports.

Study Impact: Gabapentin 250 mg resulted in greater sleep duration as
assessed by PSG and participant reports following a 5-h phase advance
on the first and 28" day of treatment, with no evidence of next-day im-
pairment. During the intervening weeks of at-home use, gabapentin 250
mg resulted in greater sleep duration and higher ratings of sleep quality,
compared with placebo.

administered alcohol prior to bedtime (known to disrupt sleep),
gabapentin increased slow wave sleep, reduced stage 1 sleep,
and decreased number of awakenings.'* Gabapentin, as add-on
or monotherapy, produced similar changes in PSG parameters
in patients with seizure disorders.'>'¢ Finally, in patients with
RLS, gabapentin increased total sleep time, sleep efficiency,
and slow wave sleep, but did not consistently affect sleep
latency.'™"
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Gabapentin has been studied in individuals with existing
sleep disturbances who were otherwise healthy. One small,
open-label clinical study evaluated gabapentin in participants
with insomnia as defined by complaints of difficulty initiating
and/or maintaining sleep for more than 3 months. Gabapentin
significantly improved sleep efficiency, decreased wake after
sleep onset (WASO), and increased slow wave sleep relative
to baseline.?

Occasional difficulty sleeping through the night is com-
monly reported among adults in the United States.?’** These
individuals often seek treatment options by consulting with
their healthcare provider and/or turning to over-the-counter
(OTC) products (for “occasional sleeplessness” as indicated
on product labels in the United States*). These individuals
are rarely studied in clinical drug trials, and the development
of new therapeutics to target occasional difficulties with sleep
maintenance may be worthwhile given the tolerability and
safety concerns associated with some prescription and OTC
sleep products.*** Low-dose gabapentin (250 mg) is being in-
vestigated as a potential therapy for occasional disturbed sleep
and has been evaluated in this self-identified population. In a
randomized, controlled clinical trial, single doses of gabapentin
250 and 500 mg were shown to significantly improve measures
of sleep maintenance compared with placebo, using a 5-h phase
advance model to induce transient insomnia in individuals with
occasional disturbed sleep.® To our knowledge, there are no
published studies evaluating repeated doses of gabapentin us-
ing a randomized, placebo-controlled trial design in individuals
experiencing disturbed sleep. This was the primary objective of
the present study and included sleep assessments in the sleep
laboratory and during home use over the course of 28 days of
gabapentin nightly treatment. While in the sleep laboratory, we
used a 5-h sleep phase advance to induce transient insomnia, a
model that has been shown to disrupt multiple sleep parameters,
most reliably those associated with sleep maintenance, includ-
ing WASO, total sleep time, and sleep efficiency.”’?’ The dose
of gabapentin 250 mg (elimination half-life of 5-7 h*’) was used
in the present study since it was shown to be effective following
single-dose administration.?

The specific objectives of this study were to evaluate: (1)
the acute effects of gabapentin on sleep maintenance measures
assessed by PSG and participant reports in transient insom-
nia induced by a 5-h sleep phase advance; (2) the durability
of these effects in the 5-h phase advance model following 28
days of nightly use; (3) the effects of gabapentin on sleep dur-
ing at-home use between Days 1 and 28; and (4) the potential
residual, next-day effects of gabapentin following first and last
treatments.

METHODS

Study Design

This was a randomized, double-blind, placebo-controlled,
multiple-dose study conducted at 3 United States-based re-
search sites. The study (A9451155; Clinicaltrials.gov iden-
tifier: NCT00163046) was approved by an institutional
review board or independent ethics committee at each inves-
tigational center and was conducted in compliance with the
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Declaration of Helsinki and all International Conference on
Harmonization Good Clinical Practice Guidelines. Written
informed consent was obtained before any study procedures
were performed.

Study Population

Eligible participants were men or women (non-pregnant,
non-lactating) > 18 years of age who reported occasional dis-
turbed sleep over the past month (defined by a participant’s re-
port of at least one night with problems sleeping, trouble falling
or staying asleep, or waking in the middle of the night).

Participants were excluded if they reported any of the fol-
lowing: (1) a recent history of, or current treatment for, a sleep
disorder or a chronic painful condition that would interfere
with sleep; (2) current use or a known sensitivity to gabapen-
tin; (3) expected use of any other medications to promote sleep
(including OTC medications) during the study; or (4) expected
travel across one or more time zones or shift work during the
study. Medications for chronic medical conditions other than
sleep disturbance were allowed, provided the participants ex-
pected to remain on a stable dose throughout the trial. Addi-
tional exclusion criteria were applied at randomization (Visit
2, see below).

Procedures

The following procedures were conducted at the screening
visit (Visit 1): routine physical; medical and sleep history; and
urine samples collected and processed for pregnancy and drug
screening. Diaries were dispensed and participants were asked
to complete the diary each morning at home, providing bedtime,
wake time, and estimates of the previous night’s sleep.

Eligible participants returned to the facility for Visit 2 (ran-
domization visit) 4-16 days after the screening visit. Diaries
were collected and reviewed. Participants completed the Ep-
worth Sleepiness Scale (ESS),*' Pittsburgh Sleep Quality Index
(PSQI),* and the Profile of Mood States (POMS).** Participants
were required to meet the following randomization criteria: (1)
negative urine drug screen result (Visit 1); (2) negative breatha-
lyzer test result (Visit 2) and no alcohol use within 48 h of Visit
2; (3) bedtime between 22:00 and 01:00 and rise time between
05:00 and 10:00; (4) 7 to 9 h spent in bed for each of the 3 days
prior to Visit 2; (5) a score < 10 on the ESS at Visit 2; (6) no
travel across time zones or shift work since Visit 1; (7) no use of
other medications to promote sleep 3 days prior to Visit 2; and
no use of amphetamines, benzodiazepines, cocaine, marijuana,
methadone, opiates, propoxyphene, barbiturates, and phency-
clidine since Visit 1.

Participants who met all criteria at Visits 1 and 2 were
randomized to 250 mg/day gabapentin or matching placebo
in a 1:1 ratio. Study medication was taken 30 min prior to
bedtime on Days 1 and 28 (Visits 2 and 4, respectively) in
the research facility. Participants took study medication at ap-
proximately 16:30, went to bed with lights out at 17:00, and
were awakened with lights on at 01:00. PSG was conducted
during the 8-h lights-out period. Participant-reported sleep
measures were collected approximately 15 min (8.75 h post
drug ingestion) after awakening. For evaluation of next-day
residual effects, participants completed the multiple sleep la-
tency test (MSLT),* the Stanford Sleepiness Scale (SSS),*



and the psychomotor vigilance task (PVT).** The MSLT was
conducted at 2, 4, 6, and 8 h after awakening on Day 1 (10.5,
12.5, 14.5, and 16.5 h post drug ingestion, respectively); the
SSS at approximately 15 min, 2.5 h, and 5 h after awaken-
ing on Days 1 and 28 (8.75, 11, and 13.5 h post drug inges-
tion, respectively); and the PVT was conducted within 1 h
of awakening and again at 2.5 and 5 h after awakening on
Days 1 and 28 (~9.5, 11, and 13.5 h post drug ingestion, re-
spectively). Participants also completed the ESS, PSQI, and
POMS on Day 28 at approximately 14:00 (prior to the sleep
phase advance period).

Between Days 1 and 28, participants took study medication
30 min prior to their regular bedtime (at-home use). Participant-
reported sleep assessments were recorded each morning. An in-
terim visit (Visit 3) occurred 12-16 days after Visit 2, during
which vital signs, reports of adverse events (AEs) and any other
medications were collected, and a POMS assessment com-
pleted. The sleep diary was reviewed by the site staff to ensure
proper completion and clarity of entries. Treatment compliance
was assessed by daily diary entries and confirmed by collection
and counting of returned trial medication.

Assessments

Efficacy during Sleep Phase Advance Periods

The prespecified primary endpoint was PSG-quantified
WASO during the 8-h time in bed on Day 1. Secondary end-
points included WASO on Day 28 and the remaining PSG pa-
rameters on Days 1 and 28: latency to persistent sleep, number
of awakenings, total wake time plus stage 1 sleep, total sleep
time, and percentage of each sleep stage (1, 2, stage 3+4, and
REM). Participant-reported sleep assessments upon awakening
on Days 1 and 28 were also collected (sleep latency, number
of awakenings, WASO, total sleep time, sleep refreshment,
and sleep quality). Sleep refreshment was based on the ques-
tion, “How refreshed do you feel?”: 0 = not at all, 1 = a little,
2 =some, 3 = a lot, 4 = completely. Sleep quality was based on
the question, “What was the quality of your sleep last night?”:
0 = very poor, 1 = poor, 2 = fair, 3 = good, 4 = very good.
Participants also completed the Karolinska Sleep Diary (KSD).
The KSD consists of 7 questions, and the KSD sleep quality
index (SQI) is the subset that consists of the mean score for
the following 4 items: sleep quality, calm sleep, ease of falling
asleep, and slept throughout.*’

Efficacy during Home Use

Participant-reported sleep assessments upon awakening were
collected and included sleep latency, number of awakenings,
WASO, total sleep time, sleep refreshment, and sleep quality.
Also assessed was ease of awakening, phrased as “Rate your
ease of awakening this morning”: 1 = very difficult, 2 = rather
difficult, 3 = neither difficult nor easy, 4 = rather easy, 5 = very
easy.

Next-Day Residual Effects

Participants completed the MSLT, SSS, and PVT at prespeci-
fied time intervals after awakening from the sleep phase ad-
vance periods (see details in Procedures) to assess sleepiness
and psychomotor performance.
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Safety and Tolerability

Safety and tolerability were assessed by monitoring AEs and
measuring vital signs (pulse, blood pressure, and respiratory
rate) at Visit 1 screening, and before dosing with study medi-
cation and after awakening from the phase advance on Days 1
and 28. Vital signs were also measured at Visit 3 (12-16 days
after Visit 2). The AEs were coded using Medical Dictionary
for Regulatory Activities (Version 9.0), categorized by system
organ class and preferred term, and evaluated by the investiga-
tor for severity (mild, moderate, or severe) and relation to study
medication (related or not related).

Statistical Analysis

A planned sample size of 250 participants (125 in each treat-
ment group) was sufficient to provide at least 85% power to
detect a difference of 35 min in PSG-derived WASO (primary
endpoint), assuming a standard deviation of 80.4 min and a
2-sided level of significance of 0.05. All efficacy analyses were
based on the intent-to-treat (ITT) population, which included
all randomized participants who received at least one dose of
study drug and had any subsequent efficacy evaluation. The
safety population included all participants who received at least
one dose of study medication. The ITT and safety populations
consisted of all 256 randomized participants, 128 in each treat-
ment group.

An analysis of variance with treatment and clinical site terms
in the model was used to compare treatments for most endpoints
(PSG WASO, number of awakenings, total wake time + stage 1
sleep, participant-reported sleep quality and refreshment, KSD,
SSS, MSLT, PVT, POMS, and PSQI). The remaining endpoints
were analyzed using the Cochran-Mantel-Haenszel test, strati-
fying by site, using modified ridit scores.

No imputation of missing data was performed, except in
the following situations. For PSG measures, if persistent sleep
onset was not reached, latency to persistent sleep was set to
equal the value of time in bed for those observations that PSG
recording was > 450 min; if the PSG recording was < 450 min,
non-latency-related PSG variables were set to missing. For par-
ticipant-reported sleep measures, if a participant reported not
falling asleep for a treatment night, sleep latency was set to 480
min, WASO and number of awakenings were set to missing,
total sleep time was set to 0 min, and the assessment of sleep
refreshment and the assessment of sleep quality were set to the
worst possible score, 0. For MSLT, if sleep was not reached, a
score of 20 minutes was assigned.

RESULTS

Participants and Treatment

There were 256 participants randomized, of whom 237
completed the study (placebo: n = 115; gabapentin: n = 122)
(Table 1). Nineteen participants discontinued for the following
reasons: withdrew consent (n = 10), protocol violations (n = 5),
AEs (n = 2), and other (n = 2). Treatment groups did not differ
significantly with respect to demographic or baseline measures
(Table 2), including history of sleep problems and sleepiness
(as measured by the ESS), and the 8 sub-indices of the PSQI
and the 7 categories of the POMS (data not shown). Based
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Table 1—Participant disposition.
Number (%) of participants

Gabapentin
Placebo 250 mg

Screened (n = 331)

Randomized (n = 256) 128 128

Completed (n = 237, 92.6%) 115 (89.8%) 122 (95.3%)
Discontinuations 13 6

Consent withdrawn 7 3

Protocol violation 2 3

Adverse event 2 0

Other 2 0

Figure 1—PSG-derived WASO (min) at Days 1 and 28 in
participants receiving placebo or gabapentin.

O Placebo M Gabapentin 250 mg

300 -

*%

200

100

PSG-derived WASO (min)

Day 1 Day 28

Data shown are mean (SD). ***p < 0.001 versus placebo on Day 1
and **p < 0.01 versus placebo at Day 28. Day 1 sample size: placebo
(n = 126); gabapentin (n = 128). Day 28: placebo (n = 113); gabapentin
(n=122). PSG, polysomnography; SD, standard deviation; WASO, wake
after sleep onset.

on diary entries, the majority of participants took 15-28 days
of study drug in the placebo (89.5%) and gabapentin (91.4%)
groups.

Efficacy: Sleep Phase Advance Periods (Days 1, 28)

Gabapentin 250 mg resulted in significantly less PSG-derived
WASO than placebo on Day 1 (primary endpoint, 149.1 versus
107.0 min for placebo and gabapentin, respectively; p < 0.001)
and Day 28 (152.3 versus 113.6 min, p < 0.01) (Figure 1). All
PSG endpoints are summarized in Table 3. In addition to less
WASO, gabapentin 250 mg resulted in significantly less wake
time plus stage 1 sleep (p < 0.001) and greater total sleep time
(p £0.001), compared with placebo on Days 1 and 28. Although
there was a shorter latency to persistent sleep in the gabapentin
250 mg group on Days 1 and 28, the effects were not statisti-
cally significant from placebo. Gabapentin was associated with
significantly less % stage 1 sleep on Day 1 (p < 0.05), and sig-
nificantly greater % REM sleep on Day 28 (p < 0.05).

On participant-reported sleep assessments, gabapentin sig-
nificantly affected all Day 1 sleep parameters, with the ex-
ception of sleep latency (versus placebo, p < 0.01) (Table 4).
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Table 2—Demographic characteristics and baseline data.

Gabapentin
Placebo 250 mg
(n=128) (n=128)
Age, years
Mean (SD) 415(16.6) 41.4(16.7)
Range 18-82 18-82
Sex, n (%)
Male 61(47.7) 56 (43.8)
Female 67 (52.3) 72 (56.3)
Race, n (%)
White 90(70.3)  101(78.9)
Black 15 (11.7) 10 (7.8)
Hispanic 14 (10.9) 13(10.2)
Asian or Pacific Islander 3(2.3) 1(<1.0)
Other 6 (4.7) 3(2.3)
Weight, Ib
Mean (SD) 168.8 (33.8) 168.2(34.9)
Range 102-261 105-253
History of sleep problems, mean (SD)?
Problems sleeping 34 (2.1) 3.2(24)
Trouble falling asleep 2.3(2.1) 25(2.3)
Trouble staying asleep 2.1(2.1) 2.1(3.1)
Waking up in the middle of the night 1.1(0.8) 1.0(1.0)
Visit 2 ESS Total Score (baseline)
Mean (SD) 46 (2.7) 4.4 (3.0)
Visit 2 PSQI Global Score (baseline)
Mean (SD) 3.8(1.8) 3.7(1.9)

2\/alues represent number of nights or times in response to the following
questions: “Over the past month, how many nights did you have problems
sleeping?”; “Over the past month, how many times did you have trouble
falling asleep?”; “Over the past month, how many times did you have
trouble staying asleep?”; “On a typical night, how many times do you
wake up in the middle of the night?” ESS, Epworth Sleepiness Scale;
PSQl, Pittsburgh Sleep Quality Index; SD, standard deviation.

On Day 28, gabapentin was associated with significantly less
WASO, greater total sleep time, and higher ratings of sleep
quality, compared with placebo (p < 0.01) (Table 4).

Gabapentin resulted in a significantly higher score on the
KSD-SQI (and most of the individual items) on Days 1 and
28 (versus placebo, p < 0.01) (Table 4). Significantly higher
ratings of feeling well rested (p < 0.05) and having sufficient
sleep (p < 0.001) were also reported by gabapentin-treated par-
ticipants, relative to placebo (Table 4).

Efficacy during Home Use

Participant-reported sleep assessments during at-home use
are summarized weekly for all parameters (Table 5). Par-
ticipants taking gabapentin reported significantly less WASO,
fewer awakenings, higher ratings of sleep refreshment, sleep
quality, and ease of awakening during most weeks of at-home
use. There were no significant differences in sleep latency or
total sleep time.

Other Evaluations
Gabapentin was associated with significantly improved rat-
ings of sleep quality relative to baseline (p = 0.03) compared
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Table 3—PSG sleep assessments on Days 1 and 28.

Day 1 Day 28
Placebo Gabapentin 250 mg Placebo Gabapentin 250 mg
(n=128) (n=128) (n=128) (n=128)
WASO, min® 149.1 (9.6) 107.0 (7.3)*** 152.3 (9.3) 113.6 (8.1)*
Latency to persistent sleep, min® 54.8 (7.9) 32.4(3.3) 47.1(8.7) 36.8 (5.0)
Number of awakenings 7.6(0.4) 7.7(0.3) 7.3(0.4) 8.1(0.4)
Total wake time + stage 1 sleep, min® 233.3(9.5) 172.8 (7.5)*** 230.2 (9.6) 185.8 (8.2) ***
Total sleep time, min® 283.9 (9.8) 347.6 (7.5)** 289.1(10.2) 335.3(8.2)***
Sleep architecture, %°
Stage 1 15.7 (1.1) 12.3(0.6)* 14.8 (0.9) 13.1(0.7)
Stage 2 52.8 (1.0) 52.0(0.9) 55.3(0.9) 53.5(0.9)
Slow wave sleep (stage 3+4) 17.3(1.0) 20.4 (1.0 16.3(0.9) 17.8 (1.0)
REM 14.2 (0.6) 15.3 (0.4) 13.6 (0.6) 15.6 (0.5)*

Data presented as observed mean (SE) based on number of participants with non-missing data (n = 113 to 128). 2 Comparisons from the analysis of
variance with treatment and site terms in the model. ® Comparisons from the Cochran-Mantel-Haenszel test, stratifying by site and using modified ridit scores.
*p<0.05 *p=<0.01,**p < 0.001, compared with placebo. REM, rapid eye movement; SE, standard error.

Table 4—Participant-reported sleep assessments on Days 1 and 28.

Day 1 Day 28
Placebo Gabapentin 250 mg Placebo Gabapentin 250 mg
(n=128) (n=128) (n=128) (n=128)
Sleep Questionnaire
Sleep latency, min? 63.6 (8.5) 40.1(6.2) 54.9 (8.7) 55.9 (7.7)
No. of awakenings® 42(0.3) 2.8(0.2)* 3.2(0.3) 25(0.2)
WASO, min® 92.6 (8.9) 51.2 (5.5)*** 96.4 (9.5) 48.6 (5.4)**
Total sleep time, min® 323.6 (11.5) 390.6 (7.9)*** 329.9 (11.5) 377.5(8.6)*
Sleep refreshment (0-4) ¢ 1.6 (0.1) 1.9(0.1)* 1.6 (0.1) 1.8(0.1)
Sleep quality (0-4)®¢ 1.5(0.1) 2.1(0.1)* 1.5(0.1) 1.9(0.1)*
Karolinska Sleep Diary ®¢
Sleep Quality Index 2.7(0.1) 3.2(0.1)* 2.6(0.1) 3.0(0.1)*
Sleep quality 25(0.1) 3.1(0.1)** 25(0.1) 3.0 (0.1)***
Calm sleep 2.7(0.1) 3.2(0.1)* 2.7(0.1) 3.1(0.1)***
Ease falling asleep 26(0.1) 3.0(0.1)* 2.8(0.1) 2.7(0.1)
Slept throughout 2.9(0.1) 3.3(0.1)* 24(0.1) 3.0(02)*
Ease of awakening 3.6(0.1) 3.8(0.1) 32(0.1) 34(0.1)
Well rested 2.9(0.1) 3.6 (0.1)** 29(0.1) 3.3(0.1)*
Sufficient sleep 2.8(0.1) 3.4(0.1)** 2.7(0.1) 3.2(0.1)**

Data presented as observed mean (SE) based on number of participants with non-missing data (n = 113 to 128). 2 Comparisons from the Cochran-Mantel-
Haenszel test, stratifying by site and using modified ridit scores. ® Comparisons from the analysis of variance with treatment and site terms in the model.
°Assessed in response to: “How refreshed do you feel?” 0 = Not at all, 1 = Alittle, 2 = Some, 3 =Alot, 4 = Completely. ¢ Assessed in response to: “What was
the quality of your sleep last night?” 0 = Very poor, 1 = Poor, 2 = Fair, 3 = Good, 4 = Very good. ¢ Sleep Quality Index defined as the mean of the following 4
items: sleep quality, calm sleep, ease of falling asleep, slept throughout; rated from 1 to 5, with a higher value indicating better effects. Three additional scores
(ease of awakening, well rested, sufficient sleep) relate to awakening, also rated from 1 to 5, with a higher value indicating better effects. *p < 0.05, **p < 0.01,
**n < 0.001, compared with placebo. SE, standard error; WASO, wake after sleep onset.

with placebo, as assessed by the PSQI global score on Day 28
(mean change from baseline [SE] for placebo and gabapentin:
-0.3 [0.1] and -0.6 [0.2], respectively). The individual compo-
nents of the PSQI were consistent with the global score, but did
not show significant differences (data not shown).

The POMS was conducted at baseline and on Days 14
and 28; there were no significant treatment differences in the
POMS total score and 6 subscale scores (tension, depression,
anger, vigor, fatigue, and confusion), with the exception of the
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confusion subscale on Day 14 in which participants receiving
gabapentin reported being less confused (mean change from
baseline [SE] for placebo and gabapentin: 0 [0.2] and -0.4 [0.1],
respectively; p < 0.05).

Next-Day Residual Effects

Gabapentin did not significantly affect next-day sleepiness
as measured by the MSLT. The test was administered fol-
lowing the first sleep phase advance at 2, 4, 6, and 8 h after
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Table 5—Participant-reported sleep assessments during at-home use: Weeks 1 to 4.

Week 1 Week 2 Week 3 Week 4
Gabapentin Gabapentin Gabapentin Gabapentin
Placebo 250 mg Placebo 250 mg Placebo 250 mg Placebo 250 mg
(n=128) (n=128) (n=128) (n=128) (n=128) (n=128) (n=128) (n=128)
Sleep latency, min? 127(07) 134(08) 13.3(0.8) 127(08) 132(09) 13.6 (0.9) 13.4(0.9) 136(1 2)
No. of awakenings? .0(0.1) 0.7(0.1)* 0.9(0.1) .7(0.1) .0(0.1) 0.7(0.1)* 0.9(0.1) 6(0.1)*
WASO, min@ 11 6( 1) 8(0.7)* 11.5(1.2) 8(0.9)* 103( 1) 7.7(0.9)* 10.5(1.1) 1(0.9)*
Total sleep time, min@ 459 9(2.9) 464 6 (3.0) 456.6 (3.0) 462 3(2.7) 457 2(3.0) 461.6(2.7) 4549 (3.2) 460 8 (2.6)
Sleep refreshment (0-4) °¢ 4(0.1) 6 (0.1)* 2.4(0.1) J(0.0)* 5(0.1) 2.6(0.1)* 2.4(0.1) J(0.0)*
Sleep quality (0-4)°¢ 27(<01) 30(<01)*** 2.7(<0.1) ( 0.1)** 27(<01) 29(<0.1)* 2.7(0.1) 29(<01)***
Ease of awakening (1-5)®¢ 3.5 (0.1) 3.6(0.1)* 3.5(0.1) 7(0.) 3.5(0.1) 3.7(0.1)* 3.5(0.1) 3.7(0.1)*

Data presented as observed mean (SE) based on number of participants with non-missing data (n = 115 to 128). @

Comparisons form the Cochran-Mantel-

Haenszel test, stratifying by site and using modified ridit scores. ® Comparisons from the analysis of variance with treatment and site terms in the model.
°A higher number means more refreshed, better sleep quality, or easier awakening. *p < 0.05, **p <0.01, ***p <0.001, compared with placebo. SE, standard

error; WASO, wake after sleep onset.

Table 6—Summary of treatment-related adverse events.

Gabapentin
Placebo 250 mg
(n=128) (n=128)
System Organ Class n (%) n (%)
Participants with at least 1 AE 10 (7.8) 13(10.2)
Nervous system disorders 5(3.9) 9(7.0)
Headache 3(2.3) 4(3.1)
Somnolence 1(<1.0) 4(3.1)
Dizziness 0 1(<1.0)
Balance disorder 1(<1.0) 0
Gastrointestinal disorders 0 3(2.3)
Diarrhea 0 1(<1.0)
Dry mouth 0 1(<1.0)
Nausea 0 1(<1.0)
General disorders and 0 1(<1.0)
administration site conditions
Sluggishness 0 1(<1.0)
Ear and labyrinth disorders 1(<1.0) 0
Vertigo 1(<1.0) 0
Eye disorders 1(<1.0) 0
Vision blurred 1(<1.0) 0
Musculoskeletal and connective 1(<1.0) 0
tissue disorders
Musculoskeletal stiffness 1(<1.0) 0
Psychiatric disorders 2(1.6) 0
Anxiety 1(<1.0) 0
Restlessness 1(<1.0) 0
Vascular disorders 1(<1.0) 0
Hypertension 1(<1.0) 0

Treatment-related AEs are those possibly or probably related to study
medication as assessed by the investigator. Only treatment-related AEs
occurring in = 1 participant during the double-blind treatment period are
shown. AE, adverse event.

awakening; the mean score of latencies from these 4 tests was
used for the analysis (mean [SE]: 8.8 [0.4] versus 9.0 [0.4] min
for placebo and gabapentin, respectively). Gabapentin also did
not affect post-awakening sleepiness as measured by the mean
SSS, except that participants taking gabapentin reported being
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less sleepy upon awakening (8.75 h post drug ingestion) and
only following the second sleep phase advance (mean [SE] for
placebo and gabapentin: 3.3 [0.1] and 2.9 [0.1], respectively,
p < 0.05). Gabapentin did not significantly affect any of the
variables of the PVT upon awakening (median reaction time,
Day 1: 237 versus 236 ms; Day 28: 245 versus 245 ms for
placebo and gabapentin, respectively) and at 2.5 and 5 h post
awakening on Days 1 and 28 (data not shown).

Safety and Tolerability

Of the 256 randomized participants, 57 (22.3%) reported at
least one AE after dosing: 30 (23.4%) and 27 (21.1%) partici-
pants in the placebo and gabapentin groups, respectively. There
were no serious AEs or deaths. Two participants in the placebo
group discontinued due to an AE (moderate restlessness in one
participant and moderate anxiety in the other). Most events
were of mild severity. The most common treatment-related AE
was headache, which was reported by 3 (2.3%) and 4 (3.1%)
participants in the placebo and gabapentin groups, respectively.
Somnolence was reported by 1 (< 1.0%) participant in the pla-
cebo group and 4 (3.1%) participants in the gabapentin group.
All other treatment-related AEs were reported once (Table 6).

Gabapentin was not associated with any clinically or statisti-
cally meaningful changes in vital signs, and there were no dis-
continuations due to vital sign changes.

DISCUSSION

Using a 5-h sleep phase advance model of transient sleep dis-
turbance in participants with a history of occasional disturbed
sleep, gabapentin 250 mg had significant benefits on PSG and
participant-reported assessments, compared with placebo. Ben-
eficial effects were seen on sleep maintenance and quality, but
not sleep latency, and occurred on the first day of treatment and
after 28 days of nightly use. Although it is not expected that
individuals with occasional sleep disturbances would require
nightly administration of a sleep aid over a prolonged period,
it was important to confirm the durability of the sleep mainte-
nance benefit in the event of continued use. These results are
consistent with a previous single-dose study of similar design®
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and with a small open-label study in individuals diagnosed with
primary insomnia treated with gabapentin for 4 weeks, in which
540 mg/day significantly improved sleep efficiency, decreased
WASO, and increased slow wave sleep relative to baseline re-
sults.”® Alongside the beneficial effects of gabapentin on sleep,
the AEs following single or multiple (28-day) doses were infre-
quent and mild to moderate in severity, with the most common
AEs being headache and somnolence (3.1% each in gabapentin
250 mg).

In the present study, gabapentin produced only modest
changes in sleep architecture that were directionally consistent
across the 2 sleep phase advance periods. In terms of statisti-
cal significance, during the first phase advance, gabapentin was
associated with significantly less stage 1 sleep, whereas during
the second phase advance, gabapentin resulted in greater REM
sleep, compared with placebo. Gabapentin also significantly in-
creased stage 4 sleep in the first phase advance (data not shown),
but did not produce an overall significant increase in slow wave
sleep (stage 3+4). Other studies have shown decreased stage 1
with increased slow wave sleep in both healthy volunteers and
clinical populations (RLS, seizure disorders),'>1416:17:19.2638 yyjth
some studies showing increases in REM sleep.'”** The reason
for seeing inconsistent effects over days may be related to the
power to detect these relatively small and variable effects of
this dose of gabapentin (250 mg) on sleep architecture.

Consistent with effects observed during the phase advance
periods on Days 1 and 28, gabapentin showed significant ben-
efits on participant-reported sleep maintenance, quality, and
refreshment during at-home use (Days 2-27). This is the first
randomized, controlled clinical study to our knowledge that
evaluated gabapentin’s effects on sleep during home use in
individuals who reported occasional sleep disturbances, but
were otherwise healthy. In a variety of clinical populations, in-
dividuals taking gabapentin at home reported beneficial effects
on sleep disturbances,>”!'"!7 but whether these may have been
secondary to improvements in comorbid symptoms (pain, hot
flashes, and limb movements) is not completely understood. A
recent review of the mechanistically similar medication, pre-
gabalin, on sleep disturbances across multiple pain-related
clinical conditions suggests that it has a direct effect on sleep
(independent of its pain-relieving properties).* Likewise, al-
though fewer studies were described, a similar conclusion
was drawn for gabapentin.’* Thus, data from both clinical and
healthy populations are converging to suggest that gabapen-
tin has beneficial effects on sleep maintenance, with parallel
improvements in sleep quality and feeling refreshed and well
rested upon awakening.

Gabapentin 250 mg did not produce next-day effects on
sleepiness and psychomotor performance on either Day 1 or
28, measured both objectively and subjectively. These observa-
tions are consistent with the single-dose study mentioned ear-
lier.?® Across these 2 studies, the consistent lack of impairment
using physiological (MSLT) and performance (PVT, DSST)
measures, subjective rating scales (POMS, SSS), and spontane-
ous reports of somnolence (AEs) suggests a lack of next-day
residual sleepiness and/or psychomotor/cognitive impairment
with gabapentin. This is important given the common next-day
effects associated with some currently prescribed hypnotics and
OTC sleep aids, and possibly offers a unique differentiation.
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The US Food and Drug Administration (FDA) is requiring
manufacturers of zolpidem to lower the recommended bed-
time dose, owing to morning blood levels in some patients that
may contribute to impaired performance on activities requiring
alertness. Additionally, the FDA is urging healthcare provid-
ers to caution patients on the risks associated with next-day
impairment and will continue to assess these risks with other
prescribed hypnotics and OTC sleep aids (http://www.fda.gov/
Drugs/DrugSafety/ucm334033.htm). Although the evidence is
encouraging, whether gabapentin 250 mg possesses a unique
profile (beneficial effects on sleep maintenance without next-
day residual effects) awaits specifically designed and ade-
quately powered studies of next-day effects.

The consistent effects of gabapentin on participant-reported
sleep assessments during the phase advance and during at-home
use in the same study support the validity of the circadian phase
advance as a model of transient disturbed sleep. This model is
used frequently to evaluate the hypnotic potential of drugs, al-
though the length of the phase advance varies (3 to 12 h) among
studies. Only one study, to our knowledge, has evaluated the
effects of different phase advance lengths on sleep; as the phase
advance was lengthened from 3 to 6 h, greater disruptions in
PSG-derived sleep maintenance parameters were observed,
with no significant effects on sleep latency.”” In other studies in
which the effects of phase advance were compared with a base-
line night (habitual bedtimes), sleep maintenance endpoints ap-
peared to be consistently disrupted, whereas the sleep latency
effects were more inconsistent, irrespective of phase advance
length.?824041 Despite these differences, hypnotic drugs con-
sistently mitigate the disruptive effects of phase advance (on
maintenance and/or latency), supporting the use of this model
to evaluate effects on transient sleep disturbance.?**#

The clinical significance and economic burden (direct and
indirect costs) of occasional disturbed sleep are not well un-
derstood, because most research focuses on chronic insomnia.
Some studies include individuals with mild or transient insom-
nia, but definitions are not standardized across studies, thus lim-
iting interpretation and generalization. Nonetheless, there are
some data suggesting that mild or occasional insomnia symp-
toms pose significant health and economic burdens. A large
Canadian epidemiological study demonstrated increased work-
related costs (in terms of increased absenteeism and reduced
productivity) with individuals presenting insomnia symptoms
who otherwise did not fulfill diagnostic criteria for insomnia
disorder.®* Additionally, as part of the same study, a proportion
of these individuals (10% to 14%) went on to develop chronic
insomnia at 1-, 2-, and 3-year follow-ups.* Finally, a health
plan study found that insomnia severity was associated with
comorbid chronic medical and psychiatric illnesses, and that
the odds of having at least one psychiatric diagnosis was greater
in the group categorized as “subthreshold” insomnia, compared
with the “no insomnia” group.* Individuals with mild, tran-
sient, or occasional sleep disturbances often self-treat; unfortu-
nately, evidence from controlled clinical studies substantiating
efficacy and safety of OTC sleep aids is minimal. Given the po-
tential value of short-term treatment intervention for occasional
sleep disturbances (on an as-needed basis consistent with prod-
uct labeling), the development of safe and efficacious sleep aids,
including both prescription and OTC agents, is important.
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Study Limitations

To our knowledge, this is the first randomized, controlled
clinical trial to evaluate single and multiple doses of gabapentin
250 mg on PSG and participant-reported sleep assessments in
healthy volunteers who report occasional disturbed sleep. How-
ever, the study is not without limitations. First, only one dose of
gabapentin was evaluated; a higher dose (500 mg) was tested
in the phase advance study by Rosenberg et al.,*® but with only
single-dose administration. Evaluation of both lower and higher
doses of gabapentin would provide a fuller understanding of the
dose-response relationship in this population. Second, although
there were no significant impairing effects of gabapentin on
next-day measures, confirmation awaits well-designed clinical
studies that include active comparators (hypnotic agents with
known next-day effects) and assess multiple next-day effects
(e.g., driving) as primary endpoints.

CONCLUSIONS

Our data, gathered from a model of transient disturbed sleep
and at-home use, demonstrate that gabapentin 250 mg effec-
tively may improve sleep maintenance and quality following
single and multiple doses (up to 28 days), without evidence of
residual, next-day impairment.

ABBREVIATIONS

AE, adverse event

DSST, Digit Symbol Substitution Test
ESS, Epworth Sleepiness Scale

FDA, Food and Drug Administration

ITT, intent-to-treat

KSD-SQI, Karolinska Sleep Diary Sleep Quality Index
MSLT, multiple sleep latency test

OTC, over-the-counter

POMS, Profile of Mood States

PSG, polysomnography, polysomnographic
PSQI, Pittsburgh Sleep Quality Index

PVT, psychomotor vigilance task

REM, rapid eye movement

RLS, restless legs syndrome

SSS, Stanford Sleepiness Scale

TST, total sleep time

WASO, wake after sleep onset
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