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SCIENTIFIC INVESTIGATIONS

Gabapentin Improves Sleep in the Presence of Alcohol
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Study Objectives: To evaluate the ability of a single dose of gabapentin to
improve sleep disruption caused by alcohol consumption.

Methods: Double-blind, randomized, single-dose, crossover study of normal
subjects (age 21-45 years) who were free of known sleep disorders or medi-
cal conditions that could interfere with sleep. Subjects first received baseline
polysomnography and, upon awakening, subjective scales of drowsiness
and functioning. One to 2 weeks later, they returned to the sleep lab. They
consumed 4 ounces of 40% alcohol and gabapentin (300 or 600 mg) or pla-
cebo 1 hour prior to bedtime. Polysomnography and subjective scales were
repeated. One to 2 weeks later, subjects returned and were given the same
dose of alcohol and the other treatment, followed by repeat testing. Differ-
ences between baseline and placebo (alcohol) results were compared to the
difference between baseline and gabapentin (alcohol) by paired t tests.
Results: Thirteen subjects were enrolled; 12 completed the study. Mean age
was 30.8 years (range 25-37 years). No difference in total sleep time was

seen for any of the groups. Gabapentin (300 or 600 mg) showed a significant
decrease in stage 1 (9.3% vs 5.5%) and number of awakenings (11 vs 6)
with increased sleep efficiency (93% vs 96.2%). Subjects receiving 600 mg
also showed increased slow wave sleep, decreased rapid eye movement
sleep, and decreased arousals. No differences were seen in any of the sub-
jective tests of drowsiness and performance.

Conclusions: Single-dose gabapentin at bedtime can improve sleep
through decreased stage 1 sleep, increased slow-wave sleep, increased
sleep efficiency, and decreased arousals. Gabapentin may be useful in the
treatment of conditions in which frequent awakenings and decreased sleep
efficiency are seen.
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leepiness is common in the United States, and over 20% of

Americans report sleepiness sufficient to interfere with dai-
ly activities at least several days per week.' This is not a benign
condition but is associated with decreased concentration and in-
creases in cardiovascular disease and accidents and an overall
increase in mortality.>? Sleepiness has many causes, including a
number of conditions resulting in impaired sleep onset, difficulty
with sleep maintenance, or nonrestorative sleep. These causes of
sleepiness are most commonly treated pharmacologically,* with
hypnotic, anxiolytic, and antidepressant medications prescribed
most often.>® Although these agents may decrease sleep latency
and the number of arousals, they do not increase the overall qual-
ity of sleep. In fact, benzodiazepines decrease rapid eye move-
ment (REM) and slow-wave sleep (SWS), and most antidepres-
sant medications (tricyclic antidepressants and selective serotonin
reuptake inhibitors) also decrease REM sleep.’ This is potentially
important because REM sleep and SWS are required for certain
forms of learning.® Furthermore, treatment with benzodiazepines
generally results in tolerance to hypnotic effects. In many condi-
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tions, therefore, it might be useful to use agents that improve sleep
continuity or structure without producing somnolence; however
none are presently available.

Gabapentin is a compound widely used in the treatment of
epilepsy’ and neuropathic pain.'™"" A number of studies, in both
patients and normal subjects, have shown an increase in SWS,
decreased number of awakenings, and increased sleep efficien-
cy with this drug.’>'* Gabapentin may therefore be an entirely
novel treatment for a variety of conditions that cause problems
with sleep maintenance, including psychophysiologic insomnia
and obstructive sleep apnea. Because alcohol consumed at bed-
time is known to cause an increase in the number of awakenings
and a decreased amount of SWS,'>!¢ administration of alcohol to
normal subjects forms a convenient model for sleep disruption
that could potentially be reversed by a drug with the properties of
gabapentin. If effective, studies in other forms of sleep disruption
would be appropriate. This study looks at the ability of gabap-
entin to improve or reverse sleep disruption caused by alcohol
consumption.

METHODS

This was a double-blind, randomized, single-dose, crossover
study of normal subjects. Subjects were recruited by fliers and
word of mouth within the medical center. They were between the
ages of 21 and 45 years and had no known sleep disorder and no
history of alcoholism. Each was screened for any medical condi-
tions or sleep disorders that could interfere with results. Women of
childbearing potential could not be pregnant, and urine pregnancy
tests were administered to all women of childbearing potential be-
fore each administration of the study medication or alcohol . Any



serious medical condition that the investigator deemed a risk for
administration of either alcohol or gabapentin also excluded sub-
jects from the trial. This included, but was not limited to, peptic
ulcer disease, gastritis, alcoholism, and hepatic disease. Gabapen-
tin and matching placebo were provided and randomized by the
research pharmacy of Columbia University. All subjects received
both placebo and gabapentin, in random order; each subject was
randomly assigned to receive either a 300-mg or a 600-mg dose
of gabapentin. Sleep logs were maintained by all subjects for 1
week before each overnight polysomnogram; however, activity
monitors were not used.

Testing occurred on 3 nights. Patients first received baseline
polysomnography. Subjects arrived at the laboratory between 7
and 9 pm in preparation for the studies. Lights out was between
10 and 12 pm, and studies ended with spontaneous awakening be-
tween 6 and 8 aMm. As much as possible, this was scheduled to
coincide with each subject’s habitual bedtime. Polysomnography
was scored by a single investigator blinded to drug-treatment arm
(gabapentin or placebo) and to gabapentin dose. Standard record-
ing was used and included four electroencephalogram channels,
electrooculogram, electromyogram (chin and legs), nasal airflow,
chest and abdomen movements, electrocardiogram, and oxygen
saturation. Sleep was staged according to standard technique.'’
Awakenings were defined as at least 1 epoch scored as awake
after a sleep period; arousals were defined as a shift to higher
electroencephalogram frequencies during a sleep epoch without
progression to full wakefulness, according to the criteria of the
American Sleep Disorders Association.'® Between 2 and 4 hours
after awakening, subjects filled out the Stanford Sleepiness Scale
and 6 linear analogue scales measuring alertness, ability to func-
tion, effectiveness at work, mood, concentration, and creative
thinking. These tests have been used in other studies and are sen-
sitive to the effects of hypnotic medications.'*? These were not
given immediately after awakening so that maximal wakefulness
would be measured.

One to 2 weeks later, subjects returned to the sleep lab. They
consumed 4 ounces of 40% alcohol (vodka) in orange juice 1 hour
prior to bedtime and were given a single-dose drug (gabapentin,
300 or 600 mg) or placebo in a randomized, double-blind fashion
immediately afterward. Alcohol was consumed over a maximum
15-minute period. Subjects did not eat between arrival and alco-
hol consumption; therefore, there was a minimum of 2 hours be-
tween last meal and alcohol consumption. Polysomnography and
subjective scales were repeated. One to 2 weeks later, subjects
returned and were given the same dose of alcohol and drug or
placebo, again followed by repeat testing. For each sleep param-

Table 1—Effects of Alcohol on Sleep

Parameter Condition
Sleep stage, % Baseline Alcohol
1 81+14 93+1.1
SWS 19.4+2.0 193+1.7
REM 19.0+1.3 17 .6+1.4
Sleep efficiency, % 923+1.9 93.0+ 1.1
Total sleep time, min. 368.96+ 7.4 382.42+12.2
Awakenings, no. 9.7+1.7 11.3+1.5
Arousals, no. 33.6+8.8 30.8+5.3

Data are presented as mean + SD. SWS refers to slow-wave sleep;
REM, rapid eye movement.
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eter, the difference between baseline and placebo (with alcohol)
results were compared to the difference between baseline and ga-
bapentin (with alcohol) by paired t tests. Analysis was performed
for subjects receiving 300 mg of gabapentin, for subjects receiv-
ing 600 mg of gabapentin, and for all subjects pooled together.

RESULTS

A total of 13 subjects were enrolled in the study; 1 withdrew
after the baseline study (due to a scheduling conflict); therefore,
12 subjects completed the study. There were no reported adverse
events. Nine subjects were women. Mean age was 30.8 years
(range 25-37 years).

No difference in total sleep time was seen for any of the groups
(baseline vs alcohol or alcohol-placebo vs alcohol-gabapentin).
Effects of alcohol on sleep are shown in the Table 1. There was no
significant change in any of the studied parameters. The effects of
gabapentin on sleep are shown in the Figure 1. When all gabapen-
tin doses were considered together, there was a significant reduc-
tion in the percentage of stage 1 sleep and number of awakenings,
an increase in sleep efficiency (93.0% + 1.1% vs 96.2% + 0.9%
for placebo vs gabapentin, respectively), and no change in other
parameters. For the subgroup receiving 600 mg of gabapentin,
the decrease in the percentage stage | sleep and the number of
awakenings persisted, and arousals also decreased (29 = 7 vs 17
+ 5). There was a significant increase in percentage of SWS and a
decrease in REM sleep. Sleep efficiency increased, although this
did not reach statistical significance. For the subgroup receiving
only 300 mg of gabapentin, a reduction in stage 1 sleep and in
the number of awakenings was seen; other changes did not reach
statistical significance.

No differences were seen in the Stanford Sleepiness Scales (3
+ 0.7 vs 3 = 0.3 for placebo vs drug) or in any of the subjective
tests of drowsiness and performance given the mornings after
polysomnography (data not shown), and no trends were evident.

DISCUSSION

This study shows improvement in a number of aspects of sleep
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Figure 1—Effect of gabapentin on various sleep parameters. Results
for placebo are the sum of subjects receiving 300 or 600 mg gabapen-
tin. *p < .05 for baseline minus treatment versus baseline minus pla-
cebo. SWS refers to percentage of slow wave sleep; REM, percentage
of rapid eye movement sleep; # awake: number of awakenings; PCB,
placebo; GBP, gabapentin.
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in alcohol-treated subjects when a single dose of gabapentin is
given at bedtime. In studies using similar amounts of alcohol
without gabapentin treatment, stage 3 SWS was decreased by al-
most 25%,'5 sleep efficiency was decreased from 86% to 81%,
and wake time after sleep onset increased from 39 to 67 min-
utes.'® Sample sizes were similar to our study (6 and 10 subjects);
however, both of these studies used at least 1 adaptation night in
the sleep laboratory prior to baseline or alcohol condition. In our
study, alcohol did not produce significant sleep disruption. This
may be an artifact of our design; the baseline night was performed
in the naive patients without an adaptation study, with the alcohol
comparison in a subsequent study. Subjects may therefore have
had a “first-night effect,””' resulting in sleep disruption in the ab-
sence of alcohol, with a consequent masking of an alcohol effect.
The sample size may also have been too small to detect sleep
disruption with the amount of alcohol used.

This study does show clear differences in the sleep of alco-
hol-treated subjects in the presence of gabapentin. All gabapen-
tin subjects showed decreased sleep disruption, manifest by im-
provement in sleep efficiency, number of awakenings, and stage
1 sleep. The subgroup who received a higher dose of gabapentin
also showed an increase in SWS and a decrease in stage 1 sleep.
REM sleep was decreased, and this was statistically significant
with the 600-mg dose. No differences in subjective measures of
wakefulness were seen; it may be that evaluation closer to waking
(rather than 2-4 hours used in this study) would show a differ-
ence.

These findings are consistent with those of earlier studies
in epilepsy patients and in normal subjects undergoing chronic
treatment with gabapentin. These showed a decreased number of
awakenings and percentage of stage 1 sleep'? and increased per-
centage of SWS.!*! One of these studies also showed increased
REM sleep.'? All of these studies dosed gabapentin chronically, 3
times daily. Our study shows that similar improvements in sleep
can be obtained with a single dose of gabapentin administered at
bedtime in normal subjects and that these effects are present im-
mediately. Unfortunately, performance tests were not used in this
study; further investigations should use these to clarify the clini-
cal relevance of any observed changes in sleep.

With this in mind, gabapentin could be useful in the treatment
of conditions in which frequent awakenings and decreased sleep
efficiency are seen, including psychophysiologic insomnia and
obstructive sleep apnea. Effectiveness has already been shown for
sleep disruption in chronic pain'®!! and periodic limb movements
of sleep.?? A structurally and functionally related compound, pre-
gabalin, also improves sleep in patients with postherpetic neural-
gia®® and diabetic neuropathy.?* It may be that 600 mg of gabapen-
tin is more effective, based on our preliminary data. It is unclear,
however, whether the improvements seen in this study would
be clinically significant. Also, sleep was not highly disrupted in
these subjects; it could be that patients with more severe sleep
disruption would show more (or less) benefit. Possible effects of
gabapentin on other sleep disorders would therefore need to be
investigated with randomized trials in each specific disorder, ide-
ally including measures of daytime performance and long-term
efficacy and tolerability. Effects of chronic treatment would also
need to be studied. However, if effective, gabapentin could pro-
vide a much-needed, nonsedative medication option for the many
patients with disorders of sleep continuity.

Journal of Clinical Sleep Medicine, Vol. 1, No. 3, 2005

ACKNOWLEDGEMENTS

This study was funded by a grant from the Columbia Univer-
sity Office of Clinical Trials

REFERENCES

1. National Sleep Foundation. 2001 Sleep in America Poll. Washing-
ton DC, National Sleep Foundation, 2001.

2. Ohayon MM, Roth T. What are the contributing factors for insom-
nia in the general population? J Psychosom Res 2001;51:745-55.

3. Mitler M, Carskadon MA, Cziesler CA, et al. Catastrophes, sleep,
and public policy: Consensus report. Sleep 1988; 11:100-9.

4. Mellinger GD, Balter MB, Uhlenhuth EH. Insomnia and its treat-
ment: prevalence and correlates. Arch Gen Psychiatry 1985; 42:225-
32.

5. Morin CM, Belanger L, Bernier F. Correlates of benzodiazepine use
in individuals with insomnia. Sleep Med 2004: 5:457-62.

6. Roehrs T, Roth T. ‘Hypnotic’ prescription patterns in a large man-
aged-care population. Sleep Med 2004; 5:463-6.

7. Wooten VD, Buysse DJ. Sleep in psychiatric disorders. In: Chokro-
verty S, Daroft RB, eds. Sleep Disorders Medicine: Basic Science,
Technical Considerations, and Clinical Aspects. Boston: Butter-
worth-Heinemann; 1999:573-86.

8. Stickgold R, Hobson JA, Fosse M. Sleep, learning, and dreams:
Off-line memory reprocessing. Science 2001; 294: 1052-1-57.

9. French JA, Kanner AM, Bautista J, et al. Efficacy and tolerability
of the new antiepileptic drugs. 1I: Treatment of refractory epilepsy:
report of the TTA and QSS Subcommittees of the American Acad-
emy of Neurology and the American Epilepsy Society. Neurology
2004;62:1261273.

10. Rowbotham M, Harden N, Stacey B, Bernstein P, Magnus-Miller
L. Gabapentin for the treatment of postherpetic neuralgia. JAMA
1998;280:1837-42.

11. Backonja M, Beydoun A, Edwards KR, et al. Gabapentin for the
symptomatic treatment of painful neuropathy in patients with dia-
betes mellitus. JAMA 1998;280:1831-6.

12. Placidi F, Diomedi M, Scalise A, Marciani MG, Romigi A, Gigli
GL. Effect of anticonvulsants on nocturnal sleep in epilepsy. Neu-
rology 2000;54:S25-32.

13. Foldvary-Schaefer N, Sanchez IDL, et al. Gabapentin increases
slow wave sleep in normal adults. Epilepsia 2002;43:1493-7.

14. Legros B, Bazil CW. Effects of antiepileptic drugs on sleep archi-
tecture: a pilot study. Sleep Med 2003;4:51-5.

15. Stone BM. Sleep and low doses of alcohol. Electroencephalogr Clin
Neurophysiol 1980;48:706-9.

16. Landolt H-P, Roth C, Dijk D-J, Borbely AA. Late-afternoon ethanol
intake affects nocturnal sleep and the sleep EEG in middle-aged
men. J Clin Psychopharmacol 1996;16:428-36.

17. Rechtschaffen A, Kales A. A Manual of Standardized Terminol-
ogy, Techniques, and Scoring System for Sleep Stages of Human
Subjects. Los Angeles: UCLA Brain Information Service/Brain Re-
search Institute; 1968.

18. EEG arousals: Scoring rules and examples. A Report from the
American Sleep Disorders Association. Sleep 1992;15:173-84.

19. Jamieson AO, Zammit GK, Rosenberg RS, Davis JR, Walsh JK.
Zolpidem reduces the sleep disturbance of jet lag. Sleep Med
2001;2:423-30.

20. Lahmeyer H, Wilcox CS, Kann J, Leppik 1. Subjective efficacy of
zolpidem in outpatients with chronic insomnia. Clin Drug Invest
1997;13:134-44.

21. Agnew HW, Webb WS, Williams RL. The first night effect: an EEG
study of sleep. Psychophysiology 1966;2:263-6.

22. Garcia-Borreguero D, Larrosa O, de la Llave Y, Verger K, Masramon
X, Hernandez G. Treatment of restless legs syndrome with gabap-
entin: A double-blind, crossover study. Neurology 2002;59:1573-9.

23. Sabatowski R, Galvez R, Cherry DA, Jacquot F, Vincent E, Mai-



sonobe P, Versavel M, The 1008-045 Study Group. Pregabalin re-
duces pain and improves sleep and mood disturbances in patients
with post-herpetic neuralgia: results of a randomized, placebo-con-
trolled trial. Pain 2004;109:26-35.

24. Lesser H, Sharma U, LaMoreaux L, Poole RM. Pregabalin relieves
symptoms of painful diabetic neuropathy. A randomized clinical
trial. Neurology 2004;63:2104-10.

Journal of Clinical Sleep Medicine, Vol. 1, No. 3, 2005

287

Gabapentin and Sleep



