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ORIGINAL ARTICLE

Treatment Effects of Gabapentin for Primary Insomnia

Hsiao-Sui Lo, MD,* Chien-Ming Yang, PhD,t Helen G. Lo, MD,} Chien-Ying Lee, MS,§//
Hua Ting, MD,q and Bor-Show Tzang, PhD**

Objectives: The prevalence of insomnia is very high in our society.
Although pharmacological treatment of insomnia is available, most
hypnotics have been shown to alter sleep architecture and have many
adverse effects. Gabapentin was originally designed for antiepileptic
therapy; however, some studies reported that its use increases slow-wave
sleep in healthy volunteers or patients. Our goal was to evaluate the
benefits of gabapentin in the treatment of primary insomnia in patients.
Methods: Eighteen patients with primary insomnia participated in the
study. They received gabapentin treatment for at least 4 weeks. All
patients received polysomnography, a biochemical blood test, and neu-
ropsychological tests before and after the treatment period. All measures
were analyzed with Student ¢ test to examine the treatment effects of
gabapentin, except that the measures of heart rate variability were an-
alyzed with analysis of variance.

Results: Polysomnographic study revealed increased sleep efficiency
and slow-wave sleep, decreased wake after sleep onset, and spontaneous
arousal index after gabapentin treatment. The biochemical blood test
revealed decreased prolactin levels in the morning after treatment.
Electroencephalographic power spectral analysis showed increased
delta-2 and theta power in sleep stage 1 and decreased sigma activity
power in sleep stages N2 and N3 after gabapentin treatment. Heart rate
variability analyses also showed a significant increase in normalized
high frequency percentage in sleep stages N2 and N3 and low frequency—
high frequency ratio in sleep stage N2 after treatment. In addition, neuro-
psychological tests revealed the elevation of visual motor processing speed
after gabapentin treatment.

Conclusions: Gabapentin enhances slow-wave sleep in patients with
primary insomnia. It also improves sleep quality by elevating sleep ef-
ficiency and decreasing spontaneous arousal. The results suggest that
gabapentin may be beneficial in the treatment of primary insomnia.

Key Words: gabapentin, insomnia, polysomnography, heart rate
variability, EEG spectral analysis

(Clin Neuropharm 2010;33: 84-90)

B enzodiazepines have been used to treat insomnia for many
years. However, they have been known to decrease slow-
wave sleep, have many adverse effects, and have addictive
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properties. The newest hypnotics, benzodiazepine receptor
agonists, are better than benzodiazepine hypnotics in altering
sleep architecture. However, the many adverse effects, including
tolerance, dependence, abuse, delirium, nightmares and hallu-
cinations, and loss of memory have also been reported.' ™ Better
treatment of chronic insomnia is still pending.

Gabapentin was approved for treatment of partial seizures
by the Food and Drug Administration in 1993. Its precise
pharmacological mechanism in humans remains unknown. Even
so, gabapentin’s applicable uses have since expanded. It has been
approved for the treatment of neuropathic pain®® and restless
leg syndrome’™'? in addition to its original purpose as an anti-
convulsant medication. Owing to its strong safety record and
limited adverse effects,'> such as somnolence, numerous off-
label uses have also been extended for various clinical trials. As
early as 1988, gabapentin was shown to augment whole-blood
serotonin in healthy young men, and its increase in peripheral
serotonin points was considered paradigmatically to an increase
in the bioavailability of serotonin that accounts for the increase'*
in sleep stages 3 and 4. Recently, a report indicated that there is
a direct correlation between gabapentin and increased slow-
wave sleep in healthy adults,'® and a separate case report dem-
onstrated the successful application of gabapentin in treating
chronic insomnia.'® As pointed out by fellow researchers, the
patent for gabapentin has already expired, and it may not pro-
duce strong enough results financially to warrant a large-scale
double-blind clinical trial for its application in sleep medicine
sponsored by the pharmaceutical industry. However, we think
that gabapentin is a potentially effective treatment of chronic
insomnia. The goal of this study was to evaluate the efficacy of
gabapentin treatment in sleep and daytime functionality in pa-
tients with primary insomnia.

MATERIALS AND METHODS
Subjects and Methods

Eighteen patients with primary insomnia were recruited
from a sleep disorder clinic in a central Taiwan medical center.
The study group was composed of eleven females and 7 males,
with a mean (SD) age 0f 43.2 (15.4) years; their mean body mass
index was 22.77 (2.59) kg/m>. All participants signed an in-
formed consent that was approved by the institutional review
board of the medical center. An overnight polysomnographic
(PSG) study was conducted for the screening of any other sleep
disorders. The inclusion criteria were (1) subjective complaints
of difficulty initiating sleep and/or difficulty maintaining sleep
for more than 3 months, (2) no prior history of or current psy-
chiatric disorder other than insomnia by clinical interview, (3) no
prior history of or current major medical disorders by clinical
interview, (4) no prior history of or current other sleep disorders
as diagnosed by clinical interview, and (5) PSG findings of
apnea-hypopnea index less than 15 and no other primary sleep
disorders, such as periodic limb movement disorder or para-
somnia and other primary sleep disorders.

The study was an open-label clinical trial. All subjects went
through a series of examinations before and after gabapentin
treatment, including PSG, electroencephalographic (EEG) power
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spectral and heart rate variability (HRV) analyses, biochemical
blood and neuropsychological tests, and subjective ratings of
sleep quality on the Pittsburgh Sleep Quality Index (PSQI).

Gabapentin Titration and Treatment Phase

The dose of gabapentin treatment was given by following a
titration procedure, starting with a lowest dose of 100 mg per
night. Patients were instructed to take the medication right after
supper and/or at bedtime because the medicine has an adverse
effect of somnolence and the peak serum level is reached in 2 to
3 hours (Tnax) With an absolute bioavailability of 60% after oral
administration.'” The dose was gradually increased depending
on the patient’s tolerance and satisfaction with his/her sleep.
Once the patients reported satisfactory feeling in sleep and
showed improvement on the PSQI, the treatment doses were
fixed and were given continuously for the next 4 weeks, and
then the study was concluded.

Biochemical Blood Tests

The uric acid, high-sensitive C-reactive protein, cortisol,
ferritin, serum iron, human growth hormone, and prolactin
levels were tested before and after the gabapentin treatment in
every patient. All of these biochemical blood tests were for the
evaluation of systemic response to gabapentin treatment.

Polysomnographic Recording

Subjects underwent overnight PSG recording using
Rembrandt PSG equipment and software (Medcare, Reykjavik,
Iceland) in the sleep laboratory. The PSG was recorded and
scored according to The AASM Manual for the Scoring of Sleep
and Associated Events by the American Academy of Sleep
Medicine.'® Electroencephalogram was recorded from O1, 02,
C3, and C4 with reference lead on Al and A2 of the opposite
side. Electrooculogram was recorded from E1-M2 (E1 is placed
1 cm below the left outer canthus) and E2-M2 (E2 is placed 1 cm
above the right outer canthus). Chin electromyogram was
recorded from electrodes of one in the midline 1 cm above the
inferior edge of the mandible and one 2 ¢cm below the inferior
edge of the mandible and 2 cm to the right/left of the midline.
The surface electromyogram of the right and left anterior tibialis
muscles was recorded and scored to quantify periodic leg
movements in sleep using a standard criterion defined by a task
force from the American Academy of Sleep Medicine'® and the
International Restless Legs Syndrome Study Group.'® Electro-
cardiogram (ECG) was recorded from a standard D2 lead.
Standard recordings of oral and nasal airflow, thoracic and
abdominal movements, and oximetry were performed to detect
apneas or hypopneas.

Power Spectral Analysis of EEG Activities
Electroencephalographic activities from C3-A2 or C4-Al
leads in the PSG were analyzed for EEG spectrum power. The
spectrum of EEG activities were divided into the following
rhythmic bands: delta-1 (0.5-1.5 Hz), delta-2 (1.5-3.0 Hz), theta
(3.0-8.0 Hz), alpha (8.0-12 Hz), sigma (12-14 Hz), beta-1
(14-20 Hz), beta-2 (20-32 Hz), and gamma (32—64 Hz). The EEG
was recorded with a sampling rate of 256 Hz and was computed
by a fast Fourier transform routine for a window of 4 seconds
giving 0.25Hz frequency resolution. Both absolute power and
percentage against total power were calculated for data analyses.>®

Heart Rate Variability

The ECG was recorded at a sampling rate of 400 Hz,
chosen for maximum precision in measuring the R-R interval
data. The QRS complexes were automatically detected using an
automated algorithm, and the time interval between 2 R waves
top were calculated to allow the computation of the R-R interval
time series. All of the HRV was analyzed during the 10 minutes’
segment of various sleep stages including stages N1, N2, N3,
and rapid eye movement (REM). Wake after sleep onset
(WASO) and movement area were excluded. Power spectral
analysis was performed on the R-R interval as HRV according to
the recommendations of the Task Force of the European Society
of Cardiology and the North American Society of Pacing and
Electrophysiology.?! The low-frequency (LF) power covered the
frequency range of 0.04 to 0.15 Hz, and the high-frequency (HF)
power covered the frequency range of 0.15 to 0.4 Hz.

Pittsburgh Sleep Quality Index

The PSQI was administered to patients with poor sleep as a
screening test, for the evaluation of subjective sleep quality,
latency, and duration; habitual sleep efficiency; sleep distur-
bances; use of sleeping medication; and daytime dysfunction.?*
It was given to every patient before the gabapentin treatment and
then readministered whenever they felt their sleep had improved
after the titration of the medicine. Therefore, it may be ad-
ministered more than twice during the study. The ratings on the
PSQI were used to determine the gabapentin dose during the
dose titration for the study.

Neuropsychological Tests

Neuropsychological tests for cognitive ability were admin-
istered on every patient before and after the gabapentin treat-
ment. These included the digit symbol subtest of the Wechsler
Adult Intelligence Scale III (WAIS-III),*** the logic memory
test of the Wechsler Memory Scale IIT (WMS-III),%>2¢ and the
Stroop test on color naming.”’?® They were administered to
evaluate the effects of gabapentin treatment on cognitive func-
tioning during daytime hours. The digit symbol subtest tested

TABLE 1. Polysomnographic Findings Before and After Gabapentin Treatment

Sleep
Sleep Period Efficiency, % Sleep Onset REM Onset WASO Stage N1 Stage N2 Stage N3
Before After Before After Before After Before After Before After Before After Before After Before After
Treatment Rx Rx Rx Rx Rx Rx Rx Rx Rx Rx Rx Rx Rx Rx Rx Rx
Mean 351.56 340.72 80.00 87.17 17.58 14.58 132.94 114.42 16.45 7.84 6.22 531 55.25 52.57 10.47 17.68
SD 46.31 29.16 14.79 11.37 15.07 13.61 107.34 38.38 14.78 9.92 421 4.04 1441 9.79 9.86 9.88
t 0.4226 0.0335 0.5378 0.4498 0.0101 0.4318 0.4791 0.0007

t test was performed between the results before and after gabapentin treatment.

Rx indicates treatment.

© 2010 Lippincott Williams & Wilkins
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visual motor coordination in the patients, and the logic memory
test determined immediate and delayed memory and memory
retention; the Stroop test was to examine the inhibitory ability of
executive functions.

Statistical Analysis

The Student ¢ test was performed to examine the difference
between measures before and after gabapentin treatment for
biochemical blood tests, EEG power spectral analysis, PSG
architecture parameters, PSQI, and higher—cortical function
tests. The blood tests were composed of tests for uric acid,
high-sensitive C-reactive protein, cortisol, growth hormone,
and prolactin levels. In addition, a 2-by-4 two-way analysis of
variance was conducted for the comparisons of changes in
HRV measures after treatment among the 4 sleep stages (N1,
N2, N3, and REM). Whenever there was a significant in-
teraction, post hoc comparisons were conducted using ¢ test
with Bonferroni correction. The SPSS-14 edition (SPSS Inc,
Chicago, I1I) was used for the statistical analyses.

RESULTS

Titration and Treatment Doses of Gabapentin
After Titration

It took 3 to 5 weeks to complete the titration. A fairly small
starting dose (100 mg) was used and was gradually increased
to make the adaptation easier for the patients. The required
treatment doses were 200 mg in 1 patient, 300 mg in 4 patients,
400 mg in 1 patient, 600 mg in 10 patients, and 900 mg in 2
patients. The doses ranged from 200 to 900 mg; the dose for
most patients was 600 mg, and the mean dose was 540 mg.

Polysomnographic Examination

The PSG recordings revealed significant improvement of
sleep between before and after gabapentin treatment (Table 1).
The gabapentin treatment improved sleep efficiency from
80.00% to 87.17% (¢t = —2.31, P < 0.05), decreased WASO
from 16.45% to 7.84% (¢ = 2.90, P < 0.05), and increased sleep
stage N3 percentage from 10.47% to 17.68% (¢t = —4.11, P <
0.005) and decreased spontaneous arousal index from 24.71 to
15.72 per hour (¢ =2.55, P <0.05). Sleep onset latency, however,
did not show a significant change (from 17.58-14.58 minutes;
t=0.63, not significant), and the percentage of REM sleep (from
13.48%—15.57%; t = —1.41, not significant) did not show sig-
nificant changes either.

Electroencephalographic Power Spectrum

When comparing the power spectrum data before and after
the gabapentin treatment, it was revealed that there was an
elevation of delta-2 and theta activity power in sleep stage N1

(t=—3.37, P<0.005 and t = —2.67, P < 0.05, respectively) on
both activities after the treatment and that there was a decrease of
sigma activity power in sleep stages N2 and N3 (r =2.45, P <
0.05 and ¢ = 2.23, P < 0.05, respectively) after the treatment
(Table 2). The rest of the frequency bands did not show a sig-
nificant change after the treatment.

Biochemical Blood Tests

By comparing the results of the blood tests performed
before and after the treatment with gabapentin, it was noted that
the prolactin level in the morning significantly decreased from
12.52 (8.32) to 9.15 (6.86) after the gabapentin treatment (¢t =
3.003, P < 0.01). The growth hormone and cortisol levels,
however, did not change significantly after the treatment.

Heart Rate Variability

Five minutes of continuous stable ECG recording is re-
quired for the standard HRV analysis.>' Some subjects, however,
did not generate stable segment of recording that is long enough
for HRV analysis in some sleep stages, especially in N1 and N3
sleep stages. Thus, instead of using individual data, the data
derived from all valid segments of recordings were inputted for
statistical analyses. The results showed significant interaction
effects for normalized LF% (nuLF%), nuHF%, and nuLF/nuHF
ratio of stage N3 (Fs =26.88, 26.88, and 23.10, respectively; P <
0.005). Post hoc comparisons comparing the measures before
and after treatment showed a significant increase of nuHF% of
stage N3 from 45.36% to 78.79% (¢t = 6.49; P < 0.001) and a
significant decrease of the ratio of nuLF/nuHF from 2.12 to
0.39 in stage N3 (= 6.49; P <0.001). Table 3 shows the data of
the other HRV measures.

Pittsburgh Sleep Quality Index

Because the gabapentin doses were increased very slowly
and patients were followed up closely, the second PSQI was
performed only after subjective reports of definite improvement
in sleep quality; therefore, only 2 to 3 PSQIs were needed for
confirmation of improvement in sleep to reach the gabapentin
optimal dose. When the PSQI result was compared before and
after gabapentin titration, it showed a remarkable and significant
decrease of the global score from 13.54 to 7.67 with =4.17 and
P < 0.001. That there was a significant before-and-after differ-
ence in score indicates that the titration of gabapentin qualifies
as the proper dose in each studied patient.

Neuropsychological Tests

The results of cognitive tests revealed significant improve-
ments in the digit symbol and logic memory tests after the
gabapentin treatment. The score on the digit symbol test of
WAIS-III and of the immediate, delay, and retention memory
indices of WMS-III all improved after treatment (Table 4). The

Respiratory Periodic Limb
Obstructive Disturbance  Spontaneous Movement
Stage REM Apnea Central Apnea Hypopnea Index Arousal Index Minimum O,
Before After Before After Before After Before After Before After Before After Before After Before After
Rx Rx Rx Rx Rx Rx Rx Rx Rx Rx Rx Rx Rx Rx Rx Rx
13.48 15.57 0.00 8.61 0.56 1.44 33.28 4439 6.88 11.17 2471 15.72 0.30 0.51 88.78  86.67
6.51 4.70 0.00 27.38 1.29 2.33 25.25 36.51 4.72 9.38 13.84 11.10 1.01 1.90 4.37 4.75
0.1777 0.1999 0.2090 0.2493 0.0555 0.0208 0.7007 0.0511
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SD
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—5.524
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0.03973

0.45875

0.00009 0.00002 0.02052 0.14272 0.57638 0.46319

0.00003

Stroop tests for color naming did not show significant im-
provement after the treatment in either reaction time or correc-
tion percentage of word and color recognition.

DISCUSSION

Gabapentin, originally designed as a precursor of -
aminobutyric acid that easily enters the brain, has been known
to increase brain synaptic y-aminobutyric acid.?’ Recently, the
use of gabapentin has been extended into the field of sleep
studies on healthy persons, patients with seizure, or alcoholic
patients.'>3%732 All of these studies, though not on persons with
insomnia, are consistent with similar findings of our study
showing increased slow-wave sleep. Only 1 article directly ex-
amines the effects of gabapentin on chronic insomnia.'® How-
ever, it was a case study report. Our study is a pivotal study of
gabapentin’s effects on patients with primary insomnia; it was
found to improve sleep quality in patients with primary insom-
nia, as it increases slow-wave sleep and sleep efficiency; it also
decreases WASO and spontaneous arousal. These effects are
certainly favorable for sleep maintenance. Nevertheless, it may
not follow the standard traits of a sleeping pill by inducing rapid
onset of initiation of sleep because the latency of sleep onset in
our gabapentin trial had no significant change from controls.
Therefore, gabapentin may improve the sleep quality with el-
evated slow-wave sleep and reduced spontaneous arousal, but
not well enough for the induction of sleep.

When the EEG power spectrum was analyzed, it revealed
the elevation of delta-2 and theta activities in sleep stage N1 after
gabapentin treatment. It may be compatible with deepened sleep
status even in stage N1. However, its clinical significance is
questionable because it is limited to the data in only stage N1.
Nevertheless, it was interesting to note the decrease of sigma
activities in sleep stages N2 and N3 after gabapentin treatment.
The sleep spindle could be a consequence of the prior thalamic
inhibition of information processing,”® and it might be trig-
gered by a sensory stimulus®® during sleep stage 2. Therefore,
decreased sigma activity in this study could indicate diminished
intrinsic sensory stimulation and lessened efforts of prior tha-
lamic inhibition after gabapentin treatment. These conditions
could correspond with decreased spontaneous arousal index in a
real-life clinical setting after treatment.

As we analyzed the data of HRV, it revealed significantly
decreased spectral power of LE, nuLF%, and nuLF/nuHF ratio
in stage N3 and significantly elevated spectral power of HF and
nuHF% in sleep stage N3 after treatment. Although it might be
inappropriate to consider the nuHF to be a simple measurement
of vagal modulation,® the increasing HF spectrum may be
considered to be reflecting the elevation of parasympathetic
nervous modulation.?’ The elevation of the parasympathetic
tone could be compatible with significant elevation of slow-wave
sleep with increasing percentage of sleep stage N3. The
interpretation of the elevation of spectral power of VLF in
stage N2 after treatment is not clear because the clinical
significance of VLF in HRV is unknown. The increase of total
power in stage N2 after treatment is primarily contributed by the
elevation of VLF spectral power; therefore, its significance is
also uncertain.

After the gabapentin treatment, the prolactin level was
noted to be significantly reduced; however, the significance of
this is uncertain. It may or may not be related to the gabapentin
treatment. Prolactin levels are positively correlated to sleep,
particularly slow-wave sleep®® or REM sleep.’” Therefore, the
level should decrease once awake. The prolactin level was
higher before the gabapentin treatment than it was after the
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treatment; that could have been due to prior treatment with a
benzodiazepine tranquilizer or benzodiazepine-related hypnot-
ics before entering the gabapentin trial.**>° Once the gabapentin
trial had started, if the patient did not take any other medicine,
the prolactin level should be reduced. Nevertheless, the direct
effect of gabapentin cannot be completely disregarded because
the patients with gabapentin treatment were well rested and were
able to wake up fully alert without the sleep inertia present in
patients with average insomnia.””

Gabapentin was originally designed for the treatment of
epilepsy. Most antiepileptic medication shows impaired cogni-
tive performance after long-term use.*>** However, recent stud-
ies on cognitive effects of gabapentin reveal minimal impact.*>*¢
Our cognitive ability study revealed that not only gabapentin
does not impair the cognitive function, but it also improves
cognitive ability after treatment, with significant improvement in
digit symbol tests, immediate memory, delayed memory, and
memory retention in our study. Certainly, both digit symbol and
logic memory can be improved because of practice effects of a
retest; however, the degree of improvement was so significant
that it surely outweighs the variable effects of a retest. Because
we did not have a control group for comparison, no definite
conclusion can be drawn. The Stroop test and its color naming
did not demonstrate an obvious change after the treatment;
however, it did not show any evidence of impairment after
treatment either. Previous studies have shown improved cog-
nitive function after the improvement of sleep quality and
quantity.*”*® Therefore, the improvement in cognitive ability
after follow-up in gabapentin treatment may be associated with
sleep improvements.

In conclusion, this small-scale open-label clinical trial of
gabapentin demonstrated the potential of gabapentin to become
a supplement treatment of primary insomnia. Its treatment can
increase slow-wave sleep along with elevated parasympathetic
tone. It can also improve sleep efficiency with decreased
spontaneous arousal in sleep maintenance. However, it had no
significant influence in sleep initiation or the change of REM
sleep. One of the limitations of our study is its small patient
group of only 18, which may limit the generalization of the
results; in addition, the study did not use a double-blind pro-
cedure. Further investigation with a randomized larger-scale
double-blind trial would be warranted.
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