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Zolpidem is widely prescribed for the treatment of insomnia and is used to both induce and maintain sleep. Previously, zolpidem was thought to have low
abuse potential; however, several reports have documented dose escalation and abuse in the past two decades. Here, we report the case of a patient with
high-dose zolpidem dependence who underwent polysomnography (PSG) and the Multiple Sleep Latency Test (MSLT). The patient, a 29-year-old man, was
administered zolpidem at doses of 300 to 1,200 mg/day, but he abused zolpidem to feel energetic. Consequently, he had a car accident while on a high dose,
which the PSG revealed caused activation instead of sedation. The MSLT showed excessive daytime sleepiness despite a lack of subjective sleepiness under
this condition. Our findings suggest that disrupted sleep and daytime sleepiness caused by supratherapeutic zolpidem doses could place individuals at high

risk for accidents, including those who are unaware of sleepiness.
Keywords: abused, polysomnography, zolpidem

Citation: Ohshima H, Kotorii N, Takii M, Hiejima H, Habukawa M, Kuwahara H, Uchimura N. Polysomnographic sleep disturbances due to high-dose

zolpidem use: a case report. J Clin Sleep Med. 2018;14(11):1949-1952.

INTRODUCTION

Zolpidem is a nonbenzodiazepine hypnotic agent that binds
selectively to the al subunit-containing gamma-aminobutyric
acid (GABA)A receptor. It is widely prescribed for the treat-
ment of insomnia, both to induce and maintain sleep. Al-
though it was initially assumed that tolerance is not likely to
develop in patients administered the drug and that the drug has
minimal abuse potential, there have been several case reports
documenting dose escalation and abuse over the past two de-
cades."? This case study aims to describe the objective sleep
and daytime arousal levels before and after detoxification for
high-dose zolpidem.

REPORT OF CASE

A 29-year-old, single, man of Japanese descent with no prior
history of drug abuse or psychiatric illness was first prescribed
zolpidem for insomnia at a dose of 10 mg/day at bedtime at the
age of 24 years. Within 1 year, he occasionally increased the
dose to 40 mg/day based on his own judgment to fall asleep
faster, which sometimes caused anterograde amnesia. A few
years later, at the age of 28 years, the patient was promoted to
the position of store manager; subsequently, his insomnia wors-
ened because of increased work pressure, and hence he visited
multiple physicians to obtain prescriptions for higher doses of
zolpidem. He started taking zolpidem in the morning as well to
be able to sleep during daytime on his day off. Subsequently, he
found that administering zolpidem during the daytime made him
feel more energetic and sociable than usual, and this response
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rapidly reinforced his zolpidem abuse. Thereafter, he increased
the dose and typically consumed approximately 300 to 400 mg
zolpidem per day (50 mg five times in the morning, 30 mg twice
midday, and 100 mg at bedtime), which is substantially higher
than the prescribed daily dose; occasionally, he even took up to
1,200 mg/day. Other benzodiazepines including quazepam and
brotizolam were sometimes prescribed to address his increased
difficulty in falling asleep, but they were less effective, and he
was unable to wake up until the early afternoon when he self-
administered supratherapeutic doses. However, he was able to
wake up and resume his activities immediately the next morn-
ing without drowsiness even when he had taken a high dose
of zolpidem the previous day. When he discontinued zolpidem,
he experienced terrible nightmares in addition to cravings and
agitation. Under the Japanese health-insurance system that cov-
ers about 70% of medical costs of all citizens, he was able to
procure numerous zolpidem tablets by consulting physicians at
more than 30 hospitals every month with the chief complaint
of insomnia. Contrary to his feeling of heightened interest, his
performance clearly deteriorated because of drowsiness and
restlessness. He started making many superficial errors at work
and his subordinates started complaining about him. Frequent
anterograde amnesia, which caused loss of such uncomfortable
memories, was rather beneficial to him. At 29 years of age, he
had a car accident while under the influence of drugs and was
dismissed from work. He could not discontinue zolpidem be-
cause of the withdrawal symptoms and, therefore, was brought
to our hospital for treatment.

On the day of admission, he had taken 200 mg zolpidem
between the morning and mid-afternoon as usual and was hos-
pitalized at 4:00pm. After the administration of an additional
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Figure 1—Polysomnography.

A

23:00  00:00 01:00 02:00 03:00 _ 04:00 05:00 06:00 07:00
T T T T T

22:40[ T T T T
stage

N1

N2

N3

82 10%

Bl 10%

Chin
EMG

5uv

TIB :8.7h, TST:8.3h, SL:12.5min, WASO:80min,
REML:3.3h,SE:79.4%,
N1:17.3%, N2:53.4%, N3:0.3%,R:12.9%

B

00:00 01:00  02:00

T T

04:00
T

03:00 05:00  06:00 07:00  08:00
T T T T T

T
stage

N2

N3

52
10%

Bl
10%
Chin
EMG

DL L

5uv

TIB :8.7h, TST:6.2h, SL:122.0min, WASO:30.5min,
REML:0.96h,SE:70.6%,
N1:12.9%, N2:31.9%, N3:15.8%,R:31.9%

Sleep stage diagrams and time and time-course change in waveform parameters measured during zolpidem abuse (A) and after addiction treatment (B).
Under taking zolpidem high dose, elongation of the REM latency, poor slow-wave sleep and frequent nocturnal arousals were observed. N1-N3 = non-rapid
eye movement stage 1-3 sleep, PSG = polysomnography, R = rapid eye movement sleep, REML = rapid eye movement sleep latency, SE = sleep efficiency,
SL = sleep latency, TIB = time in bed, TST = total sleep time, W = wake, WASO = wake after sleep onset.

100 mg before going to bed, he underwent his first polysom-
nography (PSG) followed by the Multiple Sleep Latency Test
(MSLT) on the next day. PSG monitoring revealed that the pa-
tient spent more time than expected for his age in stage NI
sleep (64 minutes) and the wake time after sleep onset (WASO)
and rapid eye movement (REM) sleep latency were 80 min-
utes and 180 minutes, respectively (Figure 1). The mean sleep
latency in the MSLT was only 5.3 minutes despite the patient
having less subjective sleepiness (Epworth Sleepiness Scale
[ESS] score = 7).

Detoxification was started with 10 mg zolpidem, 125 mg
chlorpromazine, and 6 mg clonazepam. The zolpidem dose was
tapered by 5 mg weekly, and the drug was discontinued after 2
weeks. The clonazepam dose was tapered by 1 mg weekly, and
the drug was discontinued after 6 weeks. The chlorpromazine
dose was tapered to 50 mg gradually over 12 weeks. Only dys-
arthria due to excessive tension and irritability were reported
as withdrawal symptoms during the first few days after hospi-
talization. After discontinuing clonazepam, the patient experi-
enced difficulty falling asleep but his subjective sleep quality
improved. The second PSG and next-day MSLT with chlor-
promazine 50 mg at bedtime were performed 16 weeks after he
started the detoxification treatment. The second PSG showed
prolonged sleep latency (122 minutes), decreased WASO and
stage 1 sleep (30.5 and 51.5 minutes, respectively), and short-
ened REM latency (58 minutes, Figure 1).

We also measured the time-course changes in wave-form
parameters using an automatic sleep analysis system.’ Briefly,
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electroencephalograms (EEGs, C4-Al) were classified using
the interval histogram method (slice line interval, 5 pV) into
each of the following wave-form parameters and the individ-
ual frequencies were determined: 62 (0.5-2 Hz), 61 (2—4 Hz),
0 (4-7.5 Hz), o (7.5-13.5 Hz), B1 (13.5-20 Hz), 2 (20-30 Hz),
and y (30-100 Hz). The mean electromyography (EMG) am-
plitude for one period was determined. Table 1 shows changes
in the EEG and EMG data for the non-rapid eye movement
(NREM) and REM periods in the first and second PSG. The
lower panel of Figure 1 shows the time-course changes in pa-
rameters 62, B1, and EMG data measured at each PSG.

As shown in Table 1, the proportion of the f1 bands during
the NREM period and B2 bands during the REM period was
markedly higher in the first PSG than they were in subsequent
evaluations. In addition, the mean EMG amplitude during the
NREM period was also higher in the first PSG than in other
evaluations. The proportion of 2 bands during the NREM pe-
riod markedly increased after detoxification. In the follow-up
MSLT, the mean sleep latency increased (13.4 minutes) com-
pared to that at baseline (5.3 minutes), whereas the ESS score
decreased to 3.

DISCUSSION

In our patient with no prior history of drug abuse, high zol-
pidem dependence developed despite huge social losses. The
neurobiology of drug abuse is generally thought to involve the
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Table 1—Waveform parameters.

NREM Period REM Period
Waveform Parameters 1st PSG 2nd PSG 1st PSG 2nd PSG
02 (%) 12.86 23.05 9.42 13.97
01 (%) 14.00 19.74 13.22 18.61
6 (%) 20.31 22.39 21.89 24.69
a (%) 23.84 16.70 21.95 20.25
B1 (%) 22.29 12.11 12.29 11.25
B2 (%) 6.70 6.01 21.24 11.21
EMG1 (pVv) 442 2.37 1.33 1.52

EMG = electromyography, NREM = non-rapid eye movement, REM = rapid eye movement, PSG = polysomnography.

mesolimbic reward pathway that ultimately might contribute
to behavioral dependence through increased levels of dopa-
mine and long-lasting synaptic plasticity.* Tan et al.’ recently
reported that benzodiazepines increase dopamine levels simi-
lar to addictive drugs (ie, cannabinoids, opioids, and gamma-
hydroxybutyric acid) through disinhibition, which relies on
al-containing GABAA receptors in the ventral tegmental area
(VTA). The high affinity of zolpidem for GABAA receptors
with the a-1 subunit could, to some degree, explain the mecha-
nism underlying its abuse.

From a clinical viewpoint, our patient’s zolpidem depen-
dence progressed through ease of awakening and mobility in
the morning although he took large doses the previous day.
Surprisingly, it was recently reported that therapeutic doses of
zolpidem could improve alertness and behavioral responsive-
ness in patients with severe brain injury.® Such arousal effects
have also been reported with high doses such as 40 mg/day for
blepharospasm.” These paradoxical phenomena could be en-
hanced at higher doses and may have considerable effects on
sleep. Indeed, fragmented sleep accompanied by an increased
B1 band, EMG activity, and decreased 82 band during NREM
sleep were observed following the administration of high
doses of zolpidem. The underlying mechanism of these PSG
findings, which reflect central nervous system arousal, is un-
known; however, local perfusion experiments with dopamine
compounds have indicated that the VTA plays an important
role in the regulation of arousal.® Dopaminergic axons originat-
ing from the VTA also extend to other brain regions, including
the limbic structures, dorsal striatum, and prefrontal cortex,
which play an important role in stress response and sleep-
wakefulness regulation. Interestingly, zolpidem-responsive
brain injury cases showed increased cerebral metabolism in
these regions.” Of note, most opioids, which have stimulatory
effects on the dopaminergic system, similarly cause increased
brief arousals and REM sleep suppression.* Therefore, it could
be speculated that the effects of high-dose zolpidem on the do-
paminergic system could autoantagonize its sleep-promoting
effect. Furthermore, a reduction in REM sleep and increased
REM latency were also observed. The nightmares associated
with REM sleep rebound following drug discontinuation,
which could also be involved in the physiological dependence,
at least in part. The MSLT of the patient showed excessive day-
time sleepiness under drug-dependent conditions despite the
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lack of subjective sleepiness, as indicated by the ESS score.
These results indicate that patients might tend to overestimate
their wakefulness because of the perceived stimulation.

This case suggests that disrupted sleep and sleepiness
without awareness induced by supratherapeutic doses of zol-
pidem could place patients at high risk for various accidents.
To avoid zolpidem abuse, clinicians should be informed about
the adverse effects of supratherapeutic doses on the sleep/wake
condition and should instruct patients to strictly adhere to the
therapeutic dose of zolpidem, which is up to 10 mg/day.

ABBREVIATIONS

EEQG, electroencephalogram

EMG, electromyography

ESS, Epworth Sleepiness Scale
GABAA, gamma-aminobutyric acid A
MSLT, Multiple Sleep Latency Test
NREM, non-rapid eye movement

PSG, polysomnography

REM, rapid eye movement

VTA, ventral tegmental area

WASO, wake after sleep onset
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