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Insomnia is a common condition that affects one’s ability to sleep comfortably
and consequently to work effectively. Its etiology is multifactorial and involves
plethora of risk factors. Consequences can vary from mild sleepiness to more
sever psychiatric disturbances and ischemic stroke. Despite several diagnostic
criteria it is poorly diagnosed and less often treated. Benzodiazepines formed
the mainline therapy for many years till the advent of newer nonbenzodi-
azepine group of drugs including zolpidem. Zolpidem is an imidazo-pyridine
compound that enhances the GABAA receptor function by interaction with
Omega-1 receptor subtype. Its pharmacokinetic profile allows the patients to
use it later in the night when having trouble falling asleep without any residual
cognitive impairment the next morning. It has rapid onset of action, improves
total sleep duration, and reduces night-time awakenings. Its adverse effect pro-
file is satisfactory as it appears to have low addiction potential. This review will
focus on the current role of zolpidem in the management of insomnia.

Insomnia

Introduction and Implications

Insomnia is a distressing condition that affects not only
the ability to sleep adequately at night, but also to func-
tion effectively during one’s desired waking time [1].
Population-based studies estimate that 10% to 40% of
American adults have intermittent insomnia and 10% to
15% have long-term sleep difficulties [2]. More than one-
third of adults report some degree of insomnia within any
given year, and 2 to 6% use medications to aid sleep [3].
It is also estimated that 10 to 15% of the adult popula-
tion suffers from chronic insomnia; an additional 25 to
35% has transient or occasional insomnia [4]. Approxi-
mately one in four adults experiences insomnia at some
time and at least 10% of the general population consid-
ers the problem to be chronic [5]. Cost estimates for lost
productivity and insomnia-related accidents exceed $100
billion per year [6].

Despite these high prevalence rates, evidence sug-
gests that insomnia is underrecognized, underdiagnosed
and undertreated. Several factors hinder the appropri-
ate recognition of insomnia and its adequate and ap-
propriate management. This includes lack of physician’s

education, time-constrained patient visits, beliefs among
patients and physicians that sleep complaints are not im-
portant, the belief that treatment is not effective or causes
more problems, and the lack of research evidence that
treating insomnia improves outcomes of comorbid condi-
tions [7].

Symptoms of insomnia include difficulty in initiat-
ing sleep, difficulty in maintaining sleep, or waking
too early without being able to return to sleep caus-
ing clinically significant daytime distress and functional
impairment [8,9]. Risk factors for insomnia include in-
creasing age, female sex, psychiatric illness, medical
comorbidities, impaired social relationships, lower so-
cioeconomic status, substance abuse, environmental fac-
tors, circadian rhythm disturbances, and poor sleep
hygiene [10].

Insomnia can be very limiting in both short and long
term. Consequences may vary from daytime acute conse-
quences like sleepiness to most severe consequences like
stroke. (Table 1)

Insomnia has also been associated with decrease
in work performance, increase in motor vehicle acci-
dents and hospitalization rates, and reduction in overall
quality of life and cognitive and occupational functioning
of the patient [17,18].
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Table 1 Insomia short-term and long-term consequences

Daytime consequences [11] Chronic severe consequences [12–16]

Sleepiness Cardiac morbidity

Fatigue Ischemic stroke

Increased absence from work Diabetes

Diminished ability to

accomplish tasks

Glucose intolerance

Relationship problems Arthritis

Nodding off during daily

activities

Weight gain

Irritability Psychiatric disturbances

Poor concentration Impaired psychomotor functioning

Limited enjoyment of family

and social life

Impaired performance, memory, and

alertness

Diagnosis

Research studies often define insomnia as a sleep latency
(time taken to fall asleep) that is greater than 30 min,
sleep efficiency (time asleep/time in bed) less than 85%,
or sleep disturbance more than three times a week [19].
More recently, the International Classification of Sleep
Disorders documented that the person is said to be suf-
fering from insomnia if one criterion from class I and one
criterion from class II is present in a person [20].

Class I (any one):

• difficulty initiating and/or maintaining sleep;
• sleep that is poor in quality;
• trouble sleeping despite adequate opportunity and

circumstances for sleep;
• waking up too early.

and
Class II (any one):

• daytime impairment related to sleep difficulty prob-
lems including attention, concentration, or memory
impairment;

• concerns or worries about sleep;
• daytime sleepiness;
• errors or accidents at work or while driving;
• fatigue or malaise;
• gastrointestinal symptoms;
• lack of motivation;
• mood disturbance or irritability;
• social or vocational dysfunction; or
• poor school performance or tension headaches.

Management

In the past, bromides, barbiturates, paraldehyde, and
methaqualone were among the medications that were
employed as hypnotics in the treatment of insomnia.

Though they had marked sedating properties, due to sig-
nificant toxicity profile, they ran out of use [21]. Many
drug treatment modalities are now available. Treatment
strategies for insomnia should ideally alleviate night-time
symptoms, the feeling of nonrestorative sleep, and im-
paired daytime function. Benzodiazepines (BZD) formed
the mainline therapy for insomnia for many years.

First developed in the 1980s, the nonbenzodiazepine
hypnotics have pharmacological profiles distinct from
those of the classical BDZ as they are highly selective for
the GABA-chloride channel within the type I-BDZ (BZ1)
receptors in the CNS, thereby producing a strong sedative
and hypnotic profile that predominates over the anticon-
vulsivant and anxiolytic activity and, moreover, appears
practically devoid of myorelaxant properties. Nonbenzo-
diazepine hypnotics approved by the Food and Drugs
Administration for the treatment of insomnia include
zolpidem, zaleplon, zopiclone, and eszopiclone.

Zopiclone is not commercially available in United
States, although its active stereoisomer, eszopiclone, is
sold. It is also a controlled substance in Canada, Japan,
and some European countries, and thus may be illegal to
possess without a prescription. Zaleplon has been discon-
tinued in Canada and is only prescribed privately (though
rarely) in the United Kingdom.

Zolpidem

Zolpidem is a nonbenzodiazepine hypnotic agent belong-
ing to a new class of psychotropic drugs, the imidazopy-
ridines, which enhance the GABAA receptor function by
binding selectively to the omega-1 receptor subtype. On
April 23, 2007 the US Food and Drugs Administration ap-
proved 13 generic versions of zolpidem tartrate.

Chemistry

Chemically, zolpidem is N,N,6-trimethyl-2-p-
tolylimidazo [1,2-a] pyridine-3-acetamide L-(+)-tartrate
(2:1).

Chemical structure of zolpidem tartarate.
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Zolpidem tartrate is a white to off-white crystalline
powder that is sparingly soluble in water, alcohol, and
propylene glycol. It has a molecular weight of 764.88.

Pharmacodynamics

ω1 and ω2 are the two main subtypes of GABAA receptors.
ω1 type GABAA receptors are the α1 containing GABAA

receptors and ω2 GABAA receptors are the α2, α3, α4,
α5 and α6 containing GABAA receptors. ω1 GABAA re-
ceptors are primarily found in the brain whereas ω2 re-
ceptors are primarily found in the spine. Zolpidem binds
with high affinity to the α1 containing GABAA recep-
tors, about 10-fold lower affinity for those containing
the α2—and α3—GABAA receptor subunits, and with no
appreciable affinity for α5 subunit containing receptors
[22]. Due to its selective binding, it has very weak anx-
iolytic, myorelaxant, and anticonvulsant properties but
very strong hypnotic properties [23]. Thus, it has a pref-
erential binding for the GABAA-benzodiazepine receptor
complex in the brain but a low affinity for the GABAA-
benzodiazepine receptor complex in the spine [24]. Zolpi-
dem positively modulates GABAA receptors, likely by in-
creasing the GABAA receptor complexes apparent affinity
for GABA, without affecting desensitization or peak cur-
rent [25].

Pharmacokinetics and Metabolism

It is rapidly absorbed following oral administration, with
peak plasma concentrations attained in about 1.6 h. Ab-
solute bioavailability is about 70%. Food decreases AUC
by 15%, decreases peak plasma concentration by 25%,
and prolongs time to peak plasma concentration by 60%.
These characteristics allow patients to take zolpidem later
in the night when having trouble falling asleep without
worrying about residual cognitive impairment the next
morning. It is metabolized in the liver via oxidation and
hydroxylation, principally by CYP3A4 and to a lesser ex-
tent by CYP1A2 and CYP2D6. No active metabolites are
formed and it is excreted principally in urine as inactive
metabolites.

Clinical Efficacy

Zolpidem is characterized by a rapid onset of action as
well as minimal residual and rebound effects. Its effects
on sleep-maintenance parameters, however, have been
rather inconsistent. Zolpidem decreases sleep-onset la-
tency, improves sleep quality, increases stage 2 and slow-
wave sleep and does not exhibit tolerance or rebound
following 5 weeks of continuous use of recommended
dosages [26]. This agent significantly improves total sleep

duration and reduces night-time awakenings; therefore
it is an appropriate treatment for patients having trouble
achieving sustained sleep.

Zolpidem as a Sleep Onset Agent

Zolpidem is primarily effective in inducing sleep with
minimal effect on sleep duration or sleep maintenance
[27]. It was the most commonly prescribed agent for in-
somnia in 2001 [28] despite the absence of studies of
nightly use for longer than 5 weeks [29]. One of the
two studies conducted with 15 patients with nonorganic
insomnia related to neurotic or stress-related disorders,
indicated that although statistical analysis of polysomno-
graphic variables demonstrated a significant lengthening
of the total sleep period and total sleep time (TST), an
improvement in sleep efficiency and a shortening of sleep
latencies after 10 mg zolpidem as compared with placebo,
there were no statistically significant differences in wake
time during the sleep period or number of awakenings
(NAW) [30].

In one other multicenter study, hypnotic effects of
zolpidem 10 mg was compared with both, temazepam
15 mg and placebo in healthy adults [31]. Subjects with
normal sleep histories and without prior sleep laboratory
experience were randomly assigned to treatment groups.
Medications were administered 15 min before lights out,
with polysomnographic monitoring for 7.5 h. Subjective
questionnaires and performance tests, digit symbol sub-
stitution test and symbol copying test were administered
at study entry and after arising. Six hundred and thirty
subjects completed the study. Zolpidem reduced awak-
enings and wake after sleep onset (WASO); temazepam
did not. Both agents improved sleep efficiency and most
subjective sleep measures relative to placebo, with zolpi-
dem superior for five of six subjective outcome measures
compared to temazepam. Symbol copying test, morn-
ing sleepiness, and morning concentration were not al-
tered by any treatment. Zolpidem 10 mg provided greater
subjective hypnotic efficacy than temazepam 15 mg,
with reduced polysomnographic awakenings and WASO.
Though, impairment of digit symbol substitution test was
seen with zolpidem and not with temazepam.

The hypnotic activity of zolpidem has also been ex-
plored in different patient populations and assessment
included both objective and subjective measures of
hypnotic efficacy for different treatment durations, with
results confirming that 10 mg is superior to placebo [32].
Consequently, 10 mg is the recommended dose for the
short-term treatment of insomnia in the nonelderly; in
elderly patients 5 mg has been shown to be effective at
inducing sleep while giving an optimum safety profile
[33].
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Zolpidem in Middle of the Night (MOTN) Insomnia

Insomnia characterized by difficulty returning to sleep
following a nocturnal awakening is called middle of the
night (MOTN) insomnia. It is the most common form of
insomnia in adults, and has been shown to become more
prevalent with increasing age [34]. In one of the studies
conducted by Roth et al., subjects were given dosing pe-
riod of two consecutive nights separated by a washout
of 5 to 12 days. They were awakened 4 h after lights
out, dosed with sublingual zolpidem tartrate (3.5 mg
or 1.75 mg) or placebo, kept awake for 30 min, and
then returned to bed for an additional 4 h. Sleep param-
eters were assessed by polysomnography and postsleep
questionnaires. It was concluded that low-dose sublin-
gual zolpidem tartrate may be suitable for treatment of
patients who have difficulty resuming sleep after MOTN
awakenings [35]. Following this, novel low-dose (1.75
mg and 3.5 mg) sublingual formulation of zolpidem tar-
trate is currently being evaluated.

Zolpidem When “As Needed”

“As needed” use of hypnotic medication is often rec-
ommended for the treatment of chronic insomnia [36].
Zolpidem 10 mg taken “as needed,” with the provision
that it should be taken from three to five times per week,
is very efficacious and safe in the treatment of chronic
insomnia over a period of 8 weeks. There is minimal evi-
dence of rebound insomnia [37].

Zolpidem in Comorbid Insomnia

Insomnia is a multifaceted clinical entity and can either
be the specific condition of primary insomnia or be asso-
ciated with one or more of a variety of medical or psy-
chiatric disorders [38]. Comorbidities that exist with in-
somnia are often bidirectional; not only does insomnia
increase the odds of developing psychiatric and medical
problems, but the latter two also increase the likelihood
of insomnia [39]. Although 10 medications currently are
approved by the US Food and Drug Administration for
the treatment of insomnia [40], only two among them
that is, eszopiclone and zolpidem, have been evaluated
for efficacy in patients with chronic comorbid insomnia.

Studies suggest clear benefits of zolpidem in comorbid
insomnia. Asnis et al. evaluated zolpidem in 190 patients
treated with either fluoxetine, sertraline, or paroxetine
for a depressive disorder [41]. The patients had recovered
from their depressed mood, but experienced persistent
insomnia. After a 1-week, single-blind placebo period,
the patients received either placebo or zolpidem (10 mg)
nightly for 4 weeks. The zolpidem-treated cohort showed

longer sleep times (P < 0.05), better sleep quality (P <

0.01), and reduced WASO (P < 0.05). All effects except
the WASO improvement were for weeks 1 through 4;
WASO showed improvement at weeks 1, 2, and 4. Also,
study of zolpidem together with fluoxetine or sertraline
found no clinically significant pharmacokinetic and phar-
macodynamic interactions in healthy individuals [42].

Fava et al. presented data on a study in which pa-
tients received daily escitalopram (10 mg) and zolpidem
extended release (ER) (12.5) or placebo. The first phase
(8 weeks) assessed sleep variables; patients whose de-
pression responded were treated for another 16 weeks.
Patients receiving zolpidem ER showed significant im-
provements in TST, WASO, NAW, sleep quality and sleep
latency compared with placebo (P < 0.0003) at each
2-week assessment during the first phase; and also
showed significant improvements in TST, WASO, NAW,
and sleep quality from weeks 12 to 24 (P < 0.05). Zolpi-
dem ER did not significantly affect improvements in de-
pression and there was no evidence of rebound insomnia
upon discontinuation [43].

Zolpidem in Chronic Insomnia

In one of the 30-year meta-analysis study done by
Nowell et al. in which they evaluated the efficacy of
benzodiazepines and zolpidem tartrate in all the ran-
domized, double-blind, placebo-controlled, parallel or
crossover designs with benzodiazepines or zolpidem in
adults younger than 65 years with chronic insomnia, they
found out that benzodiazepines and zolpidem produced
reliable improvements in commonly measured parame-
ters of sleep in patients with chronic insomnia [44]. Even,
zolpidem in the dose of 10 mg is found to be effective
in treating chronic insomnia when used intermittently,
without evidence of discontinuation effects or increased
frequency of pill taking [45].

Zolpidem and the Next-Day Benefits

Although next-day benefits with zolpidem use have
not been clearly evaluated or demonstrated, a study by
Saletu-Zyhlarz indicated that there was significant im-
provement in somatic complaints versus placebo [46].
In this single-blind, placebo-controlled crossover study,
15 patients diagnosed as having nonorganic insomnia
related to neurotic and stress-related disorders were
included. Objective and subjective sleep and awaken-
ing quality measures were investigated in three subse-
quent nights in the sleep laboratory (adaptation, baseline/
placebo, and zolpidem 10 mg night), utilizing clinical,
polysomnographic, psychometric, and psychophysiolog-
ical methods. Statistical analysis of polysomnographic

390 CNS Neuroscience & Therapeutics 17 (2011) 387–397 c© 2010 Blackwell Publishing Ltd



A. Dang et al. Role of Zolpidem

variables demonstrated a significant lengthening of the
total sleep period and TST, an improvement in sleep effi-
ciency and a shortening of sleep latencies after zolpidem
as compared with placebo. These changes were opposite
to the differences between patients and controls. All other
tests of psychomotor function, attention, and memory, as
well as subjective reports of well-being, showed no dif-
ference compared with placebo. A meta-analysis of more
than 30 international clinical trials of single or repeated
dosing, in healthy subjects or insomniac patients, showed
that zolpidem appears to induce minimal next-day resid-
ual effects [47].

One of the other studies evaluated the effect of
zolpidem-related effects on performance and mood dur-
ing simulated night-shift work [48]. Seven participants
completed this 23-day, within-participant design study.
They received a single oral zolpidem dose (0, 5, or
10 mg) 1 hr before bedtime for three consecutive days
under two-shift conditions: day shift and night shift.
When participants received placebo, next-day perfor-
mance and subjective effects were disrupted, and food
intake was decreased during the night shift. Zolpidem on
the other hand improved subjective reports of sleep qual-
ity and, to a lesser extent, next-day performance. Next-
day mood, however, was worsened and food intake was
unaffected by zolpidem.

Zolpidem in Posttraumatic Stress Disorder (PTSD)

Zolpidem may confer advantages over conventional med-
ications for sleep induction and maintenance in PTSD. In
one of the studies done by Abramowitz et al., they eval-
uated the benefits of add-on hypnotherapy with zolpi-
dem in patients with chronic PTSD [49]. Thirty-two PTSD
patients treated by SSRI antidepressants and supportive
psychotherapy were randomized to two groups: 15 pa-
tients in the first group received zolpidem 10 mg nightly
for 14 nights, and 17 patients in the hypnotherapy group
were treated by symptom-oriented hypnotherapy, twice-
a-week 1.5-h sessions for 2 weeks. It was found that
there was a significant main effect of the hypnotherapy
treatment with PTSD symptoms as measured by the
Posttraumatic Disorder Scale. This effect was preserved
at follow-up 1 month later. Also, in other studies as
well, zolpidem appears to be beneficial in treating PTSD-
associated insomnia in most veterans and in alleviating
nightmares in some veterans with PTSD [50,51].

Zolpidem in Jet Lag

Jet lag commonly affects air travelers who cross several
time zones. It results from the body’s internal rhythms
being out of step with the day–night cycle at the desti-

nation. Using the first-night effect in a sleep laboratory
as a model of transient insomnia, this placebo-controlled,
double-blind, parallel-group study evaluated the efficacy
and safety of zolpidem in 462 normal volunteers [52].
Zolpidem was tested at doses of 5, 7.5, 10, 15, and 20 mg,
and statistical analysis of 7.5 mg and 10 mg was com-
pared with placebo. Compared with placebo, the 7.5 mg
and 10 mg doses of zolpidem decreased sleep latency and
increased sleep duration and maintenance (i.e., reduced
NAW). Zolpidem (7.5 mg or 10 mg) had no significant
effect on next-day psychomotor performance. This study
demonstrated that zolpidem at 7.5 mg and 10 mg is effec-
tive in the treatment of transient insomnia like the one
experienced in jet lag. In one more study zolpidem 10
mg produced significant improvement in sleep following
rapid transmeridian travel [53].

Effectiveness and tolerability of melatonin and zolpi-
dem for the alleviation of jet lag was evaluated in one
of the studies done by Suhner et al. [54]. The participants
either received melatonin 5 mg (n = 35), zolpidem 10 mg
(n = 34), a combination thereof (n = 29) or placebo (n =
39) and once daily at bedtime on four consecutive days
after the flight. Subjects taking zolpidem reported signif-
icantly less jet lag and zolpidem was rated as the most
effective jet lag medication.

Modified-Release (MR) Formulation of Zolpidem

Sleep is not an acute event, but a complete 6–8-h pro-
cess. This concept makes it obvious to look for modified
controlled release formulation of hypnotics. Zolpidem has
been developed as zolpidem-MR, marketed in the United
States in 2005 and indicated in the treatment of insomnia
[55]. Zolpidem-MR was designed so that initial zolpidem
plasma levels were comparable to those obtained with the
standard formulation, followed by an extended release
of zolpidem in order to maintain plasma concentrations
through the middle of the night [56]. A two-layer coated
tablet was developed with biphasic zolpidem release: im-
mediate release followed by prolonged release. Based on
pharmacokinetic and pharmacodynamic studies, the op-
timal dose of 12.5 mg zolpidem-MR was identified for
adults and 6.25 mg for the elderly.

All the trial findings establish the efficacy of three
to seven nights per week dosing of zolpidem extended-
release 12.5 mg for up to 6 months. Treatment provided
sustained and significant improvements in sleep onset
and maintenance and also improved next-day concentra-
tion and morning sleepiness [57]. On the other hand con-
current use of zolpidem ER preparation with escitalopram
when compared with placebo and escitalopram, though
significantly improved insomnia and sleep-related next-
day symptoms, but not the anxiety symptoms, in patients
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with comorbid insomnia and generalized anxiety disorder
[58].

Zolpidem extended-release has a safety profile com-
parable to immediate release. ER zolpidem did not sig-
nificantly affect psychomotor and cognitive performance
8 h post dose compared with placebo, on the basis of
neurocognitive tests of vigilance and motor and mem-
ory [59]. There are a minimal number of drug-drug in-
teractions with zolpidem ER, and, although they are well
characterized, the pharmacology of any central nervous
system-active drug should be considered prior to admin-
istration.

Safety Profile

Zolpidem has a rapid onset, a short duration of action,
and a low incidence of adverse effects. Over 30 placebo-
controlled studies demonstrate a satisfactory safety profile
of zolpidem (5–10 mg) on daytime cognitive functions
as compared to other hypnotics, that is, flunitrazapam,
nitrazepam, and triazolam [60]. It appears to have low
addictive potential and few drug interactions [61]. Num-
ber of studies suggest that zolpidem in the dose of 5 to
10 mg is safe even for longer treatment periods of up to
35 days to 3 months of treatment [62,63]. It has also been
shown not to interfere with the nocturnal sleep-induced
improvement of memory [64]. Also, in one other study
insomniac patients tended to prefer zolpidem to zaleplon
on both nocturnal and diurnal assessments in a random-
ized, double-blind, crossover study done on 53 patients
[65].

Common side effects of the drug include drowsiness
(5%), dizziness (5%), headache (3%), gastrointestinal
symptoms (4%), memory problems (1–2%), nightmares
(1–2%), and confusion (1–2%) [66]. Few other side ef-
fects include ataxia or poor motor coordination, diffi-
culty maintaining balance, euphoria and/or dysphoria,
increased appetite, increased libido, impaired judgment
and reasoning, uninhibited extroversion in social or in-
terpersonal settings and increased impulsivity.

One retrospective case-control study demonstrated
that use of zolpidem by older people was associated with
nearly twice the risk of hip fracture [67], although evi-
dence generally points to the fact that longer acting hyp-
notic agents are more likely to be associated with falls and
hip fractures [68]. This became evident with one of the
reviews that aimed to establish the relationship between
treatment with hypnotics and the risk of postural instabil-
ity and as a consequence, falls and hip fractures, in the el-
derly. The review concluded that benzodiazepines are the
major class of hypnotics involved in the causation of falls
and fractures, whereas Z-compounds are less frequently

reported in this context, with zolpidem considered at risk
only in one study [69]. The relationship between hyp-
notic use and falls is complicated by the fact that sleep
problems among elderly people are independently asso-
ciated with an increased risk of falls [70].

Hallucinatory phenomena and other sensory distor-
tions have been reported even with therapeutic doses of
zolpidem [71]. Possibly because of its limited efficacy for
sleep maintenance problems, patients may take higher
than recommended doses or take a second dose during
the night, which may increase the risk of both acute side
effects and next-day residual effects. Psychotic reactions
with predominant visual hallucinations after the inges-
tion of zolpidem have been reported in the literature
[72,73]. Retrograde amnestic effects shortly after admin-
istration have also been observed, a likely consequence of
zolpidem’s pharmacological action on α1 GABAA recep-
tors [74].

One of the studies conducted by Zammit et al. eval-
uated the effect of ramelteon and zolpidem (as positive
control) on middle-of-the-night balance, mobility, and
memory in older insomniacs. Thirty-three older adults
(age ≥65 years) with insomnia were enrolled in a single-
dose, 3-way crossover study of balance after bedtime ad-
ministration of ramelteon, 8 mg; zolpidem, 10 mg (pos-
itive control); or placebo. Subjects were administered
study medication 30 min before bedtime and were awak-
ened 2 h after dosing to evaluate balance (Sensory Orga-
nization Test), turning speed and stability, memory (im-
mediate and delayed word recall), and adverse events.
Ramelteon or zolpidem (positive control) was compared
with placebo. It was seen that there were no differences
between placebo and ramelteon on the Sensory Organi-
zation Test (P = 0.837), turn time (P = 0.776), or turn
sway (P = 0.982). Though, the positive control (zolpi-
dem) did reveal significant impairments on the Sensory
Organization Test, turn time, and turn sway (P < 0.001,
all). Immediate recall declined significantly with zolpi-
dem (P = 0.002).

The effects of therapeutic oral doses of prolonged re-
lease melatonin (PR-M) (2 mg), zolpidem (10 mg) and
their combination administered at bedtime on cognitive
functions in healthy subjects aged 55 years and older
were assessed in a randomized, double-blind, placebo-
controlled, and four-way crossover study [75]. Psy-
chomotor functions, memory recall, and driving skills
were assessed at 1 and 4 h following administration and
the next morning. It was seen that compared to placebo,
PR-M alone did not impair performances on any cogni-
tive tasks, but zolpidem significantly impaired psychomo-
tor and driving performance 1 h and 4 h post dosing, and
early memory recall. This impairment was also exacer-
bated with PR-M coadministration.
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Chiang et al. report two cases in which amnestic sleep-
related eating disorder (SRED) occurred with ER zolpi-
dem but not with the immediate-release formulation.
These cases illustrate how even relatively small differ-
ences such as formulation can affect the likelihood of ex-
periencing such events [76]. Further to this, a case was
observed in which zolpidem was associated with amnes-
tic nocturnal eating [77].

The evidence linking zolpidem with bizarre sleep-
related behaviors consists of postmarketing surveillance
and isolated case reports. Although sleep-related behav-
iors have been reported with other hypnotics, the thera-
peutic goods administration considers that the pattern of
reports with zolpidem signals an increased risk of these
events with this drug. The incidence of these events is
not known, but the wide international use of zolpidem
over the last 15 years suggests that they are rare. Pub-
lished reports of sleepwalking, phone conversations, and
hallucinations emerged with zolpidem in the mid 1990s.
Since then, other unusual sleep-related events have been
described internationally, including preparing and eat-
ing food, compulsive house cleaning, sleep-driving, and
house painting, in addition to reports of sleepwalking
[78,79]. People exhibiting these sleep-related behaviors
have consistently reported no memory of the event. Most
events occurred after the first dose of zolpidem or within
a few days of starting therapy. In most cases the behav-
ior resolved when zolpidem was stopped. Alcohol use,
other CNS depressants, and taking more than the recom-
mended dose of zolpidem are likely to increase the risk
of these events. Adult onset sleep walking in psychiatric
patients has also been related to the life time use of zolpi-
dem [80].

On looking out for acute effects of zolpidem on day-
time alertness, psychomotor and physical performance
in a double-blind crossover study where seven athletes
received zolpidem (10 mg) or placebo in two sessions
over 2 nights, it was found that zolpidem has a hyp-
notic activity without disturbing psychomotor and phys-
ical performance on the following day when given to
healthy adults. This suggests that zolpidem may be used
in healthy athletes to adjust their extrinsic sleep distur-
bances and their consecutive psychomotor and physical
impairments [81]. On the other hand, on looking at the
residual effects of middle-of-the-night administration of
zaleplon 10 or 20 mg, zolpidem 10 or 20 mg, or placebo
on driving ability, memory functions, and psychomotor
performance in a double-blind, five-period crossover de-
sign, it was seen that memory and psychomotor test per-
formance was unaffected after both doses of zaleplon and
zolpidem 10 mg. But, in contrast, zolpidem 20 mg sig-
nificantly increased standard deviation of lateral position
and speed variability. Also, zolpidem 20 mg significantly

impaired performance on all psychomotor and memory
tests [82]. On comparison of the effects of zaleplon, zolpi-
dem, and triazolam on memory, learning, and psychomo-
tor performance, it was seen that zaleplon 10 mg did not
produce any significant changes in memory or learning
compared with placebo, whereas all other active treat-
ments, including zolpidem 10 mg, caused psychomotor
impairment at the 1.25-h test battery. Zolpidem 20 mg
(twice the therapeutic dose) produced more psychomotor
impairment at the 1.25-h assessment than did any of the
other active treatments, including zaleplon 20 mg [83].

One more study comparing psychomotor, cognitive,
and subjective effects of triazolam (0.125, 0.25, and 0.5
mg/70 kg) and zolpidem (5, 10, and 20 mg/70 kg)
in a double-blind, placebo-controlled, crossover design
in healthy volunteers showed that triazolam produced
significantly more impairment than zolpidem in time
estimation. Triazolam, but not zolpidem, produced sig-
nificant impairment on a short-term memory task and
zolpidem produced significantly more impairment than
triazolam on several novel measures of performance on
a computerized trail-making test. Whereas, one further
study suggests that the effects of daytime administra-
tion of zolpidem (5, 10, or 15 mg) and triazolam (0.125,
0.25, or 0.5 mg) on performance-impairing effects are
dose-dependent and functionally coupled to their sleep-
inducing properties [84].

Most side effects are dose-related, occurring at doses
above 20 mg per day. Hence patients should fully com-
ply with the prescription instructions of zolpidem, that is,
to take the medication just prior to a full 8 h of uninter-
rupted sleep. If this strategy is adopted, zolpidem is a safe
alternative to benzodiazepine hypnotics that do show sig-
nificant driving impairment the morning following bed-
time administration.

Zolpidem Withdrawal, Abuse, and Seizures

Although substance abusers may abuse benzodiazepines,
they rarely abuse nonbenzodiazepines [85]. Zolpidem is
assumed to have a lower potential to develop tolerance
and dependence than benzodiazepines. However, cases
of zolpidem abuse and dependence have been reported
since 1993 [86]. Seizure is a rare and serious withdrawal
symptom of zolpidem and was first reported in 1996.
This seems to develop in those patients who had taken
supratherapeutic doses for a long time and discontinued
it abruptly. Even successful zolpidem detoxification with
a benzodiazepine has been reported [87].

In addition, there have been case reports of depen-
dence following prolonged use in patients with histories
of substance abuse [88], and the World Health Organi-
zation has indicated that rates of abuse and dependency
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for zolpidem appear to be similar to those for some of
the benzodiazepines (World Health Organization Expert
Committee 2001, 2003) [89]. This report highlights the
fact that zolpidem has drug abuse potential and depen-
dence liability.

Cost-Effectiveness

The cost of nonbenzodiazepines is considerably higher
than benzodiazepines. An economic evaluation com-
paring the cost-effectiveness of nonpharmacologic treat-
ment, benzodiazepines, eszopiclone, and no treatment in
older adults found that, compared with benzodiazepines,
nonpharmacologic therapy produced a net gain of 0.37
quality-adjusted life-years at a savings of $2,781 over
10 years [90]. The short-acting drugs seem equally effec-
tive and safe.

On the other hand, when a comparative review of
temazepam and zolpidem use in managing insomnia in
the hospice patient was undertaken by Bain et al., to de-
termine whether treatment with temazepam is a more
cost-effective approach for their patient population, they
found out that after review of the primary literature and
the prescribing patterns in their hospital setting, they had
no evidence to support that zolpidem is superior to ben-
zodiazepines for the treatment of insomnia [91].

Conclusions

Insomnia may appear with different presentations: sleep
onset, sleep maintenances, sleep offset, nonrestorative
sleep, or a combination of these symptoms. Untreated
symptoms result in clinically significant distress or im-
pairment in social, occupational, or other important areas
of following-day functionality. Benzodiazepine hypnotic
agents were the mainstream pharmacotherapy for insom-
nia from the 1960s to the 1980s, but their safety profile
proved to be not quite as perfect as originally expected.

The nonbenzodiazepine compounds generally repre-
sent an improvement over benzodiazepines as a result of
improved binding selectivity and pharmacokinetic pro-
files. However, the enduring potential for amnestic ef-
fects, next-day residual sedation, and abuse and physical
dependence, particularly at higher doses, underscores the
need for new treatment strategies.

Physicians, pharmacists, and other clinicians should be
aware of the conditions that contribute to, are antecedent
to, and associated with insomnia. These pathophysio-
logical conditions include advanced age; female gender;
respiratory, gastrointestinal, vascular, and rheumatologic
pain syndromes; and other conditions such as depres-
sion and/or anxiety. Additional health factors contribut-
ing to insomnia include chronic pain, stressors, grief
reaction, pharmacotherapeutic side effects, lifestyle con-

tributors such as social/recreational drugs, phytopharma-
ceuticals, and ethanol use.

Zolipidem is a nonbenzidiazepine imidazo-pyridine
compound that acts by enhancing GABAA receptor func-
tion. It has high affinity toward α1 containing omega 1
receptor subtype. This selective binding confers upon it
a strong hypnotic property. It has rapid onset of action
with minimal rebound effects. It has been established as
an effective sleep onset agent and studies have shown its
efficacy in inducing sleep with minimal effect on sleep
duration or sleep maintainance. Low-dose sublingual
zolpidem is shown to be effective in middle-of-the-night
insomnia. A study by Hajak et al. shows promising re-
sults if zolpidem is given three to five times a week for
chronic insomnia. It is incidentally one of the two drugs,
which has been evaluated with benefit in chronic comor-
bid insomnia. Zolpidem has also shown some benefits in
posttraumatic stress disorder in few studies. On the whole
the drug demonstrates a good safety profile in compari-
son with other hypnotics and has low addictive potential
and few drug interactions. Common adverse effects re-
ported include drowsiness, dizziness, headache, and gas-
trointestinal symptoms. Zolpidem seems to be a good new
hypnotic with a lot of hope and has a higher safety profile
unlike the traditional benzodiazepines but is a little more
expensive.

Limitations of the Review

Authors of the manuscript admit to various limitations of
the present review being done by them. This includes the
publication bias that tends to lead to the publication of
mostly positive studies as the negative findings about a
given drug are less well disseminated. This becomes clear
with one of the reviews done by Hopewell et al., who
assessed the extent to which publication of a cohort of
clinical trials is influenced by the statistical significance,
perceived importance, or direction of their results [92].
They did a thorough “Cochrane Methodology Register”
review and found that trials with positive findings are
published more often, and more quickly than trials with
negative findings or null findings. Also, it has been seen
that clinical trial design can influence treatment outcome
in patients. This becomes evident with one of the studies
conducted by Rutherford et al., where they showed that
response and remission rates to antidepressants are sig-
nificantly affected by study type as well as duration [93].
This too limits our work of review in the present form.

Acknowledgments

Authors would like to acknowledge SciEdit reviewers for
critically analyzing and editing the manuscript before the
final submission.

394 CNS Neuroscience & Therapeutics 17 (2011) 387–397 c© 2010 Blackwell Publishing Ltd



A. Dang et al. Role of Zolpidem

Conflict of Interest

The authors have no conflict of interest.

References

1. Ohayon MM, Roth T. Place of chronic insomnia in the

course of depressive and anxiety disorders. J Psychintr Res

2003;27:9–15.

2. Kiley J. Insomnia research and future opportunities. Sleep

1999;22(Suppl 1):S344–S345.

3. Ohayon MM. Epidemiology of insomnia: What we know

and what we still need to learn. Sleep Med Rev

2002;6:97–111.

4. Roth T. New developments for treating sleep disorders.

J Clin Psychiatr 2001;10:3–4.

5. Sateia MJ, Nowell PD. Insomnia. Lancet

2004;364:1959–1973.

6. Eddy M, Walbroehl G. Insomnia. Am Fam Physician

1999;59:1911–1916.

7. Ruth M, Benca. Diagnosis and treatment of chronic

insomnia: A review. Psychiatr Serv 2005;56:332–343.

8. National Institute of Health. National Institutes of Health

State of the Science Conference statement on

Manifestations and Management of Chronic Insomnia in

Adults. Sleep 2005;28:1049–1057.

9. American Psychiatric Association. Diagnostic and statistical

manual of mental disorders, 4th ed. Text Revision.

Washington, DC: American Psychiatric Association,

2002.

10. Buscemi N, Vandermeer B, Friesen C, et al.

Manifestations and management of chronic insomnia in

adults. Evid Rep Technol Assess 2005;125:1–10.

11. Ohayon MM, Paiva T. Global sleep dissatisfaction for the

assessment of insomnia severity in the general population

of Portugal. Sleep Med 2005;6:435–441.

12. Elwood P, Hack M, Pickering J, et al. Sleep disturbance,

stroke, and heart disease events: Evidence from the

Caerphilly cohort. J Epidemiol Commun Health

2006;60:69–73.

13. Drake CL, Roehrs TA, Burduvali E. Effects of rapid versus

slow accumulation of eight hours of sleep loss.

Psychophysiology 2001;38:979–987.

14. Rosenthal L, Roehrs TA, Rosen A. Level of sleepiness and

total sleep time following various time in bed conditions.

Sleep 1993;16:226–232.

15. Gottlieb DJ, Punjabi NM, Newman AB, et al.

Association of sleep time with diabetes mellitus and

impaired glucose tolerance. Arch Intern Med

2005;165:863–867.

16. Varkevisser M, Kerkhof GA. Chronic insomnia and

performance in a 24-h constant routine study. J Sleep Res

2005;14:49–59.

17. Meyer TJ. Evaluation and management of insomnia. Hosp

Pract (Off Ed) 1998;33:75–78, 83–86.

18. Cricco M, Simonsick EM, Foley DJ. The impact of

insomnia on cognitive functioning in older adults. J Am

Geriatr Soc 2001;49:1185–1189.

19. Lacks P, Morin C. Recent advances in the assessment and

treatment of insomnia. J Consult Clin Psychol

1992;60:586–594.

20. American Academy of Sleep Medicine. International

classification of sleep disorders: Diagnostic and coding manual,

2nd ed. Westchester, IL: American Academy of Sleep

Medicine, 2005.

21. NHLBI Working Group on Insomnia. Insomnia:

Assessment and Management in Primary Care 1998; NIH

Publication No. 98-4088.

22. Pritchett DB, Seeburg PH. Gamma-aminobutyric acidA

receptor alpha 5-subunit creates novel type II

benzodiazepine receptor pharmacology. J Neurochem

1990;54:1802–1804.
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