
human psychopharmacology

Hum Psychopharmacol Clin Exp 2004; 19: 305–322.

Published online 27 May 2004 in Wiley InterScience (www.interscience.wiley.com). DOI: 10.1002/hup.594

REVIEW ARTICLE

Comparative efficacy of newer hypnotic drugs for the
short-term management of insomnia: a systematic review
and meta-analysis

Yenal Dündar1*, Susanna Dodd2, Judith Strobl1, Angela Boland1, Rumona Dickson1

and Tom Walley1

1The University of Liverpool, Faculty of Medicine, Liverpool Reviews and Implementation Group,
The Sherrington Buildings, Ashton Street, Liverpool L69 3GE, UK
2The University of Liverpool, Faculty of Medicine, Centre for Medical Statistics and Health Evaluation,
Liverpool L69 3BX, UK

Objectives To compare the clinical effectiveness of zaleplon, zolpidem or zopiclone (Z-drugs) with either benzo-
diazepines licensed and approved for use in the UK for the short-term management of insomnia (diazepam, loprazolam,
lorazepam, lormetazepam, nitrazepam, temazepam) or with each other.
Methods MEDLINE, EMBASE, PsycINFO, Science Citation Index/Web of Science were searched from 1966 to
March 2003 and The Cochrane Library, reference lists of included studies and a number of psychopharmacology journals.
Randomized controlled trials comparing either benzodiazepines with the Z-drugs or any two of the Z-drugs in patients with
insomnia were included. Outcome measures included: sleep onset latency, total sleep duration, number of awakenings,
quality of sleep, adverse events, tolerance, rebound insomnia and daytime alertness.
Results and conclusions Twenty four eligible studies were identified with a total study population of 3909 (17 studies
comparing a Z-drug with a benzodiazepine and 7 comparing a Z-drug). Insufficient or inappropriately reported data meant
that meta-analysis was possible only for a small number of outcomes. There are few clear, consistent differences between
the drugs. Some evidence suggests that zaleplon gives shorter sleep latency but shorter duration of sleep than zolpidem,
reflecting the pharmacological profiles of the drugs. Copyright # 2004 John Wiley & Sons, Ltd.
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INTRODUCTION

Insomnia is a common complaint of dissatisfaction
with the quantity or quality of sleep (Holbrook et al.,
2000). Estimates of the impact of insomnia vary
within and between countries. In a cross-country

study of the general population, Chevalier and collea-
gues reported the prevalence of insomnia between 4%
and 9% in Germany, Sweden, Ireland and Belgium,
whereas in the UK, 22% of the population were
affected (Chevalier et al., 1999).

Insomnia can be classified by the duration, severity,
co-morbidity or by the quantity and/or quality of sleep
(Holbrook et al., 2000). Given the variety of classifi-
cations and lack of consistency in diagnostic criteria,
diagnosis and research in insomnia are difficult. There
is evidence of clinical effectiveness of non-pharmaco-
logical treatments, but pharmacological treatments
are widely used. Of these, benzodiazepines, introduced
in the 1960s, are often prescribed. However, adverse
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effects of benzodiazepines include decreased psycho-
motor performance (e.g. next day drowsiness), toler-
ance, dependency and withdrawal symptoms.

Non-benzodiazepine hypnotics (Z-drugs) were
introduced for the short-term management of in-
somnia in the late 1980s and early 1990s, allegedly
in the hope of overcoming some of these adverse
effects. These newer hypnotic drugs have made it
necessary to examine the available research evidence
comparing the clinical effectiveness of older and
newer agents used for the short-term management of
insomnia. We therefore conducted a review as part
of an on-going programme of research designed to
inform the development of national guidance through
the National Institute for Clinical Excellence (NICE)
in the UK. The Institute’s policy is to issue guidance
only on drugs that hold a marketing authorization
in the UK. This therefore limited the scope of this
review and benzodiazepines such as flunitrazepam
and flurazepam, which hold a UK marketing autho-
rization but are not approved for use in the NHS,
and triazolam, for which marketing authorization
was withdrawn in the UK are not included in the
review.

METHODS

This systematic review was conducted and reported
according to QUOROM guidelines (Moher et al.,
1999).

Searching

The review was restricted to randomized controlled
trials (RCTs) comparing the clinical effectiveness
of the Z-drugs with either benzodiazepines licens-
ed and approved for the treatment of insomnia
(diazepam, loprazolam, lorazepam, lormetazepam,
nitrazepam, temazepam) or with each other. To iden-
tify relevant studies, MEDLINE, EMBASE, Science
Citation Index (Web of Science and ISI Proceedings)
were searched from 1966 to March 2003 and the
Cochrane Library (Issue 1:2003). Also searched
were the reference lists of identified studies and
ten psychopharmacology journals (October 2002
to July 2003) were hand-searched. Internet re-
sources, including web pages supported by manu-
facturers of the drugs, were checked regularly
during the review process. Manufacturers’ and
others’ submissions to NICE were also examined for
further studies and data. No language restriction was
applied.

Selection, validity assessment and data extraction

Identified citations were assessed for inclusion in two
stages. Two reviewers independently scanned all titles
and abstracts. Full text copies of the selected papers
were obtained and assessed independently by at least
two reviewers for inclusion and study quality, using
nationally accepted guidelines (NHS Centre for
Reviews and Dissemination, 2001). Individual study
data relating to study designs and findings were inde-
pendently extracted and checked by two reviewers
using a pre-tested data extraction form.

Quality assessment

The study design was assessed, including randomization,
allocation concealment, double blinding and whether
or not an intention-to-treat analysis was performed.

Statistical analysis

Meta-analyses were carried utilizing data from studies
that compared the same drugs. Crossover studies with
less than two nights of washout period were excluded
from meta-analyses. Data were pooled using a fixed
effect model with odds ratio and 95% confidence
intervals. Outcomes of interest included sleep onset
latency, total sleep duration, number of awakenings,
quality of sleep, adverse events and rebound insomnia.

RESULTS

Included studies

Out of 72 references identified, 24 fulfilled the in-
clusion criteria. These included 17 studies (Leppik
et al., 1997; Ansoms et al., 1991; Agnoli et al.,
1989; Anderson, 1987; Kazamatsuri et al., 1993;
Klimm et al., 1987; Kudo et al., 1993; Kerkhof
et al., 1996; Jovanovic and Dreyfus, 1983; Ohtomo,
1985a, Ohtomo, 1985b, Pull et al., 1983; Tamminen
and Hansen, 1987; Ngen and Hassan, 1990; Stip
et al., 1999; Van der Kleijn, 1989; Wheatley, 1985)
comparing a Z-drug with a benzodiazepine and seven
(reported in six publications) (Allain et al., 2003; Elie
et al., 1999; Fry et al., 2000; Ancoli-Israel et al., 1999;
Zammit, 2000; Tsutsui, 2001) comparing a Z-drug
with another Z-drug. Of these 19 were parallel group
designs and five were crossover studies (Agnoli et al.,
1989; Pull et al., 1983; Van der Kleijn, 1989; Wheat-
ley, 1985; Allain et al., 2003). Twenty-one studies
were assessed from reports published in peer-
reviewed journals. The remainder were published as
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abstracts of conference proceedings (Kerkhof et al.,
1996; Zammit, 2000). Of these, two studies are
reported in one abstract (Zammit, 2000). No studies
compared diazepam, loprazolam or lorazepam with
any Z-drug or zaleplon with zopiclone.

Quality assessment

Overall, the methodological quality of studies was
poor. The studies varied in the level of detail for re-
porting outcomes. Only one study (Ngen and Hassan,
1990) reported the method of randomization or
whether the allocation sequence was concealed. All
studies were described as double blind but made no
mention of methods of blinding or reported the assess-
ment of the blinding procedures. Fourteen studies
reported the number and reason for withdrawals and
only four studies appeared to have carried out an
intention-to-treat analysis (Klimm et al., 1987;
Jovanovic and Dreyfus, 1983; Wheatley, 1985; Allain
et al., 2003).

Study and patient characteristics

Characteristics of the included studies and patient
populations are provided in Table 1. The 24 included
studies involved 3909 participants, and ranged in size
from 10 to 615 patients. Thirteen studies had fewer
than 100 patients in total and only three studies had
over 500 patients (Elie et al., 1999; Fry et al., 2000;
Ancoli-Israel et al., 1999). Most patients were female.
Three studies (Leppik et al., 1997, Ohtomo, 1985a,
Ohtomo, 1985b) included only patients over 60 years
of age and two studies (Klimm et al., 1987; Ancoli-
Israel et al., 1999) included only those aged over
65 years. Six studies (Agnoli et al., 1989; Stip et al.,
1999; Elie et al., 1999; Fry et al., 2000; Pull et al.,
1983; Kazamatsuri et al., 1993) included patients with
a psychiatric disorder and one study (Ansoms et al.,
1991) only included alcoholic patients who had under-
gone a withdrawal period.

The majority of studies incorporated key char-
acteristics of the DSM IV criteria for the diagnosis
of insomnia. One study (Pull et al., 1983) did not state
the diagnostic criteria used and three (Wheatley, 1985;
Allain et al., 2003; Tsutsui, 2001) reported only that
participants experienced sleep difficulties. Eight stu-
dies (Leppik et al., 1997; Ngen and Hassan, 1990;
Van der Kleijn, 1989; Wheatley, 1985; Elie et al.,
1999; Fry et al., 2000; Ancoli-Israel et al., 1999;
Tsutsui, 2001) acknowledged funding or other support
from a pharmaceutical company for the trial.

Studies lasted from one night to 6 weeks. Clinical
follow-up after the end of the trial was reported in
ten studies (see Table 1).

Outcomes

Sleep efficacy outcomes included patients’ estimates
of sleep onset latency, total sleep duration, number
of awakenings and quality of sleep. In all but three
studies these were recorded using post-sleep question-
naires and sleep diaries. Recorded adverse events
included central nervous system (CNS) related events
(e.g. dizziness, daytime drowsiness, nervousness,
light-headedness, headache and fatigue) as well as
some not related to the CNS (e.g. gastrointestinal
symptoms).

The data from ten studies with a post-treatment
follow-up period offer some information regarding
rebound insomnia, or temporary worsening from
baseline. All data, except in one study (Jovanovic
and Dreyfus, 1983), were self-reported.

Results have been grouped by treatment compari-
sons, with results from the studies examining Z-drugs
versus benzodiazepines first, followed by compari-
sons of two Z-drugs. The results related to key out-
comes are summarized in Table 2.

A summary of the results related to the key out-
comes provided from comparisons in the studies is
presented in Table 3.

Zolpidem versus nitrazepam

Sleep outcomes. Two studies (Kudo et al., 1993;
Kazamatsuri et al., 1993) compared zolpidem with
nitrazepam. There were no significant differences
between the two drugs in sleep onset latency or
duration. Kudo et al. (1993) reported that 66.7% of
patients taking zolpidem experienced an improve-
ment in sleep quality compared with just 37.5% on
nitrazepam. Kazamatsuri et al. (1993) reported signi-
ficantly fewer awakenings with zolpidem ( p¼ 0.031).

Adverse events. Meta-analysis of adverse event rates
from both studies indicates (Figure 1a) that there was
no significant difference between treatments (OR
0.70, 95% CI 0.37 to 1.30).

Daytime alertness and global impression of treatment.
No significant differences were reported between
treatments regarding mental and physical status on
awakening and during the day and global impression
of treatment in either study.
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Zolpidem versus temazepam

Sleep outcomes. Leppik et al. (1997) reported no
significant differences between zolpidem and tema-
zepam regarding sleep latency, whereas Kerkhof et al.
(1996) reported significant improvements with regards
to sleep latency ( p¼ 0.05) and subjective estimates of
sleep quality ( p¼ 0.03) for zolpidem compared with
temazepam (sleep latency after 10 days’ treatment:
zolpidem 38.8 min, temazepam: 61.6 min).

Adverse events. Leppik et al. (1997) reported a statis-
tically non-significant difference in proportions of
subjects experiencing treatment emergent adverse
events (63%, on zolpidem, 67% on temazepam).

Daytime alertness. Leppik et al. (1997) reported that
sporadic statistically significant differences were
observed between treatments at different time points
in terms of morning sleepiness and the ability to
concentrate. There was not a consistent pattern and no
data were provided.

Zopiclone versus lormetazepam

Sleep outcomes. One study (Ansoms et al., 1991)
compared zopiclone and lormetazepam and the only
significant difference between treatments was in sleep
onset latency where lormetazepam resulted in shorter
latency than zopiclone ( p¼ 0.029).

Adverse events and global impression of treatment.
No statistically significant differences were found
between treatment groups.

Zopiclone versus nitrazepam

Sleep outcomes. Six out of eight studies that compared
zopiclone with nitrazepam reported data on sleep
latency and number of awakenings and seven reported
on sleep duration and quality. Overall, there was no
convincing evidence of any differences for sleep
outcomes measured between two treatments.

Regarding sleep latency, three studies (Jovanovic
and Dreyfus, 1983; Pull et al., 1983; Tamminen and
Hansen, 1987) reported statistically non-significant
results between treatments and one study (Anderson,
1987) did not make direct comparisons between treat-
ments. Klimm et al. (1987) found that nitrazepam
resulted in a greater reduction in sleep latency on
day 5 of treatment (of 7) than zopiclone, whereasT
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Agnoli et al. (1989) reported that sleep latency was
significantly shorter after zopiclone was administered
than after nitrazepam ( p< 0.001).

Of the seven studies that reported sleep quality,
only one (Ohtomo, 1985a) reported a significant dif-
ference in favour of zopiclone ( p< 0.05); the others
reported non-significant differences. There were no
statistically significant differences between treatments
in number of nocturnal awakenings.

Adverse events. Only two studies (Ohtomo, 1985a,
Ohtomo, 1985b) provided data on adverse events, and
meta-analysis (Figure 1a) of this outcome indicates no
significant difference between treatments (OR 1.46,
95% CI 0.65 to 3.30).

Daytime alertness/feeling upon awakening and global
impression of treatment. Four studies (Ohtomo,
1985a; Agnoli et al., 1989; Klimm et al., 1987;
Anderson, 1987) suggest a statistically significant
difference in favour of zopiclone, but three studies
(Ohtomo, 1985b; Tamminen and Hansen, 1987;
Pull et al., 1983) reported no significant differences.
Ohtomo (1985a) reported a significantly higher global
improvement rate ( p¼ 0.05) with zopiclone com-

pared with nitrazepam while four studies (Ohtomo,
1985b; Anderson, 1987; Pull et al., 1983; Tamminen
and Hansen, 1987) reported no significant between-
treatment differences.

Zopiclone versus temazepam

Sleep outcomes. Of the four studies that compared
zopiclone and temazapam, only two (Van der Kleijn,
1989; Wheatley, 1985) made direct comparisons
between treatments regarding sleep onset latency,
number of awakenings and sleep quality and duration.
No statistically significant differences were found.

Adverse events. Van der Kleijn (1989) did not make a
formal comparison of adverse events and Wheatley
(1985) reported a no significant difference between
treatments.

Rebound insomnia, alertness and global impression
of treatment. Van der Kleijn (1989) states that after
zopiclone, rebound insomnia of sleep onset latency
was significantly worse than after temazepam. Ngen
and Hassan (1990), Stip et al. (1999), van der Kleijn

Figure 1. Z versus benzodiazepines
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(1989) and Wheatley (1985) reported no significant
differences in alertness or global impression of treatment.

Zaleplon versus zolpidem

Sleep outcomes. Only two of the six studies that
reported on sleep onset latency made direct treatment
comparisons but with conflicting results: Ancoli-
Israel et al. (1999) reported a significantly shorter
sleep latency with zaleplon ( p< 0.001), whereas
Allain et al. (2003) presented results in favour of
zolpidem ( p¼ 0.03). Six studies reported on sleep
duration but only two made direct comparisons:
Ancoli-Israel et al. (1999) reported that sleep duration
was significantly less in the zaleplon group (290.7 min
for zaleplon and 308.6 min for zolpidem, p¼ 0.05) but
Allain et al. (2003) found no difference (8.3 h on
zolpidem, 8 h on zaleplon).

Two studies (Elie et al., 1999; Fry et al., 2000)
reported on number of awakenings but made no direct
comparisons.

We pooled the results for the meta-analysis (Figure 2a)
from three studies (Ancoli-Israel et al., 1999; Elie
et al., 1999; Fry et al., 2000) comparing improve-

ments in sleep quality at the end of the treatment to
baseline: patients on zaleplon were less likely to
experience an improvement in sleep quality than those
on zolpidem (OR 0.66, 95% CI 0.51 to 0.87). Allain
et al. (2003) also reported statistically significant
improvements in quality of sleep ( p< 0.0001) in
favour of zolpidem.

Adverse events. Of the three studies reporting the
frequency of treatment-emergent adverse events, only
two (Elie et al., 1999; Fry et al., 2000) reported
sufficient data for inclusion in the meta-analysis
(Figure 2b), and this showed no statistically signifi-
cant difference (OR 0.86, 95% CI 0.62 to 1.20).

Withdrawal symptoms. Two studies (Elie et al., 1999;
Fry et al., 2000) report the incidence of withdrawal
symptoms on the first 3 nights after discontinuation of
treatment (when placebos were administered). Data
could be formally assessed only from the first night of
the placebo run-out phase of Fry (Fry et al., 2000).
Patients taking zaleplon were less likely to suffer
withdrawal symptoms than those on zolpidem (1.5%
and 7.1% respectively, p¼ 0.01).

Figure 2. Zaleplon versus Zolpidem
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Tolerance and rebound insomnia. Fry et al. (2000)
reported no evidence of tolerance in sleep latency,
duration, quality, or number of awakenings, compar-
ing data from week 1 and 4. Results from Elie et al.
(1999) supported this.

Elie et al. (1999) and Fry et al. (2000) reported the
proportion of patients experiencing rebound insomnia
after the first placebo night post-treatment. Patients on
zaleplon were less likely to experience rebound
insomnia measured by sleep latency (OR 0.27 95%
CI to 0.17 to 0.44), sleep duration (OR 0.25 95% CI
0.15 to 0.41) and number of awakenings (OR 0.34
95% CI 0.18 to 0.61) compared with those on zolpi-
dem (Figures 2c to 2e, respectively).

Daytime alertness and global impression of treatment.
Two studies by Zammit (2000) assessed measures of
sedation and psychomotor performance but no direct
treatment comparisons were made. In the crossover
study by Allain et al. (2003) 62.3% of patients favour-
ed zolpidem compared with 37.7% who favoured
zaleplon ( p¼ 0.08).

Zolpidem versus zopiclone

Sleep outcomes. Only one study by Tsutsui (2001)
compared zolpidem with zopiclone. Sleep latency
improved from baseline at the end of treatment and

Figure 2. Continued
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the proportion of patients showing an improvement in
sleep latency was significantly higher with zolpidem
than with zopiclone (85.8% versus 77.5% respec-
tively, p¼ 0.041).

Adverse events. Fewer patients in the zolpidem group
experienced adverse events ‘related’, ‘possibly
related’ or ‘probably related’ to treatment than with
those in the zopiclone group (31.3 and 45.3% respec-
tively, p¼ 0.004).

Rebound insomnia. The percentage of patients ex-
periencing deterioration from baseline in sleep onset
latency differed significantly between treatments
(4.5% in the zolpidem group and 15.4% in the zopi-
clone group, p¼ 0.005). None of the other changes in
sleep parameters differed significantly between the
treatments.

Daytime alertness, global impression of treatment.
No direct comparisons assessing daytime physical
condition were made. The study reported a non-
significant difference with regard to global impression
of treatment (69.7% of patients in the zolpidem group
and 61.6% in the zopiclone group were rated as at
least moderately improved by the investigator).

DISCUSSION

Limitations of the data hamper the ability to draw
conclusions from this systematic review. There seem
to be minor differences between the drugs, but it is
difficult to quantify these or evaluate their clinical
importance. Zolpidem may give rise to less rebound
insomnia and shorter sleep latency than zopiclone,
but there is no convincing difference when compared
with the benzodiazepines. Zaleplon gives shorter
sleep latency than zolpidem, but a shorter duration
and quality of sleep, and less rebound. Some of these
differences seem to be related to the pharmacological
profiles of the drugs. For instance, zaleplon is more
rapidly absorbed and cleared in contrast to the other
drugs, which may result in shorter sleep onset latency
but shorter duration of sleep than zolpidem. Zaleplon
might therefore be a more appropriate drug than
zolpidem for patients with problems falling asleep,
but not for those who tend to wake during the night
or suffer from early awakening. In absolute terms,
however, the benefit in sleep latency seems small
and the value of zaleplon over zolpidem is open to
question. Some drugs, on the other hand, show less
daytime drowsiness than others, usually again a func-
tion of the pharmacokinetics of the drugs, with drugs

with a long half-life such as nitrazepam the worst
offenders in this regard. However, our review has
not found any consistent differences between the
drugs, in part because of lack of sufficient evidence
and the poor quality of reporting. In summary, the
short-acting drugs seem to have minor differences that
may lead prescribers to favour one over another in
certain patients.

The results from this review must be interpreted
with considerable caution. Many of the studies are
of poor methodological quality and it has been diffi-
cult to extract and compare data from the studies to
address the review question. Furthermore, sample size
calculations were not reported in any studies (except
in Allain et al. (2003)) and therefore it is difficult to
assess whether studies were underpowered to detect
clinically important differences between treatments.
There was also evidence of multiple statistical testing
without adjustment in some studies, which may have
led to the reporting of spurious findings. Some cross-
over studies (Pull et al., 1983; Van der Kleijn, 1989;
Wheatley, 1985; Allain et al., 2003) did not have ade-
quate washout periods between treatments. Only few
studies reported their results in sufficient detail to
allow us to undertake a meta-analysis.

Clinical pharmacological trials, which included
volunteer subjects (e.g. those not experiencing in-
somnia), did not meet the review inclusion criteria.
However, examination of these studies could provide
useful comparative data to discriminate between dif-
ferent compounds.

A final reason for caution is that most included stu-
dies were conducted with pharmaceutical company
involvement, a factor known to cause bias in reported
studies (Rochon et al., 1994; Bhandari et al., 2004).

Therefore, due to limitations of available research,
no firm conclusions can be drawn and there are clear
research needs in this area. We would recommend that
further consideration should be given to a sufficiently
large non-commercially supported double blind ran-
domized placebo-controlled trial of at least 4 weeks’
duration to allow direct comparisons of some of the
key drugs and reliable conclusions to be made.
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