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ABSTRACT: All cases presenting to the New South Wales Department of Forensic Medicine between January 1, 2001 and September 31, 2010
in which zolpidem was detected, were retrieved. A total of 91 cases were identified. The mean age was 49.4 years, 65.9% were male, and 61.5%
were suicides. Zolpidem was a factor contributing to death in 35 (37.3%) cases, of which 31 (34.1%) involved zolpidem toxicity. The median blood
zolpidem concentration was 0.20 mg ⁄ L (range 0.05–3.50 mg ⁄ L), with no significant gender difference. Drug toxicity cases involving zolpidem had
significantly higher median blood zolpidem concentrations than other cases (0.50 vs. 0.10 mg ⁄ L). In 83.5% of cases, psychoactive substances other
than zolpidem were detected, most commonly antidepressants (46.2%), benzodiazepines (35.2%), opioids (26.4%), and alcohol (39.6%). In summary,
zolpidem was a factor contributing to death in a large proportion of cases, predominately involving drug toxicity and suicide.
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Zolpidem is a quick onset, short-acting nonbenzodiazepine hyp-
notic, used for the treatment of insomnia (1,2). While believed to
be a safer alternative to benzodiazepines for the treatment of insom-
nia, having lower risks for both toxicity and dependence (3,4),
numerous instances of adverse events after administration have been
reported. These include bizarre dissociative behaviors such as sleep
driving, anterograde amnesia, hallucinations (including self-harm
command hallucinations), and suicide (4–11). Despite its lower risk
of toxicity, cases of accidental and deliberate zolpidem poisoning
have been reported (12–17). In most cases of toxicity reported in
the literature, multiple substances have been detected, most com-
monly central nervous system (CNS) depressants (12–17).

The current study aimed to determine the demographic character-
istics, the involvement of zolpidem in the cause of death, circum-
stances of death, and toxicology of cases presenting to the
Department of Forensic Medicine (DOFM), Sydney, over the per-
iod January 1, 2001–September 31, 2010 in which zolpidem was
detected during routine quantitative toxicological investigations.

Methods

Case Identification

All cases autopsied at the DOFM between January 1, 2001 and
September 31, 2010 in which zolpidem was detected in blood,

liver, or urine were identified. Autopsy reports and police summa-
ries of all such cases were retrieved from the database of the
DOFM. Permission to inspect the files had been received from the
Sydney South West Area Health Service human research ethics
committee. The DOFM is located in central Sydney, and is the pri-
mary forensic pathology center in NSW, conducting approximately
3000 autopsies a year. All cases were reviewed by the authors.

In NSW, a case must be reported to the Coroner where a person
dies a violent or unnatural death, or a person dies suddenly and the
cause is unknown. All such cases, including all those presented
here, undergo a standardized forensic autopsy, with examination of
all major organs, including microscopy. Information was collected
on age (years), body length (m), and weight (kg), and body mass
index (BMI) calculated. Quantitative toxicological analysis is per-
formed in all nonnatural deaths. Cause of death is determined by
the forensic pathologist based on the circumstances of death, the
comprehensive autopsy findings, and the toxicological analyses.
The role of zolpidem toxicity was determined with reference to
known toxic concentrations (1). Cases were classified as suicide
based on a determination by the Coroner. In those cases where the
Coroner made an open or no finding in relation to suicide, the
authors classified cases as suicide based on the presence of suicide
notes, verbal statements of intent given to witnesses, police reports,
and witness statements.

Toxicological Analyses

All presented toxicological analyses were of peripheral blood
(femoral or subclavian vessels), liver samples, or of urine, and were
conducted by the Division of Analytical Laboratories, NSW
Department of Health. Toxicological data were reported for zolpi-
dem, morphine, methadone, buprenorphine, oxycodone, alcohol,
cannabis (D-THC), methamphetamine (either methamphetamine or
amphetamine), cocaine (determined by the presence of cocaine
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itself and ⁄or the presence of benzoylecgonine), 3,4 methylenedioxy-
methamphetamine (MDMA), benzodiazepines, antidepressants, and
antipsychotic medications. All samples were screened by immuno-
assay and either by gas chromatography or high-performance liquid
chromatography. Zolpidem was measured quantitatively in blood
and urine by liquid chromatography with photo-diode array detec-
tion or gas chromatography with nitrogen phosphorus detection and
confirmed by gas chromatography-mass spectrometry, with a
screening detection of 0.05 mg ⁄L.

Statistical Analyses

Where distributions were highly skewed, medians and inter-quar-
tile ranges (IQR) were reported, otherwise means were presented.
For bivariate comparisons, t-tests or odds ratios with 95% confi-
dence interval were reported. For analysis of nondichotomous cate-
gorical variables, chi-square analyses were conducted. Spearman
rank order correlations were used to correlate skewed distributions.
All analyses were conducted using PASW, release 18.0 (18).

Results

Case Characteristics

A total of 91 cases were identified, 65.9% of which were male
(Table 1). In four cases, zolpidem was present only in urine. In fur-
ther five cases, zolpidem was detected in the liver, with sample
decomposition preventing analysis of blood. The mean age was
49.4 years (SD 15.8, range 20–93 years), with female cases being
significantly older (t89 = 2.26, p < 0.05). A minority were mar-
ried ⁄de facto, and a third were known to have been employed. The
direct causes of death were drug toxicity (n = 41), disease
(n = 20), hanging ⁄asphyxia (n = 19), drowning (n = 8), traumatic
injury (n = 6), gassing (n = 2), and electrocution (n = 1). In two
cases, cause of death could not be determined. Zolpidem was noted

as a direct, or contributing, factor to death in 35 cases (37.3%), on
which 31 (34.1%) involved zolpidem toxicity. Bizarre, dissociative
behaviors that resulted in death were noted in two cases, both of
which involved falls from heights. In one case, the person was
reported to be dissociated, and was observed dancing on a window
ledge prior to the fall, while the other abruptly jumped out of a
window during an argument.

Approximately 60% of cases were classified as suicides, with no
difference from other cases in either gender (p = 0.91) or age
(p = 0.19). The most common suicide method was drug toxicity,
followed by hanging. In 31 of the 56 suicides (55%), zolpidem
was noted as contributing to the death.

Toxicology

Blood zolpidem concentrations were available for 86 cases. The
median concentration was 0.20 mg ⁄L (IQR 0.54, range 0.05–
3.50 mg ⁄ L) (mean = 0.47 mg ⁄L), with no significant association
with gender (p = 0.09), age (p = 0.30), or BMI (p = 0.67)
(Table 2). The distribution of zolpidem blood concentrations was
skewed (skewness = 2.5, kurtosis = 6.7), with 15.1% of cases hav-
ing concentrations of 1.0 mg ⁄ L or greater (Fig. 1).

In 76 ⁄ 91 (83.5%) of cases, psychoactive substances other than
zolpidem were detected. The most prevalent substances were CNS
depressants: antidepressants, alcohol, benzodiazepines, and opioids.
The mean blood alcohol concentration among alcohol positive
cases was 0.08 g ⁄ 100 mL (range 0.01–0.21 g ⁄ 100 mL). Antipsy-
chotics, cannabis, and psychostimulants were only present in small
proportions.

Cases of drug toxicity that included zolpidem had significantly
higher median blood zolpidem concentrations than other cases
(0.50 vs. non 0.10 mg ⁄L, U = 1245, p < 0.001) (means 0.78 and

TABLE 1—Characteristics of cases in which zolpidem was detected, 2001–
2010.

Male (n = 60) Female (n = 31) All (n = 91)

Age (mean years) 46.6 54.5 49.4
Marital status (%)

Single 35.0 25.8 31.9
Married ⁄ De facto 36.7 38.7 37.4
Separated ⁄ divorced 8.3 6.5 7.7
Widow ⁄ er 1.7 12.9 5.5
Unknown 18.3 16.1 17.6

Employment status (%)
Unemployed 18.3 22.6 19.8
Employed 41.7 22.6 35.2
Disability

pension ⁄ sickness benefits
1.7 – 1.1

Student 3.3 3.2 3.3
Retired 6.7 29.0 14.3
Unknown 28.3 22.6 26.4

Suicide (%) 60.0 64.5 61.5
Hanging ⁄ asphyxia 16.7 9.7 14.3
Toxicity (gas ⁄ substance) 25.0 29.0 26.4
Toxicity and asphyxia 3.3 6.5 4.4
Toxicity and drowning 1.7 6.5 3.3
Fall from height 3.3 0 2.2
Electrocution 1.7 0 1.1
Drowning 5.0 9.7 6.6
Sharp object injury 1.7 0 1.1
Gunshot 1.7 3.2 2.2

BMI (mean) 27.9 26.7 27.5

TABLE 2—Toxicology of cases in which zolpidem was detected,
2001–2010.

Male (n = 60) Female (n = 31) All (n = 91)

Zolpidem (median mg ⁄ L)* 0.20 0.30 0.20
Benzodiazapines (%) 31.7 41.9 35.2

Diazepam 18.3 29.0 22.0
Temazepam 6.7 19.4 11.0
Alprazolam 6.7 12.9 8.8
Oxazepam 5.0 12.9 7.7
Flunitrazepam 1.7 0.0 1.1

Any blood opioid (%) 20.0 38.7 26.4
Buprenorphine 0 0 0
Codeine 11.7 25.8 16.5
Methadone 1.7 3.2 2.2
Morphine 3.3 9.7 5.5
Oxycodone 5.0 6.5 5.5
Other opioid 3.3 3.2 3.3

Alcohol (%) 45.0 29.0 39.6
Psychostimulants (%) 3.3 – 2.2

MDMA 3.3 0.0 2.2
Cocaine 0.0 0.0 0.0
Methamphetamine 0.0 0.0 0.0

Cannabis (%) 1.7 3.2 2.2
Antidepressants (%) 40.0 58.1 46.2

SSRI 28.4 25.8 27.5
SNRI 10.0 9.7 9.9
Tricyclics 1.7 16.1 5.5
Tetracyclics 1.7 9.7 3.3
MAOI 1.7 3.2 1.1

Antipsychotics (%) 5.0 9.7 6.6
Chlorpromazine 0.0 6.5 2.2
Olanzapine 5.0 3.2 4.4

*n = 86 (five cases liver zolpidem only).
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0.30 mg ⁄ L respectively). Of the 31 cases of zolpidem toxicity, 28
had drugs other than zolpidem also present, most commonly ben-
zodiazepines (15 ⁄ 31), opioids (15 ⁄ 31), antidepressants (15 ⁄ 31), and
alcohol (11 ⁄ 31). Of these cases, 21 were suicides.

Discussion

Several major findings emerged from this case series. First, zolp-
idem was deemed a factor contributing to death in a third of cases
in which it was detected. The majority of cases in which zolpidem
contributed to death were cases of drug toxicity. Blood zolpidem
concentrations in such cases were five times higher than other
cases. Indeed, a quarter of such cases had zolpidem concentrations
that exceed 1.0 mg ⁄L, far in excess of therapeutic concentrations,
as has been reported in other case series (1,12–17). Doses far in
excess of those prescribed, both in suicide and accidental overdose,
appeared common.

As has been seen previously with zolpidem toxicity (12–17), other
psychoactive substances were present in the majority of cases, most
commonly other CNS depressants. Such patterns of polydrug toxic-
ity are commonly seen among illicit drug users, and substantially
contribute to drug-related death (19). Polydrug toxicity is clearly a
clinical problem for users of depressant drugs per se. Alcohol is
illustrative, as it is contraindicated when medicated with zolpidem.
Despite this, approximately 40% of cases had consumed alcohol
prior to death, with a median concentration of 0.08 g ⁄100 mL.

Over half of cases in this series were suicides, including two-
thirds of toxicity cases. Associations with self-harm and suicide
have been noted previously for other sedatives and hypnotic drugs,
such as diazepam (20–22), as well as isolated case reports related
to zolpidem (7,8). While care should be taken in imputing causal-
ity, the high proportion of suicides in cases where zolpidem was
deemed to be a contributor to death suggests that a high degree of
caution is warranted in prescribing zolpidem, particularly for those
known to have mood disorders, as is the case for all sedative or
toxic drugs. The findings also suggest that standardized screening

for zolpidem, and potentially other ‘‘Z-drugs’’ in fatalities present-
ing for medico-legal death investigation, is warranted.

As noted earlier, there have been concerns about reports of atypi-
cal, dissociative behaviors occurring among patients after consum-
ing zolpidem (4–11). Evidence for such sequelae of zolpidem
ingestion was seen here. In two of the deaths in this series, both of
which involved falls from heights, such behaviors were noted. One
was an abrupt leap from a window during an argument, which was
deemed to be an impulsive suicide, while the other involved bizarre
and atypical behaviors on a high story window ledge. In neither
case, was there a history of severe psychopathology. Both cases
involved multiple substances. In addition to their zolpidem con-
sumption, both cases had high blood alcohol concentrations
(>0.10 g ⁄100 mL), and one case also had MDMA detected. The
dissociative behaviors thus occurred in the context of polydrug use
that was typical of this case series.

We must put these findings in an epidemiological perspective. In
2008, in Australia, the rate of zolpidem prescription was 0.91
defined daily doses per 1000 of the population. With this in mind,
the number of cases presented in this study is relatively small com-
pared with population dosage. The reader should not have the
impression that there is an epidemic of zolpidem-related cases. This
case series, however, has demonstrated that cases in which zolpi-
dem directly contributes to death do occur, most commonly pre-
senting as multiple drug toxicity. It should be noted, however, that
data on accident and emergency presentations involving zolpidem
were not available.

In summary, in a large proportion of cases in which zolpidem
was detected, the drug was a factor contributing to death, and a
large proportion of such cases were suicides. Multiple drug toxicity
was the dominant cause of death, with CNS drugs other than zolpi-
dem seen in nearly all such cases.
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