
Research

MJA 198 (206

Angela C Rintoul
BA, MSocSci,

Doctor of Public Health
Candidate1

Malcolm D H Dobbin
MB BS, PhD, MPH,

Senior Medical Adviser
(Alcohol and Drugs)2

Suzanne Nielsen
BPharm, BPharmSc, PhD,

NHMRC Postdoctoral
Research Fellow3

Louisa Degenhardt
BA(Hons),

MPsychology(Clinical),
PhD,

Professor of Epidemiology
and NHMRC Senior

Research Fellow4

Olaf H Drummer
PhD(Med),

BAppSc(Chem), FRCPA,
Head5

1 Department of
Epidemiology and

Preventive Medicine,
Monash University,

Melbourne, VIC.

2 Mental Health, Drugs and
Regions Division,

Department of
Health, Victoria,
Melbourne, VIC.

3 Discipline of Addiction,
University of Sydney,

Sydney, NSW.

4 National Drug and
Alcohol Research Centre,

University of
New South Wales,

Sydney, NSW.

5 Department of
Forensic Medicine,

Monash University,
Melbourne, VIC.

angela.rintoul@
monash.edu

MJA 2013; 198: 206–209
doi: 10.5694/mja12.10986
Recent increase in detection of alprazolam 
in Victorian heroin-related deaths
The Medical Journal of Australia ISSN: 0025-
729X 4 March 2013 198 4 206-209
©The Medical Journal of Australia 2013
www.mja.com.au

Research

lent individuals, and theft.1,13

Victoria, most alprazolam (81%
by PWID in 2011 was obtained
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Objectives:  To examine the rate of detection of alprazolam among cases of 
heroin-related death (HRD) in Victoria, including the relationship between 
alprazolam supply and HRDs.

Design and setting:  Population-based study of community alprazolam supply 
in Victoria and HRDs reported to the Victorian coroner from January 1990 to 
December 2010.

Main outcome measures:  Number of prescriptions for alprazolam supplied; 
defined daily dose (DDD) per 1000 population per day of alprazolam; number 
of cases of HRD in which alprazolam was detected through postmortem 
toxicological testing.

Results:  Alprazolam supply increased by 1426%, from 0.42 DDD/1000/day in 
1990, to 6.41 in 2010. For every 1 unit increase in DDD/1000/day, the proportion 
of cases of HRD in which alprazolam was detected increased at an incidence 
rate ratio of 2.4 (95% CI, 2.1–2.8; P < 0.001). Alprazolam was detected among 
increasing proportions of HRDs, from 5.3% in 2005 to a peak of 35.3% in 2009.

Conclusion:  The increase in detection of alprazolam among cases of HRD, 
particularly since 2005, and the disproportionate increase in prescribing of the 
high-dose 2 mg formulation compared with other formulations suggest a need 
to examine alprazolam prescribing and to identify inappropriate prescribing and 
the circumstances of diversion from licit to illicit use.
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  use of benzodiazepines by

ioid-dependent people is
despread.1-4 The 2011 Vic-
cit Drug Reporting System

(IDRS), a sentinel survey of people
who inject drugs (PWID), reported
92% lifetime and 71% recent (in the
past 6 months) use among PWID.5

PWID use benzodiazepines for a
number of reasons: to enhance the
intoxicating effects of heroin or other
opioids, manage anxiety, or manage
withdrawal symptoms.3

Th e cont r ibut ion of ben zo-
diazepines to heroin overdose is well
established.6,7 Alprazolam is a ben-
zodiazepine registered in Australia
for short-term treatment of anxiety
and panic disorder. It is not recom-
mended as f irst-line treatment
because of concerns about risks of
dependence and its potential for
misuse.4,8

Alprazolam, like other commonly
misused drugs, has a rapid onset and
offset of action and high potency.8

Alprazolam may also be more toxic
in overdose than other benzo-
diazepines.9 Laboratory-based studies
have found that in combination with
methadone, alprazolam has signifi-
cant effects on respiration.10 A review
of the interaction concluded that most
evidence suggests the interaction is
pharmacodynamic in nature.11

Victorian IDRS reports showed
recent alprazolam use increased from
8% in 200512 to 69% in 2011.5 Alpra-
zolam is now the most commonly
injected benzodiazepine,5 with a
reported street price of three tablets
for $10.13 Alprazolam use is associ-
ated with disproportionate levels of
harm, including amnesia, violent out-
bursts of rage in otherwise non-vio-
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prescribing and to guide appropriate
policy responses. We investigated
trends in alprazolam prescribing and

its detection in heroin-related deaths
(HRDs) in Victoria. Our hypothesis
was that increased mean consump-
tion of alprazolam is likely to have
significant effects on heroin users,16 a
population already vulnerable to drug
toxicity.

Methods

Victorian prescription estimates

Estimates of prescription numbers for
all dose formulations of alprazolam
dispensed in Victoria for each calen-
dar year, 1990–2010, were calculated
from national supply data, Australian
Statistics on Medicines (ASM), pub-
lished by the Pharmaceutical Benefits
Advisory Committee Drug Utilisation
Sub-Committee. We determined the
annual proportion of Pharmaceutical
Benefits Scheme (PBS) supply to Vic-
toria using data from Medicare Aus-
tralia and applied this proportion to
the annual ASM data. The ASM data
provide a more complete estimate of
alprazolam supply, as they include
both private non-PBS prescriptions
(those that do not attract a PBS sub-
sidy) and PBS prescription numbers.

A defined daily dose per 1000 pop-
ulation per day (DDD/1000/day) for
Victoria was calculated for each year
using the same Victorian proportions

derived from the PBS figures, the
DDD for alprazolam (1 mg),17 the
base number of estimated alprazolam
prescriptions in Victoria, the usual
pack size (50 tablets) for each dose
formulation and Victorian population
data.

Alprazolam detection in 
heroin-related deaths

Annual aggregate numbers of HRDs
and annual numbers of cases of HRD
in which alprazolam was detected
were extracted from the Victorian
Institute of Forensic Medicine toxi-
cology database. Cases reported to
the Victorian coroner in the 21-year
period 1990–2010 that were classified
as drug-related deaths, involved her-
oin and had been subjected to toxi-
cology testing were included. All
cases had results for a full range of
toxicology tests, including for etha-
nol and common drugs of misuse. All
presumptive detections had been
confirmed by appropriate analytical
techniques. Alprazolam had been
tested for, using both immunoassay
class tests on urine or b lood
(depending on availability of speci-
mens) and gas chromatography–
mass spectrometry on blood. All
detections had been confirmed and
quantified in blood using validated
methods.
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Ethics approval was granted by the
Victorian Institute of Forensic Medi-
cine Research Advisory Committee.

Statistical analysis

We used a Poisson regression model to
assess the relationship between esti-
mated trends in alprazolam supply and
HRDs involving alprazolam. All statis-
tical tests adjusted for annual fluctua-
tions in HRDs. Data were analysed
using Stata, version 11 (StataCorp). 

Results

Alprazolam prescribing

Alprazolam supply increased by 1426%
from 0.42 DDD/1000/day in 1990 to
6.41 DDD/1000/day in 2010 (Box 1).
The estimated number of Victorian pre-
scriptions for alprazolam increased by
611%, from 609/100000 population in
1990 to 4327/100000 population in
2010 (Box 1). The most remarkable
change was in prescriptions for the
2 mg formulation, which increased
from 4.1% to 27.9% of the population-
adjusted rate for alprazolam prescrip-
tions between 1998 and 2010. Box 2

shows trends in total DDD/1000/day
for the four alprazolam dose formula-
tions. A large proportion of alprazolam
prescriptions were private; in 2009, pri-
vate prescriptions accounted for 37.2%
of all prescriptions.

Heroin-related deaths

There were 2392 HRDs in Victoria
from 1990 to 2010. The annual
number varied considerably over this
time, with a large increase in HRDs
per year from 1993, peaking at 362
deaths in 1999 (Box 1). A large
decrease in HRDs reflected a reduc-
tion in heroin supply in 2001, and
numbers subsequently fluctuated
between 26 and 76 HRDs per year
from 2001 to 2009, increasing to 96 in
2010 (Box 1, Box 3).

The number of alprazolam detec-
tions increased steadily from 2004,
reaching a peak in 2010. Detection
fluctuated between 0 and 4.4% of
HRDs from 1990 to 2004, with a large
increase from 5.2% in 2005 to 35.3%
in 2009, decreasing to 28.1% in 2010
(Box 1, Box 3).

The Poisson regression model
showed that for every 1 unit increase

in DDD/1000/day, HRDs involving
alprazolam increased at an incidence
rate ratio of 2.4 (95% CI, 2.1–2.8;
P < 0.001). Box 4 shows a log linear
relationship between supply and the
proportion of HRDs in which alpra-
zolam was detected.

Discussion

Our study over the 21 years from 1990
to 2010 showed a number of interest-
ing trends in alprazolam prescribing
and supply and its relationship to
HRDs in Victoria. First, the supply of
alprazolam increased despite its status
as a second-line treatment for its
approved indications; second, the
increase in the supply of the high-dose
formulation was disproportionate to
the increase in other formulations; and
third, the rate of detection of alpra-
zolam in HRDs increased more rapidly
after 2005, concurrently with other
reports of increasing harm among
PWID.13 The association between the
detection of alprazolam in HRDs and
alprazolam supply was strong and sig-
nificant. While alprazolam may be
more toxic in overdose than other ben-
zodiazepines,9 the accelerated rate of
detection in this population since 2005
could reflect an increased preference
for and use of alprazolam,1 particularly
the high-dose formulation, among
heroin users.

This raises questions about the
increased prescribing of a drug not
preferred for treatment of its primary
indication,8,18 and for which little evi-
dence exists for effectiveness beyond
short-term use.4 This is especially
important given that it may be more
toxic in overdose.9 We have shown
that the proportion of HRDs in which
this benzodiazepine was detected
increased over time as supply

2 Estimated alprazolam defined daily dose (DDD) per 1000 population per day, by 
dose formulation, Victoria, 1990–2010
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1 Heroin-related deaths (HRDs) and detection of alprazolam, Victoria, 1996–2010*

Parameter 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008

Total number of HRDs 147 157 265 362 331 47 51 90 84 57 26 36 76

Alprazolam detected, 
no. (%)

2
(1.4%)

1
(0.6%)

3
(1.1%)

7
(1.9%)

4
(1.2%)

0
(0.0)

2
(3.9%)

4
(4.4%)

2
(2.4%)

3
(5.3%)

3
(11.5%)

6
(16.7%)

13
(17.1%)

No. of alprazolam 
prescriptions (’000s)

95 100 119 119 134 145 150 161 174 179 188 217 236

Alprazolam prescriptions 
per 100 000 population†

2087 2170 2559 2533 2828 301
2

3074 3257 3488 3526 3653 4146 4431

Defined daily dose/1000 
population/day

2.06 2.22 2.68 2.86 3.25 3.52 3.70 4.00 4.36 4.54 4.77 5.48 6.06

*1990–1995 not shown (there were no HRDs involving alprazolam during this period). † The proportion dispensed in Victoria was estimated using national Medica
Pharmaceutical Benefits Scheme supply of all formulations and this was applied to Australian Statistics on Medicines supply data (see Methods).
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increased. Understanding the reasons
for the increasing average population-
level consumption of alprazolam may
help to decrease its supply and the
harmful effects seen among PWID.
This would be consistent with a previ-
ous study that showed that the average
consumption of potentially harmful
products such as salt and alcohol pre-
dicts the number of people affected in
the statistically “deviant” tail end of a
population distribution.16,19

The number of HRDs has remained
fewer than during the heroin glut in
the late 1990s,20 which led to the peak
in deaths shown in 1999. The lower
numbers are likely to reflect trends in
heroin supply and should not be

interpreted as evidence that alpra-
zolam is relatively safe.

A relative strength of our study is
the reporting of all Victorian HRDs
spanning a 21-year period, enabling
the identification of long-term trends
in alprazolam used shortly before
death. These data provide valuable
information for the future prevention
of deaths among people who use her-
oin. In addition, the prescription data
and DDD calculations are estimates of
the total number of prescriptions dis-
pensed, based on data from the ASM
and Medicare. Incorporating the ASM
data improves the accuracy of total
prescription volume through the
inclusion of private prescriptions.

The finding of a strong and statisti-
cally significant association between
detection of alprazolam in cases of
HRD and its supply in the community
is useful for generating a hypothesis
about possible causes of increasing
detection of this drug in cases of
HRD. However, this does not mean a
causal relationship exists between the
increasing alprazolam supply and
such deaths. The contribution of
alprazolam to deaths involving multi-
ple drugs is difficult to determine, and
it is therefore not possible to specify
the proportion of cases of drug toxi-
city due to combined drugs where
alprazolam contributed directly to
death.21 We used detection of alpra-
zolam as an indication of use by
PWID, rather than contribution to
death per se.

The absolute number and rate of
cases of HRD in which alprazolam
was detected has increased substan-
tially since 2005. Concern about the
misuse of alprazolam in 2010 led to a
request to the Australian National
Drugs and Poisons Schedule Commit-
tee to reschedule it to the more restric-
tive Schedule 8.22 Among the
committee’s stated reasons for not
doing so at that time was that there
was insufficient evidence of a problem.

This study provides further evidence
of the increasing problem, perhaps
involving high-dose formulations, of
use of diverted medications among
PWID.1 Given the growing concerns
with alprazolam use among PWID
and its increasing involvement in
HRDs, supply control measures —
such as better monitoring and surveil-
lance (including real-time prescription
monitoring), rescheduling to Schedule
8, and education of health profession-
als — are warranted. Provision of
information about the risks of concur-
rent use of opioids and alprazolam to
PWID is also essential.
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4 Relationship between annual proportion of heroin-related deaths (HRD) in 
which alprazolam was detected and the annual defined daily dose (DDD) 
per 1000 population per day, Victoria, 1990–2010*

* Yearly figures are plotted and labelled with the number of alprazolam-detected HRD in that year; 
any years with zero alprazolam-detected HRD deaths had the number of alprazolam HRD set to 
0.5 and the proportion of all HRD calculated from this. ◆
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