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Abstract
Introduction and Aims. Pseudoephedrine is a precursor often diverted into the illegal manufacture of amphetamine type
substances (ATS).The aim of this study was to evaluate the effectiveness of a linked electronic medication recording system
(LEMS) established in Australian pharmacies in 2005 for preventing the diversion of pseudoephedrine. Design and
Methods. The number of illegal ATS laboratories detected in each jurisdiction of Australia from 1996–1997 to 2004–2005
were analysed by linear regression nationally and by each jurisdiction.The statistical significance of seizures in 2005–2006 was
based on the comparison of the observed value to the 95% prediction confidence intervals calculated from the historical data
for each jurisdiction and nationally.Results.Pharmacies in Queensland commenced an LEMS in late 2005 to minimise retail
pseudoephedrine diversion. The number of ATS laboratories seized in 2005–2006 in Queensland was significantly lower
(P < 0.05) than predicted by historical data. For all other jurisdictions and nationally the totals of laboratories seized in
2005–2006 were not significantly different from predicted values. Discussion and Conclusions. The significant decline in
ATS illegal laboratories seized in Queensland in 2005–2006 suggests the effective use of LEMS in pharmacies to minimise
pseudoephedrine diversion. In order to evaluate a national LEMS, more frequent data on numbers of linked pharmacies,ATS
laboratories seized and indicators of pseudoephedrine sales and misuse are required.Testing the use of LEMS by pharmacies for
preventing the diversion of other medicines seems appropriate. [Berbatis CG, Sunderland VB, Dhaliwal SS. Linked
electronic medication systems in community pharmacies for preventing pseudoephedrine diversion: A review of
international practice and analysis of results in Australia. Drug Alcohol Rev 2009]
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Introduction and aims

Reports on the epidemiology and control of substance
and drug misuse have concentrated on illicit agents and
the non-medical use of prescription medicines [1,2].
The United Nations Office on Drugs and Crime
ranked ‘amphetamine type substances’ (ATS), includ-
ing methamphetamine, second to cannabis in 2005/
2006 in the worldwide prevalence of misuse of illicit
agents [1]. The United Nations Office on Drugs and
Crime ranked ATS manufacture in South-East Asia
equal highest and the prevalence of ATS use in Oceania
was greater than any region in the world. In Australia,

the prevalence of lifetime and last 12 month use of ATS
were 9.1% and 3.2%, respectively [3,4].The realisation
in the 1990s that a proportion of worldwide production
of illicit ATS was synthesised from precursor ingredi-
ents in non-prescription products alerted authorities to
another large source of material diverted to illicit syn-
thesis and misuse [1,5].

Amphetamine type substances are manufactured in
large clandestine (illegal) laboratories or ‘superlabs’
that produce more than 4 kg of methamphetamine in a
cycle, or in rudimentary small (‘mom and pop’ or ‘box’)
operations for local consumption [5,6]. In the USA
federal regulations were introduced from 1989 to 1997
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to curtail large-scale producers by imposing controls
on the import and trafficking of bulk pseudoephedrine
and other precursor substances [7,8]. The rates of
methamphetamine-related hospital admissions and
arrests declined for periods following each of these
regulatory interventions and then subsequently
increased [7,8]. The resurgences were attributed partly
to producers who had obtained the precursor ingredi-
ents from local retail sources.

From 2001, a number of counties and states in the
USA restricted the retail display and sale of pseu-
doephedrine and other non-prescription ingredients
used as precursors in the manufacture of ATS [9]. In
2006, the federal Combat Methamphetamine Epi-
demic Act required retailers of products containing
such ingredients to hold records of individual pur-
chases, verify the identity of the purchaser, ensure daily
sales to not exceed 3.6 g per purchaser, or monthly
sales to not exceed 9 g per purchaser. This led to
increased seizures of illegal laboratories, but frequent
multiple retail purchases from outlets often in close
proximity and ATS misuse and ATS toxicity continued.
The USA, unlike Australia, has no national class of
non-prescription medicines restricted to pharmacies,
hence compliance by the numerous retailers of the
products was difficult to enforce [9–11].

A linked electronic medication recording system
(LEMS) electronically records and transmits data on
the sales of pseudoephedrine automatically to all phar-
macies in real time. LEMS for preventing diversion in
pharmacies was first tested in Arkansas and Kentucky
[12]. The ‘Methcheck’ LEMS (Apprises Inc., Ken-
tucky) was implemented in 15 pharmacies in Laurel
County, Kentucky in 2005. The ‘LeadsonLabs Meth-
Monitor’ LEMS (LeadsonLine Dallas, Texas) was
established in 18 pharmacies in North Little Rock,
Arkansas in 2006. Both these initiatives led to increased
numbers of local clandestine laboratory seizures,
increases in methamphetamine-associated arrests and
savings in law enforcement resources [13,14]. In 2008
these two states became the first to legislate LEMS to
be installed in pharmacies for recording pseudoephe-
drine purchases [12]. The final number of pharmacies
with LEMS in these states will approximate just 4% of
all US pharmacies; hence linkage in the USA will be
limited.

Neither the UK nor European Union countries have
reported LEMS in pharmacies to prevent the diversion
of pseudoephedrine.The Royal Pharmaceutical Society
of Great Britain has resisted a government proposal
to reclassify all pseudoephedrine-containing medicines
from Pharmacy to prescription-only medicines [15].
The ‘Pharmanet’ LEMS adopted in 1996 by pharma-
cies throughout British Columbia has not been used to
prevent the diversion of pseudoephedrine [16]. In New

Zealand, there is no LEMS in pharmacies nor a
national process for reporting questionable purchases
of pseudoephedrine [17].

In Australia, each community pharmacy on average
serves a population of 4200 in a primary care system
with a formulary of prescription medicines funded
largely by the national government [18]. Australia’s
‘pharmacy’ (Schedule 2 or S2 medicines) and
‘pharmacist-only medicines’ (S3) schedules of non-
prescription medicines facilitate high access by con-
sumers when compared with other developed countries
[11].

On 1 January 2006, all S2 products containing pseu-
doephedrine throughout Australia became S3 under
the Standard for the Uniform Scheduling of Drugs and
Poisons [19]. From 1 April 2006, all liquid preparations
containing over 800 mg of pseudoephedrine and pack-
ages of other products containing over 720 mg were
rescheduled to prescription medicines (S4). Each
jurisdiction regulates the supply of pseudoephedrine
products by pharmacists. Pharmacists in Victoria
must establish a therapeutic need before issuing the
products. New South Wales regulates details of the
purchaser and product to be recorded.Western Austra-
lia and South Australia additionally require photo-
identification. In addition to the above Queensland
regulations included the recording of the type of pur-
chaser identification. Pharmacists in South Australia
must also forward details monthly to the relevant
department. The regulations were designed to prevent
inappropriate purchases from pharmacies, but the
impact on diversion has been limited without a linked
system (LEMS) to electronically record and transmit
data on the sales of pseudoephedrine automatically to
all pharmacies, the police or other authorities.

In 2002, a study of a nationally representative sample
of Australian pharmacies estimated conservatively that
863 000 requests per annum for non-prescription
products in 2002, during a period of high national
pseudoephedrine sales, were reported to be suspected
of misuse [18,20]. The estimate approximated 4.3% of
all S3 products sold nationally, including preparations
containing pseudoephedrine, antihistamines, sympa-
thomimetics, opioid analgesics and cough suppressants.
Supply was reported to be refused by pharmacists on
an estimated 631 000 occasions of requests for these
medications. These national estimates provided
notional benchmarks for the prevention of diversion of
all S3 non-prescription products, including those con-
taining pseudoephedrine before the introduction of
LEMS in Australia.

In November 2005 an LEMS with an online data-
base entitled ‘Project Stop’ was introduced into Queen-
sland pharmacies and managed by the Pharmacy Guild
of Australia in cooperation with the state police [21]. By
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April 2007, 85% of Queensland’s community pharma-
cies were enrolled. It is a real-time Web-based system
that processes recorded data of a request for a pseu-
doephedrine product by an identified purchaser. The
data are instantaneously transferred to a central collec-
tion system. A global positioning system depicts the
locations of the pharmacies who recorded requested
purchases, the prospective purchaser and the actions
taken by the pharmacy.The system enabled authorised
pharmacists, law enforcement and health department
personnel to view the data for the purposes of identi-
fying cases of suspected diversion and to compare pseu-
doephedrine purchases with wholesaler supplies to
pharmacies. It allowed pharmacists to authenticate pro-
fessional and legal obligations before sale by using the
information recorded in the LEMS.

One way to evaluate the impact of LEMS is to
examine changes to the numbers of illegal laboratories
seized after the initiative was implemented. This study
analysed the numbers of seizures of illegal laboratories
as an indicator of the effectiveness of the LEMS in
Queensland to prevent pseudoephedrine diversion.

Method

The effectiveness of the LEMS introduced in Queen-
sland’s pharmacies in 2005 was analysed by fitting
separate linear regressions to the data on the reported
numbers of illegal laboratories seized in each jurisdic-
tion of Australia and to the national total from 1996–
1997 to 2004–2005 [6,22,23]. These laboratories
manufactured ATS and MDMA (3,4 methylene
dioxymethylamphetamine) [22,23]. The data for each
jurisdiction were analysed by using Linear Regression
Analysis, and the 95% prediction confidence intervals
were calculated. If the observed value in 2005–2006 for
any jurisdiction was outside the 95% confidence inter-
val for prediction based on historical data (pre-2005–
2006), then the observed value was considered as
statistically significant (P < 0.05).

Results

The total numbers of illegal laboratories seized yearly in
Australia by jurisdiction from 1996–1997 to 2005–
2006 appeared to stabilise excepting in Queensland
(Table 1).

The 95% confidence intervals for prediction for
2005–2006 were calculated for each jurisdiction and
nationally by applying Linear Regression Analyses to
the historical data to 2005 and to the limited results
after the introduction of Project Stop. The reported
value of the number of illegal laboratories in 2005–
2006 for Queensland was 161 seizures. The predicted
confidence intervals were 172.6–286.0 indicating a sig-
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nificantly lower number (P < 0.05) than that predicted
from historical data (Table 2). For New South Wales,
Victoria,Western Australia, South Australia andTasma-
nia the predicted values were not significantly different
from those that occurred. Linear Regression Analyses
were not appropriate for the Northern Territory and
Australian Capital Territory because of low numbers
and the failure of assumptions required for the analyses.
Nationally, the number of laboratories seized was not
significantly different from the predicted confidence
intervals.

The decline in numbers seized in Queensland in
2005/2006 appeared inconsistent with most other juris-

dictions where no significant changes in the predicted
result occurred (Figure 1). For the 12 month period
ending June 2006, the Australian Crime Commission
attributed Project Stop with part of the reduction in
illegal laboratories in Queensland (Table 1) and with
more than 30 arrests following electronic communica-
tions from participating pharmacies [22].

Discussion

Past indicators for measuring the control of pseu-
doephedrine diversion into ATS manufacture have
included the numbers of illegal laboratories seized, the
weight of ATS obtained in seizures and the numbers of
arrests for methamphetamine-associated distribution
[1,3]. The significantly increased laboratory seizures in
Queensland compared with other states were consid-
ered to be additional to the results achieved by the
controls on the import and distribution of ATS precur-
sors and the tightened requirements of the rescheduling
implemented in 2006. The reported increase in the
number of ATS-associated arrests, but the decreased
weight of ATS seized were similar to experiences in the
USA and were consistent with the high proportion
of small illegal laboratories seized in Queensland
[1,10,22,23].

There are a number of limitations to the analysis.
First, ‘Project Stop’ was commenced in November
2005 and the number of linked pharmacies increased
subsequently, hence the total of laboratory seizures
reported for the year ended 30 June 2006 probably
underestimated the effect of the LEMS over
12 months. The reliance on total yearly results of just
one indicator, namely a reduction in the number of
seized illegal laboratories, is insufficient in drawing firm

Table 2. Comparison of the observed illegal laboratories seized in
Australia by jurisdictionin 2005–2006 with the 95% confidence
interval for prediction based on historical data (pre-2005–2006)

State/territory

2005–2006
observed

value

95% confidence
interval for
prediction

New South Wales 55 34.0–86.6
Victoria 47 8.3–60.0
Queenslanda 161 172.6–286.0
South Australia 50 18.0–71.1
Western Australia 58 38.2–58.3
Tasmania 5 -0.9–6.1
Northern Territoryb 12 -2.0–29.6
Australian Capital Territoryb 2 -2.0–5.5
Total 390 386.5–469.4

aindicates that the 2005–2006 observed value is not within the
95% confidence interval for prediction (P < 0.05). bindicates
that Linear RegressionAnalysis was not appropriate because of
low numbers and failure of assumptions required for analysis.

Figure 1. Total of clandestine laboratories seized in all states in Australia from 1997 to 2006 and in QLD during Project Stop in
2005–2006.ACT, Australian Capital Territory; NSW, New SouthWales; NT, Northern Territory; QLD, Queensland; SA, South Australia;

TAS,Tasmania;VIC,Victoria;WA,Western Australia.
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conclusions. In addition, in late 2006, a Queensland
Health Pseudoephedrine Enforcement Taskforce was
established to coordinate Project Stop with wholesaler
and retail data on pseudoephedrine sales. Random
audits of pharmacies were also undertaken. The effects
of the Taskforce would presumably enhance the effec-
tiveness of ‘Project Stop’, but occurred outside the time
frame of this study.

There are also other plausible explanations for the
change in Queensland laboratory seizures. Relatively
stricter checking of pharmacies and enforcement of the
scheduling changes in 2006 by Queensland’s govern-
ment agencies may have contributed to the reduced
sales of pseudoephedrine and hence subsequent lower
diversion. The decline in seizures may have also been
more pronounced because of Queensland’s higher pro-
portion of small laboratories that depend on the retail
diversion of pseudoephedrine. Finally, factors, such as
changes in law enforcement practices and priorities
may also account for the results. These alternative
explanations are suppositional without more complete
data. In particular, the more frequent measurement and
reporting of indicators together with the increased
numbers of pharmacies enrolled into Project Stop may
have allowed the impact of the LEMS to be differenti-
ated from the other measures. These observations are
relevant to the LEMS being implemented in 2008
nationally through pharmacies by the Pharmacy Guild
with the assistance of a government grant.

This study found that Queensland had significantly
lower seizures of illegal laboratories in 2005–2006 com-
pared with expected trends from historical data in other
jurisdictions and nationally. The results suggested that
the decreased diversion of pseudoephedrine associated
with LEMS in pharmacies was additional to any reduc-
tion achieved by other control measures and the
national rescheduling implemented in 2006. The high
acceptance of Project Stop by pharmacies reflected the
convenience of electronically recording both profes-
sional and legal requirements.

The need for LEMS more broadly for preventing the
diversion and misuse of non-prescription agents has
been emphasised again in 2007 by continuing reports
of the misuse of paediatric cough and cold medicines in
the USA, which are S3 in Australia [24].

The LEMS introduced in 2005 in Queensland phar-
macies to prevent the diversion of pseudoephedrine
appears to have added significantly to the number of
laboratory seizures achieved by national controls,
including scheduling changes. In order to more accu-
rately evaluate the national expansion of this LEMS,
the numbers of pharmacies linked to the LEMS and
other indicators of pseudoephedrine diversion should
be reported frequently. The wider contribution of
LEMS in preventing the diversion of other non-

prescription and prescription medicines provided by
pharmacies may be considered appropriate for testing.
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