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Abstract

International bodies including the United Nations, the World Health Organisation and the European Monitoring Centre for Drugs and Drug
Addiction have highlighted the increasing problem of opiate use and have recommended the truncated Poisson methods and capture–recapture
methods, with more than two data sources, for prevalence estimation. This recommendation is difficult to implement however in regions where
data sources are limited. The truncated Poisson method, which requires a single data source, is less publicised but is also endorsed by the
EMCDDA. Within this paper, we implement both of these methods in Western Australia for the first time. We provide the first multi-source
enumeration of opiate prevalence for this region, and in addition develop the two methods for use with in-patient hospital data and police
records. We found from the multi-source enumeration that a total of 2826 unique individuals were identified as opiate users in the 2-year study
period. In addition, using unstratified capture–recapture models we estimated that the population of hidden opiate users was 17,233 (95%
CI of 8960–35,055) during the same period. This gives us a total 2-year prevalence estimate of 20,059 opiate users in Western Australia in
the period from the 1st July 1996 to 30th June 1998. This corresponds to an estimated prevalence rate of approximately 18 per 1000 of the
population aged between 14 and 55. The need for these methods in the coming decade will increase as we see expansion of the European
Union and the increased reporting of drug use in developing and emerging nations.
© 2003 Elsevier B.V. All rights reserved.
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Introduction

International bodies including the United Nations
(UNDCP, 1997), the World Health Organisation (WHO,
1998) and the European Monitoring Centre for Drugs and
Drug Addiction (EMCDDA, 1997) have in recent years
highlighted the increasing problem of opiate use in urban
and rural communities. Opiate use is a hidden phenomenon
and users remain anonymous in the community until they
seek treatment or come to the attention of the police.
Of these three international organisations, theEMCDDA
(2000a) in conjunction with funding from the European
Union has endeavoured to develop methodological guide-
lines that provide a point estimate of the hidden prevalence
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of opiate use. The objective of the EMCDDA is the applica-
tion of this methodology across Europe to enable compar-
isons and identify nations, localities and cities at high risk,
with a view to subsequent targeting with social and med-
ical policy interventions and planning. In a pilot study of
five European cities (EMCDDA, 1997), and subsequently
in Ireland (Comiskey, 2001) authors report the use of the
capture–recapture methodology for the estimation of opiate
use at the local level. In each case the use of the methodol-
ogy is highly recommended, however this recommendation
is made with the proviso that a minimum of three data
sources be used. This recommendation, whilst both sensi-
ble and appropriate is difficult to implement, particularly
in regions where data sources are limited or non-existent
as in some developing countries or in regions where data
protection laws are overly strict.

In this study, we implement both the capture–recapture
methodology and truncated Poisson method as suggested by
the EMCDDA. However, we develop the capture–recapture
method further by using what appears to be four samples
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but is in effect only two data sources over a 2-year period
to provide a 2-year point prevalence estimate. The data re-
quirements for this approach are considerably lower than
those required by the three-sample model but the necessary
trade-off is the incorporation of additional difficulties with
the assumptions of the modelling process. We apply our
methodology to the problem of estimating the prevalence of
opiate use in Western Australia and in so doing produce the
first ever estimates specifically derived for the hidden preva-
lence of opiate use in this particular region of the world.

Knowing the number of illicit drug users in a community
is an essential measure to plan and evaluate the prevention
and treatment programs that are available to people using
illicit drugs. It is also an important measure to ensure and
evaluate the provision of essential law enforcement services
and to protect the community against crimes related to illicit
drug use.

The aim of the study is two-fold. First, to provide an esti-
mate of the total number of individuals involved in criminal
activity related to heroin use in Western Australia (WA) and
second, to provide an estimate of the total number of opiate
users in the same region.

Methods

Truncated Poisson method

Truncated Poisson methods may be applied to a frequency
list generated by counts of individuals identified from
a single data source. The zero-frequency class consists
of individuals who are never observed in the data source.
As a result, the frequency list is incomplete and is called
‘truncated below one’. The total population size equals the
number of individuals ever observed plus the number of
individuals never seen: the hidden population. In this case
the hidden population may be thought of as the individuals
who were criminally active but were not arrested. Conse-
quently, the estimation problem then becomes a problem of
estimating the number of individuals in the zero-frequency
class from the truncated series of individuals ever seen, by
assuming that the frequency list follows a Poisson distribu-
tion which is truncated below one. The Poisson distribution
is used to mathematically model random behaviour in
space or time (Freund, 1992). For example, if data follow
a Poisson distribution then we can estimate from the data
the probability of one occurrence, two occurrences, three
occurrences, and so on. In this study, we wish to know
the probability of zero occurrences and hence derive the
number of zero occurrences. That is to say we wish to use
the truncated Poisson distribution model to estimate the
probability of zero occurrences or probability and number
of people never seen in the police database.

Wilson and Collins (1992)have reviewed 14 different
truncated Poisson methods and their properties. They rec-
ommended the use ofChao’s (1987, 1989)bias adjusted

estimator for relatively small data and the use ofDarroch
and Ratcliff’s (1980)estimator otherwise.Smit, Toet, and
van der Heijden (1997)estimated the prevalence of opiate
use in Rotterdam with several truncated Poisson estima-
tors. They proposed thatZelterman’s (1988)and Chao’s
(1989)truncated Poisson estimators, andSmit et al. (1997)
truncated Negative Binomial estimator be used.

The data used in this paper have a relatively small num-
ber of frequencies and small data sets, thereforeDarroch
and Ratcliff’s estimator (1980)is excluded. Since the data
have only two predictors—sex and age,Smit et al. (1997)
truncated Negative Binomial regression estimator is also
not suitable and therefore it is excluded. We implement
Zelterman’s (1988)andChao’s (1989)truncated Poisson es-
timators to complete the series of count data including the
zero-frequency class.

Zelterman’s (1988)andChao’s (1989)estimators assume
the following: (a) the population is closed, (b) the popula-
tion under study is homogeneous, and (c) the probability of
individuals being observed and re-observed is constant dur-
ing the study period.

Capture–recapture method

The capture–recapture method is an indirect method that
generates a prevalence estimate based on the degree of
overlap between two or more separate samples of the pop-
ulation under study. It allows the confidence intervals of
the population estimate to be calculated. It was originally
used in ecological studies to assess the size of animal pop-
ulations and in human populations to ascertain completion
of census data. In epidemiology, different registers of the
disease have been used as ‘capture’ samples, with names
or confidential identifiers used to tag unique individuals to
assess the overlap between samples. Capture–recapture has
been applied to epidemiological studies including heroin
use, injecting drug use prevalence and estimates of the size
of the population infected with the human immunodefi-
ciency virus (Comiskey, 2001, 2002; Comiskey & Barry,
2001; Domingo-Salvany, Hartnoll, Maguire, Suelves, &
Anto, 1995; Frischer, 1992; Hartnoll, Lewis, Mitcheson, &
Bryer, 1985; Hay & McKeganey, 1996).

The assumptions of the model are the following: (a) there
is no change to the population during the investigation; (b)
there is no loss of tags, individuals can be matched from
capture to recapture; (c) for each sample, each individual
has the same chance of being included in the sample; (d)
the samples are independent.

TheInternational Working Group for Disease Monitoring
and Forecasting (1995a, 1995b)provides a comprehensive
discussion of the method with more than two sample data
sets and when all of these underlying assumptions are not
met.

When working with three data sources the number of
possible models that can be fitted to the data is eight. When
changing from three data sources to four, the number of
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possible models available changes from 8 to 113 excluding
the four-way interaction model. To choose which of these
models best fits the data,Hook and Regal (1997)outline
several options. To use a non-Bayesian method would in-
volve choosing the method associated with a single model
judged optimal. This is usually evaluated by a procedure
related to the likelihood ratio statisticG2. For any modeli
and the observed data set we have,

G2 = −2
∑

Obsj log

(
Obsj
Expji

)

where Obsj is the observed number in cellj and Expji de-
notes the expected number in cellj by modeli. The lower
the value ofG2, the better the fit of the model. For selecting
a model among contenders,Hook and Regal (1997)suggest
choosing one with the lowest Akaike Information Criterion
(AIC) or else the Bayesian Information Criterion (BIC). This
latter criterion has the advantage of picking simpler models
than the AIC. AIC is however more widely used than BIC
although some theoretical considerations suggest that BIC is
preferable. For log-linear models, the values of AIC and BIC
for any modeli are given by AIC= G2−2(d.f .) and BIC=
G2 − log(NObs/2π)(d.f .). Generally speaking as the com-
plexity of the model increases the stability of the estimate
decreases and the associated confidence interval widens.

We implement the four-sample capture–recapture method
with two data sources each collected over two consecutive
time periods. Using the log-linear modelling approach, as
discussed above, we can fit the models and using the scaled
devianceG2 and the relatedP values a suitable model can
be chosen. This provides a prevalence estimate for a double
period. For example, if data are collected on two opiate
prevalence indicators over a 2-year period then it is possible
to derive an estimate of the hidden opiate use for this 2-year
period.

An approach similar to this was introduced byWickens
(1993), who implemented the capture–recapture method
with one data source of cocaine users over two and half
years (five periods of 6 months interval) and thus derived a
two and half year prevalence estimate.

Data

Western Australia is the largest state within Australia,
which consists of two territories and five states. It accounts
for approximately one-third of the total Australian landmass
and is 2532422.2 km2 in size. However, vast tracts of land are
uninhabited. The majority of the population is concentrated
in the urban district of the capital city, Perth, and the region
immediately south west of the city. Eighty-three percent of
the state’s total population lives within this urban region.
There are no other major urban areas or cities within the
state. In fact, Perth is known to be the most isolated city in
the world as the nearest city, Adelaide, is approximately 4 h
flight away.

The Western Australia Police Service (WAPS) provided
the data for the study. The data set described persons pro-
cessed (arrested, summonsed, cautioned) for heroin-related
offences during the 1996/1997 and 1997/1998 financial
years in Western Australia (WA). The financial year in WA
runs from the 1st July to 30th June. The information was
extracted from the Offence Information System of the WA
Police Service. Six identifiers including drug type, date of
birth, gender, initial of surname, full forename, and count of
offences were provided. The study used date of birth, gen-
der, and initials of surname and forename as identification
variables to build the frequency list. The distinct number
of heroin users arrested by the Police Service increased
from 299 during the 1996/1997 financial year to 431 (44%
growth) during 1997/1998 financial year. The types of heroin
identified from the data were Heroin Powder, Heroin Liq-
uid, Heroin Rock, Heroin Homebake Powder, Heroin Gel,
Heroin Synthetic, Heroin Crystal, and Heroin Unspecified.
The most frequently recorded drug used during the study
periods was Heroin Powder. The gender distribution con-
sisted of 28 and 30% females and 72 and 70% males during
the study periods, 1996/1997 and 1997/1998, respectively.
The most frequent group was 20–24-year-old males. The
youngest person in the database was a 7-year-old boy and the
oldest person was a 55-year-old male. Since there was only
one person younger than 14 years and nobody older than 55
years, the analyses focus on the age group between 14 and
55 years old.

The Health Department of Western Australia has com-
piled the Hospital Morbidity Database System (HMDS)
from 1970 to the current time. The HMDS includes all
inpatient episodes for admitted patients to public, private
and free-standing day hospitals in Western Australia, in-
cluding the detoxification program run by the alcohol and
Drug Authority, but excluding psychiatric hospitals (Health
Information Centre, 1999). Only episodes of treatment re-
quiring an inpatient stay are captured on the HMDS, there-
fore other drug-caused conditions which received outpatient
treatment are not included.

The data extracted from the HMDS for this project con-
tained all opiate-related episodes from 1 July 1996 to 30 June
1998. These patients where identified from the International
Code of Diseases (ICD) nine classification codes 304.0∗ and
304.7∗, opioid dependence and combinations of opioid-type
drug dependence, code 305.5, opioid abuse and 965.00-02,
opiate poisoning (asterisk,∗ includes all ICD subcodes under
the code, for example, 304.0∗ includes 304.00–304.09). The
HMDS database consists of event ID, postcode, gender, date
of birth, initials of surname and forename, principal diagno-
sis, co-diagnoses, extra diagnoses, external causes, principal
procedure, and extra procedures. Our data were extracted on
the basis of the presence or absence of the appropriate ICD
code in any of the diagnoses, i.e. an individual may have been
admitted for a chest infection say, as a primary diagnosis but
opiate dependence was noted during the patient’s medical
history.
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From our postcode data, we found that approximately
87% of all cases reported in 1996/1997 lived within the urban
metropolitan region of Perth and immediately south west of
Perth. This percentage rose to 89% in the 1997/1998 data. A
similar pattern was observed byUnwin, Codde, and Swensen
(1997) who estimated the geographical crude hospital ad-
mission rates for opiates in Western Australia and they
found that the East Metro Health Zone (203.6 per 100,000)
had significantly higher than the state crude rate (137.7 per
100,000). It is interesting to note the cultural difference be-
tween WA and parts of Europe. It is common for individuals
and families to move house many times within WA. This was
evidenced from the multiple postcodes of individuals avail-
able in the data. We found that many individuals resided in
more than one residence during the study period. For this rea-
son, postcode was not used as a part of the unique identifiers.

To eliminate duplicates and to find the overlaps within
the data we choose four identifiers. These were, date of
birth, gender, and the initials of the surname and forename
of patients. The age range for this part of the study was
also 14–55 years old. The number of distinct patients during
the 1996/1997 and 1997/1998 financial years were 1176
and 1389, respectively. This represented an 18% increase
from one financial year to the next. The ratios of males to
females were 46.2–53.8% and 37.9–62.1% during the first
and second periods.

Results

Truncated Poisson method

The numbers of distinct persons and contacts in the police
data during the 1996/1997 financial year were 299 and 343,
respectively. Of these 299 individuals, 259 (184 males, 75
females) appeared once, 36 (26 males, 10 females) appeared
twice and 4 (1 male, 3 females) appeared three times. For
the 1997/1998 financial year, 431 distinct persons and 513
contacts were observed in the data. Of these 431 individ-
uals, 362 (259 males, 103 females) appeared once, 57 (44
males, 13 females) appeared twice, 11 (6 males, 5 females)
appeared three times and one male appeared four times.

The estimates usingZelterman’s (1988)and Chao’s
(1989) estimators of the total number of opiate users
who are involved in opiate-related criminal activity during
the 1996/1997 and 1997/1998 financial years in WA are

Table 1
Truncated Poisson estimates of the number of opiate users involved in opiate-related crimes in Western Australia in 1996/1997 and 1997/1998

Unstratified Year 1 Year 2

Zelterman’s estimator Chao’s estimator Zelterman’s estimator Chao’s estimator

Total population (95% CI) 1220 (1003–1504) 1231 (1011–1518) 1415 (1206–1712) 1581 (1365–1882)
Prevalence per 1000 1.12 1.13 1.27 1.42
Ratio of hidden:known 3.08:1 (921:299) 3.12:1 (932:299) 2.56:1 (1105:431) 2.95:1 (1271:431)
P value of model fit 0.73 0.72 0.30 0.14

presented inTable 1 with 95% confidence intervals. The
prevalence and ratios of known to estimated hidden number
of the study population are also presented.

According to the Zelterman’s estimator with unstratified
data, there is a 16% increase from 1241 to 1429 individuals
in the point estimate of the total number from year 1 to year
2. Chao’s estimator predicts a 28% increase from 1231 to
1581 from year 1 to year 2. However, with Zelterman’s es-
timator the percentage of the hidden population decreased
from 75% of the total in year 1 to 70% of the total in year
2. Similarly, Chao’s estimator predicts that the hidden pop-
ulation decreases from 76% of the total in year 1 to 73%
of the total in year 2. The prevalence results inTable 1are
based on annual age population in Western Australia with
the total population of 1,090,660 and 1,112,829 aged be-
tween 14 and 55 during the first and second financial years
(Australian Bureau of Statistics, 1998). Truncated Poisson
estimates were also computed for the gender-stratified data
and these are reported inTable 2. In addition, truncated Pois-
son estimates were computed for the age stratified data and
again overall prevalence results were very similar to those
presented inTables 1 and 2and are not reported here.

Capture–recapture method

Using the 2 years of hospital data and 2 years of police
data, we applied the four-sample capture–recapture method
to estimate the prevalence of opiate use in Western Australia
over the 2-year financial period. The variables that were
common to all four of the data sources were initials of sur-
name and forename, date of birth and sex. In order to identify
overlaps between the four data sources these variables were
used and the results provide us with the first multi-source
enumeration of opiate use in Western Australia for the 2-year
period. We found that 2826 unique individuals were noted
as opiate users from the police and hospital records.Table 3
illustrates these overlaps between these four data sets.

Capture–recapture models incorporating dependencies
between the four samples were fitted using GLIM and the
results of this analysis are provided inTable 4. Estimates of
prevalence are based on the 2-year period ranging from the
1st July 1996 to the 30th June 1998. Included in the table are
unstratified and stratified estimates, the best fitting model
for that stratification as decided by the scaled deviance or
G2 value, theP value for this deviance and 95% confidence
intervals for the estimate of the hidden population.
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Table 2
Truncated Poisson estimates of the number of opiate users involved in opiate-related crimes in Western Australia in 1996/1997 and 1997/1998 stratified
by gender

Stratified by gender Year 1 Year 2

Zelterman’s estimator Chao’s estimator Zelterman’s estimator Chao’s estimator

Female (95% CI) 302 (216–504) 369 (246–534) 401 (302–600) 529 (380–765)
Male (95% CI) 939 (712–1378) 862 (659–1078) 1028 (852–1295) 1072 (889–1314)
Total population (95% CI) 1241 (928–1882) 1231 (905–1612) 1429 (1154–1895) 1601 (1269–2079)
Prevalence per 1000 1.14 1.13 1.28 1.44
Ratio of male:female 939:302 862:369 1028:401 1072:529
P value of model fit 0.73 0.74 0.32 0.15

Table 3
Numbers and overlaps between the four data sets

Police year 1 Police year 2 Hospital year 1

Present Absent

Hospital year 2

Present Absent Present Absent

Present Present 0 4 5 14
Absent 8 15 13 240

Absent Present 21 22 49 316
Absent 280 826 1013 –

Discussion

The use of psychoactive drugs is a cause of considerable
morbidity and mortality within the Australian population
(Collins & Lapsley, 1992; English et al., 1995). While most
of this burden arises from the use of the legally available
drugs, alcohol and tobacco, there is considerable and in-
creasing community concern about the use of opiate drugs
especially heroin (Australian Institute of Health and Welfare,
1999). In 1998, 2.2% of Australians aged over 14 reported
that they had ever used heroin, an increase from 1.4% in
1995. Seven per 1000 of the Australian population aged over
14 reported that they had recently used heroin, an increase
from four per 1000 in 1995. It is acknowledged that these
data, based as they are on self-report of what is an illegal
activity, may have limited validity and should be interpreted
cautiously. In addition the definition of heroin users in
these surveys could be considered a very broad one and not
necessarily problematic users. Clearly, alternative methods
of estimating prevalence of drug use are required to clarify
both the definition and the size of the hidden population.

Prior to any interpretation of the results, it is imperative
that we clearly define the study population and then discuss
the validity of the assumptions and any possible violations.
Only then can the nature of the prevalence results be appre-
ciated and their possible implications discussed in context.
However, we must be cognisant of the fact that this is the
first attempt at deriving estimates for this particular region
and limitations and inadequacies in the level of detail avail-
able in the data are to be expected. Indeed, a secondary

objective of this research is to highlight the nature of the
data required to other researchers considering such studies.

Prevalence estimates derived using the truncated Poisson
method are based on data arising from police arrests. The
study population may then be described as those individuals
involved in criminal activity related to opiates. Given this,
how do we then define the zero-frequency class in the police
arrest database? A review of arrest and reported crime statis-
tics from previous studies indicates that only a small propor-
tion of offences result in arrests. Nation-wide statistics for
1978 (Webster, 1979) reported that 20% of index offences
resulted in arrests, indicating that there were approximately
four crimes which did not result in arrest for every one arrest.
Indeed this figure itself provides one with a historical mul-
tiplier for the police data. Unfortunately no such multiplier
is available for the West Australian data. It is also argued
(Blumstein & Cohen, 1978) that there are far more crimes
per arrest than indicated in official statistics.Blumstein and
Cohen (1978)pointed out that official statistics neither cor-
rect for unreported offences nor count properly the number
of individual offenders involved in crimes that are reported.
The purpose of their analysis is to indicate that there are far
fewer crime events that result in arrests than is indicated by
official statistics (Greene & Stollmark, 1981). Therefore, it
is likely that many individuals who commit crimes are not
arrested. We regard these individuals as the zero-frequency
class of the police data. Our prevalence estimates presented
in Tables 1 and 2may then be defined as an estimate of
the true number of people involved in opiate-related crimes
both detected and undetected. It is interesting to note that
both the Zelternan and Chao estimates and model fits are
very similar for year 1, with approximately 1200 individ-
uals estimated as involved in opiate-related crimes. In year
2 both estimators predict an increase in the numbers. The
Zeltermann estimator provides an estimate of 1415 in year
2 while the Chao estimator provides that there are 1581
individuals in year 1. What is interesting from a policing
point of view is the predicted decline in the ratio of hid-
den to known cases. Both estimators indicate that although
overall numbers are increasing, the crime detection rate is
improving as the proportion of hidden cases has decreased
from year 1 to year 2. While we cannot say that these results
are completely reliable due to the nature of the assumptions
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Table 4
Illustrating the best fitting model for each of the stratifications and the derived estimates

Best fitting model d.f. Scaled
devianceG2

P value Estimated hidden
population (with 95% CI)

Observed known
population

Ratio of
hidden:known

Prevalence
per 1000

Unstratified 1+ H1 + H2 + P1 + P2 + H1H2 + H1P1
+ H1P2+ H2P2+ P1P2

5 8.523 0.13 17233 (8960–35055) 2826 6.10:1 18.03

14–24 years 1+ H1 + H2 + P1 + P2 + H1H2 + H1P1
+ H1P2+ H2P2

6 2.844 0.83 5628 (2346–15462) 1155 4.90:1 23.03

25–34 years 1+ H1 + H2 + P1 + P2 + H1H2 + H2P2
+ P1P2

7 5.189 0.64 5369 (2322–15237) 991 5.42:1 14.79

35–55 years 1+ H1 + H2 + P1 + P2 + H1H2 + H2P2
+ P1P2

7 19.06 0.01 4341 (1372–21749) 680 6.38:1 12.93

Total overall ages 15338 (6040–52448) 2826 5.43:1 16.32
All females 1+ H1 + H2 + P1 + P2 + H1H2 + H1P2

+ H2P2+ P1P2
5 3.686 0.60 6008 (2114–19466) 1154 5.21:1 13.11

All males 1+ H1 + H2 + P1 + P2 + H1H2 + H2P2
+ P1P2

7 5.758 0.57 10097 (5269–21904) 1672 6.04:1 20.78

Total over both sexes 16105 (7383–41370) 2826 5.70:1 17.01

H1 is hospital data for year 1, H2 is hospital data for year 2, P1 is police data for year 1 and P2 is police data for year 2.
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discussed below, it is still interesting from a police point of
view and is worth exploring in future studies.

Prevalence estimates derived using police arrests, inpa-
tient hospital records and the capture–recapture methodol-
ogy must also be adequately defined. Within this part of the
study we have employed two very different data sources.
Although both refer to opiate users, it is important that we
highlight the fact that the police data also include the pos-
sibility of counting opiate dealers who are not themselves
users. Unfortunately, data supplied to this study did not in-
clude detailed information on the nature of the opiate-related
crime. However, we do know that drug offences accounted
for 4.9% of all offences reported and recorded in the Of-
fences Information System of the WAPS, in 1997. Posses-
sion or use offences were the most common drug offences
reported (53.0%). Manufacturing or growing drugs (11.2%),
dealing and trafficking (4.8%), and other miscellaneous
drug offences including possession of instruments for con-
suming drugs (31.0%) made up the remaining offences
(Ferrante, Loh, & Fernandez, 1998). In addition, recent
statistics published (Valuri, Indermaur, & Ferrante, 2002)
show that in 2000, 15,581 drug offences were recorded
by the WAPS. These offences consisted of possession/use
of drugs (89.2%), manufacture/grow drugs (6.1%) and
deal/trafficking drugs (4.6%). It is reasonable to assume that
the overwhelming majority of opiate drug offences during
our study period are also for possession and use of opiates.

The definition of opiate user in these circumstances is
very broad and inclusive and reflects the nature of the data.
These individuals may be defined as general opiate users
including individuals involved in opiate crimes as opposed
to more problematic users. This distinction between a more
general opiate user and a problematic user as also used
within the EMCDDA report on national prevalence esti-
mation (EMCDDA, 2000b). Problematic opiate users may
be thought of as being at an increased risk of overdose or
death. It should also be noted that the mixing of medical and
police data sources is very common in the application of the
capture–recapture methodology as can be seen from Ger-
man, Dutch, Scottish and Irish estimates (EMCDDA, 1997).

Both methodologies assume that the population is closed
and there is no change to the size of the population dur-
ing the period of the investigation. This first assumption
is clearly violated. It is well documented that opiate users
progress through a so-called drug using career. In Ireland,
it was suggested (Comiskey, Ruskin, & Wood, 1992) that
drug users on average use drugs for a period of 10 years. It
is however known that drug users start and stop using drugs
several times during this career. For this reason in Ireland,
Comiskey (2002)estimated the hidden prevalence of opiate
use in young people at city level collected over a time period
of 1 year. This approach is endorsed elsewhere (EMCDDA,
1997). It is also suggested that if the time frame of sampling
is not excessively long, it can be confidently assumed that
the first assumption is not influential. This paper focuses on
two 1-year periods, the 1996/1997 and 1997/1998 financial

years. For the reasons stated above we are reasonably confi-
dent that the first assumption holds at least for the truncated
Poisson results. However, as the capture–recapture method
is applied to the 2-year period we are less confident in this
case and this must be remembered when interpreting results.

In addition the capture–recapture method assumes that
there is no loss of tags, that is, individuals can be matched
from capture to recapture. We have no way of assessing
this assumption other than by looking closer at the nature
of the data sources used. Both police arrests and hospital
in-patient records are reliable sources of good quality de-
mographic data. Although one can give a false name to
police within the community or on the street, once formally
arrested some form of official identity is required. Similarly
with hospital in-patient records, formal identification would
be of the utmost importance for treatment records. Again,
and for these reasons, we are reasonably confident that this
assumption holds.

Both the truncated Poisson and the capture–recapture
method assume that the study population is homogeneous
and that for each of the samples, each individual has the
same chance of being included in the sample. Clearly given
police data this is not the case. Chao’s and Zelterman’s
truncated Poisson estimators are however known to be
fairly robust in the sense that both will underestimate the
true population size in the presence of heterogeneity (Chao,
1989; Wilson & Collins, 1992). So, if heterogeneity is
suspected, then the estimates from both estimators are as-
sumed to be the lower bounds of the true population size.
Alternatively, one may try to remove some of the hetero-
geneity by stratifying the data upon the basis of gender or
age and then carry out subgroup analysis on groups that are
more homogeneous. Finally one pools these estimates into
a single estimate as we have done here.

The constant capture probability assumption also causes
problems when the probability of subsequent arrests may in-
crease or decrease with the number of prior appearances in
the database. Decreases occur when the disciplinary nature
of arrest results in decreases in the level of an individual’s
criminal activity (the theory of special deterrence). Increases
in the recapture probability may occur once the police gain
more knowledge of individuals who have been arrested and
those individuals become more vulnerable to police arrest. It
has been asserted (Greene & Stollmark, 1981) that the num-
ber of arrests is strongly related to the number of arrests in
the previous year, this suggestion clearly opposes the theory
of special deterrence. Again, one way of dealing with this
assumption is to keep the study period short as is practically
possible.

This study represents the first attempt at estimating the
prevalence of hidden opiate use in Western Australia and as
such is a significant step forward in spite of the possible vi-
olations of the assumptions. Comparing results we see that
a total of 2826 unique individuals were identified from the
multi-source enumeration over the 2-year period. This gives
a point estimate of 2.54 per 1000 of population and may
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be viewed as the absolute minimum prevalence rate for the
2-year period 1st July 1996 to 30th of June 1998. What is
also interesting to note was the degree of overlap between
the two different data sources. FromTable 3we can see that
2119 individuals were present in the hospital database only,
570 were present in the police data base only, leaving only
137 present in both. Clearly the two services are encounter-
ing different subgroups of the overall opiate using population
and have major implications for these services. This is the
first time that the degree of overlap for these two sources of
opiate data has been brought together to produce a true pic-
ture of the number of unique opiate users attending these ser-
vices. Estimates derived from the truncated Poisson method
both stratified and unstratified appear very low, but we must
bear in mind the nature of the data. This data involves
only those who were arrested, summoned or cautioned for
opiate-related offences. It does not capture those who may
have been arrested for other crimes, theft say, and who sub-
sequently had opiates noted in their files. If this were the
case the numbers would be considerably inflated as was seen
by Comiskey (2000). In addition prevalence estimates are
for a single year. We found that approximately 1000–1500
individuals were involved in opiate crimes in year 1 and this
rose to approximately 1200–1900 in year 2. Estimated preva-
lence rates for the 2-year period ranged from 1.12/1000 to
1.42/1000. Turning to the 2-year point prevalence estimates
derived from the capture recapture methodology we see that
estimates ranged from 16.32/1000 to 18.03/1000. It is inter-
esting to endeavour to compare this with recent survey data
(Australian Institute of Health and Welfare, 1999), where
7/1000 of those survey reported recent heroin use. Clearly
self-reports produce underestimates, and our estimate refers
to a 2-year period, however we are encouraged by the sim-
ilarities of scale of the two estimates given especially that
this study is the first of its kind in the region.

Finally, it is the opinion of the authors that no one study
will provide a comprehensive prevalence estimate and that
a range of approaches, definitions and methods need to be
applied before one can provide policy planners with a clear
picture of the profile, nature and extent of opiate use. In this
first study of prevalence estimation in Western Australia it is
hoped that debate over the question on the nature and extent
opiate use and related crime has been initiated, inadequa-
cies in the data provided highlighted and the problems with
adherence to model assumptions illustrated. In addition, it
is hoped that the discussion of the methods and the illustra-
tion of the applications will provide assistance and insight
for other similar cities world wide initiating their first ever
opiate prevalence estimation.
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