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Estimating the Relative Incidence of Heroin Use: Application of a Method for
Adjusting Observed Reports of First Visits to Specialized Drug Treatment
Agencies

Matthew Hickman,1 Shaun Seaman,2 and Daniela de Angelis3,4

In this paper, the authors propose a method for estimating the incidence of heroin use by adjusting reported
numbers of heroin users visiting drug treatment agencies for the time lag between onset of heroin use and first
treatment request (lag distribution). The adjusted incidence is relative, since it represents the number of
individuals beginning heroin use in each year whose cases will be reported within 8 years of starting use. Users
with longer lag times or whose cases are never reported are excluded. Utilizing data from southeastern England
(1991–1998), the authors analyzed the effects of covariates (sex, age group, ethnic group, route of consumption,
and year of onset of drug use) on the lag distribution. Trends in the adjusted incidence of heroin use were very
different for injectors and noninjectors: Incidence among injectors seemed to be stable, while in noninjectors it
increased twofold between 1991 and 1996–1997. These results must be interpreted cautiously, especially in
relation to the wider context of underlying trends in the population. Potential biases derive from underreporting
and from changes in the proportion of heroin users in treatment. The lag correction method adds substantially
to the value of routine treatment data, at least for heroin use, and is potentially the best method for obtaining
estimates of incidence. Am J Epidemiol 2001;153:632–41.
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Estimates of the occurrence of substance abuse are neces-
sary to inform evidence-based policy-making and govern-
ment strategies aiming at preventing drug use (1). Heroin
use and injecting behavior, in particular, are of major public
health importance, for two main reasons. Firstly, the risks
associated with them, which include transmission of human
immunodeficiency virus (HIV), hepatitis B and C, and fatal
overdose, and the social costs of increased levels of crime
and poverty are greater than those for many other drugs (2).
Secondly, effective treatment options and interventions,
such as prescription of substitute drugs and syringe
exchange, are available (3, 4).

Recent research efforts in substance abuse epidemiology
have been devoted to the problem of estimating prevalence

through the use of indirect methods, such as capture-
recapture (5, 6). Clearly, prevalence estimates are important
for obtaining an overview of the impact of drug use in the
population and for estimating the proportion of users who
are in treatment. However, they are often not very informa-
tive, as the uncertainty associated with them is large. For
example, the UK government recently estimated the number
of severely dependent drug users to be between 100,000 and
200,000 nationally and between 30,000 and 70,000 in inner
London (1, 7). More crucially, prevalence estimates do not
provide information on trends in the spread of heroin use,
which are of prime importance in deciding the appropriate
balance in policy between primary and secondary preven-
tion (8). Therefore, policy-makers need estimates of inci-
dence to understand whether the rate of new heroin use is
increasing, stable, or declining.

Heroin use was first described as an “epidemic” in the
late 1960s and early 1970s, when several reports attempted
to monitor the size and growth of heroin use in communi-
ties, mostly on the basis of fieldwork studies involving 
follow-up of patients in treatment (9–13). Hunt and
Chambers (14–16) suggested some methods of estimating
incidence from treatment data by adjusting such data for the
delay between onset of use and first visit to a treatment
agency. However, their ideas were not taken up by others.
They were severely criticized at the time by several com-
mentators who were convinced that such methods should
not be pursued and that population-wide surveys would pro-
vide better information (17). The perceived need to estimate
incidence receded, as it was considered constant (18).
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However, general population surveys, although they may
show trends in the use of cocaine and other drugs, in fact
have not been shown to reliably detect changes in the inci-
dence of heroin use, because it is too rare. Attempts to do so,
even with large sample sizes of over 90,000 interviews, have
failed because the confidence intervals are too wide to be
informative (19, 20).

Mathematical modelers, when attempting to assess the
transmission dynamics of HIV among injecting drug users,
have restated the need for estimates of incidence, though
with little success in obtaining them (21, 22). Some other
indirect or modeling approaches to the estimation of inci-
dence based on combining serial prevalence estimates and
data from surveys of community-recruited drug users or
constructing dynamic models also have failed to be adopted
routinely (23–25). Equally, reliance on indirect indicators,
such as accident and emergency records of drug-related
problems or urine testing of arrestees, as markers of inci-
dence is not completely successful. Firstly, such surveil-
lance systems are rare outside of the United States.
Secondly, problems with sampling, data completeness and
accuracy, and policy changes have made trends difficult to
interpret over time simply as expressions of incidence
(26–29).

One of the recommendations of the US Institute of
Medicine stemming from its review of drug abuse research
(30) was further epidemiologic research designed to mea-
sure the extent of drug dependence. In contrast, in acquired
immunodeficiency syndrome (AIDS) epidemiology, much
effort has been devoted to the development of techniques
aimed at interpreting and adjusting AIDS report data, since
such data have been the basis for reconstructing the HIV
epidemic and estimating future caseload (31). We believe
that the most appropriate analogy between AIDS/HIV esti-
mation work and the problem of estimating heroin incidence
from observed reports of visits to treatment centers is the
adjustment for “reporting delay.” In the AIDS context, the
problem of adjusting for reporting delay arises when com-
plete information on AIDS incidence is required. Typically,
the number of AIDS cases reported to surveillance centers
seriously underestimates the number of recent AIDS diag-
noses, because of substantial delay in reporting. Therefore,
an estimate of AIDS incidence is obtained by adjusting
reported data for reporting delay (32–34). The time interval
between “onset of drug use” and “request for treatment” can
be seen as analogous to the interval between “AIDS diagno-
sis” and “AIDS report,” making the problem of estimating
drug use incidence similar to that of estimating AIDS inci-
dence. In this paper, we have adapted methods developed
for adjusting AIDS reports to the drug use context, to
demonstrate and pilot their use in estimation of the lag
between onset of heroin use and first treatment request and,
hence, the historical trends in heroin incidence.

MATERIALS AND METHODS

The data

The Drug Misuse Databases represent the main invest-
ment by the UK government in compiling routine statistics

on drug abuse in the United Kingdom. A fuller description
of this surveillance system is given elsewhere (35).
Briefly, data on the sociodemographic characteristics and
drug profile (including drug name, age at first use, and
route of consumption for up to five illicit drugs) of people
requesting treatment at a range of treatment agencies are
collected using a standard reporting form. Initials, date of
birth, and sex are used to identify all reports on the same
individual. Reports are accepted on an ongoing basis or in
batches for two 6-month reporting periods (April–
September and October–March). All agencies are
reminded to forward any outstanding reports before a sub-
set of the data is passed on to the national system twice per
year. Reports referring to a previous 6-month period are
rare, obviating the need to also estimate and adjust for a
genuine “reporting delay.”

We extracted, from the North and South Thames East
Regional Drug Misuse Database, all first reports mention-
ing heroin use. These reports included data on age at first
use, date of report, date of birth, sex, route of consumption
(injecting or noninjecting) at first treatment visit, and eth-
nic group (White (including “other”), Black (including
Black Caribbean, Black African, and “Black other”), or
Asian (including Pakistani, Indian, Bangladeshi, and
“other Asian”)). The database covers over 80 percent of
Greater London (population aged 15–44 years � 3.14 mil-
lion) and the surrounding counties, from Hertfordshire and
Essex in the north to Kent and East Sussex in the south
(population aged 15–44 years � 2 million) (36). Reports
from the former South Thames West Drug Misuse
Database were excluded, because the historical system did
not allow identification of first reports. Only reports from
specialized drug treatment agencies and National Health
Service general practitioners, the main reporters to the
Drug Misuse Database, were considered, in order to mini-
mize potential bias from differential underreporting rates
over time.

Table 1 shows the observed numbers of first reports of
people who began using heroin between January 1, 1991,
and September 31, 1998, by year of first use (onset). Year of
first use was calculated using information on age at first use,
age at report, and year of report. The following records were
excluded from the analysis: 3,534 (11 percent) from
reporters that only partially participated within the study
time period; 6,635 (20 percent) with missing data on age at
first use; 1,566 (5 percent) with an age at first use of <10
years or >30 years, because of concerns over the reliability
of these data (see Discussion); and 13,712 (41 percent) with
a year of onset prior to the year in which reporting began
(i.e., 1991) (see below and Appendix).

Two alterations were made to the observed data in table 1.
First, the number of reports for 1997 was adjusted to reflect
the extraordinary increase in underreporting in that year
arising from confusion over the closure of a statutory notifi-
cation system (estimated to be an exceptional decrease in
reports of approximately 16 percent) (37). Secondly, for
1998, the number of reports made through the end of
September was scaled up (multiplied by 4/3) to be equiva-
lent to the other annual figures.
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Statistical methods

As we noted above, the statistical problem of adjusting
observed heroin incidence for the lag between a person’s
onset of use and his or her case’s being reported is analogous
to that of adjusting AIDS reports for reporting delay. We fol-
lowed the methods used, in the context of AIDS reporting
delay, by Brookmeyer and Liao (32). Full details are con-
tained in the Appendix, but a brief account is given below.

We defined onset as a person’s first use of heroin, and lag
as the amount of time (in years) between onset of use and
first report. Data were available from the Drug Misuse
Database for 1991–1998. Thus, only individuals who visited
a Database agency or physician between 1991 and 1998 had
their cases reported. This means that there was left-truncation
in the data set, because individuals who started using heroin
before 1991—e.g., in the year “1991 – x”—could only be
reported if they continued their drug use for at least x years.
However, the data were also right-truncated, because an indi-
vidual who began using heroin in “1990 � y” could only be
reported if he or she first requested treatment within 9 – y
years of beginning heroin use (i.e., before the end of 1998).
The statistical technique used by Brookmeyer and Liao (32)
(and by us) to estimate the lag distribution may be used with
data that are right-truncated but not with data that are left-
truncated. This is why we excluded from our analysis all
individuals whose data were left-truncated—i.e., all individ-
uals who began using heroin before 1991.

Additionally, individuals who started using heroin before
1991 could have had their cases reported earlier had the Drug
Misuse Database been established earlier. Thus, for them, the
distribution of the time between onset and first report would
be artificially different from that of persons who initiated
heroin use in 1991 or later. After exclusion of all individuals
whose onset was prior to 1991, the maximum right-truncation
time in the data set was 8 years (i.e., all observed lags were 8
years or less). Thus, the lag distribution being estimated was
a conditional distribution: the distribution of the lag condi-
tional on this lag’s being 8 years or less.

The effects of age, sex, route of drug consumption at first
treatment visit, and ethnic group on the lag distribution were

assessed using a parametric model. The observed numbers
of individuals beginning heroin use in each year 1990 � x
were then adjusted according to the proportion of all cases
reported within 8 years of onset that would be expected to
be reported within 9 – x years of onset (i.e., the conditional
lag distribution). No adjustment was required for 1991.

On the basis of results from the analysis of covariate
effects on the lag distribution, we calculated the adjusted
incidence of heroin use according to four models. In model
1, the same lag distribution was employed for all heroin
users. In model 2, the population was divided into four
strata—males and females and injectors and noninjectors—
and the lag distribution was estimated separately for each
stratum. Models 3 and 4 were like model 2, except that age
group was also included as a three-level factor in a para-
metric model for the lag distribution. Model 4 also included
year of onset as a continuous covariate in this parametric
model.

The adjusted incidence calculated here is relative rather
than absolute, since it represents the number of individuals
beginning heroin use in each year who will have their cases
reported within 8 years of starting. It excludes all persons
who will have longer lag times or whose cases will never be
reported (i.e., who will never seek treatment).

RESULTS

After ineligible reports were excluded, there were 7,824
observed cases (i.e., persons who started using heroin dur-
ing or after 1991 and whose cases were reported by general
practitioners and specialized treatment services in London
and southeastern England between 1991 and 1998).
Adjustment for extra underreporting in 1997 and for the
incomplete year in 1998 increased the total number of cases
to 8,614: 4,669 (54 percent) injectors and 3,945 (46 percent)
noninjectors; 6,013 (70 percent) males and 2,601 (30 per-
cent) females; 976 (11 percent) aged <20 years, 3,955 (46
percent) aged 20–24 years, and 3,683 (43 percent) aged ≥25
years at first treatment request; and 7,749 (90 percent) clas-
sified as White (or “other”), 377 (4 percent) as Black, and

TABLE 1. Observed numbers of first reports of heroin use, by year of report and year of initiation of
use (onset), southeastern England, 1991–1998

1991
1992
1993
1994
1995
1996
1997
1998

Total

89
0
0
0
0
0
0
0

89

Year
of

onset 1991 1992 1993 1994 1996
Total

Year of report

1995

249
137

0
0
0
0
0
0

386

268
248
119

0
0
0
0
0

635

248
286
253
132

0
0
0
0

919

198
262
295
303
162

0
0
0

1,220

157
258
306
356
350
191

0
0

1,618

* Numbers of reports were adjusted for an increase in underreporting in 1977 and for 9 months of reporting
(January–September) in 1998.

1998*1997*

156
191
209
244
405
387
166

0

1,758

154
179
200
215
311
407
380
143

1,989

1,519
1,561
1,382
1,250
1,228

985
546
143

8,614
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488 (6 percent) as Asian (table 2). Table 1 shows the distri-
bution of cases by year of onset and year of report (adjusted
for 1997 and 1998); e.g., 89 heroin users started use in 1991
and were reported in 1991, and 356 heroin users started use
in 1994 and were reported in 1996.

The overall conditional lag distribution (i.e., without
stratification on or adjustment for covariates) was estimated.
Let F(x) denote the proportion of heroin users whose cases
are reported by the end of the (x – 1)th calendar year after
onset (conditional on being reported within 8 years). Thus,
F(1) is the proportion whose cases are reported in the same
calendar year as onset, and F(8) � 1.0 by definition. The
estimated values of F(1), F(2), …, F(7) (and their standard
errors) were, respectively, 0.07 (0.002), 0.23 (0.005), 0.41
(0.007), 0.56 (0.008), 0.69 (0.009), 0.80 (0.009), and 0.90
(0.008). Table 2 shows the effects of covariates on the lag
distribution. A negative β-coefficient indicates that the
covariate is associated with a shorter lag time, while positive
β-coefficients indicate longer lags. Shorter lags mean that a
greater proportion of heroin users will have had their cases
reported within so many years of onset, and thus the
observed incidence will need to be adjusted less, resulting in
lower adjusted incidences. Year of onset was treated as a
continuous covariate, since year of onset as a categorical
variable was not independently significant in the model that
also included it as a continuous covariate. Sex, age at first
use, route of administration, and year of onset all had sig-
nificant independent associations with the lag distribution.
After adjustment for other covariates, the lag was shorter for
females compared with males, for older age groups com-

pared with persons aged <20 years, and for noninjectors
compared with injectors. It has also shortened over time
since 1991. Ethnic group was not significantly associated
with lag.

Figure 1 shows the observed incidence and the adjusted
incidences estimated from models 1–4. The shapes of the
four estimates are similar, and the divergence between them
is slight. They suggest that incidence increased gradually
from 1991 to 1994, increased more rapidly between 1994
and 1996, and stabilized or started to fall slightly after 1997.
Model 4 gives the lowest estimates, because it takes account
of a shortening lag over time.

Figure 2 shows, for model 4, the observed and adjusted
incidences by route of administration; figures 3 and 4 show
incidence for males and females, respectively. These fig-
ures suggest that the trends for injectors and noninjectors
are very different. Among observed cases, noninjecting—
mainly “chasing” (inhalation of vapors)—became the most
common route of consumption in 1993. Estimates of the
numbers of new male and female injectors (who would
seek treatment and be reported within 8 years) were stable
over time, except for a possible fall among males in 1998.
However, estimates for the most recent year must be inter-
preted with great caution, as the least information is avail-
able for this year. In addition, the potential for bias result-
ing from model misspecification is at its greatest, and this
possible bias is not reflected in the confidence intervals. In
contrast, noninjecting heroin use was on the increase in the
1990s. There were approximately twofold increases in the
estimated numbers of new male and female noninjectors

TABLE 2. Effect of various factors on the time lag (years) between onset of heroin used and first visit to a treatment facility,
southeastern England, 1991–1998*

Sex
Male‡
Female

Age group (years)
<20‡
20–24
≥25

Ethnicity
White‡,§
Black
Asian

Route of administration
Noninjector‡
Injector

Year
1991‡
1991 + 1 year

70
30

11
46
43

90
4
6

46
54

18
82

Covariate No. %
Unadjusted

β
Standard

error
χ2 (df)Adjusted†

βχ2 (df)

–0.12

–0.22
–0.30

–0.03
0.06

0.04

–0.16

0.026

0.027
0.031

0.058
0.050

0.024

0.008

22.5 (1)

109.9 (2)

1.8 (2)

3.6 (1)

4.3 (1)

<0.0001

<0.0001

0.4

<0.06

0.04

–0.15

–0.24
–0.32

NS¶
NS
NS

0.06

–0.02

* A negative β-coefficient indicates that the covariate is associated with a shorter lag time, while a positive β-coefficient indicates a longer
lag time.

† Adjusted for the other covariates in the table.
‡ Reference group.
§ Includes “other.”
¶ NS, not significant.

Standard
error

p
value

0.026

0.028
0.031

0.024

0.008

35.4 (1)

124.7 (2)

NS
NS
NS

5.4 (1)

6.2 (1)

<0.0001

<0.0001

NS
NS
NS

<0.02

0.01

p
value

6,013
2,601

976
3,955
3,683

7,749
377
488

3,945
4,669

1,519
7,095
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FIGURE 1. Observed (reported) incidence of heroin use and adjusted incidences calculated according to four different models, southeastern
England, 1991–1998.

FIGURE 2. Observed and adjusted incidence of heroin use, by route of administration, southeastern England, 1991–1998. Bars, 95% 
confidence interval.

between 1991 and 1996–1997 (figures 3 and 4), after
which the incidences appear to have stabilized in males
and declined in females (although, again, this apparent
decline must be treated very cautiously). Thus, it seems

that the incidence of injecting has been stable but there has
been a rise in the total incidence of heroin use due to new
cases of noninjecting use, an incidence that may now be
leveling off.
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FIGURE 3. Observed and adjusted incidence of heroin use in males, by route of administration, southeastern England, 1991–1998. Bars, 95%
confidence interval.

FIGURE 4. Observed and adjusted incidence of heroin use in females, by route of administration, southeastern England, 1991–1998. Bars,
95% confidence interval.

DISCUSSION

In this paper, we have proposed a “lag correction” method
which adjusts observed reports of first heroin use in order to
estimate the number of heroin users who will request treatment
and have their cases reported within a specified time period.
This is the strict interpretation that should be applied to these
results. However, a wider interpretation of the results and a

key purpose of using the method are that the results reveal 
historical trends in the “relative” incidence of heroin use. That
is, they provide evidence of the general shape of the heroin
epidemic. The fact that relative rather than absolute incidence
is being estimated should not matter, since the trends in the
epidemic are more important than its absolute size.

In the United Kingdom, cross-sectional estimates of the
proportion of the heroin-using (or drug-using) population in
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treatment have ranged from less than 15 percent to 33 percent
(7). The proportion of heroin users that will ever enter treat-
ment is not known. However, if the proportion that ever enters
treatment is high and data are available for an extended period
(e.g., more than 15 years), the estimates obtained through our
method may approach actual incidence in the population.

Our application advances the work first suggested by Hunt
and Chambers (14–16), making use of methodology bor-
rowed from AIDS epidemiology (32–34). We have estimated
the lag distribution from observed reports on individuals who
started their drug use at the same time as reporting began or
after reporting began. We have been able to examine and
adjust for the effect of covariates on the lag distribution, and,
in particular, we have been able to address changes in this
distribution over calendar time. Finally, we have devised a
way of providing a measure of the uncertainty associated
with our estimates (32). We believe that the lag correction
method is currently the best method available for routinely
estimating the incidence of heroin use for cities, regions, and
countries that conduct surveillance of requests for drug treat-
ment. Alternative solutions based on population surveys or
dynamic models have not proven successful (19, 20, 23–25).
Equally, results obtained from the lag correction method can
support the interpretation of trends in indirect indicators (if
available). This is because it is often not clear whether
changes (e.g., in heroin seizures, emergency room visits, or
positive urine tests among arrestees) are due to changes in
sampling, reporting completeness, or local and national pol-
icy or changes in the underlying occurrence of heroin use (26,
27). Kaplan (38) has proposed a method for adjusting the bias
of “snapshot samples,” and as an example he estimated the
historical extent of heroin use in New Haven, Connecticut,
from a survey of current injectors and their injecting histo-
ries. One potential problem with this method is that it relies
on knowledge of the distribution of lengths of drug users’
injecting careers to adjust the observed data. These quantities
are typically difficult to estimate, because of a lack of rele-
vant cohort studies, and they may also vary over time.

In the United Kingdom, there have been suggestions,
based on qualitative data, of a new epidemic of heroin chas-
ing (39). Figures 2–4 provide more substantial evidence
than ever before that there has been a rise in heroin smoking
in the population, while heroin injecting has remained sta-
ble. Further work is required to establish whether this rise
constitutes a full-fledged “epidemic.” It is also too early to
tell whether numbers of new cases have reached their peak,
since the most recent estimates, which suggest a leveling
off, are the estimates with the greatest associated uncer-
tainty. An increase in heroin smoking has clear public health
implications for London and the United Kingdom. It would
indicate a need to develop services and strategies for pre-
venting both further spread of heroin use and transitions to
injecting use, which poses greater health risks to the indi-
vidual and the population (3, 14, 30). The separate estimates
presented here by route of administration (injecting or non-
injecting) refer to the route of administration at first visit to
a treatment agency. There is good evidence to suggest that a
large proportion of noninjectors, if they continue to use
heroin, will switch to injecting (40).

The analysis of the lag distribution itself also has inter-
esting public health implications for the UK government’s
drug policy, given that one of its aims is to encourage heroin
users to seek treatment earlier (1). Our findings suggest that
the lag is shortening over time. In addition, males, people
under age 20, and injectors seem to have longer lags
between onset of drug use and first treatment than do
females, older age groups, and noninjectors, respectively,
although we found no differences by ethnic group. These
results offer a first description of subgroups of heroin users
that may need to be targeted through outreach programs, and
they provide a baseline standard with which to monitor the
effect of drug policy.

In interpreting these results, especially in the wider con-
text regarding underlying trends in the population, one must
be cautious and must take into account several potential
biases. Firstly, changes in the rate of underreporting can
seriously affect estimates of the number of heroin users who
will request treatment (thus affecting the interpretation of
the results even in their strictest sense), as has been shown
in the context of AIDS epidemiology (41). We tried to min-
imize the impact of underreporting by considering only
reports made by specialized drug treatment agencies that
participated in the Drug Misuse Database surveillance sys-
tem throughout the study time period. Notwithstanding, we
had to make an extra adjustment because of the exceptional
increase in underreporting in 1997 (37). A previous valida-
tion showed that underreporting to the Drug Misuse Data-
base was approximately 20–25 percent (42), but more recent
estimates of underreporting were not available. It is likely
that the completeness of reporting underwent slight
improvement from 1991 to 1998 (apart from 1997), but it is
unlikely that this improvement could solely explain our
findings, particularly the difference between trends among
heroin injectors and noninjectors.

Secondly, careful consideration must be given to the
assumptions on which the lag correction relies for interpret-
ing the results in their widest sense. Violation of these
assumptions would mean that the adjusted estimates of the
incidence of heroin users’ requesting treatment within the
truncation time (i.e., 8 years in our study) would still be cor-
rect but would not necessarily correspond to trends in the
population. The first assumption is that the proportion of
heroin users appearing for treatment is unchanged or, at
least, does not fluctuate markedly. This might not be the
case, for example, if treatment capacity increased and
caused an increase in the proportion of heroin users seeking
treatment. The second assumption is that the proportion of
heroin users with lags longer than the truncation time (i.e.,
lags longer than 8 years) does not change or does not unduly
affect the resulting estimates. The number and size of spe-
cialized drug treatment agencies remained stable during the
study period, and there was no evidence to suggest that the
treated population grew as a result of a greater proportion of
heroin users’ seeking treatment. This may change in the
future, and this issue needs to be addressed in future devel-
opment work, through sensitivity analysis and perhaps the
collection of other relevant data (e.g., data on treatment
capacity). Concerning the second assumption, the potential
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for bias lies in the possibility that a shift in the lag distribu-
tion also moves a large number of heroin users who would
have sought treatment after 8 years into the truncation
period. The potential impact of this bias should be tested
further, although, clearly, as more years of data accumulate,
longer lag periods can be used and the effect of this bias can
be reduced.

Thirdly, inaccuracy in the data may introduce biases.
While dates of birth are generally accurate, “age at first use”
may be less reliable. Overstatement or understatement of
age at first use could lead to underestimation or inflation of
trends in incidence. Most heroin users start their drug use
between the ages of 17 and 20 years, but there are a signifi-
cant number who start drug use earlier or later, and the true
distribution of age at first heroin use is not known.
Therefore, to reduce the potential bias of false data, we
restricted reports to those with ages of first use between 10
and 30 years.

The use of the lag correction method adds substantially to
the value of routine treatment data (at least for heroin use),
which have not been utilized extensively in epidemiologic
research and have been criticized for not providing any use-
ful information (43). It provides an additional reason for col-
lecting these data, apart from accounting purposes, and
places a much needed focus in the work of policy-makers
and drug agencies on the role of epidemiologic data and the
importance of deriving more accurate estimates of trends.
Clearly, there is a need for further sensitivity analysis to test
some of the assumptions underpinning the strict and wider
interpretation of the results as measures of the “relative”
incidence of heroin use in the population. These issues
include the impact of changes in underreporting and the
choice of uplift for 1997, as well as the likely impact of
changes in the proportion of heroin users requesting treat-
ment, ever and/or within the reporting period. Future devel-
opment of the method might take advantage of and direct
related studies, particularly to assess current levels of under-
reporting; to validate the reliability of self-reports of prob-
lem drug use, routes of consumption, and age at first use;
and to estimate the proportion of heroin users seeking treat-
ment. Estimation of the relative incidence of heroin use
should then be repeated on a regular basis as more data
accumulate, to monitor the tentative conclusions reached in
this paper.
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APPENDIX

The lag distribution must be analyzed as a function of
“year of onset” (i.e., aggregating cases into cohorts accord-

ing to the year heroin use started) rather than a function of
“year of entry” (i.e., constructing cohorts according to year
of first report), and only cases reported since reporting
began may be included. First, heroin users who started using
the drug prior to 1991 (1991 – x) will only be reported if
they continue their heroin use for at least x years. Thus,
users with very short lag times who subsequently cease drug
use may not be observed. In addition, of those who began
using heroin before 1991 and are observed, it is currently
not possible to distinguish whether first report is also first
treatment demand. Secondly, estimates of the lag distribu-
tion by “entry cohort” and by “onset cohort” will approxi-
mate each other if and only if incidence is stable (44). If this
is not the case, analysis by entry cohort will bias the results,
since a change in incidence cannot be distinguished from a
change in the actual lag. For example, if incidence rose
(while the real lag distribution remained unchanged), there
would be an increase in the number of recently reported
cases with short lag times. This would cause the lag distri-
bution estimated by “entry cohort” to shorten (i.e., to have
an increased proportion of short lags), and this would, in
turn, lead to underestimation of the number of unobserved
cases.

Let d denote lag time. For a person whose case is first
reported in the same year as onset (i.e., the same year as
beginning heroin use), d � 1. The maximum observable lag
time, denoted m, was 8 years in our study (1991–1998). A
person whose onset is in year 1990 � i has a truncation time
of m � 1 – i; that is, he or she will not be observed unless
his or her lag time is ≤ m � 1 – i. Let

and let

be the conditional lag distribution function (conditional on
lag being ≤ m). The only people who can contribute infor-
mation about pj are those whose truncation times are ≥ j and
whose reporting delays are ≤ j. We call the set of all such
individuals the “risk set” at time j. The number of persons in
this risk set is denoted nj, and the number in this risk set who
have a lag time equal to j is Yj. The nonparametric estimator
of F is

Let Zi( j) be the number of persons whose onset is in year i
and who have lag j (1 ≤ i ≤ m; 1 ≤ j ≤ m). Then Zi( j) is
observed for 1 ≤ j ≤ m � 1 – i and is unobserved for j ≥
m � 2 – i. Let be the crude incidence for
year i, i.e., the total number of users whose onset is in year
i and whose cases are reported by the end of year 1990 � m.
Brookmeyer and Liao (32) proposed the following estimator

Zi � �m�1� i
j�1  Zi 1 j2

F̂1s2� q
m

j�s�1
a1 �

Yj

nj
b    s � 1, p , m � 1.

 � eßm
j�s�111 � pj2 for s � 1, p , m � 1

1 for s � m

 F1s2 � P 3d  ≤  s 0d  ≤  m 4

pj � P 3d � j 0d  ≤  j 4 ,
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for the adjusted incidence: , i.e., the number whose
onset is in year i and who will seek treatment within m years
of starting.

(Z1 and are equal and observed.) Brookmeyer and Liao
provide formulae for the standard errors of and .

Brookmeyer and Liao also explain how a vector, X, of
covariates that may affect the conditional lag distribution
can be included in the model. They suppose that K possible
combinations of covariate values are possible, and that for
the kth covariate combination, X � Xk, the conditional lag
distribution is

where is a vector of model parameters. A generalized lin-
ear model is used to estimate F(s) and and to assess the
statistical significance of the latter. Analogously to Zi( j) and
Zi, let Zik( j) be the number of persons whose onset is in year
i and who have lag j and covariate combination X � Xk, and
let . Then Zik denotes the
number of users who have onset in year i, are reported by
the end of year m, and have covariate combination X � Xk.
The adjusted incidence, estimated taking into account the
covariates, is

a
K

k�1
Z *

ik  1i � 2, p , m2,

Zik � �m�1� i
j�1  Zik1 j2 11  ≤  k  ≤  K2

β
β

Fk1s2 � F1s2exp1βTXk2,

Z *
iF̂1s2Z *

1

Z *
i �

Zi

F̂1m � 1 � i2   i � 2, p , m.

�m
j�1 Zi1 j2 where

Unfortunately, the formula for the standard error of can
no longer be used, and so the bootstrap method (45) is used
instead. The procedure is as follows. Having estimated 
and using the generalized linear model and using
equation 1, these quantities are taken as fixed. Bootstrap
iteration r consists of two steps:

1. Sample, for i � 1, …, m and k � 1, …, K,

where

2. Discard for j � m � 2 – i, …, m. Obtain estimates
, , and using data for j � 1, …, m � 1 – i.

This is done in the same way as , , and were obtained
from data Zik( j) for j � 1, …, m � 1 – i.

Standard errors and confidence intervals are obtained
from . We used R � 1,000 bootstrap sam-
ples.

5Z*112
ik , p , Z*1R2

ik 6

Z*β̂F̂
Z 1r2ik  1 j2Z*1r2β̂1r2F̂ 1r2

Z 1r2ik 1 j2
q̂jk � F̂k1 j2 � F̂k1 j � 12.

1Z 1r2ik 112, p , Z 1r2ik  1m2 2 � multinomial 1Z *
ik, 1q̂1k, p , q̂mk2 2,

Z *
ikβ̂

F̂

Z *
ik

112Z *
ik �

Zik

F̂k1m � 1 � i2 .
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