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Introduction

In several studies among injecting
drug users in Amsterdam, prevalence of
the human immunodeficiencyvirus (EHV)
was estimated to be 30% and appeared to
be stable from 1986 to 1992.1-4In a cohort
study in Amsterdam, HIV incidence ini-
tially declined from 10 per 100 person-
years in 1986 to 4 in 1987 and remained
stable up to 1991.5

However, trends in HIV prevalence
and incidence are difficult to interpret.
First, HIV prevalence is the result of
many complex mechanisms-for exam-
ple, the geographical migration of inject-
ing drug users; the high rates of initiation
and cessation of injecting drug use; the
high acquired immunodeficiency syn-
drome (AIDS) and non-AIDS mortality,
both ofwhich are largest among HIV pos-
itives6; and the HIV incidence. Second,
HIV incidence in itself is also influenced
by various factors-for example, HIV
prevalence, mixing patterns,7 and risk be-
havior; thus, to estimate HIV incidence,
large cohorts of drug users are necessary,
and because of specific methods of re-
cruitment and relatively high dropout
rates, generalization of incidence is diffi-
cult.

Therefore, to monitor the HIV epi-
demic among injecting drug users, it is im-
portant to study trends in risk behavior.
And among this population, the sharing of
injecting equipment is the predominant
route by which HIV is transmitted. More-
over, if the effect of a prevention program
aimed at reducing injecting risk behavior
is to be evaluated, the extent to which the
sexual transmission of HIV influences the
prevalence and incidence of the virus
among injecting drug users must also be
considered.

In Amsterdam, easily accessible
methadone programs and a large-scale
needle/syringe exchange program have
been implemented within the concept
called harm reduction8 (see Methods). In
the cohort study in Amsterdam, early re-
sults (follow-up was conducted from 1986
to 1988) indicated that the borrowing of
used injection equipment decreased only
as a function of the number of follow-up
visits but not at intake visits over time.9
Therefore, this risk reduction was attrib-
uted mainly to participation in the study.
Several other studies have shown that in-
jecting drug users are capable of reducing
risk behavior,10 11 but only a few have pre-
sented data on long-term trends.12'13

The present study is an update of the
Amsterdam cohort study mentioned
above. In that same study, only data mea-
sured at intake visits were used to deter-
mine serial, cross-sectional trends in in-
jecting risk behavior from 1986 to 1992
among participants who, at entry, re-
ported current injecting. The high-risk be-
haviors studied were borrowing and lend-
ing used injection equipment, and reusing
needles/syringes. We also extended the
present study to evaluate the potential
protective effects on risk behavior of HIV
antibody-test counseling, methadone
treatments, and the obtaining of new nee-
dles via exchange programs.
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The specific purpose of the Amster-
dam harm reduction approach is to create
a situation that greatly reduces the risk of
addicts hanming themselves or their envi-
ronment.8 Within this context, three main
measures were established to slow down
the spread ofHIV: (1) a needle and syringe
exchange program (in 1984), (2) an infor-
mation campaign targeted at drug users (in
1987), and (3) a program to distribute con-
doms (free of charge) among addicted
prostitutes (in 1987).

The goal of the exchange program,
begun through an initiative of the "junk-
iebond" (drug users organization) to pre-

vent the spread ofhepatitis B, is to prevent
HIV infections by promoting the single
use of needles and syringes and ensuring
the availability of new needles. Equip-
ment can be exchanged at methadone
posts and other drug-help organizations
(14 locations in 1991), and leaflets con-

cerning safe drug use are available. To en-

sure a low threshold of the exchange pro-

gram, no registration is necessary and high
numbers ofused needles and syringes can

be exchanged.14 This low threshold has
most likely led to the sharp increase in
distributed needles/syringes: from 100 000
per year in 1985 to approximately
1 000 000peryear in 1990, 1991, and 1992
(S. van Lieshout, personal communica-

tion).
The low-threshold methadone pro-

grams, operated by the Drug Department
of the Municipal Health Service, are fo-
cused on stabilizing drug use and contact-
ing drug users so they can receive appro-
priate social and medical care.l The illicit
injection and other use of opiates or other
drugs is tolerated. Although they are not
primarily aimed at preventing HIV infec-
tion, these programs may contribute to
AIDS prevention by lowering the fre-
quency of injecting (methadone being a

substitute for heroin) and increasing the
proportion of drug users receiving educa-
tional information on AIDS.

Study Design
In December 1985, an open and on-

going cohort study among drug users was

started in Amsterdam.1,256,9 The partici-
pants for this study are recruited from
methadone posts, from a sexually trans-
mitted disease clinic for addicted prosti-
tutes, and, to a lesser extent, by word of
mouth. Participation in the study is volun-

taly, and informed consent is obtained. In
the first 3 years, participants were seen at
eight different locations. Since 1989, they
have been seen at one central location, ex-
cept for the addicted prostitutes, who are
still interviewed at the sexually transmitted
disease clinic. At intake, participants are
given standardized questionnaires, which
are administered by specially trained
nurses; questions regarding current behav-
ior refer to the previous 6 months.

Between December 1, 1985, and No-
vember 30, 1992, a total of 973 drug users
entered this cohort study. For the present
study, 616 ofthese userswho had reported
injecting during the 6 months preceding
intake were selected. The only data used
to determine trends in risk behavior were
collected at intake visits. A large individ-
ual risk reduction has already been report-
ed.9 However, thevalidity of self-reported
behavioral changes during follow-up is
questionable when one considers the high
and stable incidence of injecting related
viral infections during follow-up.16 In ad-
dition, injecting drug users who visited
more than once appear to differ from sin-
gle visitors, which might have led to a se-
lection bias.

Trends in high-risk behaviors were
determined over five periods ofintake vis-
its (1986 [n = 182], 1987 [n = 137], 1988
[n = 106], 1989/90 [n = 125], and 1991/92
[n = 66]). The smaller number of injecting
drug users in the last periods is owing to a
temporary cessation ofrecruitment ofnew
participants between September 1990 and
August 1991. The variables were divided
into four sets. The first set consists of the
three outcome variables that reflect cur-
rent behavior (i.e., behavior measured
over the 6 months preceding intake): bor-
rowing needles or syringes already used
by somebody else (yes, no), lending used
needles/syringes to others (yes, no), and
reusing one'sown needles/syringes (main-
ly, not mainly). These variables do not
include "frontloading" (i.e., injecting
some drug solution into the front of an-
other syringe ofwhich the needle has been
taken off in order to honestly divide
drugs).17 This behavior seems to be not
very prevalent in Amsterdam.

Trends in risk behavior over time
mightbe ftlly explainedbya selection bias
of participants over time; injecting drug
users with certain characteristics that
might be related to injecting risk behavior
could have selectively entered the study
over time. Therefore, trends in risk be-
havior were multivariately adjusted for
differences in general characteristics (set
2) and current behavior variables (set 3),

shown in Table 1. Sets 2 and 3 are distin-
guished because adjustment for current
behavior might lead more easily to over-
matching than adjustment for general
characteristics; variables like age and gen-
der cannot be influenced by interventions
whereas variables for current behavior
can. For example, if it is assumed that
both borrowing and cocaine injecting de-
cline in time (owing to intervention) and
that cocaine injectors borrow more often
than heroin injectors, adjusting the effect
of year of intake visit on borrowing for
frequency of cocaine injecting would lead
to overmatching.

In 1989, the coding categories of the
general characteristics of time living in
Amsterdam, duration ofinjecting, and fre-
quency of borrowing since 1980 were
changed from broad categories to exact
number of years or times. Only for fre-
quency of borrowing did this result in
more missing values (before 1989, 1%
were missing; from 1989 on, 16% were
missing.) Subjects with missing values on
this variable were included in the multi-
variate analyses within a separate cate-
gory, "missing." On all other variables,
less than 1% of subjects had missing val-
ues. The current behavior variables were
not subject to important changes.

The intervention variables, which
may have a protective effect on high-risk
behavior, form the fourth set. These vari-
ables include being previously tested for
HIV (never, tested FHV positive, tested
HIV negative), currently receiving meth-
adone dailyvia methadone programs (yes,
no), and currently obtaining new needles/
syringes via exchange programs (0%, 1%
to 99%, 100%).

In general, all testing was done two-
tailed, and aP value of .05 was the crite-
rion ofsignifcance. Statistical significance
of trends was univariately analyzed using
chi-square trend tests for categorical vari-
ables and Spearman's rank correlation
tests for continuous variables. Multivari-
ately, logistic regression was used to ad-
just for differences between participants
over time, to determine significant and in-
dependent predictors for the outcome
variables, and to investigate interactions
between important variables.18 Signifi-
cance was based on the likelihood ratio
statistic. The fit of the models was evalu-
ated by calculating variable specific delta
betas; no observations showed a dispro-
portionally large influence on the odds ra-
tios. The fit was also assessed using the
Pearson goodness-of-fit test; this test was
never significant. For all analyses, SPSS
4.0 was used.19
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Results
Of the 616 injecting drug users who

had injected during the 6 months preced-
ing intake and who entered our study be-
tween 1986 and 1992, 57% were men and
43% women, with mean ages of 31.2
(SD = 5.8) and 27.5 (SD = 5.7) years, re-

spectively. Of these current injectors at

intake, 57% had their last injection 1 day
ago or less, 18% had injected 2 to 7 days
ago, 13% had injected 1 to 4 weeks ago,

and 13% had injected 1 to 6 months ago.

Sixty percent had currently injected
mainly speedballs (a mixture ofheroin and
cocaine), and 24% had injected mainly
heroin.

Unadjusted andAdjusted Trends in
High-Risk Behavior

The three outcome variables showed
a strong and highly significant decline per
intake period (Table 1). From 1986
through 1991/92, borrowing needles/
syringes decreased from 51% to 20%;
lending, from 46% to 10%; and reusing,
from 63% to 39% (all P < .0001). The
concept of role separation is of epidemi-
ological importance here since the inci-
dence pattern of HIV depends on the
proportion of injecting drug users who
only borrow or lend and on the porpor-
tion of those who do both.20 In 1986, 36%
reported neither borrowing nor lend-
ing, 14% reported only lending, 18% re-
ported only borrowing, and 32% reported
both risk behaviors. In 1991/92, these
figures were 77%, 3%, 13%, and 7%,
respectively.

Table 1 also shows trends in general
characteristics and current behavior vari-
ables per intake period. Per intake period,
both the mean age and the proportion of
men significantly increased, whereas the
frequency of borrowing since 1980; the
proportion ofinjecting drug users currently
prostituting; and the proportions of users
using amphetamines, barbiturates, and
tranquilizers orally all show decreases.

Unadjusted and adjusted trends in
the outcome variables were calculated by
entering the period of intake visit contin-
uously into logistic regression models in
three ways: (a) unadjusted (bivariately),
(b) adjusted for general characteristics (set
2), and (c) additionally adjusted for current
behavior variables (sets 2 and 3). It ap-
pears that the odds ratios reflecting the
decrease in borrowing, lending, and reus-
ing needles per period of intake visit
hardly changed after adjustment (model a
compared with models b and c, Table 2).
Therefore, the decrease in high-risk be-

havior was probably not caused by selec-
tive participation over time.

Evaluation of Specific Interventions
The variables concerned with poten-

tiallyprotective interventions also showed
trends. Participants recruited later in time
had been previously tested for HIV more
often, received daily methadone less of-
ten, and obtained a higher proportion of
new needles via exchange programs (all
P < .0001, Table 3). The decrease in those
receiving methadone is owing to a selec-
tive recruitment of participants at the
methadone posts early in time. It may be
that the decrease in riskbehavior is related

to these trends in intervention variables;
indeed, in bivariate logistic regression
analyses (unadjusted), injecting drug us-
ers who obtained all needles via exchange
programs and those who had previously
been tested for HIV (especially those
whose test results were HIV positive) re-
ported less high-risk behavior: they bor-
rowed, lended, and reused needles signif-
icantly less often (Table 4). Receiving
daily methadone was not strongly associ-
ated with either outcome.

For each outcome, a multivariate lo-
gistic regression modelwas constructed to
determine independent predictors among
the intervention variables and year of in-
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take visit, adjusted for general character-
istics. (Additionally adjusting for current
behavior variables yielded very similar
results.) With regard to the outcomes of
borrowing and lending, comparable re-
sults were found (Table 4). The likelihood
of borrowing and lending decreased with
a later period of intake visit and with
having been previously tested for HIV,
both variables bearing a stronger relation
to lending than to borrowing. Multivari-
ately adjusted, the relations between pbx-
exchanging and the outcomes of borrow-
ing and lending were weaker than they
were unadjusted and were no longer sig-
nificant. Further analyses revealed that
these relations weakened because of ad-
justment for the variable period of intake
visit only.

Different results were obtained with
regard to the outcome of reusing needles/
syringes. Independent and significant pre-
dictors were having received an HIV-
positive test result and exchanging

needles/syringes frequently. However,
the effect of period of intake visit was
much weaker and no longer significant;
this is probably explained by the increas-
ing proportion of injecting drug users who
frequently exchange over time.

Both the outcome variables and the
intervention variables show statistically
significant trends per intake period. It ap-
pears that these variables are also signifi-
cantly interrelated except for the associa-
tions between receiving daily methadone
and the three outcome variables or ex-
changing (Table 5). Therefore, severe
problems ofmulticollinearity arise. For in-
stance, adjusting the relationship between
exchanging and borrowing or lending for
period of intake visit might produce over-
matching; however, one should adjust for
calendar time to control for the potential
presence of other (secular) trends (e.g.,
other preventive measures taken or a gen-
eral spread of knowledge of safe injection
methods).

To gain more insight into the mech-
anisms of the observed risk reduction,
trends were compared in risk behavior
among injecting drug users who did and
did not receive daily methadone and who
obtained syringes 100% and less than
100% via exchange. It appears that the
proportion of users who reported current
borrowing and lending decreased over
time in all subgroups. Whether the mag-
nitude of trends differed between the sub-
groups was then formally tested by eval-
uating if first-order interaction terms (i.e.,
between exchanging or receiving metha-
done and period of intake visit) could sig-
nificantly improve a logistic regression
model also containing the main effects.
None of these interaction terms could do
so (likelihood ratio test: P > .11).

Injecting drug users who obtained
100% of new needles/syringes via ex-
changing reported as early as 1986 that
they were reusing their needles less often
than those users who were exchanging
them less. The relationship between reus-
ing and exchanging became even stronger
in time. This difference in the magnitude
of trends (i.e., in subgroups based on
strata of exchanging) was statistically sig-
nificant (likelihood ratio test: P = .04). In
1986, injecting drug users who received
daily methadone treatments also reported
reusing needles less often than those who
received methadone irregularly or not at
all. However, the relation between reus-
ing and receiving methadone disappeared
in 1991/92. This difference in magnitude of
trends was of marginal statistical signifi-
cance (likelihood ratio test: P = .08).

Dicussion
Among intake visitors in our cohort

study of injecting drug users in Amster-
dam, a substantial and continuous risk re-
duction occurred between 1986 and 1992.
The proportion reporting current borrow-
ing declined from 51% to 20%; lending
from 46% to 10%o; and reusing, from 63%
to 39% (all P < .0001). However, there
were some potential sources of bias in
these trends.

First, participants showing a high
level of risk behavior may have been se-
lectively recruited earlier in time in our
study. Therefore, we adjusted these
trends multivariately for differences in
eight general characteristics; the same de-
cline in risk behavior was found. A pos-
sible drawback to this method may have
been that injecting drug users differed in
characteristics for which no information
was available. However, even after addi-
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tionally adjusting for nine current behav-
ior variables, which theoretically could
lead to overmatching, we found the same
magnitude of decline in borrowing, lend-
ing, and reusing needles.

Second, we selected only drug users
who had injected in the preceding 6
months. Assuming that, under the influ-
ence of the HIV epidemic, drug users ini-
tiate injection less often or are more likely
to cease injecting, the decline in risk be-
havioramong all drug users inAmsterdam
would be underestimated.

Third, the prevalence of borrowing
and lendingmaybe underestimated owing
to memory loss and the deliberate giving
of socially desirable answers. However,
underreporting would have had to in-
crease systematically in time to explain
the decrease in risk behavior. When we
adjusted for having been tested for HIV
and for participation in methadone and
needle exchange programs-assuming
that these interventions are markers for
social desirability because they reflect
more knowledge of risky behavior-the
decline in borrowing and lending was
still statistically significant. However, one
can never rule out this type of bias since
the norms against sharing in the entire in-
jecting drug culture may have been
strengthened.

Finally, the outcomes of borrowing
and lending are only roughly measured.
For example, it is likely that injecting drug
users who borrowed injecting equipment
that had already been used borrowed less
often in the previous 6 months, borrowed
less often from those testing HIV positive
(e.g., they borrowed only from their HIV-
negative steady partner), or adequately
cleaned the needles and syringes more of-
ten. Given such changes, the decline in
risk behavior would be underestimated.

The overall direction of these poten-
tial sources ofbias is unknown. However,
the observed risk reduction is in accor-
dance with the stable HIV prevalence in
Amsterdam and the decline in HIV inci-
dence in our cohort.5 We want to stress
that, in 1992, 20% of injecting drug users
still reported current borrowing and that
the HIV incidence within our cohort was
estimated to be 3 per 100 person-years.
This indicates the need to improve the
AIDS prevention campaign among inject-
ing drug users in Amsterdam.

In the present study,we tried to eval-
uate the effects of three interventions on
injecting risk behavior. Because of two
general methodological problems, how-
ever, our results should be interpreted
with caution. First, secular trends may be

present. For instance, before AIDS pre-
vention measures had been established in
Amsterdam, it was already public knowl-
edge that HIVcould be transmitted paren-
terally. In addition, shortly after the start
of specific programs for drug users, a na-
tional large-scale media campaignwas ex-
ecuted in the Netherlands. Therefore,
causality is difficult to prove. However,
by multivariately adjusting the relation-
ships between high-risk behavior and the
intervention variables for year of intake
period, we have (in part) adjusted for such

secular trends. Second, in the present
cross-sectional study, cause and effect
cannot be distinguished. In Amsterdam,
both HIV testing/counseling and attend-
ing exchange programs are voluntary.
Thus, injecting drug users who were
stronglymotivated to reduce riskbehavior
or had already reduced it might have been
attracted to these two interventions. On
the other hand, the prevention programs
can provide the means by which persons
who are trying to avoid risk are in fact able
to do so.
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Despite these potential drawbacks,
we found indications that voluntary HIV
antibody testing/counseling reduces high-
risk behavior. This intervention was re-
lated to all three outcomes (borrowing,
lending, and reusing), independent ofyear
of intake visit (secular trends) and other
potential confounders. HIV testing is veiy
strongly related to lending; almost none of
the previously tested injecting drug users
lent equipment to others. Injecting drug
users who knew themselves to be HIV
positive reported the lowest levels of risk
behavior. However, being tested and
found HIV negative does not seem to give
false feelings of safety; these users were
less likely to borrow than those who were
never tested. In a review (1991), it was
concluded that, "to date, the studies
among injecting drug users do not provide
compelling evidence for an effect of coun-
seling and testing on either drug or sexual
risk reduction."'11 In a clinical trial no pro-
tective effect was found.21 Other recent
studies, however, indicate beneficial
effects.2-26

One important goal of the exchange
programs is to promote the single use of
needles and syringes, which is beneficial
for hygienic reasons in general (e.g., to
prevent bacterial and fungal infections).
Beyond that, such behavior is expected to
prevent HIV infection because habitual
single-needle users will better organize in-
jecting drug use, will less easily inter-
change injection equipment by accident,
and will be more reluctant to borrow nee-
dles used by somebody else. Indeed, sin-
gle-needle users reported less borrowing.
The results of the present study suggest
that the decrease in reusing equipment
was caused by the increase in exchanging
equipment. There was not only a strong
but also a dose-effect relationship between
exchanging and reusing needles, which
was independent of year of intake visit
(secular trends) and other potential con-
founders. Furthermore, a decline in reus-
ing needles was only found among inject-
ing drug userswho exclusively exchanged
needles. As for how attending exchange
programs affected borrowing and lending,
the results are difficult to interpret owing
to multicollinearity (see Results).

No relation was found between re-
ceiving daily methadone and either out-
come. However, because of methadone
programs, drug users may have stopped
drug injection. This might have led to a
selection bias since participants eligible
for the present study were required to
have been currently injecting. Another
complicating factor is that, owing to the

low threshold of the programs, it is rela-
tively easy to leave and reenter the pro-
grams. As a result, almost all injecting
drug users in the present study received
methadone after information on I{V be-
came available at these programs. In any
case, because in 1991 70% ofthe estimated
6500 drug users in Amsterdam received
methadone,27 low threshold programs are
able to reach the majority ofdrug users, to
whom information on HIV could be pro-
vided and syringe exchange and HIV
testing/counseling services2 could be of-
fered.

Surprisingly, in the multivariate anal-
yses, the decline in borrowing and lending
was independent ofintervention and other
variables, andwe found that injecting drug
users attending needle exchanges or meth-
adone programs reduced their risk to the
same extent as nonattenders. Even among
injecting drug users who neither obtained
new needles via the exchange nor re-
ceived methadone regularly, a significant
risk reduction was found (data not
shown). Not only secular trends (as de-
scnbed above) but also "contamination of
the control group" may be responsible for
these findings: nonattenders had probably
received information about safe injection
practices from attenders, and because of
the exchange programs, the availability of
needles/syringesmay have been increased
overall. For instance, exchangers may
have given new injection equipment away
to others more easily. At present, ex-
changingmaybe seen as a convenientway
to obtain injection equipment, which is not
strongly related to a desire to reduce
risk.5N

These findings have important impli-
cations for studies previously performed
within our cohort. The lack of convincing
evidence that attending exchange pro-
grams or receiving methadone treatments
has a beneficial effect on the HlV preva-
lence, HIV incidence, or current borrow-
ing5A243 might be owing to the two factors
mentioned above. Methodologically,
evaluating specific prevention activities is
very difficult. Even randomized interven-
tion trials maybe subject to secular trends
and contamination ofthe control group. In
the introduction to this paper, we men-
tioned limitations in the monitoring of
HIV prevalence and incidence. Using the
incidence of hepatitis B infection as a sur-
rogate marker may give misleading re-
sults.16

However, a communitywide reduc-
tion in injecting risk behavior can be
demonstrated by performing serial, cross-
sectional studies using standardized ques-

tionnaires. In some serial, cross-sectional
studies, a decline in injecting riskbehavior
was observed3l-m; in others, no risk re-
duction was found.l323,35,A Such differ-
ences between cities or regions may give
clues to the relative effectiveness of pre-
vention programs. However, apart from
preventive measures, other differences
between cities (e.g., drug use culture)
complicate these comparisons.

In conclusion, a substantial risk re-
duction in injecting risk behavior has oc-
curred since 1986 among injecting drug us-
ers in Amsterdam. Indications have been
found that (1) voluntary HIV testing and
counseling leads to less borrowing, lend-
ing, and reusing of injecting equipment;
and (2) obtaining needles via exchange
programs leads to less reusing of equip-
ment. It appears that nonattenders of
methadone and exchange programs have
reduced borrowing and lending to the
same extent as attenders. Therefore, eval-
uating specific measures methodologically
is difficult. However, the combination of
various measures in Amsterdam is prob-
ably responsible for the observed de-
crease in injecting risk behavior. El
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