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ABSTRACT

Objective. Nonrandomized comparisons of the incidence of HIV and hepatitis B and C
between injection drug users (IDUs) who do and do not attend voluntary needle-exchange
programs may be subject to bias. To explore possible sources of bias, we examined character-
istics associated with voluntarily beginning or ceasing to participate in the Seattle needle

exchange.

Methods. In a cohort of 2,879 IDUs, a standardized questionnaire measured characteristics
present at enrollment. We examined the relation of these characteristics to the proportion
of IDUs who began to use the program during the ensuing 12-month follow-up period
and to the proportion of current exchangers who dropped out during that period of time.

Results, Of the 494 never-exchangers at baseline, 32% attended the exchange program
during follow-up; those who reported sharing syringes or who were homeless at enrollment
were more likely to become new exchange users (adjusted risk ratio [ARR] for becoming
an exchange user = 1.8 for those who shared syringes, and ARR = 2.2 for those who were
homeless). Of 1,274 current exchangers, 16% stopped using the exchange during follow-
up, with daily injectors (ARR = 0.6) and those who reported backloading (ARR = 0.6) being
relatively less likely to drop out of the exchange.

Conclusions. The analysis suggests that IDUs participating in needle-exchange programs
at a given point in time may include a particularly high proportion of those injectors whose
pattern of drug use puts them at elevated risk of blood-borne viral infections.
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BACKGROUND

Voluntary needle-exchange programs began in Amsterdam in 1984 in an attempt
to reduce transmission of blood-borne agents.' The earliest studies consistently
reported that needle exchanges attracted a disproportionate number of injection
drug users (IDUs) who injected more frequently and who shared drug injection
equipment more often than IDUs not using the programs.’™* A study of San
Francisco IDUs recruited in 1989-1990 found that those who went on to use the
exchange reported a greater degree of high-risk injection behavior and had a 25-
fold higher human immunodeficiency virus (HIV) incidence prior to beginning
use of the exchange compared to the incidence over a comparable period of time
among those who remained nonexchangers.” Two studies noted that, in the case
of long-standing exchange programs, differences between exchange users and
nonexchangers may be still greater.**

The comparison of the incidence of blood-borne viral infections between IDUs
who volunteer to participate in exchange programs versus those who do not has
been the focus of many needle-exchange evaluations.””* Nonrandomized studies
of the efficacy of voluntary health screening and promotion programs may be
subject to confounding since health concerns or a pattern of health-seeking behav-
ior may distinguish volunteers from other persons.” Multivariate analytic meth-
ods may remove the confounding effect of differences in high-risk behavior
between groups, but only when such behaviors are measured and are measured
accurately.” When measurement error exists, efforts to remove confounding will
only be partly successful. In this paper, we studied whether, in our population
over a l-year period, the needle-exchange program attracted high-risk IDUs and

the extent to which low-risk IDUs disproportionately migrated from the exchange.

METHODS

SeATTLE NEEDLE EXCHANGE AND THE RAVEN STUuDY

Needle exchanges first began operating in Seattle in early 1989; the programs
were declared legal in 1992. In Seattle during the 1990s, a prescription has not
been required to buy syringes; however, it is unlawful for any person to sell
syringes to anyone they suspect of being a drug user. During the enroliment
period for this study, there were six 1-for-1 needle-exchange programs operating
in the city of Seattle and the surrounding area. These included an outdoor

sidewalk exchange in the downtown area, four van-based exchange programs,
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and a mobile exchange that visited other neighborhoods that drug users were
known to frequent. Staffing, locations, and hours of operation were stable
throughout the study period; referral to drug treatment and other medical and
social services was provided at all sites. These programs exchanged an average
1,047,000 syringes per year over the enrollment period, and approximately 70%
of the estimated 12,000-15,000 IDUs living in the Seattle-King County region
attended the programs at least once.

The RAVEN (Risk Activity Variables, Epidemiology, and Network) Study is
a cohort study of health outcomes and risk behaviors among IDUs. Recruitment
was carried out June 1994 to May 1997 in methadone treatment clinics, a drug
detoxification center, a drug and alcohol assessment agency, and the county
corrections facility and at a street outreach and social service agency serving a
downtown Seattle area with a highly visible drug-using population. A scheme
based on random numbers was used to select the nth individual from agency
census or client lists; in the street outreach site, the client entering the premises
at the nth minute was selected. Needle-exchange programs were not used as
recruitment locations. Once selected, individuals were screened for eligibility:
They must have injected an illicit drug at least once in the previous year (by
self-report), have been English or Spanish speaking, have been aged 14 years or
older, and not already enrolled in the study. In Washington State, parental
consent is required for minors younger than 14 years to participate in this type
of research. Participants who consented to enrollment were paid $10 to complete

the study visit.

STUDY INTERVIEWS
Atenrollment, a standardized questionnaire was administered by a trained inter-
viewer. The questionnaire covered demographic information; history of incarcer-
ation, drug treatment, and drug use; injection risk behavior during the previous
30 days, including frequency and recency of injection and sharing of equipment
used to inject or prepare drugs; and information about where they had obtained
syringes for drug injection. Data on backloading—a term used to describe use
of a syringe to divide drugs between two or more drug injectors—was also
collected. Follow-up on participants 1 year later included a second interview
about behavior during the follow-up period. Payment of $25 was given to partici-
pants on completion of the follow-up visit.

During the June 1994 to May 1997 recruitment period, 2,995 interviews were
completed; 116 (4%) were later excluded from the study because the data provided

were judged by the interviewer to be unreliable or because it was discovered in
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subsequent interviews that the subject had never injected drugs or had already
been interviewed. Subjects included in this analysis are shown in the Figure.
From among the 2,879 who comprised the eligible cohort, data from subjects
who had begun to use (n=269) or stopped using the exchange (n=190) less
than 6 months prior to the baseline interview were excluded from the analysis
since their baseline behavior overlapped with the period in which their exchange
use status changed. Those who reported not injecting any drugs during the
month prior to the baseline interview (n =375) or who had missing data on the
date of first exchange use (n=18) were also excluded. Thus, data from 2,027
individuals were used; they included 1,555 IDUs who had used an exchange at
least once before study enrollment (exchange users) and 472 who had never used
an exchange (never-exchangers), There were 385 of 472 never-exchangers (82%)
who completed a follow-up visit by the end of April 1998; 123 (32%) began
to use the exchange (at least one visit) between baseline and follow-up (new
exchangers). Among those who were exchange users at baseline, 1,199 completed
follow-up (77%); 182 (15%) stopped using the exchange after the baseline inter-

view (former exchangers).

ANALYSES
To examine predictors of becoming an exchange user, we compared sociodemo-

graphic characteristics and risk behaviors reported at baseline by 123 new users

n = 2,879 Eligible Subjects
Enrolled in RAVEN

269 190 375 18
reported no injections during with missing data

first used exchange stopped using exchange during

during 6 months 6 months prior to enroliment 1 month prior to enrollment

prior to enrollment

[ Excluded from this analysis l

[ After exclusions, n = 2,027

472 never exchangers:
IDUs who had never
used an exchange at time

6 month baseline period of enrollment
1 l
1,199 (77%) 385 (82%)
completed follow-up completed follow-up

1,555 exchange users:
IDUs who had been
exchange users before the

182 (15%) former exchangers 123 (32%) new exchangers

FIGURE 1

1,017 (85%)
continued to use
the exchange

during follow-up

stopped using the exchange
during follow-up

began to use the exchange
during follow-up

262 (68%)
never used the
exchange
during follow-up

Subjects included in analysis of losses and gains to the Seattle needle exchange.
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of the exchange versus 262 IDUs who still had not ever used the program by
the end of the 12-month follow-up period. The same characteristics were consid-
ered as possible predictors of stopping use of the exchange among the 1,199
persons who were using the exchange at baseline. The risk ratio (RR) and its
95% confidence limit (CL) were used to evaluate the association between baseline
characteristics and change in exchange use status, that is, becoming an exchange
user or stopping use of the exchange. Multivariate logistic regression analysis
was used to obtain the adjusted RR (ARR) for all other factors considered in the
univariate analysis (gender, race, age, residence, and baseline drug use character-

istics as shown in the table).

RESULTS

Results of the univariate and multivariate analyses of the association of baseline
characteristics to beginning or stopping use of the exchange are shown in the
Table. During the 12-month follow-up period, 123 IDUs began using the needle-
exchange program for the first time (32%). Gender, race, and age were not
associated to any substantial degree with becoming a new exchange user. In
univariate analysis, heroin injection, daily injection, pooling money with other
IDUs to buy drugs, syringe sharing, and backloading were associated with begin-
ning to use the exchange. After adjustment for all the characteristics in the Table,
IDUs who reported living on the streets or in a shelter were twice as likely as
other IDUs to begin to use an exchange, and those who reported heroin as their
primary injection drug were 2.6 times more likely to become a new exchange
user. Recent syringe sharing (injection with a syringe used by another injector)
was also associated with beginning to use the exchange (ARR = 1.8). In either
univariate or multivariate analysis, participants who shared drug cookers or
filtration cotton were no more likely to become exchange users than other IDUs.

Of those who had been users of the exchange, 15% (182) did not attend the
program at all during the follow-up period (Table). Gender and homelessness
were unrelated to stopping use of the exchange. In univariate analysis, African-
American and other non-white injectors were more likely to stop using the
program. Heroin injectors, daily injectors, those who pooled their money with
other IDUs to buy drugs, or those who backloaded were more likely to remain
exchange users during follow-up. After adjustment for other factors, African-
Americans were more likely than white IDUs to stop using the program (ARR
=1.7), while injectors aged 24 or younger were less likely to stop using it (ARR
=0.4). Heroin injectors were also less likely to stop using the exchange than

injectors of other drugs (ARR=0.6), as were daily injectors (ARR =0.6) and
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those who reported backloading (ARR = 0.6). After statistical adjustment, neither
sharing of syringes or cooker/cotton nor reporting pooling one’s money with
other injectors to buy drugs were associated to any appreciable degree with

remaining in the exchange program.

DISCUSSION

We studied one aspect of possible confounding in studies evaluating the efficacy
of voluntary needle-exchange programs by examining factors related to in- and
out-migration to and from the Seattle exchange. In our analysis, we examined
drug use and risk behaviors collected before subjects began or ceased using the
needle exchange. Over the 12-month follow-up period, 32% of nonexchangers
began to use the program, and 15% of current exchangers stopped using the
program. In both cases, the change in exchange use status was related to some
extent to baseline risk behavior and to heroin injection. IDUs who injected heroin
more often than other drugs were more likely to begin to use the exchange and
less likely to stop exchange use. IDUs who reported they had injected recently
with a used syringe and those who were homeless were more likely than others
to initiate exchange use. Among current exchange users at study enrollment,
daily injectors and those who reported backloading with another IDU were more
likely to continue using the program. Thus, the program attracted new clients
from the pool of IDUs who were at elevated risk of blood-borne viral infection,
and losses from the exchange clientele included a disproportionate number of
low-risk IDUs.

Information on needle-exchange use after the baseline interview was available
for only 77% of those who were nonexchangers at baseline and for only 82% of
those who were exchange users at baseline. However, the probability of loss to
follow-up did not vary in relation to any of the factors shown in the Table, so
it is unlikely that differential follow-up led to bias in the observed associations."
Differences in risk behavior between subjects as assessed at the baseline interview
may not have applied to their behavior at the time their exchange use status
changed; this was a limitation inherent in the 1-year follow-up design of the
study. Reasons for disproportionate losses of African-American IDUs from the
exchange could not be explained by differences in risk behavior or other character-
istics, and they merit further study.

Consistent with a hypothesis of increasingly high-risk needle-exchange clients
is a time-dependent effect of needle exchange reported in a previous study of
Amsterdam IDUs, which showed a lower rate of HIV infection in exchange users

versus other IDUs was noted only in the period soon after the program began.’
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It is conceivable that reduced risk associated with use of needle exchange noted
in evaluations carried out in the early years of the programs would appear to
wane in the presence of underlying changes in the risk characteristics of exchange
users. Recent studies have reported elevated HIV prevalence associated with
current use of needle exchange in Vancouver and Montreal, Canada,”® and no
difference in hepatitis B virus or hepatitis C virus incidence in Seattle.” In Vancou-
ver, confounding due to high-risk characteristics of exchange users may have
contributed to earlier reports of increased HIV prevalence and incidence in

Vancouver needle-exchange users.'®

CONCLUSION
From this study, we conclude that volunteer bias may be at work in the formation
of exchange user samples, with losses and gains to an exchange program resulting
in retention of higher risk IDUs. Therefore, the “natural history” of needle-
exchange programs presents several methodological challenges to evaluations
of the efficacy of needle exchange in reducing transmission of blood-borne vi-
ruses, risk behaviors, or drug use frequency. The tendency for current users of
an exchange to be persons at higher risk of HIV and other viral infections
than other IDUs likely is distorting, downward and to an unknown degree, the
observed efficacy of needle exchange, particularly in studies that rely on cross-
sectional samples of IDUs. Overcoming these challenges to the discovery of
possible benefits of needle-exchange programs will require careful measurement

and control for risk characteristics that exist prior to exchange use.

ACKNOWLEDGEMENT
This paper is dedicated to the late Dr. Noreen V. Harris, the original principal
investigator for the RAVEN Study. The study was funded by the National Insti-
tute on Drug Abuse (1R01DA08023 and 1F31DA05680) and the Centers for Dis-
ease Control and Prevention (U62/CCU006260). We would also like to acknowl-

edge the useful critical comments by the anonymous reviewers.

REFERENCES

1. Buning EC. Effect of Amsterdam needle and syringe exchange. Int | Addict. 1991;26:
1303-1311.

2. Stimson GV. Syringe exchange programmes for injecting drug users. AIDS. 1989;3:
253-260.

3. Hagan H, Des Jarlais DC, Purchase D et al. An interview study of participants in the
Tacoma, Washington syringe exchange. Addiction. 1993,88:1691-1697.

4. Hartgers C, van Ameijden EJC, van den Hoek JAR, Coutinho RA. Needle sharing and
participation in the Amsterdam syringe exchange program among HIV-seronegative
injecting drug users. Public Health Rep. 1992;107:675-681.



112

HAGAN ET AL.

10.

11.

12.

13.

14.

15.

16.

. Hahn JA, Vranizan KM, Moss AR. Who uses needle exchange? A study of injection

drug users in treatment in San Francisco, 1989-1990. | Acquir Immune Defic Syndr Hum
Retrovirol. 19997;18:157-164.

. van Ameijden EJC, van den Hoek JAR, van Haastrecht HJA, Coutinho RA. The harm

reduction approach and risk factors for human immunodeficiency virus (HIV) sero-
conversion in injecting drug users, Amsterdam. Am | Epidemiol. 1992;136:236-243.

. Strathdee S, Patrick DM, Currie SL et al. Needle exchange is not enough: lessons from

the Vancouver injecting drug use study. AIDS. 1997;11:F59-Fé5.

. Bruneau J, Lamothe F, Franco E et al. High rates of HIV infection among injection

drug users participating in needle exchange programs in Montreal: results of a cohort
study. Am ] Epidemiol. 1997;146:994-1002.

. Vlahov D, Junge B, Brookmeyer R et al. Reductions in high-risk drug use behaviors

among participants in the Baltimore needle exchange program. | Acquir Immune Defic
Syndr Hum Retrovirol. 1997;16:400-406.

Hagan H, Des Jarlais DC, Friedman SR et al. Reduced risk of hepatitis B and hepatitis
C among injection drug users in the Tacoma syringe exchange program. Amt | Public
Health. 1995;85:1531-1537.

Des Jarlais DC, Marmor M, Paone D et al. HIV incidence among injecting drug users
in New York City syringe-exchange programs. Lancet. 1996,348:987-991.

Hagan H, McGough JP, Thiede H et al. Syringe exchange and risk of infection with
hepatitis B and C viruses. Am | Epidemiol. 1999;149:203-213.

Morrison A. Screening in Chronic Disease. Oxford, England: Oxford University Press;
1991.

Greenland S. The effect of misclassification in the presence of covariates. Am ] Epidemiol.
1980;112:564-569.

Armstrong BK, White E, Saracci R. Principles of Exposure Measurement. Oxford, England:
Oxford Medical Publications; 1992.

Schecter MT, Strathdee SA, Cornelisse PGA et al. Do needle exchange programmes
increase the spread of HIV among injection drug users? An investigation of the Vancou-
ver outbreak. AIDS. 1999;13:F45-F51.



