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Introduction
Human immunodeficiency virus

(HIV) infection has been reported among
injection drug users in 80 countries, and
very rapid increases in HIV infection have
been reported in many areas.lA Injection
drug users who leam about acquired
immunodeficiency syndrome (AIDS)
and/or participate in a specific AIDS
prevention program generally report lower
frequencies of injection risk behavior than
before they either knew about AIDS or
participated in a given prevention pro-
gram. A wide variety of prevention pro-
grams-including "education only," drug
abuse treatment, syringe-exchange, out-
reach, and bleach distribution programs-
have been associated with substantial
reductions in self-reported HIV risk be-
havior among injection drug users.5 In-
deed, almost all studies of HIV preven-
tion programs for these individuals have
shown large numbers of subjects report-
ing risk reduction, although no study has
shown them reporting anything close to
complete risk elimination.

It has been quite difficult, however,
to determine if these examples of self-
reported risk reduction actually provide
meaningful protection against HIV infec-
tion. Are the self-reports valid, or do
social desirability effects6'7 lead injection
drug users to greatly exaggerate the extent
of their risk reduction? Moreover, even if
the self-reports are valid, are the changes
of sufficient magnitude and duration to
reduce the likelihood of these individuals
becoming infected with HIV?

These scientific questions as to the
validity of self-reports and the effective-
ness of behavioral change in reducing
HIV transmission also entail important
public health considerations and political

concerns. If self-reports of risk reduction
are usually valid and are associated with
lower rates of HIV infection, they could
be used as outcome measures for many
prevention programs. Given the need for
the rapid implementation and evaluation
of HIV prevention programs for injection
drug users throughout the world, this is of
great practical importance. Additionally,
some political leaders have cited doubts
about the ability of these drug users to
change behavior as their primary reason
for opposing any HIV prevention pro-
grams for persons who continue to inject
drugs.8 The issues of the validity of
self-reports and the effectiveness ofbehav-
ioral change thus directly relate to the
political feasibility of implementing HIV
prevention programs for injection drug
users in many countries.

To our knowledge, there is currently
only a single study indicating that injec-
tion drug users who report deliberate
AIDS-related risk reduction are at lower
risk of becoming infected with HIV.
Among a sample of 173 HIV-seronegative
injection drug users in Bangkok, those
who reported that they "stopped sharing"
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TABLE 1-Demographic Characteristics, Reported AIDS Risk Reduction, and HIV Seroprevalence among Injection Drug Users
(n = 4419), by City: The WHO Mufti-Centre Study of AIDS and Injecting Drug Use

Median Median
Median Age Married/ Education Yrs Injecting Previously Reported
(Interquartile Male, Living as (Interquartile (Interquartile HIV Risk HIV

Range) % Married, % Range) Range) Tested, % Reduction, % Positive, %

Athens,
Greece
(n = 396)

Bangkok,
Thailand
(n = 590)

Berlin, Ger-
many
(n = 354)

Glasgow,
Scotland
(n = 452)

London,
England
(n = 482)

Madrid,
Spain
(n = 128)

New York,
New York
(n = 829)

Rio de
Janeiro,
Brazil (n = 128)

Santos,
Brazil
(n = 198)

Sydney, Aus-
tralia
(n = 416)

Toronto,
Canada
(n = 446)

28 (24-32) 77 14 9 (7-12) 7 (4-11)

30 (25-33) 95 42 7 (4-10) 8 (3.5-13) 44

27 (23-30) 55 9 10 (9-11) 7 (3-12)

23 (21-26) 70 6 11 (10-11) 6(4-8)

27(23-31) 65 12 11 (10-12) 7(4-12)

24.5 (21-28) 81 9 8 (7-10) 6 (4-10)

37(31-41) 76 19 11 (10-12) 19(10-24)

30 (25-33) 83 18 12 (9-14.5) 10 (4.5-14) 61

27 (23-32) 59 29 5 (3-8)

26 (22-31) 79 3 10 (9-12)

6 (3-12)

7 (4-12)

30(26-36) 77 14 11 (10-13) 11 (4-18)

drug injection equipment because of
concern about AIDS were at significantly
lower risk of seroconverting for HIV
(adjusted odds ratio = 0.25; 95% confi-
dence interval = 0.09, 0.72).9 We report
here on individual-level relationships be-
tween self-reported AIDS risk reduction
and lower probabilities of prevalent HIV
infection in a sample of 4419 injection
drug users recruited from 11 cities on five
continents.

Met"&ds
This analysis was conducted as part

of the World Health Organization (WHO)
Multi-Centre Study of AIDS and Inject-
ing Drug Use.10 The study was approved
by the local ethics review body for each
participating organization. The data were
collected from 1989 to 1991 in the

different cities. Persons who had injected
illicit drugs within the previous 2 months
were recruited from drug abuse treatment
programs and nontreatment settings (in
most cities, through outreach and chain-
referral sampling). After informed con-

sent was obtained, a trained interviewer
administered a standardized interview.
Subjects were assured that information
provided would be kept confidential and
would not affect any drug abuse treatment
or other services they might receive.
Formal records of the numbers of subjects
who declined to participate were not kept
at all sites. Individual principal investiga-
tors did report, however, that a subject
declining to participate was a relatively
rare occurrence. It is estimated that at
least 95% of the subjects who were asked
to participate agreed to do so.

The questionnaire focused on drug
use histories and on injection and sexual
risk behavior in the 6 months prior to the
interview. Questions were also asked
about previous HIV tests and their re-

sults. After the interview, either a blood
or a saliva specimen was obtained for HIV
testing. Serum or saliva specimens were

tested at local reference laboratories for
anti-HIV with the use of enzyme-linked
immunosorbent assays and confirmation
by Western blot assays. (Saliva collection
offers practical advantages over serum

collection in many field settings. Addi-
tional information on HIV testing using
saliva samples is available from the first
author.)

A specific series of questions was

used to ascertain subjects' deliberate
behavioral changes in response to con-

cerns about AIDS. Subjects were asked,
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TABLE 2-Protective Effect of Self-Reported AIDS Risk Reduction among
Injection Drug Users (n = 4419), by City

Reported or No Reported HIV Positive
Risk Reduction, by City

(No. Respondents) No. % Odds Ratio (95% CI) P

Overall sample
Reported (361 1)
No reported (808)

Athens
Reported (347)
No reported (49)

Bangkok
Reported (540)
No reported (50)

Berlin
Reported (308)
No reported (46)

Glasgow
Reported (374)
No reported (78)

London
Reported (381)
No reported (101 )

Madrid
Reported (91)
No reported (37)

New York
Reported (656)
No reported (173)

Rio de Janeiro
Reported (74)
No reported (54)

Santos
Reported (99)
No reported (99)

Sydney
Reported (357)
No reported (59)

Toronto
Reported (384)
No reported (62)

729 20
273 34

2 0.6
0 0

187 35
13 26

44 14
11 24

3 1
5 6

38 10
25 25

53 58
25 68

313 48
83 48

17 23
28 52

50 51
76 77

5 1
3 5

17 4
4 6

"Since you first heard about AIDS, have
you done anything to avoid getting AIDS?"
Those who responded "yes," that they
had changed their behavior, were then
asked "What have you done?" in an
open-format question, without specific
prompts and with multiple responses
recorded. For each risk reduction men-
tioned, the subject was then asked, "Have
you maintained this change?" This series
of questions thus required the subjects to
summarize their own deliberate risk reduc-
tion over the entire period since they had
first heard about AIDS. The subjects were
not asked (1) about their levels of risk
behavior prior to any changes they might
have made, or (2) when changes were
initiated. Most subjects reported having
made more than a single change in

0.50 (0.42, 0.59)

Undefined

1.51 (0.75, 3.07)

0.53 (0.24,1.20)

0.12 (0.02, 0.63)

0.34 (0.19, 0.61)

0.67 (0.28,1.60)

0.99 (0.70,1.40)

0.28 (0.12, 0.63)

0.31 (0.16, 0.59)

0.27 (0.05, 1.76)

0.67 (0.21, 2.84)

.000

.594

.217

.093

.001

.000

.327

.951

.001

.000

.056

.485

behavior, and any attempt to obtain
prechange risk behaviors and the timing
of changes would have added consider-
ably to both the time and the complexity
of the questionnaire.

An analysis of the types and predic-
tors of self-reported risk reduction and of
the community-level effectiveness of the
behavioral changes has been conducted
for four cities in this study-Bangkok,
Glasgow, New York, and Rio de Ja-
neiro."' In each of these cities, changes in
drug injection behavior were reported
more often than changes in sexual behav-
ior. The most commonly reported risk
reduction was the "stopped/reduced shar-
ing" of injection equipment. The most
commonly reported sexual risk reductions
were an increased use ofcondoms, greater

selectivity in choosing sexual partners,
and a reduced number of sexual partners.
Moreover, preliminary content analyses
of responses from injection drug users in
New York indicated that those users who
knew they were already HIV infected also
reported among their AIDS-related be-
havioral changes efforts to avoid both
reexposure to HIV and the transmission
ofHIV to others.

Results
Table 1 presents selected demo-

graphic characteristics, drug use behavior,
HIV seroprevalence, and the percentage
of subjects in each WHO study city who
responded positively that they had changed
their behavior in response to AIDS. The
variation across the 11 cities in the
percentage of subjects reporting deliber-
ate risk reduction, as well as the relation-
ships between risk reduction and current
HIV seroprevalence levels among injec-
tion drug users, will be the subject of
further analyses. (For example, there
have been fewer HIV prevention pro-
grams in the Brazilian cities.12)

Table 2 shows the relationship be-
tween self-reported AIDS behavioral
change and HIV serostatus for the total
WHO sample and for each participating
city. For the sample as a whole, there was
a substantial relationship between self-
reported AIDS risk reduction and actual
HIV-seronegative status. The protective
odds ratio for behavioral change and HIV
status was below 0.7 in 8 of the 11 cities.
(In Athens, there were too few seroposi-
tives (2/396) for meaningful statistical
testing.)

To examine potential interactions
between demographic and behavioral fac-
tors with protective behavioral change,
stratified analyses were conducted for
subjects in the WHO study; these are
presented in Table 3. The relationship
between self-reported AIDS risk reduc-
tion and HIV-negative status is significant
within all of the sociodemographic and
drug history subgroups. The subgroup of
persons who had injected with equipment
used by others in the 6 months prior to the
interview is particularly interesting; the
protective effect associated with having
made some risk reduction was still statisti-
cally significant, even among those who
clearly had not achieved risk elimination.

The Breslow-Day test13 for homoge-
neity of the odds ratios was used for the
different subgroups in Table 3. (A visual
inspection test can be conducted by
looking for lack of overlap in the 95%
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confidence intervals for the odds ratios
within subgroups.) There was only one
statistically significant difference in odds
ratios. The relationship between self-
reported risk reduction and HIV-sero-
negative status was stronger (P < .001 by
Breslow-Day test) among subjects who
reported previous HIV testing, although
the relationship between reported behav-
ioral change and HIV-seronegative status
was statistically significant within both the
previously tested and the not-tested
groups. Voluntary HIV counseling and
testing have themselves been associated
with reducing risk behavior,'146 so these
activities may have increased the degree
of risk reduction among the tested sub-
jects. Alternatively, HIV counseling and
prevention testing may be correlated with
the presence of other HIV prevention
efforts in many of these cities.

Within the subgroup reporting nega-
tive results on a previous HIV test, it was
possible to test a relationship between
self-reported risk behavior and apparent
HIV seroconversion. "Apparent HIV se-
roconverters" were operationally defined
as persons who had reported seronegative
results on a previous HIV test but who
were anti-HIV seropositive on the test
conducted as part of the WHO study.
These subjects were contrasted with sub-
jects who reported seronegative results on
a previous HIV test and who were also
anti-HIV seronegative on the WHO study
test. Previous studies have indicated that
injection drug user reports on previous
HIV test results are relatively accurate.9 17

As shown in Table 4, among the
group with negative results on a previous
HIV test, self-reported behavioral change
was significantly associated with remain-
ing HIV seronegative from the previous
HIV test to the time of the interview.
Indeed, the relationship between risk
reduction and apparent seroconversion
remained statistically significant, even
when the previously reported data from
Bangkok subjects9 were removed from the
analysis. (Data are not reported here but
are available from the first author.)

Discussion
There are many methodological fac-

tors that would work against finding a
simple relationship between self-reported
AIDS risk reduction and the actual
avoidance of HIV infection. These would
include (1) HIV infection occurring prior
to behavioral change; (2) behavioral
change that was insufficient to protect
against HIV infection; (3) the underre-

TABLE 3-Protective Effect of Self-Reported AIDS Risk Reduction among
Injection Drug Users (n = 4419), by Selected Characteristics

Reported or No Reported HIV Positive
Risk Reduction, by Characteristic

(No. Respondents) No. % Odds Ratio (95% CI) P

Overall sample
Reported (361 1)
No reported (808)

Female
Reported (893)
No reported (204)

Male
Reported (2693)
No reported (603)

Age <30y
Reported (1999)
No reported (422)

Age .30y
Reported (1612)
No reported (386)

Single
Reported (2206)
No reported (493)

Not single
Reported (1388)
No reported (313)

Education < 12 y
Reported (2446)
No reported (61 1)

Education . 12 y
Reported (1136)
No reported (194)

Injected less than 7 years
Reported (1379)
No reported (307)

Injected 7 years or more
Reported (2104)
No reported (467)

Previously HIV tested
Reported (2226)
No reported (420)

Not previously HIV tested
Reported (1333)
No reported (380)

Injected with used syringes
Reported (1538)
No reported (440)

Did not inject with used syringes
Reported (2032)
No reported (358)

729 20
273 34

173 19
72 35

555 21
201 33

288
122

441
151

355
165

373
107

14
29

27
39

16
33

27
34

476 19
211 35

251 22
60 31

181 13
79 26

520 25
184 39

438
167

284
103

20
40

21
27

349 23
164 37

370 18
106 30

0.50 (0.42, 0.59)

0.44 (0.31, 0.62)

0.52 (0.43, 0.63)

0.41 (0.32, 0.53)

0.59 (0.46, 0.74)

0.38 (0.30, 0.48)

0.71 (0.54, 0.93)

0.46 (0.38, 0.56)

0.63 (0.45, 0.90)

0.44 (0.32, 0.60)

0.50 (0.41, 0.63)

0.37 (0.30, 0.47)

0.73 (0.56, 0.95)

0.49 (0.39, 0.6261)

0.53 (0.41, 0.69)

.000

.000

.000

.000

.000

.000

.009

.000

.007

.000

.000

.000

.017

.000

.000

Note. Subjects with missing data were omitted from individual analyses.

porting of change due to psychological
denial of previous risk behavior; (4) the
overreporting of change due to denial of
present risk behavior; (5) behavioral
change among a high percentage of
injection drug users in a local population,

which may indirectly protect those who do
not change their risk behavior; and (6)
postinfection behavioral change to avoid
reinfection or to protect sexual and drug
injection partners from HIV infection.
Additionally, the questionnaire did not
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ask about respondents' risk behavior
before they heard about AIDS. At least
some subjects would have been engaged
in minimal amounts of risk behavior
before that time and would have correctly
concluded that they did not need to
change their behavior. Such subjects were
simply included as "nonchangers" in our

analyses.
Many, if not all, of these factors were

probably operating for the subjects in this
study, although undoubtedly the impor-
tance of these factors varied across the
different cities. Behavioral change occur-

ring after HIV infection appears to be
particularly important in New York and
Bangkok. Of course, in both Bangkok14"18
and New York,19 HIV had spread very

rapidly prior to local awareness of an

AIDS threat among injection drug users,

and thus very large numbers of the
HIV-infected users in these two cities
became infected before they had an

opportunity to change their behavior.
Nonetheless, despite the likely pres-

ence of many of the methodological
factors noted above, all of which would
have decreased the likelihood of observ-
ing a relationship between self-reported
behavioral change and subjects remaining
HIV seronegative, a substantial protective
effect was observed in the sample as a

whole from the multisiteWHO study. The
consistency of this relationship across the
different demographic and drug use his-
tory subgroups further increases confi-
dence in the validity and effectiveness of
the self-reported behavioral changes.

As already noted, however, theWHO
questionnaire did not ask about risk
behavior prior to behavioral change, so it
is not possible to know whether the
subjects who reported risk reduction were
at particularly high or low risk for HIV
prior to making such changes. By the time
of data collection for this study, syringe-
exchange programs were already an impor-
tant part of AIDS risk reduction in
Glasgow, Sydney, Toronto, London, and
New York. Previous research on syringe-

exchange programs, however, suggests
that exchanges tend to attract drug users

who inject drugs frequently and engage in
high levels of injection risk behavior.20'2'

In a study of the Tacoma, Wash,
syringe exchange, 94% of the participants
reported (in response to the same ques-

tion used in the WHO study) that they
had changed their behavior to avoid
getting AIDS. These syringe-exchange
participants also reported a mean of 56
unsafe injections (injections with equip-
ment used by others) per month prior to
their first use of the exchange; this figure
fell to 20 unsafe injections per month
while they were using the exchange.22 This
prechange rate of 56 unsafe injections per
month among the syringe-exchange par-

ticipants in Tacoma certainly cannot be
considered a low rate of HIV risk behav-
ior. Thus, while it is not possible to know
the prechange levels of risk behavior
among subjects in the WHO study, the
syringe-exchange research would suggest
that at least a substantial proportion of
those subjects were at high risk for HIV
prior to their behavioral change.

In the great majority of AIDS risk
reduction studies to date, the researchers
have selected the time periods for pre-
and postchange behavior (which have
usually been rather short), have imposed
the units of measurement for the risk
reduction, and have attempted to associ-
ate. the risk reduction with a single
prevention activity. The specific set of
questions used in this study, on the other
hand, permitted the subjects to define risk
reduction/behavioral change for them-
selves and to use the entire time period
since they first heard about AIDS, while
the kinds of risk reduction considered
were not limited to the effects of a single
program. It was also possible to obtain
considerable detail about the type of
behavioral change and about whether that
change was maintained over time. Asking
subjects about their own perceptions of
changes in HIV risk behavior would thus
appear to be a very valuable complement

to asking questions in which the research-
ers alone defined those changes.

Finally, our findings provide cross-

national evidence for the ability of per-
sons who inject illicit drugs to modify their
injection risk behavior in response to the
threat of AIDS and to accurately report
on those risk reductions, and these find-
ings show as well that these behavioral
changes can have a substantial protective
effect against injection drug users becom-
ing infected with HIV.

StatisticalAfterword
In our analyses, we used conven-

tional inferential statistics, with 95%
confidence intervals and statistical signifi-
cance probability values. The statistical
inferences that can be drawn from these
tests would refer to the population of
injection drug users in these cities studied
through the same sampling methods at
the same point in historical time. This
population is certainly diverse with re-

spect to many factors (e.g., geography and
drugs injected), but many researchers and
public health officials will be much more

concerned with their own local population
of injection drug users. The data pre-

sented in Table 2 show important varia-
tion by city in the relationship between
self-reported behavioral change and HIV
status, and our Discussion section lists
many potential reasons why the relation-
ship may not hold in any given city. Thus,
the protective odds ratio (and its 95%
confidence limits) found for the total
sample in this study should not be
considered a good guide for what might
be observed in any individual population
of injection drug users in the world.

A second important limitation of the
conventional inferential statistics used in
our analyses is that they do not provide a

good estimate of the epidemiological
importance of AIDS-related behavioral
change in a population of injection drug
users. To the best of our knowledge, HIV
seroprevalence stabilized in these cities at
the level existing when large numbers of
these users changed their behavior. These
seroprevalence levels ranged from 1% to
more than 50%. Thus, the timing of
AIDS-related behavioral changes in a

population of injection drug users-that
is, whether the behavioral changes occur

when seroprevalence is still low-will
probably be more important than the
specific value of the protective odds ratio
for self-reported behavioral change and
the avoidance of HIV infection. O
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TABLE 4-Relationship between Self-Reported AIDS Risk Reduction and
Apparent Seroconversion In Injection Drug Users

Apparent No Apparent
Seroconversion Seroconversion

Odds Ratio
No. % No. % (95% CI) P

Reported risk reduction 110 7 1563 93
No reported risk reduction 25 11 211 89 .59(0.37,0.96) .024
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