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drug users
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Shruti H. Mehtac, and Gregory D. Kirkc,e

aDepartment of Epidemiology, University of Washington School of Public Health, Seattle,
Washington bDepartment of Medicine, University of Wisconsin School of Medicine and Public
Health, Madison, Wisconsin cDepartment of Epidemiology, Johns Hopkins Bloomberg School of
Public Health, Baltimore, Maryland dSchool of Nursing, University of California at San Francisco,
San Francisco, Califonis eDepartment of Medicine, Johns Hopkins School of Medicine, Baltimore,
Maryland, USA.

Abstract
Objective—To evaluate whether HAART is associated with subsequent sexual and drug-related
risk behavior compensation among injection drug users (IDUs).

Design—A community-based cohort study of 362 HIV-infected IDUs initiating HAART in
Baltimore, Maryland.

Methods—HAART use and risk behavior was assessed at 8316 biannual study visits (median
23). Using logistic regression with generalized estimating equations (GEE), we examined the
effect of HAART initiation on changes in risk behavior while adjusting for sociodemographics,
alcohol use, CD4+ cell count, year of initiation and consistency of HAART use.

Results—At HAART initiation, participants were a median of 44.4 years old, 71.3% men and
95.3% African–American. In multivariable analysis, HAART initiation was associated with a 75%
reduction in the likelihood of unprotected sex [adjusted odds ratio (aOR) 0.25; 95% confidence
interval (CI), 0.19–0.32] despite no change in overall sexual activity (aOR 0.95; 0.80–1.12). Odds
of any injecting decreased by 38% (aOR 0.62; 0.51–0.75) after HAART initiation. Among the
subset of persistent injectors, needle-sharing increased nearly two-fold (aOR 1.99; 1.57–2.52).
Behavioral changes were sustained for more than 5 years after HAART initiation and did not
differ by consistency of HAART use. Reporting specific high-risk behaviors in the year prior to
initiation was a robust predictor of engaging in those behaviors subsequent to HAART.

Conclusion—Overall, substantial declines in sexual risk-taking and active injecting argue
against significant behavioral compensation among IDUs following HAART initiation. These data
also provide evidence to support identifying persons with risky pre-HAART behavior for targeted
behavioral intervention.
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Introduction
For more than a decade, strong evidence has supported the benefit of HAART for reducing
the morbidity and mortality associated with HIV infection [1–3]. Accumulated data have
now also proven that HAART significantly reduces sexual transmission of HIV among
serodiscordant couples [4,5], leading to recognition of HAART as an important tool for HIV
prevention [6,7]. Informed by these data, numerous researchers have estimated how
reductions in transmissibility with HAART may translate to population-level reductions in
HIV incidence [8–10].

An important yet poorly characterized parameter in models of HIV incidence is the degree
to which HAART may actually lead to an increase in transmission-risk behaviors. In early
modeling studies, the presence or absence of compensatory increases in risk behavior
following HAART initiation largely determined the net effect of treatment on further HIV
transmission [11]. Although behavioral risk compensation has been cited as a concern in
numerous trials of HIV prevention strategies [12–14], data describing behavior change in
these settings show mixed results. Two primary hypotheses favoring an increase in high-risk
behavior following HAART initiation have been postulated. First, improvement in overall
clinical status may increase interest or ability to engage in risky behavior [15,16]. Second,
attitudes or knowledge regarding the lower risk for transmission while virologically
suppressed on HAART may lead to more risky practices [17,18]. The latter effect may grow
in importance with increasing public recognition of reduced HIV transmission associated
with HIV treatment through scientific and lay press reports [19,20].

Early after HAART availability, several studies of HIV-infected men suggested increases in
sexual risk-taking after treatment initiation [21–24]. The causative factors proposed to
explain increases in high-risk behaviors included immunological improvements [15],
diminished concerns about transmission, safe-sex fatigue [17], and HIV optimism [25].
More recent studies on this topic have not shown HAART initiation to be associated with
greater risk-taking [26], and some studies in low-income settings showed reductions in
sexual risk behaviors [27,28]. Among injection drug using populations, in addition to sexual
risk behaviors, risky drug use practices (e.g. injecting, needle-sharing, having sex partner
who injects drugs, attending shooting galleries) are of substantial concern for HIV
transmission. Therefore, injection drug users (IDUs) who may engage in both sexual and
drug-related high-risk behavior represent an important population in which behavioral
compensation after HAART should be addressed. Previous studies of behavior change
among IDUs receiving HAART have yielded mixed results and were limited by relatively
small numbers of participants with brief follow-up [29–33]. We evaluated longer-term
changes in sexual and drug-related risk behaviors following HAART initiation among HIV-
infected IDUs in the AIDS Linked to the IntraVenous Experience (ALIVE) study.

Methods
Study participants

ALIVE is a longitudinal study of HIV among IDUs in Baltimore, Maryland [34]. The initial
recruitment in 1988–1989 included individuals aged 18 years or more with a history of
injecting drugs that were AIDS-free at the time of enrollment [35]; additional recruitments
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used similar inclusion criteria except that the prior AIDS exclusion criterion was dropped.
Participants were followed on a biannual basis, with study visits comprising of an interview,
physical examination, and biospecimen collection.

Behavioral outcome variables
A spectrum of sexual and drug-related behaviors was evaluated at each visit. In the current
analysis, we focus on four self-reported behavioral variables: any sexual activity,
unprotected sexual activity, any injection drug use and any needle-sharing. Any sexual
behavior includes vaginal, anal, and oral sex; any unprotected sex includes these acts
without using a condom. Needle-sharing included sharing, borrowing or buying needles
previously used by someone else. Any sexual activity is not considered an HIV-transmission
risk factor per se, but is included for comparison to the prevalence of high-risk sex. The
other outcomes have substantial prevalence, near complete reporting, and are associated
with HIV-transmission risk in our cohort. Outcomes were assessed by participants’ self-
report of specified behaviors during the 6 months prior to the study visit. Behavioral
assessments were conducted by audio computer-assisted self-interview (ACASI),
demonstrated to elicit higher levels of reporting sensitive risk behaviors compared with
interviewer-administered questionnaires [36].

Exposure variables
Self-reported antiretroviral therapy during the prior 6-month period was assessed by trained
interviewers using pill books, which included the actual medicines to prompt participant
recall [37,38]. We used a standardized definition of HAART as previously reported and used
in collaborating cohorts [38–40]. The visit at which each participant first reported HAART
use was considered the HAART initiation visit. Exposure to HAART is considered a binary
variable, separating visits before initiation from those following initiation. Participants were
included in the analysis if they did not report ever using HAART at study enrollment,
initiated HAART during follow-up, and had at least one visit prior to and one visit after
HAART initiation. Of 464 HIV-infected participants initiating HAART between July 1996
and October 2007, 102 (22%) were excluded because risk-behavior data were unavailable
for visits prior to initiation. The 102 excluded patients were similar to those included with
respect to sex, race, and age but had lower median CD4 count, higher median HIV RNA
level, and lower prevalence of unprotected sex and needle-sharing reported at the initiation
visit.

Statistical analysis
We separately evaluated the proportion of IDUs reporting each of the four behaviors at post-
HAART compared with pre-HAART visits. We used logistic regression with generalized
estimating equations (GEE) to account for intra-subject correlation, assuming an
exchangeable correlation structure. Multivariable models controlled for potential
confounders including age, sex, race, alcohol use, employment, and CD4+ cell count. To
control for secular trends in drug use and unmeasured contextual factors, models also
adjusted for calendar year of initiation. For unprotected sex and needle-sharing, models
included only the subset of visits when participants reported any sex or any injection drug
use, respectively.

We next assessed changes in risk behaviors during extended follow-up after HAART
initiation. Time relative to HAART initiation was categorized into five groups: 1 year pre-
HAART, 1 year post-HAART, 2nd year post-HAART, 3–5 years post-HAART, and more
than 5 years post-HAART, with indicator variables added to models to compare risk
behaviors in the four post-HAART time-periods relative to the pre-HAART period. To
provide a uniform period for comparison, which reflects behavior occurring just prior to
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initiation, visits occurring more than 1 year prior to HAART initiation were excluded. We
conducted stratified analyses according to treatment adherence (consistent HAART use vs.
one or more treatment interruptions) and according to whether a participant reported each
risk behavior during the year prior to HAART in order to evaluate whether other baseline
characteristics modified the effect of HAART initiation on risk behavior.

Finally, we constructed logistic regression models to identify predictors of engaging in high-
risk behavior after HAART initiation. Time-varying predictor variables included increase in
CD4+ cell count from baseline and current HIV viral load. Fixed covariates assessed at the
HAART initiation visit included age, sex, calendar year, risk behavior in the year prior to
initiation, baseline CD4+ cell count and baseline HIV viral load. Analyses were conducted
using STATA software (Stata Corp., College Station, Texas, USA).

Results
Characteristics of study participants

A total of 362 participants contributed 8316 person-visits. The median number of
semiannual follow-up visits after HAART initiation was seven (IQR: 3–12) with a
maximum of 22. Participants were predominantly men (258, 71.3%), African–American
(345, 95.3%), had a median age at HAART initiation of 44.4 years (IQR: 40.2–48.3) and
initiated in 1999 (IQR: 1998–2001) with a median CD4+ cell count of 218 cells/μl (IQR:
100–333) (Table 1). During the year prior to initiation, 244 (67.4%) participants reported
any sexual activity and half engaged in unprotected sex (175, 48.3%). A majority (222,
61.3%) reported injecting drugs during the year prior to initiating HAART, but fewer
reported needle-sharing (97, 26.8%). After HAART initiation, the majority of participants
demonstrated inconsistent HAART use, with 261 (73.3%) experiencing at least one
treatment interruption.

Risk behaviors before and after HAART initiation
Figure 1 illustrates longitudinal changes in the proportion of IDUs engaging in sexual and
drug-related behaviors before and after HAART initiation. Declines were generally
observable for all behaviors with reductions notably occurring prior to HAART initiation.
Marked declines both prior to and following HAART initiation were seen for unprotected
sex and for any injecting. Comparing each individual's proportion of visits reporting each
behavior before vs. after HAART initiation showed declines in the proportion reporting any
sex (68 vs. 48%), unprotected sex (34 vs. 17%), any IDU (65 vs. 34%) and needle-sharing
(26 vs. 16%).

To compare post-HAART behavior to behavior just prior to initiation, only visits in the year
prior to initiation were included as the referent group. Logistic regression models estimated
the odds of engaging in the four behaviors post-HAART relative to pre-HAART periods
(Table 2). In unadjusted analysis, HAART initiation was associated with decreases in both
measures of sexual behavior and in overall drug injecting. In multivariable analyses
adjusting for socio-demographic characteristics and other potential confounders, we
observed a 75% reduction in the odds of reporting unprotected sex [adjusted odds ratio
(aOR) 0.25; 95% confidence interval (CI), 0.19–0.32] and a 38% reduction in the odds of
reporting injection drug use (aOR 0.62, 0.51–0.75) after HAART initiation. When restricted
to the participants reporting active injection, needle-sharing appeared to increase after
HAART initiation. That is, although overall needle-sharing declined concurrent with the
declining frequency of drug injecting in the cohort, the likelihood of sharing needles among
those participants who continued to inject was 40% higher after HAART initiation (OR
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1.40; 95% CI, 1.14–1.71). This association appeared even stronger after adjustment for other
demographic, clinical and behavioral covariates (aOR 1.99, 95% CI, 1.57–2.52).

To evaluate whether behavior changes following HAART initiation were stable over time,
we next compared risk behaviors reported in the year prior to initiation to behavior reported
during post-HAART follow-up intervals of 1 year, 1–2 years, 2–5 years, and more than 5
years (Table 2). No significant changes in the report of any sex were observed during
follow-up. Unprotected sex and any injection drug use were reported significantly less in all
post-HAART time periods. The odds of reporting unprotected sex decreased by almost two-
thirds during the first year after initiation and decreased further in subsequent time intervals.
The odds of reporting any injection drug use decreased by around one-third during the first 2
years after HAART initiation with further decline afterwards. Within the subgroup of active
injectors, needle-sharing increased with time after initiation, from a 73% increase after 1
year to more than 2.5-fold increase after more than 5 years of follow-up.

Sensitivity analyses
We investigated whether the observed decreases in risk behavior were influenced by factors
other than HAART through sensitivity analyses. To explore whether behavior change
reflected differential loss-to-follow-up among higher-risk IDUs, we repeated our analyses
while limiting inclusion to participants with at least three post-HAART visits. In the
restricted models, similar changes in unprotected sex and any drug use were observed; the
magnitude of the association between needle-sharing and HAARTwas slightly attenuated
but remained statistically significant (aOR = 1.83, 95% CI: 1.41–2.37). The associations
described above did not significantly differ between participants who reported consistent
HAART use and those who had one or more treatment interruptions. Stratifying the sample
by pre-HAART risk behavior, we found significant decreases in unprotected sex (aOR =
0.26, 95% CI: 0.17–0.41 and 0.19, 95% CI: 0.14–0.27) and drug injecting (aOR = 0.59, 95%
CI: 0.39–0.92 and 0.38, 95% CI: 0.29–0.49) after HAART initiation among both high-risk
and lower-risk IDUs, respectively, supporting that the observed differences represent actual
behavior changes associated with HAART rather than effects of reduced risk only among
high-risk persons.

Predictors of sexual and drug-related behaviors
We examined selected demographic, behavioral and clinical factors as predictors of sexual
or drug-related risk behaviors following HAART initiation (Table 3). After adjusting for
potential confounders, pre-HAART behavior was strongly and consistently predictive of
reporting all post-HAART behaviors examined. Participants who engaged in unprotected
sex in the year prior to HAART initiation had 3.34-fold greater odds of reporting
unprotected sex (95% CI, 1.87–5.95) after HAART initiation. In a subset analysis which
included as the referent group those who resumed sexual activity after initiating HAART,
those who reported any sex before and after HAART initiation had nearly twice the odds of
reporting unprotected sex after HAART (OR 1.89; 95% CI, 1.13–3.37). Participants
reporting any injection drug use or needle-sharing in the year prior to HAART had 10.8-fold
(95% CI, 6.58–17.8) and 2.55-fold (95% CI, 1.70–3.83) greater odds, respectively, of
reporting these behaviors after HAART initiation.

There were mixed findings on the associations of treatment responses and other
demographic characteristics with post-HAART behavior. Baseline immunological status
was not associated with risk behaviors (Table 3). Moderate or high baseline viral loads were
associated with an increased likelihood for injection-related risk behavior or having any sex
after HAART initiation, respectively. Immunological improvement (defined by an increase
in CD4 cell count by at least 50 cells/μl from baseline) was associated with higher odds of
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having any sex (aOR = 1.37; 95% CI, 1.09–1.72), but was not significantly associated with
risk behaviors. Virological suppression (defined as current HIV viral load < 1000 copies/ml)
was associated with a significant decrease in any injecting after HAART initiation (aOR =
0.63; 95% CI, 0.48–0.82). There were no consistent patterns of risk behavior change
associated with age or with calendar-period of HAART initiation, although needle-sharing
appeared to increase in later periods. After HAART initiation, women were 2.20-fold more
likely to report unprotected sex compared with men (95% CI, 1.34–3.63) but were less likely
to inject drugs (aOR 0.62; 95% CI, 0.40–0.95).

Discussion
In longitudinal analysis of 362 HIV-infected IDUs, both sexual and drug-related risk
behavior generally declined over a two-decade period of study follow-up. Notable
reductions in risk behaviors were observable prior to HAART initiation, and over a
substantially longer period of observation following HAART initiation than reported from
most prior studies. Our data do not support the premise that HAART is associated with
generally increased risky behavior among IDUs.

We found no evidence of sexual behavioral risk compensation following initiation of
HAART. Among IDUs who remained sexually active, we observed a significant decline in
unprotected sex after HAART initiation, and this effect remained durable for over 5 years.
Our findings are consistent with a previous longitudinal study conducted among French
IDUs, which reported reduced episodes of unprotected sex after initiating HAART [29] and
several studies demonstrating either a reduction or no change in sexual risk behaviors
[29,32,41]. In total, the body of evidence provides substantial reassurance that the benefits
of HAART for IDUs are not undermined by compensatory increases in sexual risk-taking
[30].

Our data suggest a more complex relationship between HAART and injection-related risk
behavior. As seen for sexual behavior, we observed a significant and sustained reduction in
active injecting after initiating HAART, findings in agreement with similar analyses from
France [42] and the Netherlands [43]. However, for the small subset of IDUs who continued
or resumed injecting after HAART, the odds of needle-sharing increased approximately
two-fold, with no diminution of this excess risk over more than 5 years of follow-up. This
finding indicates that for a minority of IDUs unable to abstain from injecting, starting HIV
treatment could mark a transition to riskier injecting. Importantly, because of the notable
decline in the proportion injecting overall following HAART initiation (65% before to 34%
after), the population prevalence of needle-sharing was relatively low and declined
following HAART (26% before to 16% after).

Our research group previously evaluated HIV-infected IDUs in Baltimore in the first 2 years
after HAART availability (1996–1998) and identified a subgroup of IDUs that reported
small increases in unprotected sex, needle-sharing and shooting gallery attendance following
initiation of therapy [33]. In the present study, we build upon this early work by
incorporating data from 229 additional HAART initiators with up to 11 years of follow-up
after initiation. Our updated analysis does support the existence of a high-risk subset of
IDUs for whom HIV treatment may coincide with increased vulnerability to intensification
of risky injecting. This contrasts with a recent study evaluating 260 active IDUs initiating
HAART in Vancouver between 1996 and 2008, which found no association between syringe
lending behavior and HAART initiation [31]. Using baseline data from a multisite
prevention trial, a lower prevalence of syringe lending was observed among IDUs currently
prescribed HAART compared with those not receiving HAART, although temporal
relationships of behavior and HAART initiation could not be evaluated [44]; at 6 and 12
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months after the intervention, no association between HAART and syringe lending was
observed [45]. Behavioral risk compensation due to decreased perceived infectiousness is a
plausible hypothesis to explain increased needle-sharing post-HAART among persistent
injectors [18]. Changes in risk environment may also contribute. For example, HAART
initiation may signal increased social functioning and mobility, resulting in exposure to
riskier drug-using networks. Further research is needed to investigate mechanisms
underlying this phenomenon and the existence of context-specific factors, which may help
explain why observations differ across studies.

Our analyses extended beyond assessment of behavior changes following HAART to
identification of predictors of subsequent high-risk behavior. We consistently found that
individuals who engaged in high-risk behaviors in the year prior to HAART initiation were
substantially more likely to engage in those same behaviors following HAART, providing a
strong rationale for targeting these high-risk persons with additional prevention
interventions. In contrast to the paradigm of treatment optimism and riskier behavior among
HAARTresponders [22–25], we found that persons with virologic suppression were less
likely to inject drugs overall. In our cohort, positive behavior change leading to engagement
in HIV care, adherence, and favorable treatment responses appear to often overlap with less
risky sexual and drug-related behavior.

Several methodological constraints and study characteristics may limit interpretation of our
findings. First, the use of antiretroviral medications and engagement in risk behaviors were
self-reported. We attempted to mitigate the possibility of inaccurate recall through the use of
medication charts and ‘pill books’, but misclassification of HAART status may have
occurred. Despite efforts to capture previous HAART use through baseline medication
questionnaires, some IDUs recruited during later phases of the study may have received
HAART prior to enrollment and have been misclassified as HAART initiators. Self-reported
risk behavior data is subject to socially desirable responding, which could result in
underestimation of the behavioral outcomes. Our approach to behavior ascertainment may
also fail to reflect the significant variability in the riskiness of specific behaviors, as, for
example, in our grouping together of unprotected anal, vaginal, and oral sex. Because of
missing baseline risk data, only 78% of IDUs who initiated HAART were analyzed and may
not be representative of all treatment initiators in the cohort. Moreover, our urban, African–
American study population may not be fully representative of all HIV-infected IDUs who
reside in diverse settings with different cultural norms and socio-legal contexts. The ALIVE
study regularly provides risk reduction counseling and encourages engagement in HIV care
for participants, but operates separately from any HIV care location. We are therefore
limited in our ability to assess the degree that study participants are engaged in HIV care,
and the role that clinic-based health promotion messages may influence behavior.

A limitation common to cohort studies is that higher-risk participants may be more likely
lost to follow-up, introducing an attrition bias that makes the remaining cohort appear to
have decreasing risk. We attempted to mitigate this possibility by conducting a sensitivity
analysis limited to participants with longer duration of follow-up and our findings were
unchanged, suggesting that differential loss-to-follow-up did not likely influence the
behavioral associations with HAARTobserved in this population. Secular trends favoring
overall reductions in risk behavior during the study period could produce spurious
association between HAART and decreased behavioral risk. To control for unmeasured
contextual factors influencing behavior over the course of study, we included calendar year
of HAART initiation in the multivariable models.

This study underscores the relevance of behavioral research to programs implementing and
evaluating the ‘Treatment as Prevention’ (TasP) paradigm [7]. Antiretroviral therapy has
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been considered a promising method of prevention for over a decade since the discovery that
treating HIV-positive pregnant women can effectively reduce mother-to-child transmission
[46]. Observational studies of serodiscordant couples [47,48] and a recent large, randomized
prevention trial [5] provide powerful evidence supporting the link between viral suppression
on HAART with reduced transmissibility. In theory, expansion of HAART could also yield
incremental risk reduction via behavioral counseling often provided through comprehensive
HIV treatment programs, or could paradoxically increase risky behavior due to diminished
recognition of negative consequences associated with unsafe sexual or injection-related
practices. Our results support the optimistic view that for most IDUs, risk compensation
following HAART initiation is unlikely, albeit with a worrisome caveat that a small
minority of active injectors may be more likely to share needles after initiating treatment. As
TasP strategies are expanded, earlier treatment makes it increasingly likely that IDUs will
initiate therapy in closer temporal proximity to having engaged in high-risk behavior. Based
on our findings, targeting risk-reduction interventions for persons with high-risk behavior in
the time-period shortly before HAART initiation should be considered.
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Fig. 1.
Proportion of ALIVE participants reporting sexual and drug-related behavioral outcomes at
6-month study visits before and after HAART initiation (Time 0).
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Table 1

Demographic, clinical and behavioral characteristics of 362 HIV-infected AIDS Linked to the IntraVenous
Experience study participants that initiated HAART from 1996 to 2007.

n (%)

Sex

    Men 258 (71.3)

    Women 104 (28.7)

Race

    African–American 345 (95.3)

    Other 17 (4.7)

Median age at HAART initiation, years (IQR) 44.4 (40.2–48.3)

Median CD4 cell count at visit before HAART initiation (cells/μl) (IQR) 218.5 (100–333)

Median HIV RNA level at visit before HAART initiation (copies/ml) (IQR) 23 494 (2263–102 870)

Median year of HAART initiation (IQR) 1999 (1998–2001)

Consistency of HAART use

    Consistent 95 (26.7)

    Inconsistent 261 (73.3)

Risky behaviors in year prior to HAART

    Engaged in any sex 244 (67.4)

    Engaged in any unprotected sex 175 (48.3)

    Injected drugs 222 (61.3)

    Shared needles 97 (26.8)

IQR, interquartile range.
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Table 2

Likelihood and durability of sexual and drug-related behavior change after HAART initiation.

Outcome Overall OR
a
 (95% CI) Overall aOR

a,c
 (95% CI) aOR

b,c
 (95% CI)

Any sexual behavior

    pre-HAART 1.00 1.00 1.00

    post-HAART
0.42 (0.36–0.49)

* 0.95 (0.80–1.14)

        1 year 1.15 (0.98–1.36)

        1–2 years 0.95 (0.76–1.18)

        2–5 years 0.88 (0.69–1.13)

        > 5 years 0.73 (0.51–1.04)

Unprotected sex
d

    pre-HAART 1.00 1.00 1.00

    post-HAART
0.54 (0.44–0.67)

*
0.25 (0.19–0.32)

*

        1 year
0.35 (0.26–0.46)

*

        1–2 years
0.15 (0.10–0.24)

*

        2–5 years
0.18 (0.12–0.27)

*

        > 5 years
0.17 (0.10–0.29)

*

Any injection of drugs

    pre-HAART 1.00 1.00 1.00

    post-HAART
0.26 (0.22–0.31)

*
0.62 (0.51–0.75)

*

        1 year
0.69 (0.58–0.83)

*

        1–2 years
0.63 (0.50–0.79)

*

        2–5 years
0.46 (0.36–0.60)

*

        > 5 years
0.28 (0.18–0.43)

*

Needle-sharing
e

    pre-HAART 1.00 1.00 1.00

    post-HAART
1.40 (1.14–1.71)

*
1.99 (1.57–2.52)

*

        1 year
1.73 (1.31–2.30)

*

        1–2 years
2.12 (1.48–3.04)

*

        2–5 years
2.24 (1.51–3.33)

*

        > 5 years
2.53 (1.37–4.68)

*

aOR, adjusted odds ratio; CI, confidence interval; OR, odds ratio.

*
Statistically significant association (α = 0.05).

a
Time was modeled as a binary variable: pre-HAART visits vs. all visits post-HAART.

b
Time was modeled with only the visits 1 year prior to HAART initiation vs. visits categorized into time-periods after initiation up to more than 5

years of follow-up.
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c
Adjusted for age, sex, race, alcohol usage, employment status, CD4 cell count, and year of HAART initiation (1996–1997, 1998–2000, 2001–

2007).

d
Unprotected sex includes the subgroup of participants that reported any sexual behavior.

e
Needle-sharing includes the subgroup of participants that reported any injection of drugs.
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Table 3

Predictors of sexual and drug-related risk behavior following HAART initiation
a
.

Engaged in sex-related behaviors after HAART
initiation

Engaged in drug-related behaviors after
HAART initiation

Variables Any sexual behavior aOR
c

(95% CI)
Unprotected sex aOR

c

(95% CI)
Injecting drugs aOR

c

(95% CI)
Needle-sharing aOR

c

(95% CI)

Age at HAART initiation

    <40 years 1.00 1.00 1.00 1.00

    40–43.9 years 0.71 (0.40–1.27) 1.67 (0.89–3.13) 0.68 (0.38–1.23) 0.76 (0.41–1.39)

    44–47.9 years 1.00 (0.60–1.66) 1.23 (0.68–2.22) 0.94 (0.54–1.61)
0.50 (0.29–0.86)

*

    ≥ 48 years 0.71 (0.41–1.22) 0.72 (0.40–1.32) 0.61 (0.35–1.06) 0.67 (0.37–1.22)

Sex

    Men 1.00 1.00 1.00 1.00

    Women 0.73 (0.49–1.08)
2.20 (1.34–3.63)

*
0.62 (0.40–0.95)

* 1.28 (0.83–1.99)

Engaged in behavior in year prior to HAART initiation

    No 1.00 1.00 1.00 1.00

    Yes
5.65 (3.72–8.60)

*
3.34 (1.87–5.95)

*
10.8 (6.58–17.8)

*
2.55 (1.70–3.83)

*

Year of HAART initiation

    1996–1997 1.00 1.00 1.00 1.00

    1998–2000 0.91 (0.50–1.66)
0.41 (0.22–0.75)

* 1.22 (0.54–2.76)
2.92 (1.39–6.15)

*

    2001 and after 0.82 (0.44–1.53) 0.72 (0.35–1.47) 1.05 (0.47–2.37) 1.93 (0.91–4.09)

Baseline CD4 count (cells/
μl)

    < 100 1.00 1.00 1.00 1.00

    100–199 0.94 (0.55–1.60) 1.25 (0.60–2.60) 1.27 (0.72–2.23) 0.66 (0.36–1.23)

    200–349 0.84 (0.51–1.37) 1.40 (0.73–2.67) 0.84 (0.50–1.41) 0.79 (0.46–1.34)

    350–499 1.63 (0.91–2.91) 1.15 (0.50–2.65) 0.79 (0.44–1.44) 0.90 (0.44–1.82)

    ≥ 500 1.46 (0.62–3.44) 1.53 (0.57–4.15) 1.78 (0.73–4.32) 0.95 (0.43–2.08)

Increase in CD4 count of 50 cells from baseline
b

    No 1.00 1.00 1.00 1.00

    Yes
1.37 (1.09–1.72)

* 0.86 (0.62–1.21) 0.77 (0.59–1.02) 1.18 (0.80–1.75)

Baseline HIV viral load,
copies/ml

    <1000 1.00 1.00 1.00 1.00

    1000- 74 999 1.54 (0.94–2.53) 0.91 (0.51–1.63)
1.65 (1.00–2.74)

*
2.13 (1.24–3.67)

*

    ≥75 000
2.05 (1.17–3.58)

* 1.29 (0.65–2.58) 1.36 (0.78–2.38) 1.27 (0.68–2.36)

Current HIV viral load <1000 copies/ml
b

    No 1.00 1.00 1.00 1.00

    Yes 1.09 (0.92–1.29) 0.98 (0.73–1.32)
0.63 (0.48–0.82)

* 0.84 (0.57–1.24)

aOR, adjusted odds ratio; CI, confidence interval.
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*
Statistically significant association (α = 0.05).

a
Time was modeled with visits after HAART initiation.

b
Time-varying variable.

c
Adjusted for all other variables in the table.
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