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INCE THE MID-1990s, SUBSTAN-
tial reductions in morbidity and
mortality related to the human
immunodeficiency virus (HIV)
have been documented among HIV-
infected persons receiving highly ac-
tive antiretroviral therapy (HAART).'
However, a large number of prior re-
ports have demonstrated that because
of issues of social instability related to
illicit drug addiction,* HIV-infected in-
jection drug users (IDUs) may not be
deriving the full benefits of HAART.>®
For instance, prior studies have shown
that IDUs are less likely to be pre-
scribed HAART,”!? and a recent inter-
national collaboration demonstrated
that a history of injection drug use was
an independent predictor of worse out-
come with HAART.? These reports may
have contributed to an increasingly
prevalent belief among clinicians that
IDUs may be significantly less likely to
benefit from antiretroviral therapy, and
prior studies have shown that clini-
cians commonly withhold HAART from
IDUs.PP
Earlier reports, however, have been
limited by a number of important con-
founders. For example, it has been ac-
knowledged that failure to examine
causes of death in this population may
bias the results because IDUs are known
to have a higher risk of mortality from
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Context Highly active antiretroviral therapy (HAART) is often withheld from injec-
tion drug users (IDUs) infected with the human immunodeficiency virus (HIV) based
on the belief that their unstable lifestyles may predetermine a markedly inferior out-
come with HAART. However, long-term evaluations of HIV treatment outcomes among
IDUs in comparison with other risk groups are not available.

Objective To compare survival rates among HIV-infected patients initiating HAART
with and without a history of injection drug use.

Design, Setting, and Patients Population-based, prospective cohort study (HAART
Observational Medical Evaluation and Research [HOMER]) of 3116 antiretroviral-
naive HIV-infected patients in a province-wide HIV/AIDS treatment program in Brit-
ish Columbia, Canada. Of the 3116 patients, 915 were IDUs (29.4%), 579 were fe-
male (18.6%), and the median age was 39.4 years (interquartile range, 33.3-46.4 years).
Treatment with HAART was initiated between August 1, 1996, and June 30, 2006.
The median duration of follow-up was 5.3 years (interquartile range, 2.8-8.3 years)
for IDUs and 4.3 years (interquartile range, 2.0-7.6 years) for non-IDUs. Patients were
followed up until June 30, 2007. Data were analyzed between November 1, 2007,
and May 26, 2008.

Main Outcome Measure All-cause mortality.

Results Overall, 622 individuals died (20.0%) during the study period (232 IDUs
and 390 non-IDUs), for a crude mortality rate of 20.0% (95% confidence interval [Cl],
18.4%-21.5%). At 84 months after the initiation of HAART, the product limit esti-
mate of the cumulative all-cause mortality rate was similar between the 915 IDUs (26.5%;
95% Cl, 23.2%-29.8%) and 2201 non-IDUs (21.6%; 95% Cl, 16.9%-26.2 %) (Wil-
coxon P=.47). In multivariate time-updated Cox regression, the hazard ratio of mor-
tality was similar between IDUs and non-IDUs (1.09; 95% Cl, 0.92-1.29).

Conclusion In this study population, injection drug use was not associated with de-
creased survival among HIV-infected patients initiating HAART.
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causes unrelated to HIV (eg, illicitdrug METHODS

overdoses).>*!® Other studies have been
limited by having been conducted in the
context of medical systems with sig-
nificant financial barriers to HIV/
AIDS care, which may disproportion-
ately affect IDUs.>89

This study was conducted to com-
pare patterns of mortality between pa-
tients with and without a history of in-
jection drug use among a cohort of
antiretroviral-naive patients initiating
HAART in a setting with free HIV/
AIDS care.

The HAART Observational Medical
Evaluation and Research (HOMER)
study is a prospective observational co-
hort of all antiretroviral-naive pa-
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tients aged 18 years or older initiating
HAART in British Columbia, Canada,
and has been described in detail else-
where.>!” Briefly, all antiretroviral-
naive patients initiating HAART in the
province are automatically enrolled into
the study. The cohort s followed up in
a unique environment with a central-
ized free antiretroviral distribution pro-
gram and a province-wide vital statis-
tics registry. This allows for an accurate
ascertainment of cause of death for all
participants as well as the opportunity
to study outcomes from HIV treat-
ment in a setting in which all financial
barriers to all HIV/AIDS and other
medical care are eliminated.>"”

In the present study, analyses were
restricted to antiretroviral-naive HIV-
infected men and women who were first
prescribed triple drug antiretroviral
therapy between August 1996 and June
2006, and who were followed up to
June 30, 2007. Data were analyzed be-
tween November 1, 2007, and May 26,
2008. Participants were initially pre-
scribed HAART with regimens com-
posed of 2 nucleoside/nucleotide re-
verse-transcriptase inhibitors, plus a
nonnucleoside reverse-transcriptase in-
hibitor, or a nonboosted protease in-
hibitor, or a ritonavir-boosted prote-
ase inhibitor, at the discretion of the
enrolling physician.

The primary end point for this analy-
sis was time to death. Deaths that oc-
curred during the follow-up period
were ascertained on a continuous ba-
sis from physician reports and through
record linkages accomplished in con-
junction with the British Columbia Di-
vision of Vital Statistics. The external
linkage limited losses to follow-up and
enabled all patients to be followed up
until death or the end of the study pe-
riod even if they discontinued HAART.
In the primary analysis, we evaluated
all-cause mortality. Causes of death that
were unlikely to be attributable to HIV
infection were defined as accidental
causes of death, and we conducted sub-
analyses in which these deaths were
censored at the time of death and clas-
sified as nonevents. As previously,*'" ac-
cidental causes of death were defined
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by examining causes of death based on
the International Statistical Classifica-
tion of Diseases and Related Health Prob-
lems codes version 10."® We hypoth-
esized a priori that because IDUs may
be more likely to experience acciden-
tal mortality from non-HIV-related
causes, such as illicit drug overdoses,
mortality rates would be most similar
after accidental causes were treated as
nonevents.

As an initial analysis, the baseline com-
position of the study cohort was com-
pared and stratified by history of injec-
tion drug use. Characteristics of the
baseline study population were com-
pared using the Pearson x* test for di-
chotomous variables and the Wilcoxon
rank-sum test for continuous variables.

For the comparison of unadjusted
survival rates, Kaplan-Meier methods
were used and patients were stratified
based on history of injection drug use
at enrollment. Cumulative mortality
was compared at each 12-month inter-
val by calculating 95% confidence in-
tervals (Cls) using the Greenwood
method.' Based on exploratory analy-
ses, we found that the assumption of
proportional hazards was violated, and
therefore the Wilcoxon test was used
to compare the Kaplan-Meier survival
curves.'?! To visually present the prod-
uct limit estimates of the cumulative
mortality rate while a reasonable pro-
portion of the cohort remained under
follow-up, Kaplan-Meier curves were
generated to show survival over the first
84 months, and 95% Cls were calcu-
lated around the survival probabilities
ateach 12-month interval (including 84
months). However, the statistical com-
parison of the survival curves in-
cluded all follow-up data for all par-
ticipants.

Time-updated Cox regression mod-
els were used to calculate adjusted haz-
ard ratios of mortality because the dif-
ferences between IDUs and non-1DUs
could confound a comparison of sur-
vival patterns.’! Of note, the propor-
tional hazards assumption was not rel-
evant to the Cox regression analysis
when time-updated covariates were
used in the model.?® Potential con-

founders considered were defined iden-
tical to those in our prior reports>!” and
included age, sex, a prior diagnosis of
AIDS (yes vs no), protease inhibitor use
in the initial regimen (yes vs no), date
of therapy initiation (before or after July
1,1997), physician experience (per 100
patients enrolled), baseline CD4 cell
count (<50, 50-199, or =200 cells/
pL), baseline HIV RNA levels (logo
transformed), and 95% antiretroviral
adherence (yes vs no).

Adjustment for protease inhibitor use
in the initial regimen was performed
due to potential differences in HAART
prescribing practices for IDUs vs non-
IDUs, and date of therapy initiation was
adjusted for because July 1, 1997, rep-
resents the date that the province’s
therapeutic guidelines were revised to
recommend HAART (rather than dual
therapy) for all patients regardless of
baseline plasma HIV RNA level.>!7 As
previously described,” adherence was
estimated based on prescription refill
compliance and time-updated based on
compliance during each 6-month pe-
riod from the antiretroviral start date.*

Potential confounders were se-
lected for inclusion in the final mod-
els using a conservative backward-
selection approach that considered the
magnitude of change in the coefficient
of the injection drug use variable. Spe-
cifically, starting with a fixed model,
which considered all available vari-
ables, potential confounders were
dropped one at a time, using the rela-
tive change in the coefficient for the
variable related to the injection drug use
variable as a criterion, until the maxi-
mum change from the full model ex-
ceeded 5%.7**

The HIV/AIDS drug treatment pro-
gram and the HOMER cohort, includ-
ing mandated analyses deriving from
them, such as those presented herein,
have been vetted and approved by the
University of British Columbia Re-
search Ethics Board at its St Paul’s Hos-
pital site. Individuals in HOMER were
not required to provide written in-
formed consent for the purposes of the
analyses presented herein. These ad-
ministrative analyses occur within the

(Reprinted) JAMA, August 6, 2008—Vol 300, No. 5 551



SURVIVAL IN HIV-INFECTED INJECTION DRUG USERS

]
Table. Baseline Characteristics of 3116 Antiretroviral-Naive Patients Initiating HAART

Between August 1996 and June 2006

History of Injection Drug Use,

No. (%)2
I Yes No I P
Characteristic (n=915) (n = 2201) Value®

Age, mean (SD), y 38.9 (8.4) 40.9 (10.9) <.001
Female 265 (29.0) 314 (14.3) <.001
AIDS diagnosis 125 (13.7) 342 (15.5) 19
Protease inhibitor use 560 (61.2) 1392 (63.2) .28
Date of therapy initiation®

Prior to July 1, 1997 115 (12.6) 240 (10.9) ] 18

After July 1, 1997 800 (87.4) 1961 (89.1)
Physician experience, mean (SD)4 75.4 (89.8) 123.5(131.9) <.001
CD4 cell count, cells/uL

=200 137 (15.0) 374 (17.0)

50-199 325 (35.5) 775 (35.2) } .37

<50 453 (49.5) 1052 (47.8)
HIV RNA, mean (SD), log;, copies/mL 4.87 (0.64) 4.86 (0.72) .35

Abbreviations: HAART, highly active antiretroviral therapy; HIV, human immunodeficiency virus.

2Unless otherwise indicated.

The x? and Fisher exact tests were used to compare distributions of categorical variables and the Wilcoxon rank-sum

test was used for continuous variables.

CJuly 1, 1997, reflects date when local therapeutic guidelines recommended HAART for all patients.
Defined as the number of patients with HIV previously enrolled by that physician at the time of enroliment.

context of a universal health care sys-
tem in which individuals receive medi-
cal care, laboratory monitoring, and an-
tiretrovirals free of charge. The ethical
approval includes publication in sci-
entific journals and presentations at sci-
entific meetings.

The statistical analyses were con-
ducted using SAS software version 9.1.3
(SAS Institute Inc, Cary, North Caro-
lina). Because this was an observa-
tional study, a priori statistical power
and sample size calculations were not
conducted. The analyses involved 3116
individuals and 622 deaths; thus, we
were confident that there was suffi-
cient statistical power to adequately test
for clinically relevant differences in
mortality between patients with and
without a history of injection drug use.
The tests of significance were 2-sided,
and a P value of less than .05 was used
to indicate that an association was sta-
tistically significant.

RESULTS

During the study period (between Au-
gust 1, 1996, and June 30, 2006), 3372
patients initiated HAART, among whom
256 individuals (7.6%) were excluded
from the HOMER cohort for not hav-
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ing a baseline CD4 cell count and a
plasma HIV RNA level available within
6 months prior to the start of antiret-
roviral therapy. Those excluded were
more likely to be male (P<<.001) and
younger (P=.004), but there was no dif-
ference according to injection drug use
status. These individuals were not eli-
gible for the study and were not in-
cluded in the Kaplan-Meier estima-
tion analyses to avoid differing sample
sizes between these and multivariate
analyses. As noted, the group did not
statistically differ by injection drug use
status and such analyses would be ex-
pected to contribute little to the over-
all study.

Among the study sample of 3116 in-
dividuals, 915 were IDUs (29.4%), 579
were female (18.6%), and the median
age was 39.4 years (interquartile range,
33.3-46.4 years). The median dura-
tion of follow-up was 5.3 years (inter-
quartile range, 2.8-8.3 years) for IDUs
and 4.3 years (interquartile range, 2.0-
7.6 years) for non-IDUs. The TABLE
shows the baseline characteristics of
study participants stratified by history
of injection drug use. In comparison
with non-IDUs, patients with a his-
tory of injection drug use were more

likely to have less-experienced physi-
cians (P<<.001), be female (P<<.001),
and be younger (P<<.001). During the
first year of follow-up, IDUs (40.7% vs
62.8%; P<<.001) and female partici-
pants (37.8% vs 60.5%; P<<.001) were
less likely to be 95% adherent. Consis-
tent with previous analyses,* adher-
ent patients had improved survival (data
not shown).

Opverall, among the study sample of
3116 individuals, 622 individuals died
(20.0%; 95% CI, 18.4%-21.5%) dur-
ing the study period (232 IDUs and 390
non-IDUs). When causes of death were
examined, 535 were deemed nonacci-
dental (86%) based on a review of the
International Statistical Classification of
Diseases and Related Health Problems
codes,'® of which 373 were deemed to
be due to HIV (70.0%), 26 due to car-
diovascular causes (4.2%), 21 due to
liver disease (3.4%), 17 due to malig-
nancies (2.7%), and 98 were coded as
being due to various other medical
causes (15.8%). Among the 87 deaths
defined as accidental (14.0%), there
were 62 accidental poisonings (71.2%),
16 suicides (18.4%), 6 traumas (6.9%),
and 3 other causes (3.4%). As antici-
pated, accidental causes of death were
more common among IDUs than
among non-IDUs (49 [21.1%] vs 38
[9.7%], respectively; P=.003).

As shown in the FIGURE, through 84
months after the initiation of HAART,
the product limit estimate of the cu-
mulative all-cause mortality rate was not
statistically different between the 915
IDUs (26.5%; 95% CI, 23.2%-29.8%)
and 2201 non-IDUs (21.6%; 95% CI,
16.9%-26.2%) (Wilcoxon P=.47). In
multivariate time-updated Cox regres-
sion, the hazard ratio of mortality be-
tween IDUs and non-IDUs was 1.09
(95% CI, 0.92-1.29) after adjustment
for age, sex, baseline AIDS diagnosis,
baseline CD4 cell count, adherence, and
physician experience.

Subanalyses were conducted for the
purpose of focusing on causes of death
that were more likely attributable to
HIV infection; the 87 accidental causes
of death (14.0%) were censored as non-
events. As shown in the Figure, through
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84 months after the initiation of
HAART, the product limit estimate of
the cumulative nonaccidental mortal-
ity rate was not statistically different be-
tween the 915 IDUs (22.4%:; 95% CI,
19.29%-25.5%) and 2201 non-IDUs
(19.1%; 95% CI, 17.1%-21.0%) (Wil-
coxon P=.96). In the multivariate Cox
regression, the hazard ratio of nonac-
cidental mortality between the IDUs
and non-IDUs was 1.06 (95% CI, 0.88-
1.27) after adjustment for age, sex, base-
line AIDS diagnosis, baseline CD4 cell
count, adherence, and physician expe-
rience.

COMMENT

The present study demonstrated mor-
tality rates that were not significantly
different between HIV-infected IDUs
and non-IDUs initiating HAART in a
population-based setting. Although
subtle differences in survival began to
emerge by 84 months, 5-year survival
was virtually identical in the analysis
that censored accidental causes of death
(Figure). Mortality rates were not sta-
tistically different even when all-
cause mortality and the entire fol-
low-up duration were considered.

SURVIVAL IN HIV-INFECTED INJECTION DRUG USERS

While observational studies are of-
ten considered to be limited with re-
spect to evaluating treatment modali-
ties, the present study is well suited for
comparing real-world outcomes from
HAART among IDUs and non-IDUs in
apopulational setting. Furthermore, the
local context provides an excellent op-
portunity to compare survival pat-
terns in a setting in which the poten-
tially confounding effects of financial
barriers to medical care are removed.
Although it is not possible to know if
the HOMER cohort is entirely repre-
sentative of all HIV-infected individu-
als in the province, surveillance esti-
mates indicate that similar proportions
of IDUs and non-IDUs are included in
the HOMER cohort.”

This study has several limitations.
Most importantly, because this is an ob-
servational study, no conclusions about
causality can be made. In addition, al-
though our multivariate analyses ad-
justed for the key clinical and behav-
ioral predictors of survival, unmeasured
confounders may not have been ad-
justed for. For instance, although the
vast majority of IDUs in the province
use HAART without adherence-
support programs, there are small, daily

administered HAART programs ac-
cessed by some of the most unstable and
mentally ill individuals.?

A further limitation is that we only
had baseline data on injection drug use
and we were not able to assess the im-
pact of ongoing drug use. Finally, it is
important to stress that we only con-
sidered patients who were prescribed
HAART, and we have previously shown
how IDUs are more likely to die with-
out accessing HIV treatment.'® Thus, if
we compared survival between all HIV-
infected individuals in our setting, it is
likely that mortality rates would be
higher among IDUs.

Although our findings cannot be gen-
eralized outside of the HOMER cohort,
as efforts to improve use of HAART
among IDUs expand,”” the fact that sur-
vival patterns were not significantly dif-
ferent between IDUs and non-IDUs
should help to challenge the increas-
ingly prevalent belief that IDUs may be
markedly less likely to benefit from
HAART."! Based on these results, we
conclude that HAART regimens may
have effectiveness at a populational level
that is not significantly different regard-
ing the survival of individuals with and
without a history of injection drug use.

Figure. Mortality Rate Among 3116 Antiretroviral-Naive Patients Initiating HAART
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Overall, there were 622 deaths and the analysis of nonaccidental mortality censored 87 deaths (14.0%) as nonevents among which 62 deaths (71.2%) were accidental
poisonings, 16 were suicides (18.3%), 6 were traumas (<0.1%), and 3 were classified as other (<0.1%). Survival curves were compared using the Wilcoxon test and
all follow-up data for all participants. Error bars indicate 95% confidence intervals; HAART, highly active antiretroviral therapy; IDU, injection drug user.
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