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Abstract

Objectives—We aimed to determine adherence, virological, and immunological outcomes one
year after starting a first combination antiretroviral therapy (ART) regimen.

Design—Observational; synthesis of administrative, laboratory, and pharmacy data.
Antiretroviral regimens were divided into efavirenz, nevirapine, boosted protease inhibitor (PI),
and single PI categories. Propensity scores were used to control for confounding by treatment
assignment. Adherence was estimated from pharmacy refill records.

Setting—Veterans Affairs Healthcare System, all sites.

Participants—HIV-infected individuals starting combination ART with a low likelihood of
previous antiretroviral exposure.

Interventions—None.

Outcomes—The proportion of antiretroviral prescriptions filled as prescribed, a change in log
HIV-RNA, the proportion with log HIV-RNA viral suppression, a change in CD4 cell count.
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Results—A total of 6394 individuals unlikely to have previous antiretroviral exposure started
combination ART between 1996 and 2004, and were eligible for analysis. Adherence overall was
low (63% of prescriptions filled as prescribed), and adherence with efavirenz (67%) and
nevirapine (65%) regimens was significantly greater than adherence with boosted PI (59%) or
single P1 (61%) regimens (P < 0.001). Efavirenz regimens were more likely to suppress HIV-RNA
at one year (74%) compared with nevirapine (62%), boosted Pl (63%), or single P1 (53%)
regimens (all < 0.001), and this superiority was maintained when analyses were adjusted for
baseline clinical characteristics and propensity for treatment assignment. Efavirenz also yielded
more favorable immunological outcomes.

Conclusion—HIV-infected individuals initiating their first combination ART using an
efavirenz-based regimen had improved virological and immunological outcomes and greater
adherence levels.

Keywords
Adherence; resistance; ART; Veterans Affairs Healthcare System

Introduction

Guidelines for the use of antiretroviral agents in HIV-infected individuals support the choice
of initiating combination antiretroviral therapy (ART) with either a boosted protease
inhibitor (PI) or efavirenz in combination with a nucleoside reverse transcriptase inhibitor
backbone [1]. These recommendations are based on randomized controlled trials that have
demonstrated their superiority over single Pl-based regimens, nevira-pine-based regimens,
triple nucleoside regimens, and others [2—6]. Data directly comparing these two preferred
regimens are, however, limited [7], and therefore their relative effectiveness and tolerance is
unknown.

Whereas large observational databases offer the option of comparing combination ART
regimens, it is difficult to ascertain whether observed differences are attributable to the
regimens themselves or to differences in patient assignment by regimen type. This danger
may be mitigated by limiting analyses to antiretroviral-naive patients in order to reduce the
confounding effect of baseline drug resistance, or to studies with objective adherence data in
order to control for adherence differences across regimen types, but these restrictions often
preclude adequate statistical power for analysis.

We have created and validated a large “virtual' cohort composed of all HIV-infected
individuals receiving medical care within the Veterans Affairs Healthcare System. The
information available for the cohort includes virological, immunological, and clinical
outcome data, antiretroviral regimen history, and adherence measurements. We used the
substantial statistical power of this cohort to compare virological and immunological
outcomes for patients unlikely to have previous antiretroviral exposure starting efavirenz,
boosted PI, and other combination ART regimen types, with and without considering
differences in adherence levels and other patient characteristics. Furthermore, we performed
analyses using propensity scores in order to reduce the likelihood that differences in
outcomes were attributable to confounding by treatment assignment.

Methods

We identified all antiretroviral-naive HIV-infected individuals within the Veterans Affairs
Healthcare System who started their first combination ART regimen, comparing virological
and immunological outcomes one year after initiating therapy. Because the Veterans Affairs
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Healthcare System maintains a nationwide database of pharmacy refill information, we were
able to measure and control for adherence to combination ART.

The Veterans Affairs virtual cohort

The integrated electronic medical record used for patient care in all Veterans Affairs
Medical Centers makes it possible to create a “virtual' cohort of veterans with HIV infection
to monitor trends in utilization, toxicity, and clinical outcomes. Our method synthesizes
disparate components of the Veterans Affairs Healthcare System's administrative apparatus,
and has been shown to identify HIV-infected veterans with a sensitivity of 90% and a
specificity of 99.9% [8]. We adapted an algorithm developed by Fasciano et al. [9], using
the International Classification of Diseases, 9th Revision (ICD-9-CM) diagnostic codes to
identify patients with a first HIV or AIDS diagnosis. Our modifications required veterans to
have one or more inpatient or two or more HIV-related outpatient codes. Our program
searched for the following ICD-9-CM codes: AIDS (042), asymptomatic HIV (V08), and
related diagnostic-related group codes (488—490). This methodology has been described in
full elsewhere [8]. Subjects were linked with the Immunology Case Registry (the Veterans
Affairs HIV registry, which contains laboratory and clinical data) and the Pharmacy Benefits
Management Registry (centralized database of outpatient prescriptions).

Individuals unlikely to have previous antiretroviral exposure

The Veterans Affairs virtual cohort was used to identify all individuals unlikely to have had
previous antiretroviral exposure who started their first combination ART regimen.
Combination ART was defined as three or more antiretroviral medications prescribed
simultaneously. The individuals in our analysis started combination ART between January
1996 and December 2003, and our period of observation extended to 2004. The Pharmacy
Benefits Management database was used to identify an individual's history of antiretroviral
drug prescriptions within the Veterans Affairs system. Given that some veterans may have
initiated antiretroviral therapy outside the Veterans Affairs system, we specified criteria to
identify individuals with a low likelihood of previous antiretroviral exposure: (i) each
individual must have had HIV prognostic indices (HIV-RNA, CD4 cell count) measured
before the first combination ART prescription; (ii) no HIV-RNA level before the first
combination ART prescription could have been sufficiently low to suggest antiretroviral
exposure (< 500 copies/ml); (iii) the first combination ART regimen must not have been a
“salvage' regimen [including both PI and non-nucleoside reverse transcriptase inhibitors
(NNRTI), or including five or more drugs]; and (iv) each individual must not have received
previous antiretroviral therapy (i.e. monotherapy) within the Veterans Affairs system. In
sensitivity analyses, we explored alternative inclusion criteria (requiring HIV-RNA to be
above 5000 copies/ml rather than above 500 copies/ml, and requiring each individual to be
within the Veterans Affairs system without prescribed antiretroviral therapy for a 120-day
“run-in' period before starting combination ART).

Combination antiretroviral therapy categorization

To evaluate the recommended regimens, we divided combination ART regimens into six
mutually exclusive groups: (i) NNRTI-based regimens containing efavirenz; (ii) NNRTI-
based regimens containing nevirapine; (iii) PI-based regimens with a single PI; (iv) PI-
boosted regimens, in which a PI is paired with ritonavir (boosted PI); (v) triple nucleoside
regimens; and (vi) other. Boosted PI regimens were further divided into newer regimens
(including lopinavir, fosamprenavir, or atazanavir) or older regimens (including none of
these drugs) when power considerations allowed.

AIDS. Author manuscript; available in PMC 2012 September 28.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Braithwaite et al.

Outcomes

Adherence

Page 4

We used the algorithm of Steiner and colleagues [10,11] to estimate the proportion of
medication doses consumed as directed based upon pharmacy refill data from the Veterans
Affairs national database. This algorithm keeps a running tally of whether a patient would
have run out of medications at any particular time based on the dates and number of
medication doses given with previous refills, and determines what proportion of time the
patient should have medications available (i.e. has not run out of medications). Assuming
that patients do not obtain medications from elsewhere (a reasonable assumption for our
study given that it is based on data from all Veterans Affairs sites nationwide), the result of
this algorithm may be thought of as an upper bound for possible adherence. We averaged
adherence from all antiretroviral medications to yield a summary adherence measure, and
performed our analysis over the first year of therapy. The Steiner algorithm has previously
been validated by demonstrating that its estimates were highly correlated with drug plasma
levels [10]. The small proportion of individuals who “stockpile' drugs, as indicated by a
pharmacy refill frequency that consistently exceeds the scheduled dosing interval, are
inadequately characterized by this algorithm, and the method did not validate within this
particular subgroup [10]. For this reason, we analysed this subgroup separately.

Virological measures

We measured (i) the change in the base-10 logarithm of the HIV-RNA levels between the
HIV-RNA level obtained closest to the initiation of treatment and the one-year value, and
(ii) the proportion of individuals with HIV-RNA suppression at one year. Viral suppression
was defined as any value less than 500 HIV-RNA copies/ml. The less than 500 copies/ml
threshold was chosen because the sensitivity of the HIV-RNA assay varied by site and year,
and this threshold was sufficiently inclusive to allow all sites to contribute data (i.e. no site
used an assay with a detection limit greater than 500 copies/ml). Because it was unlikely that
individuals had HIV-RNA levels measured precisely at one-year intervals, we allowed a 6-
month “window' for HIV-RNA measurement for both pre-treatment and on-treatment HIV-
RNA levels. For all regimens, approximately half of the observations included in our
analyses were recorded between 6 and 12 months after starting therapy, and approximately
half were recorded between 12 and 18 months after starting therapy. All analyses were
performed using intent-to-treat principles (individuals contributed to the analysis regardless
of whether they switched regimens).

Immunological measures

Using the same time windows as for virological outcomes, we determined the change in
CD4 count between the value obtained closest to the initiation of treatment and the one-year
value. We also used intent to treat principles for these analyses.

Duration of treatment regimen

We determined how the likelihood of regimen discontinuation varied by type of regimen.
"Discontinuation' was defined as changing or discontinuing two or more of the drugs within
a particular regimen.

Statistical methods

All outcomes were examined using crude analyses (unadjusted for potential confounders),
multivariate models (adjusted for potential confounders), and multivariate models with
propensity scores (adjusting for potential confounders, and also adjusting for potential
confounding by treatment assignment).
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Crude—We compared dichotomous outcomes (proportion with HIV-RNA suppression)
using the chi-squared test for independent proportions, and continuous outcomes (proportion
of doses taken as directed, change in HIV-RNA level) using the Student's #test for
independent means.

Multivariate models—We constructed multivariate models of HIVV-RNA suppression
using stepwise generalized linear regression models (when the outcome measure was
decrement in log HIV-RNA) and generalized logistic regression models (when the outcome
measure was HIV-RNA suppression to < 500 copies/ml). The predictor variables were age,
race/ethnicity, baseline CD4 cell count, baseline HIV-RNA level, combination ART
category, type of nucleoside backbone (zidovudine/lamivudine versus stavudine/lamivudine
versus other), ICD-9 diagnosis suggestive of past or present illicit drug use, ICD-9 diagnosis
suggestive of past or present alcohol use disorder, site of care, and year of care; the criteria
for inclusion and exclusion were £=0.05 and = 0.10, respectively. We performed separate
analyses with and without including the adherence variables as predictor variables, and we
performed separate analyses with and without dividing boosted PI regimens into newer and
older groups. We used similar analysis strategies for our other outcome measures,
employing generalized linear regression models to predict CD4 cell count elevation and Cox
proportional hazard models to predict the time to regimen discontinuation.

Multivariate models with propensity scores—Propensity scores can be used in
observational studies to adjust for confounding by treatment assignment [12]. A propensity
score reflects the likelihood of being assigned to a particular treatment beyond random
chance, and is estimated on the basis of patient characteristics that would be expected to
influence treatment choice (e.g. patients starting treatment in later calendar years have a
greater likelihood of having been assigned to efavirenz regimens, and this is reflected by a
higher propensity score for receiving efavirenz). We determined a propensity score for
efavirenz assignment by constructing a distinct logistic regression model and evaluating the
covariates listed above as possible predictors [12]. The resulting propensity score was highly
predictive of treatment assignment, explaining 85% of the variance. We then used this score
as a distinct explanatory variable in each of our regression models for virological and
immunological outcomes.

Of the 33 420 individuals in the virtual cohort, 10 337 were identified as unlikely to have
had previous antiretroviral exposure when they started combination ART. Of these
individuals, 2909 (28%) had incomplete virological outcome data and 1034 (10%) had
incomplete adherence data, leaving 6394 patients eligible for analysis. There were no
clinically significant differences between medication assignments or disease stage (Table 1)
among individuals with and without evaluable data. Patients who received efavirenz did not
have clinically significant differences in disease stage compared with patients who received
boosted Pl (Table 1). A majority of individuals was non-Caucasian (68%) and male (98%).
Their mean pretreatment CD4 cell count was 243 cells/pl and their mean pretreatment log
HIV-RNA level was 4.6 copies/ml.

Of the combination ART regimen types that were the focus of this analysis, the most
prevalent type was single Pl (N = 3324), followed by efavirenz (/N 1140), nevirapine (N =
512), and boosted PI (A= 401, of which 257 were older regimens and 144 were newer). Of
the 1017 individuals who were on other regimen types, 517 were on triple-nucleoside
regimens.
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Overall, the estimated adherence with antiretroviral medications was 63%. Adherence with
efavirenz (67%) and nevirapine (65%) regimens was significantly greater than adherence
with boosted P1 (59%) or single P1 (61%) regimens (P < 0.001). Significantly more
individuals on either non-nucleoside regimen (33%, efavirenz; 31%, nevirapine) were in the
highest adherence stratum (80-100%) compared with individuals on either type of Pl-based
regimen (23%, single PI; 21%, boosted PI).

Virological outcomes

We report separately the results for the decline in log HIV-RNA and the likelihood of HIV-
RNA suppression.

Decline in log HIV-RNA—Patients on efavirenz had a greater decline in log HIV-RNA
(2.07 log units) than patients on each of the other regimen types (nevirapine, 1.44 log units;
single PI, 1.12 log units; boosted PI, 1.58 log units; triple nucleoside, 1.22 log units; other,
1.02 log units; all < 0.001 compared with efavirenz). For all regimens, the decline in the
log HIV-RNA level was greater with higher levels of adherence (Fig. 1). In multivariate
analyses that controlled for demographic, behavioral, and baseline clinical characteristics,
year of starting therapy, and therapy “backbone’; efavirenz-based regimens remained
superior, suppressing HIV-RNA by an additional 0.22-0.49 log units (all < 0.002; Table
2). Augmenting the model to consider the propensity of having received efavirenz did not
greatly impact our results, nor did augmenting the model to consider the level of adherence.
When boosted PI were stratified into newer compared with older regimens, efavirenz
continued to suppress HIV-RNA levels by an additional 0.34 log units (newer boosted PI) or
0.27 log units (older boosted PI); however, the difference with newer boosted Pl did not
reach statistical significance (P = 0.058) for this comparatively small subgroup.

Virological suppression—Patients on efavirenz had a greater likelihood of HIV-RNA
suppression at one year (74%) compared with each of the other regimen types (nevirapine,
62%; single PI, 53%; boosted Pl, 63%; triple nucleoside, 55%; other, 52%; all £< 0.001
compared with efavirenz). For all regimens, the likelihood of viral suppression was greater
with higher levels of adherence (Fig. 2). In multivariate analyses that controlled for
demographic, behavioral, and baseline clinical characteristics, year of starting therapy, and
therapy “backbone', efavirenz-based regimens remained superior, with odds ratios of viral
suppression for alternative regimens ranging from 0.45 to 0.60 (all £< 0.001; Table 3).
Augmenting the model to consider the propensity of having received efavirenz did not
greatly impact our results, nor did augmenting the model to consider the level of adherence.
When boosted PI were stratified into newer versus older regimens, odds ratios were 0.57 for
both older and newer subgroups of boosted PI (P < 0.05).

Immunological outcomes

Whereas immunological outcomes were impacted less than virological outcomes by the
choice of regimen, there were still significant differences. Patients on efavirenz had a greater
increase in CD4 cell count at one year (126 cells/il) compared with each of the other
regimen types (nevirapine, 97 cells/wl; single PI, 97 cells/w.l; boosted P, 94 cells/pl; triple
nucleoside, 81 cells/ul; other, 78 cellspul; all £< 0.001 compared with efavirenz; Table 4).
For all regimens, the elevation in CD4 cell count was greater with higher levels of adherence
(Fig. 3). In multivariate analyses that controlled for demographic, behavioral, and baseline
clinical characteristics, year of starting therapy, and therapy “backbone', efavirenz-based
regimens increased the CD4 cell count by an additional 17-32 cells/i.l compared with
alternative regimens. The statistical significance of these relationships was, however, less
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robust than for virological outcomes, and in the case of nevirapine did not reach statistical
significance at all (P=0.091). Augmenting the model to consider the propensity of having
received efavirenz did not greatly impact our results, nor did augmenting the model to
consider the level of adherence. When boosted Pl were stratified into newer versus older
regimens, efavirenz continued to elevate the CD4 cell count by greater amounts (27 cells/pl,
older boosted PI; 44 cells/pl, newer boosted PI; A< 0.05 for both).

Duration of treatment regimen

In unadjusted analyses, patients on efavirenz had a median time to regimen discontinuation
of 1.4 years, shorter than some regimen types (nevirapine, 1.7 years; single PI, 1.6 years;
boosted PI, 1.5 years) and longer than others (triple nucleoside, 0.9 years; other, 1.2 years).
In multivariate analyses that controlled for demographic, behavioral, and baseline clinical
characteristics, year of starting therapy, and therapy “backbone', the duration of efavirenz
was statistically indistinguishable from the duration of all other regimen types except for
single PI regimens, which were inferior (hazard ratio for treatment discontinuation 1.16;
P=0.002). In analyses that controlled for the propensity of receiving efavirenz or for
treatment adherence, efavirenz regimens remained superior to single Pl regimens, and were
also statistically superior to triple-nucleoside regimens and other regimens (Table 5).

Impact of covariates

Whereas some covariates were consistently associated with poorer virological and
immunological outcomes (current illicit drug use, Hispanic ethnicity, stavudine/lamivudine
backbone, and “other' backbone), other covariates had more complex relationships. African-
American ancestry was associated with poorer virological suppression only when adherence
was left out of the model, suggesting that adherence levels contributed to the poorer
outcomes. Whereas virological outcomes were improved in later calendar years, this trend
was less evident when the propensity for choosing efavirenz was considered in the model,
suggesting that the calendar year improvement was partly attributable to changes in
preferred regimens. There was no comparable calendar year trend for the improvement in
immunological outcomes, but later calendar years were associated with shorter times to
regimen discontinuation, possibly because of an increase in the number of alternative
regimens. Finally, although adherence had a profound impact on both virological and
immunological outcomes, the more favorable results of efavirenz were not explained wholly
by higher adherence levels, as the results remained clinically and statistically significant
even when adherence was included in the models.

Sensitivity analyses

Our inclusion criteria attempted to isolate antiretroviral-naive individuals; however, they
reflect the limitations of administrative and pharmacy databases within a particular care
system, and may have included some individuals with previous antiretroviral exposure. To
explore the robustness of these criteria, we reran all analyses using two alternative and
stricter specifications, first mandating no HIVV-RNA level lower than 5000 copies/ml before
the first combination ART prescription (instead of 500 copies/ml, as in our base-case
criteria), and the second requiring each individual to have spent 120 days in the Veterans
Affairs system without receiving any antiretroviral prescriptions before the first combination
ART prescription (instead of no time restrictions, as in our base-case criteria). These
alternative criteria had minimal impact on our results. The only statistically significant
finding that was altered by these sensitivity analyses was the HIV-RNA decrement of
nevirapine compared with efavirenz (smaller and no longer statistically significant).
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Discussion

In the Veterans Affairs system, individuals initiating their first combination ART regimen
using an efavirenz-based regimen had improved virololgical outcomes compared with those
starting nevirapine, Pl or boosted Pl-based regimens. Immunological outcomes may also
have been improved in the efavirenz group, although these data were less robust. The
clinical implications of these results may be substantial because the prognostic value of the
HIV-RNA level and CD4 cell count for predicting clinical outcomes (AIDS and death)
appears not to vary by regimen type [13]. Our results are consistent with preliminary data
from ACTG 5142, which demonstrated a more favorable time to treatment failure for
efavirenz compared with an older boosted Pl-based regimen (lopinavir/ritonavir) [14].

Despite obtaining these results from one type of care setting, our results may be more
generalizable to everyday practice than results from clinical trials, which often enroll highly
selected individuals who are particularly likely to adhere to prescribed therapies. The large
sample size came from all 50 states and Puerto Rico, all patients were included, and the
Veterans Affairs Healthcare System allowed practitioners to choose from any of the
approved antiretroviral agents. Furthermore, the ranges of HIV-RNA suppression observed
by regimen type were generally within the ranges observed in previous studies [1].

Our results further confirm that adherence is an important issue in HIV care, even with the
advent of newer regimens with lower pill burdens and fewer lifestyle impositions. Whereas
adherence to efavirenz regimens was greater than either of the Pl-based regimen types, only
35% had adherence in the highest stratum (> 80%). In contrast to Bangsberg et a/. [15], we
did not find that regimens with NNRTI were more “forgiving' of non-adherence compared
with regimens with PI (Fig. 1 and Fig. 2). The proportion of maximum effect we observed in
each adherence stratum (i.e. the shape of the curve) was remarkably similar across
medication regimens, whereas the maximum effect (i.e. the amplitude of the curve) differed
greatly by the type of medication regimen. Although our study was not intended to
determine why adherence to efavirenz regimens was more favorable, the possible
explanations include less common or less burdensome side effects, or decreased pill
burdens.

Our results further document that most individuals are non-adherent in a range (60-80%)
that is maximally conducive to the development of resistance mutations [16-18]. Therefore,
increasing combination ART adherence should remain one of the highest priorities in HIV
care, and may be facilitated by interventions that increase adherence directly [19,20] or that
mitigate major risk factors for poor adherence such as alcohol use [21-25], illicit drug use
[23,24], and mental illness [24,26,27]. This emphasis may also serve to decrease disparities
in HIV care, as our results suggest that the poorer virological suppression of African-
American individuals appears to be partly mediated by adherence levels, and may ultimately
originate from factors such as education, health literacy, or provider trust.

Even though initial combination ART regimens using efavirenz had better virological and
immunological one-year outcomes than other types of combination ART among patients in
routine care, our results should not be interpreted to suggest that efavirenz regimens should
necessarily be preferred to boosted PI regimens as first-line agents. The treatment of HIV-
infected patients is a marathon not a sprint, and the ultimate goal of a combination ART is to
extend the life of a patient and improve quality of life. A treatment strategy success depends
not upon the effectiveness of a single regimen considered in isolation, but rather on the
effectiveness of an entire sequence of regimens. Because our results do not evaluate long-
term clinical outcomes, it is possible that any benefit conferred by starting with efavirenz is
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no longer evident after several years, when most individuals are on their second or third
regimens.

Our results underscore the formidable improvements in treatment success since the
beginning of the combination ART era. Individuals who started combination ART in later
calendar years were far more likely to have HIV-RNA suppression than individuals who
started combination ARTearlier. Much of this improvement probably resulted from a
stepwise improvement in the effectiveness of regimen types. Boosted Pl regimens were
more likely to suppress HIV-RNA levels than older, unboosted PI regimens, and newer
boosted P1 were more likely to be suppressive than older boosted PI regimens. Similarly,
efavirenz was more likely to be suppressive than nevirapine.

There is no gold standard for measuring adherence. Estimating adherence based on
pharmacy refill records has the advantage of correlating more closely with virological
suppression than self-report measures [28], and offers a consistent adherence metric that can
be compared across patient populations as long as the same interpretation algorithm is used.
Methods such as medication event monitoring system caps [26] or unanticipated pill counts
[16] are arguably likely to give more accurate estimates of adherence than pharmacy refill
records. Nonetheless, the formidable expense and respondent burden of these methods
renders them unsuitable for studies with very large patient samples or for usual care settings.

Our results have several limitations. They were based on a patient sample that was
overwhelmingly male. We could not control for every important patient characteristic (e.g.
mental illness was not considered in our analyses). Our results also have the potential
limitation of confounding by treatment assignment. Anecdotally, providers sometimes
choose Pl-based regimens preferentially over efavirenz-based regimens for individuals who
have more advanced disease or who are less likely to adhere. However, patients starting
efavirenz in our sample had pre-treatment CD4 cell counts and viral loads that did not differ
greatly from patients starting P1-based regimens. Furthermore, because we were able to
control for adherence to therapy, and because we included a propensity score that reflected
an individual's likelihood of assignment to efavirenz based on disease stage and other
characteristics (i.e. drug abuse), confounding by treatment assignment is less likely to have
impacted our results. Because our sample had a low probability of previous antiretroviral
exposure, it is unlikely that our results were explained by disparities in pre-existing
resistance mutations. NNRTI mutations predominate in treatment-naive populations, and
therefore any preexisting mutations would have probably caused an underestimation of
efavirenz effectiveness, a bias in the opposite direction of our findings.

In summary, among antiretroviral-naive individuals initiating combination ART in the
Veterans Affairs system, those starting an efavirenz-based regimen had more favorable
adherence levels, virological responses, and immunological outcomes than among those
starting P1-based regimens. Adherence levels were, however, generally poor across all
combination ART regimens, frequently occurring at levels that maximize the accumulation
of resistance mutations. Future work should focus on methods to improve adherence,
regardless of regimen type.
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Fig. 1. Changein log HIV-RNA level at oneyear, by adherence stratum

Adherence was approximated by estimating the maximum proportion of antiretroviral doses
that could have been taken as prescribed based on pharmacy refill records. Allthough the
regimens differed greatly in their maximum effectiveness, a similar proportion of the
maximum effect was observed within each adherence stratum. ———4--- Efavirenz;
-——@———nevirapine; - —<&— - boosted protease inhibitor; — —O- —single protease
inhibitor.
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Fig. 2. Proportion with HIV-RNA suppression at one year, by adherence stratum

Adherence was approximated by estimating the maximum proportion of antiretroviral doses
that could have been taken as prescribed based on pharmacy refill records. Although the
regimens differed greatly in their maximum effectiveness, a similar proportion of the
maximum effect was observed within each adherence stratum. ———4—-- Efavirenz;
-——@———nevirapine; - —<&— - boosted protease inhibitor; - —O- —single protease
inhibitor.
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Fig. 3. Changein CD4 cell count at oneyear, by adherence stratum

Adherence was approximated by estimating the maximum proportion of antiretroviral doses
that could have been taken as prescribed based on pharmacy refill records. The improved
effectiveness of efavirenz was most evident in the highest adherence stratum. ——— 4 ---
Efavirenz; ———@-—- nevirapine; - —<— —hoosted protease inhibitor; - ~O- - single
protease inhibitor.
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