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Background. Human immunodeficiency virus (HIV) coinfection accelerates the rate of liver disease outcomes
in individuals chronically infected with hepatitis C virus (HCV). It remains unclear to what degree combination
antiretroviral therapy (ART) protects against HCV-associated liver failure.

Methods. We evaluated 10 090 HIV/HCV-coinfected males from the Veterans Aging Cohort Study Virtual
Cohort, who had not initiated ART at entry, for incident hepatic decompensation between 1996 and 2010. We
defined ART initiation as the first pharmacy fill date of a qualifying ART regimen of ≥3 drugs from ≥2 classes.
Hepatic decompensation was defined as the first occurrence of 1 hospital discharge diagnosis or 2 outpatient diag-
noses for ascites, spontaneous bacterial peritonitis, or esophageal variceal hemorrhage. To account for potential
confounding by indication, marginal structural models were used to estimate hazard ratios (HRs) of hepatic decom-
pensation, comparing initiation of ART to noninitiation.

Results. We observed 645 hepatic decompensation events in 46 444 person-years of follow-up (incidence rate,
1.4/100 person-years). Coinfected patients who initiated ART had a significantly reduced rate of hepatic decompen-
sation relative to noninitiators (HR = 0.72; 95% confidence interval [CI], .54–.94). When we removed individuals
with HIV RNA ≤400 copies/mL at baseline from the analysis (assuming that they may have received undocumented
ART at entry), the hazard ratio became more pronounced (HR = 0.59; 95% CI, .43–.82).

Conclusions. Initiation of ART significantly reduced the rate of hepatic decompensation by 28%–41% on
average. These results suggest that ART should be administered to HIV/HCV-coinfected patients to lower the risk
of end-stage liver disease.
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Liver complications, particularly those due to chronic
hepatitis C virus (HCV) infection, have emerged as

leading non-AIDS-related causes of morbidity andmor-
tality among patients infected with human immunode-
ficiency virus (HIV) [1, 2]. HIV coinfection accelerates
progression to clinical HCV-related liver outcomes, al-
though the mechanisms have yet to be fully character-
ized [3]. Given the high prevalence of HIV/HCV
coinfection in the United States (250 000–300 000 indi-
viduals) and the rapid HCV-associated fibrosis progres-
sion rate among coinfected patients, therapies to reduce
the incidence of advanced liver disease are needed [4, 5].
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Although the benefits of combination antiretroviral therapy
(ART) on the course of HIV disease have been well established,
the effects of ART on the course of chronic HCV–related liver
outcomes remain less clear. ART could help reduce the risk of
HCV-associated hepatic decompensation by controlling HIV-
mediated immune dysfunction and dysregulation through CD4
T-lymphocyte recovery. This mechanism is consistent with
prior studies suggesting that CD4 count gain and suppression
of HIV RNA are associated with reduced rates of advanced
hepatic fibrosis, cirrhosis, hepatic decompensation, and/or
death due to end-stage liver disease [6–11], although not with
others [12–14]. In contrast, immune reconstitution due to ART
could exacerbate host-mediated hepatic inflammation and
chronic antiretroviral-associated hepatotoxicity and subse-
quently increase the risk of hepatic decompensation [11, 15–
17]. Results from previous studies assessing the direct impact of
ART on liver-related outcomes have been inconclusive [6, 18–
23]. Most have relied on cross-sectional analyses of liver biop-
sies, which can be susceptible to bias. Generally these studies
have evaluated the stage or rate of fibrosis as the outcome of in-
terest, and not clinical liver disease progression events.

Given that HIV coinfection hastens liver disease progression
in individuals with chronic HCV, elucidation of the impact of
treating HIV on hepatic decompensation events in this popula-
tion is warranted. However, studies using longitudinal data to
evaluate the effects of clinical interventions on health outcomes
are in general susceptible to biases. This is primarily because
patient factors that predict the likelihood of treatment are also
correlates of poor outcomes, and may in turn be affected by
treatment (confounding by indication). Whereas standard re-
gression methods will be inherently biased in this context, mar-
ginal structural models can be used to account for these biases
and are preferred when confounding by indication may be
present [24]. Thus, the primary goal of this study was to esti-
mate the effect of ART initiation on the rate of hepatic decom-
pensation in a large cohort of HIV/HCV-coinfected veterans,
using marginal structural model methods.

METHODS

Study Population

We evaluated HIV/HCV-coinfected patients in the Veterans
Aging Cohort Study Virtual Cohort (VACS-VC), an electronic
medical records database of HIV-infected adults enrolled in the
US Department of Veterans Affairs (VA) healthcare system
from 1996 to the present [25]. This database contains demo-
graphic information, laboratory results, pharmacy data, clini-
cal diagnoses (recorded using International Classification of
Diseases, Ninth Revision [ICD-9] diagnostic codes), and dates
of death. The pharmacy database includes information on

medication fill dates, dosages, numbers dispensed, and dosing
frequency. Dates of death were available from the VA vital
status file, which records information from the Social Security
Administration death master file, the Beneficiary Identification
and Records Locator subsystem, and the VA medical Statistical
Analysis Systems inpatient data sets.

Patients were included in the analysis if they (1) had labora-
tory evidence of HIV infection (HIV antibody and RNA posi-
tive); (2) had a recorded diagnosis of HCV infection [26], a
positive HCV antibody [27], and/or quantifiable HCV RNA;
and (3) had not initiated ART at or prior to entry in the VA
healthcare system. Patients were excluded if they (1) were
female (given the small sample size and possible sex-based dif-
ferences in HCV-associated liver disease progression rates); (2)
had a baseline diagnosis of hepatic decompensation; (3) were
on ART at VACS-VC entry; or (4) lacked follow-up visits
(Figure 1). The VACS-VC has been granted a waiver of in-
formed consent and has been approved by the institutional
review boards (IRBs) of the VA Connecticut healthcare system
and Yale University; this analysis was additionally approved by
the IRB at the Harvard School of Public Health.

Data Collection
Individuals were considered to have initiated ART on the filled
prescription date of their first treatment regimen consisting of
≥3 antiretroviral medications from at least 2 different drug
classes, or 3 nucleoside analogues. Until the first documented
date these criteria were fulfilled, individuals were considered to
be noninitiators. To account for the possibility that patients
may have received undocumented antiretrovirals prior to entry
in the VACS-VC, we repeated the primary analyses after remov-
ing from consideration patients with a baseline HIV RNA of
≤400 copies/mL yet no record of ART initiation. In a recent
validation study within the VACS, this algorithm correctly
identified 86% as truly ART-naive based on medical records
review [28]. For all analyses, we assumed that patients stayed
on ART once having initiated, for ease in interpretation and to
parallel the intent-to-treat approach of a hypothetical clinical
trial.

Covariates included age at enrollment (years); calendar year
at enrollment; race/ethnicity (white non-Hispanic, black non-
Hispanic, Hispanic, other/unknown); hepatitis B virus (HBV)
coinfection; history of alcohol abuse; history of drug abuse;
CD4 cell count (cells/µL); HIV RNA level (copies/mL); diabe-
tes; FIB-4 score; pegylated interferon therapy for HCV; and
AIDS-defining conditions. HBV coinfection status was deter-
mined by a positive test for HBV surface antigen at any time
under observation. Alcohol and/or drug abuse were considered
to be present if an individual had documented alcohol- and/or
drug-related ICD-9 diagnosis codes [29]. FIB-4, a noninvasive
index used to identify advanced hepatic fibrosis, was calculated
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and categorized as described by Sterling et al [30]. Individuals
were considered to have initiated HCV therapy at the filled
prescription date for their first regimen of pegylated inter-
feron lasting at least 28 days. AIDS-defining conditions were
identified using ICD-9 diagnoses and established criteria
[31]. HCV genotype (1, other) and HCV RNA (IU/mL) were
additionally evaluated in preliminary analyses but removed
from primary models due to a large proportion of missing data
(61% and 60%, respectively) and a lack of observed associa-
tions of these factors with both ART initiation and hepatic
decompensation.

Outcome
The outcome under study was incident hepatic decompensa-
tion, defined as a primary hospital discharge diagnosis or ≥2
outpatient diagnoses for ascites, spontaneous bacterial peri-
tonitis, or esophageal variceal hemorrhage. Determination of
hepatic decompensation using this diagnostic algorithm was
found to be highly valid in a previous study, with 91% of events
confirmed via medical records [32]. The decompensation date
was determined by the hospital admission date (if identified by
discharge diagnosis) or initial outpatient diagnosis date (if
identified by outpatient diagnoses). We did not include hepatic
encephalopathy or nonobstructive jaundice, which might also
indicate decompensation, as these diagnoses often identified
unrelated conditions [32].

Statistical Analysis
The baseline date for analysis was considered to be the first visit
on record with available values for both CD4 count and HIV
RNA. Study patients were followed and considered to be at risk
from the baseline date until the first occurrence of hepatic de-
compensation, death, censoring, or 30 September 2010. Indi-
viduals were conservatively considered to be lost to follow-up if
there was any gap in observations of at least 1 year; these indi-
viduals were censored at their last prior visit. Values for CD4
count and HIV RNA were carried forward until a new measure
was available but not for more than 1 year. Values for FIB-4
were carried forward indefinitely until an updated value was
available. To reflect the reality that the clinical decision to initi-
ate ART is based on previously available (and not simultane-
ous) values of covariates (ie, CD4 count precedes and informs
treatment status), we lagged covariate values to ensure the
proper sequence for analysis.

To appropriately account for time-dependent confounding
by indication, marginal structural (weighted Cox) models were
constructed as previously described with minor modifications
[33–35]. First, logistic regression models were constructed to
calculate the likelihood of initiating ART at each time point,
given an individual’s covariate history. Models for probabilities
of death and censoring were similarly constructed to account
for potential biases due to competing risks and/or differential
loss to follow-up [33, 35]. These predicted probabilities were

Figure 1. Study population flow diagram. Abbreviations: ART, antiretroviral therapy; HCV, hepatitis C virus; HD, hepatic decompensation; HIV, human
immunodeficiency virus.
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then combined to create stabilized weights for unbiased estima-
tion of the marginal structural model. All aforementioned base-
line covariates were considered for inclusion in these weight
estimation models, plus time-dependent variables for CD4,
HIV RNA, diabetes, FIB-4 score, HCV therapy, and AIDS-
defining diagnoses. Collectively these covariates were initi-
ally selected based on relevance in the context of HIV/HCV
coinfection, as well as their availability in the source data. Indi-
vidual covariates were then removed sequentially from a given
model if they (1) were not statistically significant predictors of
the given outcome, and (2) removal did not materially change
the coefficient for treatment in the marginal structural model.
Second, marginal structural models were specified using
weighted Cox regression and used to estimate the effect of ART
initiation on the rate of hepatic decompensation. Applying
weights in this way can correct for time-dependent confound-
ing and selection biases (due to selective attrition by censoring/
death) under specific assumptions, whereas standard unweight-
ed regression models remain inherently biased in this context
[24, 35]. Results are reported as hazard ratios (HRs) with 95%
confidence intervals (CIs), which were calculated using robust
variances. We also constructed standard (unweighted) unad-
justed and adjusted Cox models for comparison, and explored
several supplemental analyses in which alterations in various
modeling parameters were evaluated. An expanded description
of our analytical approach can be found in the Supplementary
Appendix. All analyses were conducted using SAS software,
version 9.2 (SAS Institute Inc, Cary, North Carolina). A statisti-
cal significance level of .05 was assumed throughout, and any
reported P values are 2-sided.

RESULTS

Among 44 180 HIV-infected individuals in the VACS-VC,
14 261 (32%) had evidence of HCV coinfection. After

Table 1. Baseline Distributions of Selected Patient Characteristics
and Time-Dependent Unadjusted Associations With Hepatic
Decompensation

Characteristic No. (%)a
Unadjusted HR

(95% CI)
P for
Trend

Total patients 10 090 (100)
Age, y

20–39 1459 (14.5) Referent .007

40–49 5364 (53.2) 1.55 (1.19–2.00)
50–59 2718 (26.9) 1.72 (1.30–2.27)

60–89 549 (5.4) 1.35 (.86–2.10)

Year at baseline
1996–2000 6780 (67.2) Referent .048

2001–2009 3310 (32.8) 0.82 (.68–1.00)

Race
White non-Hispanic 2703 (26.8) Referent <.001b

Black non-Hispanic 6135 (60.8) 0.69 (.58–.83)

Hispanic 945 (9.4) 1.40 (1.10–1.76)
Other 307 (3.0) 0.86 (.49–1.50)

Diabetes

No 9789 (97.0) Referent <.001
Yes 301 (3.0) 1.88 (1.54–2.29)

HBV surface antigen

No 9023 (91.7) Referent <.001
Yes 820 (8.3) 1.57 (1.24–1.98)

HCV therapy

No 10 081 (99.9) Referent .002
Yes 9 (0.1) 1.80 (1.23–2.62)

HCV genotype 1

No 507 (13.0) Referent .95
Yes 3393 (87.0) 0.99 (.68–1.44)

FIB-4 score

<1.45 (mild fibrosis) 3072 (39.0) Referent <.001
1.45–3.25
(moderate)

3216 (40.9) 1.82 (1.28–2.59)

>3.25 (advanced) 1580 (20.1) 25.80 (19.18–
34.70)

Alcohol abuse condition

No 7385 (74.7) Referent <.001
Yes 2495 (25.3) 1.41 (1.19–1.67)

Drug abuse condition

No 6672 (67.5) Referent .076
Yes 3208 (32.5) 0.85 (.72–1.02)

AIDS-defining condition

No 8534 (84.6) Referent <.001
Yes 1556 (15.4) 1.73 (1.47–2.04)

CD4 count, cells/µL

<50 1353 (13.4) 2.86 (2.10–3.91) <.001
50–199 2331 (23.1) 3.52 (2.79–4.43)

200–349 2360 (23.4) 1.82 (1.42–2.33)

350–499 1792 (17.8) 1.43 (1.10–1.87)
≥500 2254 (22.3) Referent

HIV RNA, copies/mL <.001

≤400 1876 (18.6) Referent

Table 1 continued.

Characteristic No. (%)a
Unadjusted HR

(95% CI)
P for
Trend

401–10 000 2622 (26.0) 0.92 (.75–1.14)
10 001–100 000 3395 (33.6) 1.25 (1.01–1.54)

>100 000 2197 (21.8) 1.81 (1.39–2.35)

Missing observations (No. [%]): HBV (247 [2.4%]); HCV genotype (6190
[61.3%]); baseline FIB-4 (2222 [22.0%]); alcohol (210 [2.1%]); drug abuse (210
[2.1%]).

Abbreviations: CI, confidence interval; HBV, hepatitis B virus; HCV, hepatitis C
virus; HIV, human immunodeficiency virus; HR, hazard ratio.
a Percentages are among the nonmissing.
b The P value for race is testing the type 3 null hypothesis that none of the
categorical β estimates are significantly different from each other.
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exclusions (Figure 1), the study cohort consisted of 10 090
HIV/HCV-coinfected male veterans who contributed 46 444
person-years of follow-up (median, 3.1 years; maximum, 14.6
years). HCV coinfection was confirmed in 6006 patients (60%)
by detectable HCV RNA; 625 (6%) were identified as HCV-co-
infected by ICD-9 diagnosis alone. Baseline characteristics of
these patients are summarized in Table 1. The median age at
baseline was 47 years (range, 20–89 years), and 61% were black
non-Hispanic. Of 9843 tested for HBV surface antigen (98%),
820 (8%) screened positive. Four percent received pegylated in-
terferon–based therapy during follow-up. Of those with geno-
type information available (39%), most (87%) were infected
with HCV genotype 1. Approximately one-quarter had a his-
tory of alcohol dependence/abuse, and 32% had a history of
drug abuse. More than half of the population had an AIDS-
defining diagnosis by the end of follow-up. At baseline, 36%
had a low CD4 count (<200 cells/µL), and 82% had a detectable
HIV RNA load (>400 copies/mL). In unadjusted models, we
observed a statistically significant association with hepatic de-
compensation for age, year at entry, race, diabetes, HBV, HCV
therapy, FIB-4 score, alcohol abuse, AIDS-defining conditions,
CD4 count, and HIV RNA (Table 1). Of note, African Ameri-
can coinfected patients appeared to progress to hepatic decom-
pensation more slowly relative to other reported ethnicities,
consistent with previous reports [36].

During observed follow-up, 6935 individuals initiated ART
(69%; median time to initiation, 3 months). In the multivari-
able model, later calendar year, white non-Hispanic race/eth-
nicity, no history of drug abuse, lower CD4 count, higher HIV
RNA load, and a history of AIDS-defining conditions were pos-
itively associated with initiating ART (Table 2). These variables
were used to compute, at each visit, the predicted probability of
receiving the treatment an individual actually received, given
covariate and treatment history. In turn, these predicted proba-
bilities were used to compute stabilized inverse probability
weights, in conjunction with additional models for attrition
due to death (n = 2506) and censoring (n = 4590), respectively.
Predictors of death in multivariable regression included older
age; race/ethnicity designated as unknown or other than white,
black or Hispanic; lower CD4 count; higher HIV RNA load;
history of diabetes; higher FIB-4 score; AIDS-defining diagnos-
es; and noninitiation of ART (estimates not shown). Predic-
tors of censoring in multivariable regression included younger
age; later calendar year; race/ethnicity classified as black non-
Hispanic or as unknown or other than white, black, or Hispan-
ic; history of drug abuse; higher CD4 count; higher HIV RNA;
no history of diabetes; no prior pegylated interferon therapy;
no history of AIDS-defining conditions; and noninitiation of
ART (estimates not shown).

Hepatic decompensation events occurred in 645 indivi-
duals (6.4%; incidence rate, 1.4/100 person-years). A frequency

distribution of qualifying diagnoses is given in Table 3. Most
(82.3%) included a diagnosis of ascites. Of those who initiated
ART, 457 events occurred in 35 553 person-years, whereas 188
events occurred in 10 891 person-years among those who had
not yet initiated ART. In the primary marginal structural
model, the hazard ratio of hepatic decompensation for ART
initiation vs noninitiation was 0.72 (95% CI, .54–.94), repre-
senting a 28% average reduction in the rate of hepatic decom-
pensation for treated vs untreated within levels of baseline
covariates (Table 4). As illustrated in Figure 2, the estimate
from the marginal structural model was more pronounced and
conclusive when compared to those from unweighted models
(unadjusted HR = 0.98; 95% CI, .80–1.20; baseline covariate ad-
justed HR = 0.81; 95% CI, .63–1.04; baseline and time-varying
covariate adjusted HR = 0.85; 95% CI, .66–1.09). In evaluating
whether the effect of ART initiation on hepatic decompensa-
tion changed with time, we found a suggestion of increased
protection over time (Table 4).

Table 2. Predictors of Antiretroviral Therapy Initiation

Variable
Adjusteda HR

(95% CI) P for Trend

Baseline variables
Year at baseline >2000 1.22 (1.16–1.29) <.001

Race

White non-Hispanic Referent .002b

Black non-Hispanic 0.90 (.85–.95)

Hispanic 0.89 (.82–.97)

Other 0.95 (.81–1.11)
Drug abuse condition 0.85 (.81–.90) <.001

Time-dependent variables
Current CD4, cells/µL

<50 3.37 (2.81–4.02) <.001

50–199 3.38 (2.93–3.89)
200–349 2.54 (2.25–2.86)

350–499 1.56 (1.40–1.74)

≥500 Referent
Current HIV RNA, copies/mL

≤400 Referent <.001

401–10 000 0.91 (.83–1.00)
10 001–100 000 1.05 (.95–1.16)

>100 000 1.20 (1.07–1.35)

AIDS-defining condition 1.40 (1.31–1.50) <.001

Patients missing values at initiation: current CD4 (33 [0.5%]); current HIV RNA
(13 [0.2%]).

Abbreviations: CI, confidence interval; HIV, human immunodeficiency virus;
HR, hazard ratio.
a The adjusted model contains all the variables listed in the table, as well as
baseline measures of the time-dependent variables for purposes of creating
stabilized inverse probability weights.
b Type 3 P value assessing race categories as a whole, testing whether any of
the β estimates are significantly different from each other.
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To account for possible misclassification of ART-naive indi-
viduals at baseline, we repeated the primary analyses after re-
moving the 1876 individuals with no evidence of ART yet
highly controlled HIV viremia (≤400 copies/mL) at entry. In
this restricted study population, ART initiation was associated
with a 41% decreased rate of hepatic decompensation relative
to noninitiation (HR = 0.59; 95% CI, .43–.82; Table 5). In con-
trast to the original study population, there was no evidence
that estimates of the hazard ratio changed with time from ART
initiation (Table 5). Comparison of marginal structural model
estimates to unweighted models in the restricted study pop-
ulation followed a similar pattern to those reported above
(not shown). Information on additional sensitivity analyses
related to modeling parameters is given in the Supplementary
Appendix.

DISCUSSION

Initiation of ART significantly reduced the rate of hepatic de-
compensation events by 28%–41% on average in this cohort of
HIV/HCV-coinfected veterans. In applying marginal structural
model methods, we sought to evaluate the impact of ART on
clinical liver disease progression without the inherent biases of
standard regression modeling of longitudinal data, by appropri-
ately addressing confounding by indication and selective attri-
tion related to death and dropout. The hazard ratios estimated
from marginal structural models were more strongly protective
than those from unweighted models, suggesting residual bias
in results from standard models. Our results favor treatment
of HIV in patients coinfected with HCV, and provide direct
evidence to support recent clinical guidelines recommending
consideration of ART initiation in HIV/HCV-coinfected indi-
viduals, regardless of CD4 cell count [37, 38].

Prior studies of the association between ART and liver out-
comes among those coinfected with HIV and HCV have collec-
tively been indirect and inconclusive. Protective [6, 18, 21, 22],
harmful [20, 21], and null [22, 23] associations of ART with
outcomes related to progressive liver fibrosis have been report-
ed. In addition to conflicting results, these studies were reliant
on liver biopsies and thus may have been susceptible to selec-
tion and observation biases. Additional studies have explored
the effect of ART on liver-related mortality and similarly re-
ported protective [8, 11], harmful [39], and null [40] associa-
tions. Our study is novel in that it represents the first to apply
causal inference methods to estimate the effect of ART on the
rate of hepatic decompensation events.

This study has limitations to be considered when interpret-
ing the results. First, information on HCV viral load and geno-
type was not uniformly recorded. However, where information
was available, HCV genotype was not associated with hepatic
decompensation (Table 1), and it is unlikely that either variable
would be used by clinicians as a primary indication for initiat-
ing ART; thus, they are not likely to be strong confounders. It is
possible that without information on HCV RNA, some patients
may have been misclassified as HCV-coinfected, which could
have diluted the association to some degree. Second, we did not
have detailed information on possibly relevant lifestyle and/or
behavioral factors; for alcohol and drug intake specifically, we
used alcohol/drug-related diagnoses as proxy measures. Al-
though these validated measures had low sensitivity (18%),
they demonstrated a high specificity (94%) in the VA popula-
tion [29]. Third, our data represent medical records for male
veterans attending clinics at unstructured intervals; it is uncer-
tain how generalizable our results would be to other settings or
populations with different frequencies of clinic visits. Fourth,
our outcomes were derived from documented ICD-9 diagnoses
and not directly confirmed, although the coding algorithm we

Table 4. Hazard Ratios for Hepatic Decompensation by
Antiretroviral Therapy Initiation Status and Time Since Initiation
From Marginal Structural Modelsa

Variable Person-Years Events HR (95% CI)

Total 46 444 645 . . .

No initiation 10 891 188 Referent
ART initiation 35 553 457 0.72 (.54–.94)

No initiation 10 891 188 Referent

<2 y since initiation 10 727 154 0.75 (.56–1.01)
2 to <4 y since initiation 8560 109 0.69 (.46–1.03)

≥4 y since initiation 16 266 194 0.53 (.34–.83)

Abbreviations: ART, antiretroviral therapy; CI, confidence interval; HR, hazard
ratio.
a Stabilized inverse probability of treatment/death/censoring weights, based on
covariate history at each time point, were applied to models. Estimates are
adjusted for the following baseline covariates: year (<2001, ≥2001); race/
ethnicity (white non-Hispanic, black non-Hispanic, Hispanic, other/unknown);
history of drug abuse (yes, no); CD4 count (<50, 50–199, 200–349, 350–499,
≥500 cells/µL); HIV RNA load (≤400, 401–10 000, 10 001–100 000, >100 000
copies/mL); FIB-4 score (<1.45 [mild fibrosis], 1.45–3.25 [moderate fibrosis],
>3.25 [advanced fibrosis]); history of AIDS-defining diagnoses (yes, no); age
(<40, 40–49, 50–59, ≥60 years); history of diabetes (yes, no); and history of
pegylated interferon therapy (yes, no).

Table 3. Distribution of Qualifying Diagnoses for the 645 Hepatic
Decompensation Events

Diagnoses No. %

Ascites only 445 69.0

Variceal hemorrhage only 65 10.1
Ascites plus variceal hemorrhage 49 7.6

Spontaneous bacterial peritonitis only 46 7.1

Ascites plus spontaneous bacterial peritonitis 37 5.7
Spontaneous bacterial peritonitis plus variceal
hemorrhage

3 0.5
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used to define outcomes demonstrated a high positive predic-
tive value (91%) [32]. Misclassification of outcomes in this
context is likely to be random; thus, residual bias should be

toward the null value, leaving the possibility of an underesti-
mate of the causal effect. Furthermore, a certain degree of treat-
ment status misclassification was likely introduced by our
intent-to-treat assumption and strict definition of ART, as ad-
herence to treatment status may have been incomplete. Addi-
tionally, some individuals may have received undocumented
antiretrovirals outside of the VA healthcare system and thus
contributed unexposed person-time prior to their first ART
regimen in the VA system. However, by repeating the primary
analyses using a validated algorithm with a positive predictive
value for identifying ART-naive patients of 86%, we have at-
tempted to account for such treatment misclassification.
Indeed, removal of individuals who were likely ART experi-
enced at entry resulted in a more pronounced protection
against hepatic decompensation.

In conclusion we have demonstrated an average 28%–41%
reduction in the rate of hepatic decompensation for ART initia-
tors relative to noninitiators in our study population of HIV/
HCV-coinfected male veterans. Our study utilized inverse
probability weighting methods to account for confounding by
indication, and paralleled the intent-to-treat analysis of a hypo-
thetical randomized trial. Taken together with the body of
available literature, our results suggest a significant benefit of
ART for coinfected patients, and serve to inform therapeutic

Figure 2. Comparison between marginal structural model and standard (unweighted) Cox model estimates of the hazard ratio for hepatic decompensa-
tion for antiretroviral therapy initiators vs noninitiators. Abbreviation: CI, confidence interval.

Table 5. Hazard Ratios for Hepatic Decompensation by
Antiretroviral Therapy Initiation Status and Time Since Initiation
From Marginal Structural Modelsa, Among Patients With Baseline
HIV RNA >400 copies/mL (N = 8214)

Treatment Status HR (95% CI)

No initiation Referent

ART initiation 0.59 (.43–.82)
No initiation Referent

<2 y since initiation 0.60 (.42–.84)

2 to <4 y since initiation 0.60 (.37–.96)
≥4 y since initiation 0.53 (.31–.91)

Abbreviations: ART, antiretroviral therapy; CI, confidence interval; HR, hazard ratio.
a Stabilized inverse probability of treatment/death/censoring weights, based on
covariate history at each time point, were applied to models. Estimates are
adjusted for the following baseline covariates: year (<2001, ≥2001); race/
ethnicity (white non-Hispanic, black non-Hispanic, Hispanic, other/unknown);
history of drug abuse (yes, no); CD4 count (<50, 50–199, 200–349, 350–499,
≥500 cells/µL); HIV RNA load (≤400, 401–10 000, 10 001–100 000, >100 000
copies/mL); FIB-4 score (<1.45 [mild fibrosis], 1.45–3.25 [moderate fibrosis],
>3.25 [advanced fibrosis]); history of AIDS-defining diagnoses (yes, no); age
(<40, 40–49, 50–59, ≥60 years); history of diabetes (yes, no); and history of
pegylated interferon therapy (yes, no).
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strategies as caregivers face the continuing challenges of
chronic hepatitis in HIV-infected individuals.
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Supplementary materials are available at Clinical Infectious Diseases online
(http://cid.oxfordjournals.org/). Supplementary materials consist of data
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materials are not copyedited. The contents of all supplementary data are the
sole responsibility of the authors. Questions or messages regarding errors
should be addressed to the author.
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