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Abstract

Hepatitis C virus (HCV) co-infection and biological sex may each affect response to antiretroviral therapy
(ART), yet no studies have examined HIV-associated outcomes by both HCV status and sex. We conducted a
cohort study of HIV-infected adults initiating ART in Kaiser Permanente California during 1996–2011. We
used piecewise linear regression to assess CD4 changes by sex and HCV status over 5 years. We used Cox
regression to estimate hazard ratios (HR) by sex and HCV status for HIV RNA < 500 copies/mL over 1 year,
and for AIDS and death over the follow-up period. Among 12,865 subjects, there were 154 HIV/HCV-
co-infected women, 1000 HIV/HCV-co-infected men, 1088 HIV-mono-infected women, and 10,623 HIV-
mono-infected men. CD4 increases were slower in the first year for HIV/HCV-co-infected women (75 cells/lL)
and men (70 cells/lL) compared with HIV-mono-infected women (145 cells/lL) and men (120 cells/lL;
p < 0.001). After 5 years, women had higher CD4 than men in both HIV-mono-infected (598 vs. 562 cells/lL,
p = 0.003) and HIV/HCV-co-infected individuals (567 vs. 509 cells/lL, p = 0.003). Regardless of sex, HIV/HCV
co-infection was associated with 40% higher mortality [95% confidence interval (CI): 1.2–1.6] compared with
HIV mono-infection, but was not associated with AIDS (HR 1.1, 95% CI: 0.9–1.3) or achieving HIV RNA
< 500 copies/mL (HR 1.0, 95% CI: 0.9–1.1). HIV/HCV-co-infected men and women have slower CD4 recovery
after starting ART and have increased mortality compared with HIV-mono-infected men and women. HCV
should be aggressively treated in HIV/HCV-co-infected adults, regardless of sex.

Introduction

L iver disease as a result of hepatitis C virus (HCV)
infection is a leading cause of death among individuals

infected with human immunodeficiency virus (HIV).1,2 HIV/
HCV co-infection may also reduce the response to anti-
retroviral therapy (ART),3–9 and ultimately increase the risk
of mortality among HIV-infected individuals.10–12 HIV/
HCV-co-infected individuals are considered a priority pop-
ulation for HCV treatment due to more rapid liver disease
progression in the setting of HIV infection.13 However, it is
unclear if there are subgroups of HIV/HCV-co-infected in-
dividuals that may be at particular risk of the negative effects
of HCV infection on HIV-associated outcomes.

One such subgroup may be defined by biological sex. The
natural history of HCV infection varies by sex, with increased
viral clearance and slower progression of liver disease in
women compared with men, possibly resulting from a pro-
tective effect of estrogen on the liver.14–16 Sex may also
modify the response to ART among HIV-infected individu-
als. While some studies have found no association of sex with
response to ART,17–19 others have suggested that women
have superior virologic, immunologic, and clinical outcomes
compared with men.20–24 It is unknown if this is attributable
to biological factors, such as pharmacokinetics,25,26 or be-
havioral or structural factors, such as adherence27 or access to
or quality of care.28 Despite evidence that there may be sex
differences in both the course of HCV disease and the
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response to ART among HIV-infected individuals, there have
been no studies examining HIV-associated outcomes with
respect to both sex and HCV status over time. Thus, the
purpose of this study was to identify differences by sex and
HCV status in response to ART among HIV-infected indi-
viduals, as measured by CD4 cell count, HIV RNA level,
AIDS, and death after ART initiation.

Methods

Study design, setting, and population

The study population of HIV-infected subjects was as-
certained from a previously described cohort.29 Briefly, the
source cohort included 24,768 HIV-infected members of
Kaiser Permanente (KP) Northern and Southern California
(KPNC and KPSC, respectively), large integrated healthcare
systems providing comprehensive medical services to over
30% of insured Californians.30 Subjects were identified and
followed from 1996 through 2011. HIV status was deter-
mined using HIV registries that included all known cases of
HIV/AIDS since the early 1980s for KPNC and 2000 for
KPSC, with confirmation by review of medical charts or
medical center case lists.

For the present study, subjects were selected from the
overall cohort if they initiated their first combination ART
regimen at KP, defined as a regimen containing three or more
antiretroviral drugs,31 and had CD4 and HIV RNA mea-
surements within 6 months prior to ART initiation. These
subjects were followed from ART initiation until the earliest
of death, loss to follow-up (i.e., leaving the health plan), or
December 31, 2011. The outcomes of interest were change in
CD4 count over 5 years; attainment of HIV RNA < 500
copies/mL within 1 year; clinical AIDS diagnosis;32 and
mortality from all causes, liver-related causes, AIDS-related
causes, and other causes. Data on cause of death were only
available through 2010; thus, analyses of mortality from
liver-related causes, AIDS-related causes, and other causes
were administratively censored at December 31, 2010.

The institutional review boards at KPNC and KPSC ap-
proved this study with a waiver of written informed consent.

Study measurements

HCV infection status. HCV status was based on labora-
tory data. Individuals were classified as HCV-infected if they
had a positive HCV-antibody test or a positive qualitative or
quantitative HCV RNA test from 2 years prior to baseline
through the end of study follow-up. Individuals not tested for
HCV were classified as HIV-mono-infected. Although this
may have resulted in misclassification of individuals with
undiagnosed HCV infection, rates of HCV testing among
HIV-infected individuals in KP California are high ( > 98% in
KPNC and > 95% in KPSC), such that we expect this sce-
nario to have been rare.

For the subset of KPNC subjects, data were available from
the KP Viral Hepatitis Registry, which includes all known
cases of HCV infection in KPNC since 1995. Cases were
included in the registry if they had a documented HCV di-
agnosis [International Classification of Disease codes, ver-
sion 9 (ICD-9): 070.54], positive HCV-antibody test, or
positive qualitative or quantitative HCV RNA test. In-
dividuals were excluded if they had a single positive HCV-

antibody test followed by a negative HCV-antibody test, or a
negative HCV RNA test or recombinant immunoblot assay
following the most recent HCV-antibody test or HCV diag-
nosis, with no evidence of HCV treatment. To assess poten-
tial misclassification of HCV status in the main analysis, we
conducted a sensitivity analysis of change in CD4 count in
the subset of KPNC subjects, with HCV status defined by
inclusion in the registry.

Electronic medical record (EMR). Data on sex were ob-
tained as self-reported gender from the clinical and admin-
istrative databases constituting KP’s EMR. Other data
extracted from the EMR included age at study entry; labo-
ratory test results (CD4 counts and HIV RNA levels); health
plan enrollment periods; inpatient or outpatient clinical di-
agnoses, including drug/alcohol abuse (ICD-9: 291, 292,
303-305.0, 305.2-305.5) and smoking/tobacco use (ICD-9:
305.1, V15, V65, 649, internal social history codes); and
dates and causes of death from hospital records, California
death certificates, and Social Security Administration data-
sets, with complete ascertainment of deaths regardless of KP
membership status. Deaths were defined as liver-related if the
underlying or a contributing cause of death was viral hepa-
titis, hepatic failure, hepatocellular carcinoma, or chronic
liver disease. The remaining deaths were defined as AIDS-
related if the underlying or a contributing cause of death was
an AIDS-defining infection or malignancy, and otherwise
were defined as related to other causes.

HIV registries. In addition to HIV status, HIV registries
were used to obtain race/ethnicity, clinical AIDS diagnosis,
HIV-transmission risk factor, dates of first ART use, and
beginning of known HIV infection.

Statistical analysis

Variables for analyses included age ( < 40, 40–49, ‡ 50
years); sex; race/ethnicity (white, black/African American,
Hispanic/Latino, other; with imputed data where missing for
3% of subjects);33,34 year of ART initiation (1996–2000,
2001–2005, 2006–2011); KP region (KPNC vs. KPSC); and
drug abuse, alcohol abuse, and smoking, all of which were
defined as ever/never from 2 years prior to baseline through
the end of follow-up. We also evaluated any prior non-
combination ART experience, duration of known HIV in-
fection at study entry ( ‡ 10, 5–9.9, < 5 years), HIV-
transmission risk factor (IDU vs. other), CD4 count ( < 200,
200–499, ‡ 500 cells/lL), and HIV RNA level ( ‡ 10,000,
500–9999, < 500 copies/mL). For HIV RNA, we used < 500
copies/mL to account for changes in test cutoffs during study
follow-up. Baseline CD4 counts and HIV RNA levels were
defined as the most recent measurements within the 6 months
prior to ART initiation.

We compared baseline characteristics of subjects, asses-
sing differences by sex within HIV/HCV-co-infected and
HIV-mono-infected individuals using the Pearson chi-square
test for categorical variables and the t-test for continuous
variables. We used linear regression to analyze the change in
CD4 count up to 5 years following ART initiation in the
four groups defined by sex and HCV status. Generalized
estimating equations were used for estimation of regression
parameters, accounting for within-individual correlation
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between repeated CD4 measurements. We constructed
piecewise linear curves to account for a nonlinear pattern of
CD4 change, allowing for a change in slope at 1 year. In
addition to sex, HCV status, time, and corresponding inter-
action terms, adjusted models included variables for age,
race/ethnicity, calendar era, KP region, prior ART use, HIV-
transmission risk factor, years known to be HIV-infected,
drug/alcohol abuse, smoking, and baseline HIV RNA level.
For sensitivity analyses, we analyzed change in CD4 (1) in
the subset of KPNC subjects, defining HCV status based on
registry inclusion to assess potential misclassification of
HCV status in the main analysis; (2) in the subset of ART-
naı̈ve subjects to remove a possible effect of prior anti-
retroviral experience on CD4 recovery; and (3) including
only women who were postmenopausal ( ‡ 50 years of age) to
exclude a possible protective effect of estrogen on the im-
mune system.35

We then used Kaplan-Meier plots and log-rank tests to
compare the cumulative incidence of attaining HIV RNA
< 500 copies/mL within 1 year by sex and HCV status, re-
stricting the analysis to subjects with HIV RNA ‡ 500 at
baseline. We compared the cumulative incidence of clini-
cal AIDS diagnosis among subjects not previously diag-
nosed with AIDS, and the cumulative incidence of mortality
from all causes, liver-related causes, AIDS-related causes,

and other causes among all subjects, by sex and HCV status.
Hazard ratios (HR) were obtained from Cox regression
models comparing HIV/HCV-co-infected to HIV-mono-
infected subjects, both overall and stratified by sex. Ad-
justment for confounders was performed as described for
CD4 models, with the addition of a variable for baseline
CD4 count, and interaction terms were used to assess dif-
ferences across sex strata.

Analyses were conducted in SAS 9.1 (Cary, NC). Statis-
tical tests were two-sided, and statistical significance was
defined as p < 0.05.

Results

Study population

Among 12,865 HIV-infected individuals initiating ART,
there were 1088 HIV-mono-infected women, 10,623 HIV-
mono-infected men, 154 HIV/HCV-co-infected women,
and 1000 HIV/HCV-co-infected men (Table 1). Subjects
differed by HCV status with respect to several demo-
graphic and clinical characteristics at baseline, although
small differences among men may have been statistically
significant only because of large sample size. Less than
20% of HIV-mono-infected and HIV/HCV-co-infected
men were African American, while about 40% of HIV-

Table 1. Baseline Characteristics of HIV-Infected Individuals Initiating ART, By Sex and HCV Status,

Kaiser Permanente California, 1996–2011

Women Men

Characteristic
HIV

mono-infected
HIV/HCV

co-infected p
HIV

mono-infected
HIV/HCV

co-infected p

N 1088 154 10,623 1000
Year of ART initiation, % 0.32 < 0.001

1996–2000 25 31 24 31
2001–2005 32 31 29 32
2006–2011 43 38 47 37

Kaiser Permanente region, % < 0.001 < 0.001
Northern California 60 74 58 67
Southern California 40 26 42 33

Mean age at baseline, years (SD) 39 (10) 45 (9) < 0.001 42 (10) 45 (9) < 0.001
Race/ethnicity, % 0.08 0.002

White 34 43 57 58
Black/African American 40 39 14 17
Hispanic 19 12 22 18
Other/unknown 8 6 8 7

Ever smoked, % 41 72 < 0.001 49 62 < 0.001
Ever alcohol abuse, % 8 16 0.003 11 22 < 0.001
Ever drug abuse, % 13 34 < 0.001 16 32 < 0.001
HIV-transmission risk factor < 0.001 < 0.001

Men who have sex with men 0 0 74 54
Heterosexual transmission 79 44 9 5
Injection drug use 4 40 4 25
Other/unknown 16 16 13 16

Median years of known HIV infection (IQR) 2 (0–6) 5 (0–11) 0.001 2 (0–8) 4 (0–11) < 0.001
Prior antiretroviral therapy use, % 42 48 0.16 44 52 < 0.001
Mean CD4 cells/lL (SD) 341 (255) 392 (273) 0.020 362 (260) 354 (256) 0.34
Mean HIV RNA log copies/mL (SD) 8.7 (2.9) 8.1 (3.1) 0.037 8.7 (3.2) 8.5 (3.1) 0.06

ART, antiretroviral therapy; HCV, hepatitis C virus; HIV, human immunodeficiency virus; SD, standard deviation.
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mono-infected and HIV/HCV-co-infected women were
African American. HIV/HCV-co-infected women and men
were older than HIV-mono-infected subjects. A history of
smoking was more common among HIV/HCV-co-infected
than HIV-mono-infected subjects, as were alcohol and
drug abuse. HIV/HCV-co-infected subjects more often
reported IDU as their HIV-transmission risk factor, and
had a longer duration of HIV infection, than HIV-mono-
infected subjects. For all subjects, almost half reported
a history of ART use, CD4 counts were approximately
300, and on average HIV RNA levels were in the detect-
able range.

Immunologic response

Changes in CD4 count over 5 years by sex and HCV status
are shown in Fig. 1, with adjusted results shown in Table 2.
There were small variations in CD4 count at the time of
ART initiation, with an overall difference across groups
( p = 0.008); however, the only individual pairwise compari-
son that reached statistical significance was HIV/HCV-co-
infected women compared with HIV-mono-infected men
(384 vs. 356 cells/lL, p = 0.022). Increases in CD4 count
were slower in the first year for HIV/HCV-co-infected wo-
men (75 cells/lL) and men (70 cells/lL) compared with HIV-
mono-infected women (145 cells/ lL) and men (120 cells/
lL), with an overall significant difference in slopes in the first
year ( p < 0.001). HIV/HCV-co-infected men had signifi-
cantly slower increases in CD4 count in the first year com-
pared with both HIV-mono-infected men ( p < 0.001) and
HIV-mono-infected women ( p < 0.001), as did HIV/HCV-

co-infected women compared with both HIV-mono-infected
men ( p = 0.041) and HIV-mono-infected women ( p = 0.003).
The increase in CD4 count for HIV-mono-infected women
was significantly faster compared with HIV-mono-infected
men ( p = 0.004). The slopes for HIV/HCV-co-infected wo-
men and men were similar ( p = 0.79).

After the first year, the increase in CD4 count was 30
cells/lL per year for HIV-mono-infected women, followed
by 27 cells/lL per year for HIV/HCV-co-infected women,
23 cells/lL per year for HIV/HCV-co-infected men, and
22 cells/lL per year for HIV-mono-infected men. The
increase in CD4 count after the first year for HIV-mono-
infected women was significantly faster compared with
HIV-mono-infected men ( p = 0.040), but there were no
other significant pairwise differences between slopes after
the first year.

At 5 years, HIV-mono-infected women reached the high-
est mean CD4 count (598 cells/lL), followed by HIV/HCV-
co-infected women (567 cells/lL), HIV-mono-infected men
(562 cells/lL), and co-infected men (509 cells/lL; p < 0.001
for an overall difference in means). The higher mean CD4
count at 5 years was statistically significant for women com-
pared with men among both HIV-mono-infected ( p = 0.018)
and HIV/HCV-co-infected individuals ( p < 0.001), and for
HIV-mono-infected compared with HIV/HCV-co-infected
among men ( p < 0.001). The pairwise comparison of mean
CD4 counts at 5 years for HIV-mono-infected and co-infected
women reached borderline significance ( p = 0.059). Results
did not change after adjustment for potential confounders
(Table 2). Results were also similar after additional adjustment
for baseline CD4 count, in the subset of KPNC subjects with

FIG. 1. Change in CD4 count over 5
years after ART initiation by sex and
HCV status, Kaiser Permanente California,
1996–2011. ART, antiretroviral therapy;
HCV, hepatitis C virus; HIV, human im-
munodeficiency virus. Mean CD4 counts
were derived from a linear regression
model including variables for HCV status,
sex, time, and corresponding interaction
terms. Generalized estimating equations
accounted for within-individual correla-
tion and piecewise linear curves allowed
for a change in slope at 1 year. p Values
test for differences in mean CD4 counts at
baseline and 1, 3, and 5 years.

RESPONSE TO ART BY SEX AND HCV STATUS 373



HCV status defined by registry inclusion, in the subset of
ART-naı̈ve subjects, and when including only postmenopausal
women (data not shown).

Virologic response

Among 8839 subjects with HIV RNA ‡ 500 copies/mL
at the time of ART initiation (69% of all subjects), of
whom 69% were ART-naı̈ve, the cumulative incidence of

attainment of HIV RNA < 500 copies/mL within 1 year
was 85% for HIV-mono-infected women, followed by 84%
for HIV-mono-infected and HIV/HCV-co-infected men,
and 79% for HIV/HCV-co-infected women ( p = 0.010;
Fig. 2). HIV/HCV co-infection was not associated with
achieving HIV RNA < 500 copies/mL [HR 0.9, 95% con-
fidence interval (CI): 0.9–1.0] (Table 3). Results did not
differ by sex ( p int = 0.10), and were similar after adjust-
ment (HR 1.0, 95% CI: 0.9–1.1).

Table 2. Change in CD4 Count Over 5 Years After ART Initiation

by Sex and HCV Status, Kaiser Permanente California, 1996–2011

Increase in CD4 cells/mL
per year in year 1

Increase in CD4 cells/mL
per year in years 2–5

Unadjusted Adjusted Unadjusted Adjusted

HIV-mono-infected women 145 (129–161) 145 (129–161) 30 (22–39) 31 (23–39)
HIV/HCV-co-infected women 75 (33–118) 76 (33–118) 27 (9–45) 28 (10–46)
HIV-mono-infected men 120 (115–125) 120 (115–125) 22 (19–24) 22 (20–25)
HIV/HCV-co-infected men 70 (56–83) 69 (56–83) 23 (16–29) 24 (17–30)
p Value < 0.001 < 0.001 0.21 0.22

ART, antiretroviral therapy; HCV, hepatitis C virus; HIV, human immunodeficiency virus. Data are given as mean CD4 increases (95%
confidence intervals) derived from linear regression models using generalized estimating equations and allowing for a change in slope at 1
year. Unadjusted models included variables for time, sex, HCV status, and corresponding interaction terms. Adjusted models additionally
included variables for age, race/ethnicity, calendar era, Kaiser Permanente region, prior ART use, HIV-transmission risk factor, years
known to be HIV-infected, drug abuse, alcohol abuse, smoking, and baseline HIV RNA level.

FIG. 2. Virologic and
clinical outcomes after ART
initiation by sex and HCV
status, Kaiser Permanente
California, 1996–2011. ART,
antiretroviral therapy; HCV,
hepatitis C virus. Kaplan-
Meier curves show the cu-
mulative proportion without
(a) attainment of HIV RNA
< 500 copies/mL within 1 year
(n = 8839), (b) clinical AIDS
diagnosis (n = 11,559), and (c)
all-cause mortality (n = 12,865)
after ART initiation, by sex
and HCV status. p Values are
from log-rank tests.
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Clinical outcomes

Among 11,559 subjects without a prior AIDS diagnosis
(90% of all subjects), the cumulative incidence of AIDS was
15% for HIV/HCV-co-infected women and men, followed by
11% for HIV-mono-infected men and 10% for HIV-mono-
infected women ( p = 0.005; Fig. 2). In unadjusted analysis,
HIV/HCV co-infection was associated with a 1.3-fold greater
incidence of AIDS overall (95% CI: 1.1–1.6), with no dif-
ference by sex ( p int = 0.58). After adjustment, HIV/HCV co-
infection was no longer associated with an increased risk of
AIDS (HR 1.1, 95% CI: 0.9–1.3), again with no difference by
sex ( p int = 0.45).

The cumulative incidence of all-cause mortality was 18%
for HIV/HCV-co-infected men, followed by 16% for HIV/
HCV-co-infected women, 9.4% for HIV-mono-infected men,
and 8.0% for HIV-mono-infected women ( p < 0.001; Fig. 2).
In unadjusted models, HIV/HCV co-infection was associated
with a 1.8-fold greater incidence of all-cause mortality
overall (95% CI: 1.5–2.1), with no difference by sex ( p
int = 0.74). After adjustment, HIV/HCV co-infection re-
mained associated with a 1.4-fold increased risk of all-cause
mortality (HR 1.4, 95% CI: 1.2–1.6), again with no difference
by sex ( p int = 0.73).

The association of HIV/HCV co-infection with all-cause
mortality was largely driven by liver-related deaths, with an
unadjusted HR of 8.5 (95% CI: 5.9–12.3) and an adjusted HR
of 6.0 (95% CI: 3.9–9.0) for deaths from liver-related causes.
HIV/HCV co-infection was also associated with deaths from
other causes, with an unadjusted HR of 1.8 (95% CI: 1.3–2.4)
and an adjusted HR of 1.4 (95% CI: 1.0–2.0). In contrast,
HIV/HCV-co-infected individuals were not at increased risk
of AIDS-related mortality in unadjusted (HR 1.1, 95% CI:
0.9–1.4) or adjusted models (HR 0.9, 95% CI: 0.7–1.2). There
were no differences by sex in the association of HIV/HCV co-
infection with incidence of liver-related deaths, AIDS-related
deaths, or deaths from other causes (data not shown).

Discussion

To our knowledge, this is the first study to examine re-
sponse to ART over time by both HCV status and sex. In this
large cohort of HIV-mono-infected and HIV/HCV-co-
infected adults within the same healthcare system, HIV/HCV
co-infection was associated with slower CD4 recovery in the
first year after initiating combination ART in both women
and men. After 5 years, women had attained higher CD4
counts than men regardless of HCV status, with HIV/HCV-
co-infected men achieving the lowest CD4 counts. Despite
these differences in immunologic response, we found no
association of HCV status or sex with virologic response in
the first year after ART initiation or with incidence of AIDS
after adjustment for potential confounders. Rather, we found
that HIV/HCV co-infection was associated with an increased
risk of mortality, attributable mainly to deaths from liver-
related causes, with no excess risk of AIDS-related mortality
and no variation by sex.

Our study confirms several prior studies that found an as-
sociation between HIV/HCV co-infection and a reduced
immunologic, but not virologic, response to ART,3–9 as well
as studies demonstrating improved immunologic response
among women compared with men.20–24 Similar to the
findings of a recent meta-analysis by Tsiara et al.,5 we found
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that the difference in immunologic response by HCV status
was most pronounced shortly after ART initiation and di-
minished over time. Although several prior studies found no
association between HIV/HCV co-infection and response to
ART,36–38 these studies were limited by smaller sample sizes
and lack of adjustment for risk factors that differ by HCV
status, including drug and alcohol abuse. In our study, the
association between HIV/HCV co-infection and reduced
immunologic response to ART remained after adjustment for
substance abuse, duration of known HIV infection, and other
risk factors that differ by HCV status. By examining response
to ART by both HCV status and sex, our study further ex-
pands on the existing literature by showing that women have
improved immune reconstitution after ART initiation com-
pared with men among both HIV-mono-infected and HIV/
HCV-co-infected individuals.

The slower CD4 increases among HIV/HCV-co-infected
compared with HIV-mono-infected individuals may be at-
tributable to higher T-cell activation in the setting of HIV/
HCV co-infection.39,40 This chronic immune activation may
lead to immune dysfunction and cytokine production, re-
sulting in lower CD4 counts;41 indeed, suppression of HCV
infection with therapy has been shown to reduce immune
activation.40 Slower CD4 recovery among HIV/HCV-co-
infected individuals could also be attributable to a longer
duration of HIV infection, but our findings were similar after
adjustment for this factor.

Women attained higher CD4 counts than men regardless of
HCV status, a finding that may be caused by differences by
sex in behavioral factors such as substance use42 or biological
factors such as pharmacokinetics.25,26 This finding may also
be attributable to differences in sex hormones, with prior
studies suggesting a protective effect of estrogen on the im-
mune system;35 however, our CD4 results did not change
when we included only women > 50 years of age, who are
likely to be menopausal. It may also be that women have
higher CD4 counts on average compared with men, regardless
of HIV status.43 The results of our CD4 analysis were similar
after adjustment for demographic and behavioral risk factors,
suggesting that the variations we observed in response to ART
were related to biological differences by HCV status and sex.

Despite differences in immunologic response to ART, we
found that HIV/HCV co-infection was not associated with a
higher incidence of AIDS diagnosis after adjustment for risk
factors, with no variation in these results by sex. Our results
are in concordance with a recent meta-analysis by Chen et al.,
which included 30 studies with over 100,000 individuals and
found no association of HIV/HCV co-infection with AIDS-
defining events in the combination ART era.12 In our study,
we observed a significantly elevated risk of AIDS diagnosis
prior to adjustment for risk factors that differed by HCV
status, such as duration of known HIV infection and IDU
status. This suggests that results may vary across studies as a
result of differences in the distribution of or adjustment for
potential confounders. We found that HIV/HCV co-infection
was not associated with the incidence of AIDS, either overall
or by sex, after adjustment. It may be that the variations in
CD4 count over time by sex and HCV status, while statisti-
cally significant, were not large enough to have a clinical
impact on the incidence of AIDS.

Our finding of increased all-cause mortality among HIV/
HCV-co-infected individuals is consistent with several prior

studies.10–12 We found that adjustment for demographic,
behavioral, and HIV-specific risk factors attenuated but did
not remove the association, consistent with an independent
effect of HCV infection on mortality. While the multi-cohort
CASCADE study found that HIV/HCV co-infection was
associated with AIDS-related mortality,11 the meta-analysis
by Chen et al. found that HIV/HCV co-infection was asso-
ciated with mortality but not progression to AIDS in the
combination ART era.12 Similarly, we observed an increased
risk of liver-related but not AIDS-related death among HIV/
HCV-co-infected individuals in our study, suggesting that the
HCV-associated increase in mortality is driven by liver dis-
ease rather than HIV disease progression.

There are limitations to our study. First, individuals who
cleared their HCV infection before initiating ART may have
been misclassified as HIV/HCV-co-infected. However, our
study was conducted prior to the introduction of highly ef-
fective therapies for HCV infection, when treatment response
among HIV-infected individuals was poor;44 women may
have been especially unlikely to have been treated, given that
HCV treatment is not recommended during pregnancy.13

Furthermore, we expect spontaneous clearance of HCV in-
fection to be uncommon among HIV-infected individuals.45

We also conducted a sensitivity analysis of change in CD4
count in the subset of KPNC subjects, defining HCV status
using a registry with rigorous inclusion and exclusion crite-
ria, and found results similar to those in the main analysis.

A second limitation is that, given a clinical practice setting
without serial testing, we could not identify the exact timing
of HCV infection. Some individuals in the HIV/HCV-co-
infected group may have acquired HCV infection after ini-
tiating ART, potentially biasing our results toward the null.

Third, we used the EMR to collect risk factors such as
smoking and drug/alcohol abuse, which may have resulted in
some misclassification and limited our ability to analyze
these variables with a high level of detail. Fourth, we did not
evaluate ART adherence, interruptions, or discontinuation by
exposure group; ART adherence may be lower among HIV/
HCV-co-infected individuals,46 and ART use patterns vary
with pregnancy and the postpartum period among women.47

However, the lack of association of sex and HCV status with
virologic response to ART suggests that these factors did not
confound the immunologic results we observed. Finally, our
subjects were mostly men, potentially limiting our ability to
detect differences in outcomes by sex.

Our study also has several strengths. First, to our knowl-
edge, this is the first study to directly compare response to
ART by both HCV status and sex. Second, our study popu-
lation was a large, well-characterized cohort of HIV-mono-
infected and HIV/HCV-co-infected individuals from the
same healthcare system. Third, the EMR and HIV registries
allowed for near-perfect case ascertainment for mortality and
HIV infection, as well as the identification of important
covariates such as history of IDU, drug/alcohol abuse, and
duration of known HIV infection. Fourth, because all KP
members have comprehensive medical insurance coverage,
differences in outcomes were unlikely to be attributable
to differential access to care. Finally, the KP membership
mirrors the age, sex, and race/ethnicity distributions of the
California statewide population,30,48 and the demographics
of HIV-infected KP members are comparable to those of
reported AIDS cases in California.49 Thus, our results are
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likely to be generalizable to other individuals with access to
healthcare.

In summary, while the association of HCV infection with
AIDS, death, and virologic response to ART does not vary by
sex, short-term immunologic response is poorer among HIV/
HCV-co-infected compared with HIV-mono-infected indi-
viduals, and women attain higher CD4 counts in the long
term, irrespective of HCV status. As HIV/HCV co-infection
is associated with an increased risk of death overall, HCV
infection should be aggressively treated among HIV-infected
individuals as recommended,13 regardless of sex. Future re-
search is needed to determine if our findings persist in the
new era of highly effective therapies for HCV infection.
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