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Abstract

Background: HIV-1-infected patients are living longer since the introduction of highly effective antiretroviral
therapy (HAART). There is evidence that hepatitis C virus (HCV)/HIV-1 co-infection may result in an increased risk
of death compared to patients infected only with HIV-1. Prior studies looking at this association have been limited by
their enroliment of populations composed of mainly young MSM males. We investigated HCV/HIV-1-co-infection for
an increased odds ratio for all cause mortality in a cohort representative of the current population in the US living with
HIV-1-infection.

Methods: We performed an age-and-sex 1:1 matched case control study. We evaluated all deaths (n=153) that
occurred in a cohort of ~2000 patients from January 1, 2010-December 31, 2014 (~10,000 patient life years) at a
suburban clinic outside the NYC metropolitan area with a significant number of women and older individuals living with
HIV-1-infection. We compared this cohort to an age and sex matched population selected from among 395 enrolled
living HIV-1-infected controls.

Results: We observed that HCV/HIV-1-co-infection was associated with an increased odds ratio for all cause
mortality of 1.83 (95% ClI, 0.99, 3.43; P=0.038) compared to HIV-1-mono-infected patients. Liver related deaths were
the main cause of death with an odds ratio for liver related death with of 6.59 (95% CI, 1.70, 25.70; P=0.0005).

Conclusion: In an HIV-1-infected cohort, HCV/HIV-1-co-infection is associated with an increased odds ratio for all

cause mortality driven by liver related mortality.
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Introduction

With the introduction of highly active antiretroviral therapy
(HAART) HIV-1-infected patients are living longer [1]. Unfortunately
HIV-1-infected individuals suffer significantly compared to their
HIV-1-uninfected peers in terms of cancer diagnosis and mortality,
hospital readmissions, and impact on health care utilization [2-6]. Co-
morbidities as well as chronic co-infections are becoming an increasing
concern to patients and treating clinicians [1,6,7]. For one significant
co-infection, Hepatitis C virus (HCV), newer, more effective and
better-tolerated therapies are now available for patients on HAART [8].
Co-infection with HCV and HIV-1 may accelerate cirrhosis, increase
hepatotoxicity, and increase mortality in HIV-1-infected patients on
HAART [9-11]. Unfortunately previous studies looking at the impact of
HCV co-infection in HIV-1-infected patients in the HAART era have
been performed in predominantly young and male populations [12].
The HIV-1-infected population in the United States is characterized by
a significant percentage of females, particularly women of color, as well
as an aging population [13,14].

Currently there are multiple available interferon sparing regimens
for the treatment of HCV in HIV-1 patients [15-17]. These regimens
have fewer side effects and are better tolerated by patients than prior
interferon containing regimens. We examined, for the first time to
our knowledge, the association of HCV with mortality in an HIV-1-
infected population containing the higher percentage of women and
older patients that make up the current HIV-1-infected population.

Materials/Patients and Methods

We performed an age and sex 1:1 matched case control study. We
analyzed de-identified patient records from the North Shore University

Hospital-LIJ Health System HIV clinic, a major suburban HIV clinic
just outside the NY Metropolitan area, which follows 2,079 HIV-1-
infected patients. We evaluated all deaths (n=153) that occurred in this
cohort for 5 years from January 1, 2010-December 31, 2014 (~10,000
patient life years) and classified the cause of death using the World
Health Organization International Classification of Diseases diagnostic
tool [18]. An age and sex matched sample of living clinic patients was
selected during 2014-2015 to serve as the reference population (n=153).
A total of 395 patients were recruited randomly from the total clinic
to serve as possible controls, and then age and sex matched controls
were randomly selected to achieve 1:1 matching. Determination
of patient age, sex, level of detectable virus in plasma, absolute CD4
count, Hepatitis C status, and antiretroviral therapy were obtained from
review of the medical record. Last available recorded values were used.
Age for living controls was as of September 9, 2015. Age for deceased
was at time of death. Each categorization of cause of death was based
on review of the death by a minimum of two clinicians active in the
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care of these patients. Statistical analysis was conducted using Stata
14 (StataCorp, College Station, Texas). Stratified analysis was used to
compute the odds ratios (OR) for each variable alone, and the adjusted
OR was calculated using Mantel-Haenszel adjustment. CD4 level and
HIV viral load were considered as potential confounding variables. This
study was conducted with approval from and in accordance with the
standards of the North Shore-LIJ Health System Institutional Review
Board.

Results

Over the 5-year period from January 1, 2010 through December
31, 2014 there were 153 deaths in the clinic population studied. The
percentage of males among this group of deceased HIV-infected
patients was 62.7% and females 37.3% with sex matched controls also
being 62.7% males and 37.3% females (n=153). The mean age in our
deceased patients was 53 years old (SD=12) and 53 years old (SD=12) in
our sample of age matched living HIV-infected controls. The prevalence
of HCV infection in our deceased HIV-1-infected patients was 24.5%
while the prevalence among our sample of age and sex matched living
controls was 15.0%. The percentage of patients with CD4 counts <200
cells/uL was 48% in our deceased HIV-1-infected patients and 32%
in our sample of age and sex matched living controls. The percentage
of patients with a controlled HIV viral load <500 copies/mL was very
similar between both groups with 71.7% of our deceased HIV-1-
infected patients having a viral load <500 copies/mL and 73.2% of our
sample of matched controls (Table 1).

We observed 153 deaths during the period from January 1,
2010-December 31, 2014 (~10,000 patient life years). Deaths due to
AIDS accounted for 17.0% of deaths (n=26), cancer 32.7% (n=50),
cardiovascular disease 2.6% (n=4), infections-non AIDS related 7.2%
(n=11), liver 8.5% (n=13), renal 2.0% (n=3), respiratory 6.5% (n=10),
violence, accident or suicidal death (VASD) 7.2% (n=11) and was
unknown in 16.3% (n=25). While 35.1% of the deaths that occurred in
the HCV negative patients were due to malignancies, only 24.3% of the
deaths in the HCV infected patients were due to malignancies. There
was also a lower percentage of deaths attributable to AIDS in the HCV
infected patients 5.4% while 21% of the HCV negative patients had deaths
attributable to AIDS. In contrast, while 5.3% of the deaths in the HCV
negative population were liver related, 18.9% of the deaths in the HCV
infected patients were liver related. There was also a lower percentage of
deaths attributable to AIDS in the HCV infected patients 5.4% while 21%
of the HCV negative patients had deaths attributable to AIDS (Table 2).

When we analyzed the relationship between HCV infection and
HIV we found that HCV co-infection in our cohort of HIV-1-infected
individuals was associated with an increased odds ratio for all cause
mortality of 1.83 (95% Confidence Interval [CI], 0.99, 3.43; P=0.038).

Cases Controls
Characteristics n (%) n (%)
Total 153 153
Male/Female 96 (62.7)/57 (37.3) | 96 (62.7)/57 (37.3)
CD4 <200 (cells/pL)? 73 (48.0) 49 (32.0)
HIV Viral Load < 500 (copies/mL) 104 (71.7) 112 (73.2)
HCV+e* 37 (24.5) 23 (15.0)
Age (years) mean +/- SD 53+/-12 53+/-12

a*one case with missing data

b*eight cases with missing data

“**two cases with missing data

Hepatitis C Virus (HCV), Standard deviation (SD)

Table 1: Characteristics of cases and controls.

HIV viral load (<500 copies/ml) and low CD4 count (<200 cells/ uL)
were analyzed as potential confounding variables. HIV viral load was
not associated with mortality, but having a CD4 count below 200 cells/
uL was significantly associated with death (OR 1.96; 95% CI 1.20, 3.21;
P=0.0043). However, adjusting for CD4 level did not change the HCV
association with mortality (Table 3). Additionally, the associations
between HCV and mortality were similar within the low and high
CD4 subjects (1.85; 95% CI 0.85, 4.08; and 2.05; 95% CI 0.68, 6.90;
respectively), so there was no evidence of effect modification. The main
driver of this increased mortality was liver related deaths with an odds
ratio for liver related death with HCV co-infection of 6.59 (95% CI,
1.70, 25.70; P = 0.0005) (Table 4). This association was not affected by
adjustment for CD4 level, sex, or age. When we excluded liver related
deaths and evaluated all remaining classified deaths, there was no
significant association with death; OR 1.22 95% CI, 0.59, 2.46; P=0.56.
Due to the low numbers of cases in each of the other causes of death,
further analysis of the OR with each subgroup was not possible.

Among the patients with liver related deaths, all patients who died
from liver related causes (n=13) were classified as cirrhotic with 85%
of these patients (n=11) dying from hepatic failure and 15% dying
from upper gastrointestinal bleeding in the presence of advanced liver
disease (n=2). Both patients who died from an upper gastrointestinal
bleed were co-infected with HCV. There were three deaths due to
hepatocellular carcinoma (classified as death due to malignancy rather
than liver related) in this studied clinic population with two of these
deaths occurring in HCV negative patients and one occurring in an
HCV co-infected patient.

Category All Patients HCV-2n HCV+2n
n (%) (%) (%)
All mortality 153 114 37
AIDS 26 (17.0) 24 (21.0) 2(5.4)
Cancer 50 (32.7) 40 (35.1) 9(24.3)
Cardiovascular disease 4 (2.6) 4 (3.5) 0 (0)
Infection-nonAIDS 11(7.2) 7(6.1) 4(10.8)
Liver 13 (8.5) 6 (5.3) 7 (18.9)
Renal 3(2.0) 2(1.8) 1(2.7)
Respiratory 10 (6.5) 7 (6.1) 2(5.4)
Violence, accident, or suicidal death 11(7.2) 9(7.9) 2(5.4)
Unknown 25 (16.3) 15(13.2) 10 (27.0)
aExcluding cases with unknown HCV status (n=2)
Table 2: Observed mortality.
Cases (n)? OR (95%Cl) P value
HCV 151 1.83(0.99,3.43)  0.038
CD4 <200 cells/pL 152 1.96 (1.20, 3.21) | 0.0043
HIV Viral Load <500 copies/mL 145 0.93 (0.54, 1.59) 0.78
Age<50 years 153 0.97 (0.59, 1.60) 0.90
HCYV (adjusting for CD4 level) 151 1.92 (1.07,3.45) | 0.029

aExcluding cases with unknown status. Controls have no missing data for these
variables (n=153).
Table 3: Association with mortality.

ne OR (95%Cl) P value
All mortality 151 1.83 (0.99, 3.43) 0.038
Liver 13 6.59 (1.70, 25.70) 0.0005
All non-liver® 113 1.22 (0.59, 2.46) 0.56

aExcluding cases with unknown HCV status (n=2)
b Excluding cases with unknown cause of death (n=25)

Table 4: HCV Association with mortality.
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Discussion

With the number of competing priorities faced by the physician
involved in the care of patients infected with HIV-1, it is important to
allocate time and resources on areas with the greatest potential benefit.
Our study shows that HCV co-infection is associated with a significant
increased odd ratio for all cause mortality in the HIV-1-infected
population. As expected, liver related deaths were the significant driver
of this mortality risk. This suggests that HCV co-infection is mainly
driving mortality through its role in liver pathogenesis, as one would
have expected.

Chronic hepatitis C virus infection has been associated with all-
cause and liver-related mortality in HIV-infected patients in multiple
setting and the mechanisms driving this are being elucidated [19-21].
While prior investigations demonstrating an association between
HCV co-infection and mortality in the HIV-infected population have
been on populations that have been largely young male dominated,
our study included a significant proportion of females as well as older
individuals and is more representative of the general population
currently under consideration for HCV therapy [12]. In our study the
mean age of patients was 53 years of age. Not only is the HIV-infected
population in the United States aging, but patients over the age of 50
now make up a larger percentage of those newly diagnosed with HIV
[22]. Our study also included a population in which women made up
over 37% of the population. Women unfortunately are understudied
and underrepresented in many studies on HIV in the United States
despite the significant increase in the proportion of new HIV infection
in the United States that are occurring in women [23]. Due to the
high incidence of potential drug-drug interactions and modified
monitoring, treatment of HCV in the HIV-1-infected population
may require consultation with or referral to a physician skilled in the
management of HAART. The significant increase in mortality seen in
HCV co-infected patients in what is a more typical HIV-1-infected
population should support the idea that despite potential complex
drug-drug interactions, with increased monitoring requirement and
modification of HAART when necessary, co-infected patients should
have HCV therapy consideration made a priority.
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