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ABSTRACT

It is not clear how the risk of liver-related mortality (LRM) among people infected with HIV
has changed during the 20 years since the introduction of HAART; Thus, this study was
designed to 1) characterize changes in all-cause mortality and LRM rates since the
introduction of HAART in 1996, and 2) examine the effect of HIV /viral hepatitis co-

infection on LRM among those infected with HBV or HCV.

Methods: This observational cohort study included all participants with known HBV and
HCYV status being followed in the Multicenter Center AIDS Cohort Study (MACS) and
Women’s Interagency HIV Study (WIHS) between 1996 and 2013. Poisson and Cox
regression methods were used to examine the rate of and risk factors for the study outcomes

of all-cause mortality and LRM.

Results: The overall all-cause mortality and LRM rates during the study period were 15.2 and
2.3 per 1000 person-years, respectively. Following adjustment, all-cause mortality decreased
significantly by 3.6% (95% CI: 2.2% - 5.1%) while LRM did not (decreased by 2.2% (95%
CI: -1.7% - 5.8%) annually). Importantly, both all-cause mortality and LRM decreased over
time among those with CH-B and increased among those with CH-C. Adjusted for age, race,
education, income, and blood pressure, CH-B, CH-C and HIV infection were independently
associated with a higher LRM (HRs of 9.09 (95% CI, 5.35 — 15.43), 11.63 (95% CI, 7.52 —
17.98), and 1.84 (95% CI, 0.99 — 3.42), respectively), and HAART use was significantly

associated with a lower LRM risk (HR, 0.61; 95% CI, 0.42 — 0.88).



Conclusions: During the 20 years since HAART was introduced, liver disease has become an
increasingly important cause of death among people infected with HIV. Although CH-B was
associated with higher LRM during the early HAART era, LRM has been higher among
those with CH-C in recent years; a shift that might be related to our findings that HARRT
was associated with lower LRM. Collectively, the findings from our study suggest that there
is an urgent need to increase the awareness of hepatitis among people infected with HIV,
and that effective strategies to prevent, detect, and treat hepatitis infections are important in

this population.
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INTRODUCTION

The survival among HIV infected individuals has increased dramatically since the
introduction of Highly Active Antiretroviral Therapy (HAART) in the mid-1990s, a direct
result of the improved HIV viral suppression achieved through combination treatment.
Nevertheless, HIV-related mortality is still the primary cause of death in this population.
Furthermore, as people live longer with HIV-infection, death due to chronic diseases like
liver disease, cardiovascular disease, and cancer which were not previously considered to be
AIDS-related have become more common among HIV-infected people. [1, 2] Liver disease
is now the second leading non-HIV cause of death among HIV-infected individuals,

following non-AIDS cancer (15%), and followed by cardiovascular disease (11%). [1, 2]

Investigators from the Concerted Action on Sero-Conversion to AIDS and Death in Europe
(CASCADE) collaboration studied a large cohort of 16534 individuals in Europe, Australia,
and Canada and reported that the excess mortality rate of HIV infection before the
introduction of HAART was 40.8 per 1000 person-years (PYs). [3] In 1986, the first clinical
trial of antiretroviral therapy (ART) was conducted, and during the next decade dual therapy
became well established. However, HIV treatment during the first decade of ART is viewed
as unsuccessful. [4] The 11" International Conference on AIDS on July 7 — 16, 1996 is
considered to be the beginning of the HAART era. During the conference, the need for HIV

antiviral treatment was brought into sharp focus for the first time. Though this seems
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obvious now, at that time, the issue was not well recognized. [5, 6] Following the conference,
the concept of the triple-drug therapy was being incorporated into clinical practice. Since
then, the first ten years has seen an impressive benefit of the rapid decline in rates of AIDS
and mortality. The CASCADE collaboration reported that the excess mortality rate
decreased dramatically to 6.1 per 1000 PYs in 2004 — 2006. [3] Other studies in the US also
showed decreased mortality among HIV infected individuals in the HAART era. A clinical
cohort in Baltimore, United States followed 6366 patients from 1995 to 2010 and reported
mortality rates of 2.1 per 100 PYs, which was approaching the overall mortality rate in the

general population in Baltimore (0.7 — 0.9 per 100 PY5s). [7, 8]

HIV was known to be associated with AIDS-defining malignancies, i.e. Kaposi sarcoma,
non-Hodgkin lymphoma, and cervical cancer. HAART has led to reductions in the incidence
of Kaposi sarcoma and non-Hodgkin lymphoma, however, it did not change the incidence
of cervical cancer. Since 1996, non-AIDS-defining cancers, comprised about 30% of cancers
before 1996, and elevated to 58% in 1996 to 2002. [9] Currently, non-AIDS-related cancers
have become one of the major causes of death among the HIV-infected individuals. Aside
from malignancies, a significant portion of non-AIDS related deaths is due to cardiovascular
disease (CVD). Some studies have reported CVD as the leading cause of mortality and
morbidity in HIV positive patients. [10] Other studies reported liver disease, non-AIDS
related infections, pulmonary disease are also among the most frequent causes of death. In
Women’s Interagency HIV Study (WIHS), liver-related disease is the most common cause of

non-AIDS related death (11.2%), followed by homicides, suicides and accidents (9.0%). [11]



Both the CASCADE Collaboration and a large Data Collection on Adverse Events of Anti-
HIV Drugs (D:A:D) cohort found that liver disease was one of the most common non-
AIDS causes of death. [2, 12, 13] Viral hepatitis such as hepatitis B and hepatitis C has
assumed great contribution to liver-related deaths. [2] Co-infection with HIV and HBV or
HCV is common in this population due to transmission modes being shared with HIV,
including intravenous drug use (IVDu), unprotected sex with an infected partner, and

transfusion of blood or blood products.

Liver disease is mainly caused by viral hepatitis infection and alcohol abuse. Hepatitis B and
C are the two major virus infection among the HIV-infected individuals. Approximately

10% of HIV-infected patients worldwide are co-infected with hepatitis B. [14] Particularly in
developed countties, co-infection of HIV/HBYV is motre common in men who have sex with
men (MSM) and injection drug users than the general population. [15] Most of the risk factor
studies for HIV/HBV co-infection were performed during the first couple decades of the
HIV epidemics before the advent of tolerable and effect ART. Co-infection with HIV/HBV
was primarily related with unsafe sexual behaviors, i.e. anal intercourse, history of gonorrhea,

rectal douching, sexual activity with a person who developed AIDS, etc. [10]

Approximately 25 - 30% of HIV-infected people were co-infected with hepatitis C Virus
(HCV) in the United States, according to a study published in 2005. [17] However, the

prevalence of co-infection varies among risk groups, ranging from 73% in high-risk group



like intravenous drug users and people with hemophilia to about 4% in other low-risk
groups. Researchers have found that age, race, lifestyle, high level of HIV viral load, reported
smoking, reported cocaine use, current infection with hepatitis B are associated with HCV

infection. [18, 19]

The effect of hepatitis on HIV/AIDS progtression remains controversial. One study has
found HCV-infected women were more likely to have AIDS when their HCV RNA level
was over 2.3 million IU/mL (p < 0.001), and were more likely to have AIDS-related death
when HCV RNA level was over 13.98 million IU/mL (p = 0.03). They also reported that
among patients who never had a CD4 less than 200 cells/uL, AIDS was more likely to occur
on HCV-infected people, and such risk increased with time. This is also true among ART-
naive patients. The author also reported an association between HCV status and immune
activation, both in unadjusted and adjusted models. [20] Another study, conducted during
the same period among HIV clinic patients, reported no difference in the risk of AIDS
development or death among HCV-infected and HCV-uninfected patients. After stratifying
by HAART, baseline CD4 cell count and the control status of HIV replication, the data still
showed no significant difference. Similarly, AIDS-related death was found not to be
associated with HCV infection. [21] Similarly, whether chronic hepatitis B affects the
progression of HIV/AIDS is also unclear. On one hand, some studies have shown

association between HBV and AIDS progression, while others reported no association. [22,

23]



Though the effect of hepatitis on HIV/AIDS progression remains uncleat, many studies
have seen the negative effect of HIV on liver disease. HBV/HIV co-infection is associated
with increased risk of cirrhosis, steatosis, hepatic decompensation, end-stage liver disease,
and hepatocellular carcinoma (HCC). [24-20] Liver-related mortality rates were 14.2 versus
0.8 per 1000 person-years among HIV/HBV co-infected patients versus those with only
HBsAg. HBV DNA levels are higher among HIV infected patients than among HBV mono-
infected patients; co-infection with HIV/HBYV is associated with increased risk of
reinfection, and slower spontaneous clearance rate of the antibodies. [27, 28] Co-infection of
HIV and HCV leads to more rapid fibrosis progression, high risk of hepatocellular
carcinoma (HCC) and a high risk of hepatic compensation. [13, 29-31] A study of 3990 HIV-
infected people from Denmark from 1995 to 2005 reported a mortality rate of 59 per 1000
person-yeats in persons with HIV/HCV co-infection, compared to 39 per 1000 person-years

in those with HIV alone. [32]

Because HIV alters the natural progression of liver disease, the treatment for viral hepatitis
infection among the co-infected patients is highly important. The approach to treat hepatitis
B in HIV infected patients differs much from that which is used for HBV mono-infected
patients. Because some drugs are used to treat both HBV and HIV, it is recommended to
initiate antiretroviral therapy for both viruses concurrently, regardless of CD4 cell count. [33]
Particularly, because some drugs for HBV and HIV treatment share the same agents,

HAART for HIV/HBYV co-infected patients that has agents against hepatitis B virus can be
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characterized as HBV-active HAART. Early initiation of HAART is also recommended
among the co-infected patients. Ongoing concerns exist regarding the risk of drug-associated
hepatotoxicity of ART. One cohort study in South Africa found that the risk of

hepatotoxicity had a strong association with a high baseline serum HBV DNA level. [34]

For HCV antiviral treatment, the introduction of multiple direct-acting antivirals (DAAs) in
recent years has offered a highly effective treatment option for HCV infected patients with
mild side effects. [35] These new treatments are very effective in curing HCV infections and
are likely to translate into substantially increase life expectancies for HCV infected people.
[36, 37] In 2004, several DAAs drugs have been approved by the Food and Drug
Administration (FDA). Despite the undeniable benefits of the new treatment, the associated
cost is unfortunately high. Even after the discount of some healthcare programs, each pill
still costs about § 1,000 USD, and a standard course of treatment requires the pill to be
taken daily for 12 weeks. [38] This creates significant barriers to the cure, leaving a large pool
of patients who are willing yet unable to be treated. Notably, substance abuse and psychiatric
health issues exist commonly among HIV/HCV co-infected patients. Many patients are
homeless or live in poor living conditions. Thus, decisions about which patients to treat are
made which considering a patient’s ability to adhere to medications, return for follow-up,
and limit the risk for reinfection. Unlike hepatitis B, HAART treatment was not found to be
effective against hepatitis C virus. However, some researchers did find that HAART was
effective in HIV /hepatitis co-infected people, and might even lead to decreased liver disease

progression among HIV/HCV co-infected patients. In one study among 638 patients with



HIV-monoinfection or HIV/HCV co-infection, current ART exposute was associated with
a decreased risk of liver-related events (incidence RR, 0.34; 95% CI, 0.18 — 0.60), including
end-stage liver disease, hepatocellular carcinoma, or liver-related death, after adjusting for
other variables. While this study suggests that ART is associated with slower liver disease
progression, other researchers pointed out that achieving HIV viral suppression while taking
ART is also an important factor. [32, 39, 40] The relationship of ART and other negative
events as hepatic decompensation, and end-stage liver disease were also investigated. A
veteran cohort study between 1996 and 2010 found that ART reduced the rate of hepatic
decompensation by 28% - 41%. [41] Moreover, eatly initiation of ART is important to
achieve a beneficial effect on liver disease progression, particularly when HCV antiviral

therapy uptake is low or when patients do not respond to HCV therapy. [42]

While both HBV and HCV co-infection are associated with adverse outcomes and poorer
survival, the outcome for those with triple infection can be even worse. About 3 to 5 percent
of the HIV-infected patients were found to be infected with both HBV and HCV. [43]
These patients have more severe liver disease, and in most of the cases, one virus
outcompetes the other virus due to viral interference. The approach to treat the triple
infected patients is critical since there are concerns that the suppression of the predominant

virus will cause the other to rebound. [44]



In summaty, the issue of HIV /hepatitis co-infection among people living with HIV requires
close attention. Due to the success of HAART, mortality from traditional AIDS-related
diseases has decreased, leaving liver disease the opportunity to become a major cause of
morbidity and mortality. Characteristically, HIV has been recognized to be associated with
liver fibrosis and malignancies in HBV and HCV infections. The treatment for hepatitis B
and C can be challenging, and HAART therapy can also be more difficult in co-infected

individuals.

The majority of the current literature related to hepatitis/HIV co-infection focused only on
the pre- and early-HAART eras. Now that 20 years have passed since the introduction of
HAART, it is necessary to have more updated information. Most of the previous studies
only looked at either HIV/HBV co-infection or HIV/HCV co-infection; and some of the
studies have compared two co-infections. However, a more comprehensive analysis that also
examined the effect of hepatitis treatment and HAART is needed to better assess the

situation.

STUDY AIM AND HYPOTHESIS

The primary aims of our study are 1) to characterize changes in liver-related mortality rates
in MACS and WIHS since the introduction of Highly Active Antiretroviral Therapy
(HAART) in 1996, and 2) to examine the effect of HIV /viral hepatitis co-infection on livet-

related mortality (LRM) separately for those with chronic hepatitis B and hepatitis C during



this period. Our hypotheses are as follows: H1. The LRM rate has decreased between 1996
and 2015 in MACS and WIHS, and the decrease has been larger among HBV infected
participants than among HCV infected participants in both cohorts; H2. The LRM hazard is
elevated among hepatitis-infected participants, and is highest among HIV /hepatitis co-
infected patticipants; H3. Among HIV /hepatitis co-infected participants, HAART reduced
the risk of LRM among those infected with HBV more than among those infected with

HCV.

METHODS

Study Population

This study was performed using data from the Multicenter AIDS Cohort Study (MACS) and
the Women’s Interagency HIV Study (WIHS). The MACS is a prospective cohort study of
men who have sex with men (MSM) that was initiated in 1984 and continues today. The
MACS was initially designed to identify the cause of, risk factors of, and course of AIDS.
Today, the primary objective of the MACS is to describe the burden and outcomes of the
many chronic diseases experienced by HIV-infected MSM in the era of effective HIV
treatment. The details about the enrollment and the descriptions of the characteristics of
MACS cohort have been published elsewhere. [45] The WIHS study was initially established
to investigate the impact of HIV infection on women in the United States. It continues to
investigate the new trend in the HIV epidemic among women accounting for the
effectiveness and consequences of HAART. More information about the recruitment and

characteristics of the WIHS study has been reported elsewhere. [40]



In MACS, men with or at risk for HIV-infection were enrolled into the study at four sites
located across the US (Baltimore/Washington DC, Chicago, Pittsburgh and Los Angeles) to
study the history of HIV infection. During the first three enrollment periods, 6972 men
entered the cohort. Among those participants, 4954 were enrolled from April 1984 through
March 1985, 668 were enrolled from April 1987 through September 1991, and the last 1350
were enrolled from October 2001 through August 2003. A fourth enrollment period started
in year 2010 and continues today. After baseline assessment, follow-up visits were conducted
every 6 months. The semiannual questionnaires include questions about the medical history,
use of health services, behaviors, and medication history of the participants. Demographics
data were collected. HIV RNA, HBV and HCV serology testing were performed. Other
information also included physical examination and psychosocial evaluation. Assessed
clinical outcomes included AIDS diagnosis and non-AIDS diagnoses included cardiovascular
disease, cerebrovascular disease, kidney disease, liver disease, lung infection, etc.
Occasionally, phone calls would be made if the participants missed the follow-up visits, and
partial information was collected. Participants were followed until death, or loss to follow-

up, whichever occurred first. [47]

The initial enrollment period for WIHS was from October 1994 through November 1995,
the second enrollment period was in 2001 to 2002, and the most recent period was from

2011 to 2012. In the year 2013, the WIHS added four new sites from the South. However,

because of the few amount of participants enrolled, the new enrollment was excluded from
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our current study. Participants were asked to complete a detailed interview on socio-
demographic, substance use, sexual behaviors, medical, obstetric, gynecological,
contraceptive history. The WIHS study collects medical history including detailed
medication inventory to include new therapies. Physical and gynecologic examinations, and
laboratory testing were also performed at baseline and in every study visit. In addition,
biological samples were also being collected and stored. Participants in WIHS also have

follow-up visits every six months. [48]

Because the goal of our study was to examine and describe LRM during the HAART era,
our study population included all participants in MACS and WIHS from 1996 to 2015 who
had been tested for both HBV and HCV infection. The baseline was established at the first
study visit that had results for HIV, hepatitis B, and hepatitis C, on or after January 1%, 1996,
and continued through death, loss to follow-up or cessation due to right-truncation in 2015.
Participants were excluded if they only attended the baseline study visit and had no follow-
up information recorded in the study databases. Occasionally a participant would miss
multiple study visits and then return to follow-up at a later time. If these gaps in follow-up
time exceeded 2 years, then we censored the follow-up time for the given interval at 2 years,
and then the participant follow-up time resumed later when he/she resumed regular study

visits.

Study Exposures
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Our primary exposures were chronic HBV (CH-B) infection and chronic HCV (CH-C)
infection. In MACS, a participant had HBV infection if the Hepatitis B surface antigen
(HBsAg) was positive and had HCV infection if the HCV antibody and HCV RNA were
positive. Both CH-B and CH-C infection was determined using longitudinal information.
Tests to determine viral hepatitis infection status were performed on stored serum sample.
HBsAg and HCV antibody testings were determined by enzyme immunoassay (Abbott
Laboratories, ADVIA Centura HCV assay, respectively). HCV RNA levels were determined
with COBAS AmpliPrep TagMan HCV Assay. [49] In WIHS, CH-B infection status was
carried forward through the remaining follow up time from the HBsAg result obtained at
study entry. Longitudinal results were used in the analyses for CH-C infection, i.e.
determined as infected if he/she had detectable HCV RNA and HCV antibody. HBV and
HCV serologies were performed using standard commercial assays (Abbott Laboratories,
EIA 3.0 Ortho-Clinical Diagnostics, respectively). HCV RNA levels were determined with

COBAS Amplicor Monitor 2.0 assay or COBAS Tagman. [11]

We also included a number of potential confounding factors in our analyses. Information
was collected on demographic characteristics, socioeconomic status (SES), clinical
characteristics, and behavioral characteristics. Birth date of participants, race, and education
status were obtained at baseline. SES measures such as employment status was defined as
being employed if participants either working full time, part-time, as student, or retired, self-
employment and people who have disability but still currently under employment are also

considered as being employed. Income levels were categorized in two ways during the
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MACS study period, most of our baseline income information was collected using the
original nine categories, which later became ten categories because of the relative high
income level in MACS cohort. We used a cutoff point of 10,000 USD per year for MACS,
anyone who has an annual income lower than 10, 000 were considered as low income. For
WIHS, 12,000 USD per year was the cutoff point. For participants who didn’t provide
income status in one visit, information was obtained from the nearest visits. High blood
pressure was defined if SBP >= 140 mmHg or DBP >= 90 mmHg or if the person was
diagnosed with hypertension and used anti-hypertension medications. Also if blood pressure
status was not available for one study visit, information would be obtained from the nearest
study visits. This method also applies to diabetes status, which was defined as blood glucose
transporter 2 >= 126 or if the person was diagnosed with diabetes and used anti-diabetic
medications. Depression status was defined using CESD scale over or equals to 10.
Behavioral characteristics include smoking, alcohol drinking and drug use. Non-injection
drugs included hash/marijuana, poppers (chemical class called alkyl nitrites that are inhaled
for recreational purposes), cocaine, uppers (stimulants that affect basic body processes),
downers (inhibitors that affect basic body processes), sexual performance enhancing drugs,
ecstasy, heroin, Phencyclidine (PCP), ethyl chloride, Gamma Hydroxybutyrate (GHB) and
other unspecified drugs. Information was also available for treatment against viral hepatitis
and HIV infection. All covariates except race and sex were examined as time-varying

covariates.
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Study Outcomes

Our primary outcome was mortality related to liver disease, but we also examined mortality
due to any cause to provide a frame of reference when examining liver-related mortality.
Deaths were ascertained in both cohorts via death registry matching and death certificates
coded per the International Classification of Diseases (ICD), in some cases supplemental
information was obtained from medical record review, communication with the primary

clinician, or patient families. [11, 49]

We then examined the cause of death (COD) information to determine which of the deaths
were documented as being due to or carried an underlying or contributing cause that was
related to liver disease. In MACS, all the underlying and contributing causes of death are
coded using ICD9 or ICD10 codes. We considered any death for which the underlying or
any contributing cause included one or more of the causes listed in the following codes was

classified as being related to liver disease.

ICD-9

Viral hepatitis 070, 070.0 — 070.9
Malignant neoplasm of liver 155, 155.0 — 155.2
Acute hepatic failure 570, 570.0
Chronic liver disease/cirrhosis 571, 571.0 = 571.9
Liver abscess/other sequelae of chronic liver disease 572, 572.0 — 572.8
Other liver disorders 573, 573.0 - 573.9
ICD-10

Viral hepatitis B15-B19
Malignant neoplasm of liver C22

14



Disease of Liver K70 - K76

In WIHS, death information is stored in the master database using text descriptions that are
based on ICD9 and ICD10 codes as well as textual narratives from the source documents.
For this study, we reviewed all of the cause of death (COD) text data and then classified any

death where a COD text description included one of the following text strings as being

2> <<
b

related to liver disease: “hepatitis”, “liver”, “cirrhosis”, “hepatic”, “hepb”, “hepc”, “hepato”,

or “hcc”.

Statistical Methods

For this prospective time-to-event analysis, the follow up time origin was defined as the date
of the first study visit on or after January 1%, 1996, and follow-up time continued until death
or censoring at the last study visit, whichever came first. We excluded observations after
September 30", 2013 for both MACS and WIHS, because the mortality data were likely to be

incomplete for 2014 due to reporting delays.

A person-years analysis was used to estimate and compare LRM rates for hypothesis one
that the LRM rate has decreased during the study period, and the decrease has been larger

among HBV infected participants than among HCV infected participants. The overall and
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stratum-specific LRM rates were estimated as the number of LR deaths divided by the
cumulative number of person-years of follow up accrued by all participants in the strata
defined by HIV, CHB and CHC. We used a Poisson regression to compare the LRM rates
across strata (i.e. between exposure groups of interest) and over time (by calendar year) while
accounting for important cofactors and potential confounders. The adjusted covariates were
either considered as important confounders or showed as important risk factors for LRM in
Cox proportional hazard models. For hypothesis one, we tested the trend of annual change
in liver-related mortality and all-cause mortality; we compared the differences of trend

between hepatitis B infection and hepatitis C infection.

We also used Kaplan-Meier curves to plot the survival probability of death and cumulative
incidence of liver-related mortality. As there were few observations in the HBV mono-
infection group, HBV and HCV co-infected group and triple-infection group, those groups
were excluded in the Kaplan-Meier analysis. We plotted the Kaplan-Meier curves across all

other combinations of HIV, HBV and HCV infection groups.

Finally, we fit unadjusted and adjusted Cox proportional hazard regression models to
examine the effect of the primary exposures on LR mortality. To generate the adjusted Cox
models, we manually implemented a stepwise selection process to choose the best model.
For hypothesis two, in order to examine whether the LRM is elevated among HIV /hepatitis

coinfected participants, we also tested for interactions between HIV infection and hepatitis
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infection, and also for HIV with hepatitis B infection and hepatitis C infection separately.
We then also included hepatitis B and hepatitis C treatment information to examine the
treatment effect on liver-related mortality. A subgroup analysis was performed to examine
the effect of HAART on LRM among the HIV infected individuals, and then to evaluate the
effect of the use of HAART according to whether or not HBV infection was active. Finally,
we did a sensitivity analysis by using Fine and Gray competing risk method. [50] Selected

models we used for hypothesis two and three were performed to validate our results.

All statistical analysis was done with STATA (version 13). A p-value of 0.05 or less was

judged to indicate statistical significance.

RESULTS

Our study population consisted of 3148 men participating in the MACS study cohort and
3571 women from WIHS study cohort between Jan. 1%, 1996 and Sep. 30", 2013. At
baseline, age of participants ranged from 17 to 76, with a median age of 39 years. The total
amount of accrued follow up time was 67717.6 person-years with a maximum of 18.0 years
(median: 6.4 years, IQR, 2.9 — 10.1 years). During our follow-up period, 1028 (15.3%)
participants died (275 (8.7%) in MACS and 753 (21.1%) in WIHS), 153 (14.9%) of them

died of a liver-related cause; 42 (15.3%) in MACS and 111(14.7%) in WIHS.
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Among the 3148 men in MACS, most were white, had higher than high school education,
were employed, and had a yearly income above 10,000 USD (Table 1). In addition, about
two thirds had a history of smoking or were smoking at baseline visit, about 9% consumed
14 or more alcohol-containing drinks per week, more than 80% of men had used or were
using non-injection drugs while 11.3% had a history of using injection drugs, nearly one-
third had hypertension, about one-quarter had been diagnosed with depression, and 3.0%
were diabetic at baseline visit. Among the 1577 (50.1%) of men who were infected with HIV
prior to the baseline visit, 10% had previously been diagnosed with AIDS and neatly one-
third had initiated HAART. Chronic hepatitis infection (hepatitis B or hepatitis C) was
detected in 11.5% of the participants at baseline; 4.2% with chronic HBV (CH-B) and 7.7%
with chronic HCV (CH-C). Among the men with CH-B, 43% were taking an anti-HBV

treatment whereas only 2.5% of men with CH-C were taking an anti-HCV treatment.

Among the 3751 women in WIHS, most of them were Black, had high school education or
lower, were unemployed, and had a yearly income of less than 12,000 USD. (Table 1) In
addition, about half of the individuals were current smokers at the baseline visit, 8%
consumed 14 or more alcohol-containing drinks per week, 70% had used or were using non-
injection drugs while 28% had a history of using injection drugs. Similar to MACS cohort,
nearly one-third in WIHS had hypertension, about one-quarter had been diagnosed with
depression, and 4.7% were diabetic at baseline visit. Among the 2637 (73.8%) of women

who were infected with HIV prior to the baseline visit, 25.7% had previously been
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diagnosed with AIDS, and 46.2% had initiated HAART. Chronic hepatitis infection
(hepatitis B or hepatitis C) was detected in 23.1% of the participants at baseline; 1.9% with
chronic HBV (CH-B), and 21.6% with chronic HCV (CH-C). Among the women with CH-
B, 4.4% were taking an anti-HBV treatment whereas only 0.1% of women with CH-C were

taking an anti-HCV treatment.

Opverall, the participants from MACS and WIHS differed significantly for each characteristic
in Table 1. For example, the mean age was higher in MACS than in WIHS (mean: 49.3 and
42.0, respectively). The majority in MACS were white, had higher than high school
education, were employed, and had high income, while the the majority in WIHS were Black,
had high school education or lower, were unemployed, and had low income. A higher
proportion of injection drug users and current smokers were found in WIHS than in MACS.
A higher proportion of men had hypertension and diabetes in MACS than the women in
WIHS. The two cohorts were similar on diabetes status. A higher proportion of women in
WIHS had been previously diagnosed with HIV than the men in MACS, and a higher
proportion of the HIV-infected women had initiated HAART than the men in MACS. A
lower proportion of women had CH-B than the men in MACS, however, a much higher

proportion of women had CH-C than the men in MACS.

We also examined co-infection with HIV and/or HBV and/or HCV at baseline. Overall,

33.4% were negative for all three viruses. HIV mono-infection was present in 47.3% of the
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study participants while 0.5% had HBV mono-infection and 3.0% had HCV mono-
infection. Regarding viral co-infection, HIV/HCV co-infection was the most commonly
obsetrved (11.7%) followed by HIV/HBV (2.1%) and the HBV/HCV (n=1). Triple infection
with all three viruses was documented in 23 people (0.3). Finally, 115 (1.7%) participants had

missing HBV and/or HCV information baseline visit.

Opverall, the all-cause mortality observed during the entire study period from January, 1996
to September, 2013 was 15.18 (95% CI, 14.28 — 16.14) per 1000 person-years. During the
same time frame, the liver-related mortality was 2.26 (95% CI, 1.93 — 2.65) per 1000 person-
years. We examined the overall all-cause mortality and liver-related mortality rates by
infection status. As shown in Table 2, all-cause mortality has increased among HIV, HBV
and HCV infected individuals, and was the highest among HCV infected individuals. Liver-
related mortality was increased among HBV and HCV infected, however, it was not notably
increased much among HIV infected individuals. In the adjusted Poisson regression models,
neither all-cause mortality nor liver-related mortality rates were significantly different
between HBV infection and HCV infection, though HBV infected individuals had slightly

higher mortality rates than HCV infected individuals (data not shown).

During the study period, the all-cause mortality rate decreased in both cohorts, though this
trend was more obvious in WIHS than in MACS (Figure 1). We then plotted separately for

HIV, HBV, and HCV infection groups (Figure 2). The all-cause mortality among HCV
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infected individuals stayed flat over the years, all-cause mortality rates among HIV infected
and HBV infected individuals declined over time. For liver-related mortality rates shown in
Figure 3, though there was variation over time, the overall trend tended to be more flat for
both the MACS and WIHS studies. We also plotted LRM separately for HIV, HBV, and
HCV (Figure 4). Liver-related mortality rates seemed to be flat for HIV infected. Except for
a bump among the HBV infected from year 20006 to year 2007, liver-related mortality rates
among HBV-infected participants had a declining trend while the liver-related mortality rates

among HCV-infected increased over time.

After adjusting for important covariates and potential confounders, we found that the all-
cause mortality rate had a statistically significant decline of about 3.6% (95% CI: 2.2% -
5.1%) per year, and individuals with HBV infection had the steepest decline. The liver-
related mortality rate declined by 2.2% (95% CI: -1.7% - 5.8%) annually, but the change was
not statistically significant. We then compared these to rates of changes and found that the
annual declines among HBV infected participants and HCV infected participants were not

significantly different.

Figure 5 and Figure 6 show the Kaplan-Meier survival curves for all-cause mortality and
liver-related mortality. For all-cause mortality, the 18-year survival probability was highest
among the uninfected individuals (93.2%), followed by HIV mono-infected and HCV

mono-infected individuals. HIV mono-infected and HCV mono-infected individuals had
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almost identical survival curves during the first ten years after baseline, but they diverged
after 10 years with the 18-years survival among HCV mono-infected individuals being lower
than that among HIV mono-infected individuals (78.4% and 63.8%, respectively). Co-
infected individuals had lower survival than mono-infected individuals with the 18-year
survival among HIV/HCV co-infected individuals being lower than that among HIV/HBV
co-infected individuals (42.8% and 58.4%, respectively). For liver-related mortality, the 18-
year cumulative incidence was lowest among the uninfected and HIV mono-infected
individuals (0.4% and 1.1%, respectively), followed by HCV mono-infected (8.3%), and then
followed by the co-infected individuals, with the 18-year cumulative incidence among
HIV/HBV co-infected individuals being slightly lower than that among HIV/HCV co-

infected individuals (18.0% and 20.1%, respectively).

There were 30 individuals who were infected with HIV, CH-B, and CH-C at baseline and

throughout follow-up. 11 of them died, 6 of them died of liver-related disease. The shortest
follow-up period was 0.25 years and the longest follow-up period was 17.9 years. Due to the
small number of participants with triple infection, this group was not included in the Kaplan

Meier cutrves.

Results from the univariate and multivariate Cox regression analysis are shown in Table 3 for
all-cause mortality. While the mortality hazard was 2.44 (95% CI: 2.12 — 2.80) times higher

among WIHS versus MACS participants, the difference disappeared (adjusted HR (aHR):
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1.16; 95% CI: 0.95 — 1.43) following adjustment for important demographic and clinical
characteristic differences between the two cohorts. As expected, the mortality hazard
increased with age in the adjusted model. Race and education were not significantly
associated with all-cause mortality in the adjusted analysis. Other characteristics found to be
significantly (p<<0.05) associated with an increased mortality hazard in the adjusted analysis
include low income, history of cigarette smoking, and the presence of hypertension or
depression. In addition, HIV-infected participants had 2.1 (95% CI, 1.68 — 2.64) times higher
mortality hazard than HIV-uninfected participants; and among those infected with HIV,
participants who had been diagnosed with AIDS had 2.7 times more likely to die compared
to those without a prior AIDS diagnosis. Finally, both CH-B (aHR: 2.38; 95% CI, 1.76 —
3.22) and CH-C (aHR: 2.04; 95% CI, 1.75 — 2.37) were found to be independently associated
with a higher mortality hazard following adjustment for the other factors included in the

adjusted model.

Results from the univariate and multivariate Cox regression analysis are shown in Table 4 for
liver-related mortality. The mortality hazard was 2.32 (95%CI: 1.63 — 3.31) times higher
among WIHS vs. MACS participants, the difference disappeared (aHR: 1.06; 95% CI: 0.63 —
1.78) following adjustment for important demographic and clinical characteristic differences
between the two cohorts. Though not statistically significant, as expected, the mortality
hazard increased with age in the adjusted models. Characteristics found to be significantly
(p<0.05) associated with an increased mortality hazard in the adjusted analysis include white

race, low education, low income, and the presence of hypertension. In addition, HIV-
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infected participants had 1.84 (95% CI, 0.99 — 3.42) times higher LR mortality hazard than
HIV-uninfected participants; and among those infected with HIV, individuals who had been
diagnosed with AIDS had 2.30 (95% CI, 1.56 — 3.41) times higher LR mortality than those
without AIDS diagnosis. Any hepatitis infection, i.e. infection with either hepatitis B or
hepatitis C, was associated with 17.53 (95% CI, 10.66 — 28.82) times higher LR mortality
hazard. Specifically, individuals with CH-B had 9.09 (95% CI, 5.35 — 15.43) times higher LR
mortality hazard than those without CH-B while individuals with CH-C had 11.63 (95% CI,

7.52 = 17.98) times higher LR mortality hazard than those without CH-C.

Next, we examined the effect of HIV /viral hepatitis co-infection on LR mortality by testing
for interactions between HIV and hepatitis, HIV and HBV, and HIV and HCV, and found
that none of the interaction terms that we added to the model were statistically significant (p-
values, 0.79, 0.12, and 0.95, respectively). We also tested the effect of hepatitis treatment,
and found that hepatitis B treatment was significantly associated with a lower LRM hazard
(aHR: 0.67, 95% CI, 0.44 — 1.03, p=0.06) while hepatitis C treatment was not (aHR = 1.00;

95% CI, 0.24 — 4.11).

We then restricted our analysis to the subgroup of HIV-infected individuals to explore the
effect of HAART treatment on LRM. (Table 5) As shown in Model 3, taking HAART was
associated with 0.61 (95% CI, 0.42 — 0.88, p=0.009) times lower hazard of LRM than those

who were not taking HAART. We then included interaction terms in the model to test for
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the effect of HAART among those co-infected with CH-B or CH-C, and found that neither
interaction term was statistically significant (p=0.308 and 0.860, respectively). We also
partitioned HAART into HBV-active HAART and non HBV-active HAART (Model 4), and
found that both classes of HAART were effective at improving LR survival (aHR1=0.65,

95% CI, 0.41 — 1.04 and aHR2=0.58, 95% CI, 0.37 — 0.90, respectively).

Finally, we performed several sensitivity analyses to account for the possibility that
competing risks due to HIV-related deaths might have affected the results from our analyses
of liver-related deaths. The results from four separate competing risks models (data not
shown) were very consistent with the results reported above, which demonstrates that these
liver-related survival analyses that restricted follow-up time to the HAART era were not

adversely affected by competing HIV-related mortality.

DISCUSSION

Our study is one of the first to compare and contrast overall mortality and liver-related
mortality among people with or at risk for HIV infection since the introduction of HAART
in the mid-1990s. In the MACS and WIHS cohorts, we observed a statistically significant
decline in the overall mortality rate of approximately 3.5% per year between 1996 and 2013.
In contrast, the liver-related mortality rate declined by only about 2% which was not a

statistically significant decline. Interestingly, both overall mortality and LRM were higher
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among those with CH-B compared to those with CH-C during the first five years of the
study period, but during the last five years the outcomes were reversed with both mortality
rates being higher among those with CH-C compared to those with CH-B. We then
compared the effects of CH-B and CH-C on mortality and found them to be independently
and similarly associated with an increased hazard of both overall and LR mortality, and in
neither case did we obsetve a significant effect of HIV/hepatitis co-infection. However, we
did find that HBV treatment was significantly associated with reduced LR mortality while
HCV treatment was not. Finally, we examined the subgroup of HIV-infected participants to
test the effect of HAART on LR mortality and found that effective HIV treatment was
associated with a significantly lower risk of dying from liver disease. Although we expected
to find that HAART would be more beneficial for those with CH-B than for those with CH-
C, our results indicate that the beneficial effect of HAART was essentially the same for both
hepatitis groups and did not depend on whether or not the HAART regimen included HBV-
active medications. Taken together, the results from our study indicate that the contribution
of liver disease to mortality among men and women with or at risk for HIV infection has
increased since the introduction of HAART in the mid-1990’s, and that the excess mortality
risk due to viral hepatitis infection that has been reported to be higher among those with

CH-B [49] may now be higher among those with CH-C.

In a previous MACS study among participants followed between 1984 and 1999, the all-
cause mortality rate was 29.9 per 1000 PYs, and 62 (3.8%) of the individuals died of liver-

related death, resulting in a LR mortality rate of 1.1 per 1000 PYs. [20] In the current study,
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the all-cause mortality rate had decreased almost 50% compared to the previous study
(Mortality Rate = 15.18 per 1000 PYs). Furthermore, 14.9% died of liver-related diseases and
the LR mortality rate was 2.3 per 1000 PY's, which is more than double the rate reported in

the previous study.

The results from the current study about the change in overall and LR mortality provide one
possible explanation for the differences between the current study and the prior MACS
study. [26] Specifically, the overall mortality rate declined between 1996 and 2013 in both the
MACS and WIHS while the LR mortality rate remained largely unchanged. These trends
indicate that liver disease now contributes to a larger proportion of deaths compared to
during the pre-HAART era which support our hypothesis that liver-related mortality has
assumed increasing importance during the 20 years since the introduction of HAART.
Moreover, the all-cause mortality rate tended to be decreasing for HBV while increasing for
HCV. This is most likely a result of HIV treatments also being active against HBV but not
against HCV. All-cause mortality rate declined among the HIV-infected individuals, which

further confirmed the effectiveness of HAART.

Not surprisingly, HIV, CH-B, and CH-C were associated with significantly higher all-cause
mortality hazard, with or without adjusting for confounders. We observed a higher all-cause
mortality rate among the hepatitis infected individuals than the HIV infected individuals,

especially since the mortality rate among HCV infected patients was twice as high as that
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among HIV infected patients. We did not find a significant interaction due to co-infection
with HIV and either hepatitis viruses. These results also suggest that in the HAART era,

more attention is needed for the prevention and treatment of hepatitis infection.

As expected, for liver-related deaths, the mortality rates among hepatitis infected individuals
was about four times higher than that among HIV infected patients. In a previous study,
which followed participants with either CH-B or CH-C from study entry to year 2010, a
higher liver-related mortality was found among the HBV-infected individuals than the HIV
and HCV-infected individuals. [49] In our study, however, we found that LR mortality rate
was higher among HCV-infected participants compared to HBV-infected participants. This
may seem to be inconsistent at first glance, but the previous study reported that the
comparative risk of liver-related mortality between HBV and HCV decreased from pre-
HAART era to early HAART era and to current HAART era, with incidence rate ratio (IRR)
dropping from 2.1 to 1.2. After adjusting for confounders and important covariates in the
current study, the hazard ratio associated with CH-C (aHR: 9.09) remained higher than that
associated with CH-B (aHR: 11.63), though the difference was not statistically significant. So
our study indicates that compared to hepatitis B infection, hepatitis C infection has worse
outcomes. The biological basis for the different severity of liver disease caused by hepatitis B
infection versus hepatitis C infection is not apparent. One possible explanation is that
infection with HIV accelerates the progression of HCV disease to cirrhosis by increasing
hepatitis C viremia. However, this effect was also observed among HIV and HBV co-

infected individuals, so it is not likely to explain the difference of mortality between the CH-
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B and CH-C. [13] Another possible explanation is that while HCV infection has a negative
effect on HIV, which reduces the effectiveness of HAART no such effect occurs in HBV
infection. [40, 51] Our study demonstrated that CH-B was more important during the early
HAART era while CH-C is more important during recent years, and these temporal changes
in the relative effects of CH-C and CH-B might be confounding the results. Therefore,
further research is required to examine these changes over time to see if biological
explanation about the possible differential effects of CH-B and CH-C on LR mortality can

be uncovered.

HIV infection was associated with 80% higher liver-related mortality hazard, and we had
expected to observe this association since HIV was found to have a negative effect on liver
disease progression in several studies. [24, 26, 29, 31] However, we did not find an
significant interaction between HIV and hepatitis for LRM, i.e. neither HIV nor hepatitis
infection seemed to worsen the effect of the other infection among the co-infected

individuals.

Our findings showed that HBV treatment was associated with decreased liver-related
mortality. This is plausible since HBV treatment has been proved to be effective against viral
hepatitis B infection. Though liver-related mortality hazard associated with HBV seemed to
have decreased, CH-B remained one of the most important risk factors for LR mortality.

Continuing effort on HBV prevention and treatment among HIV-infected patients are
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necessary. On the other hand, HCV treatment was not associated with liver-related
mortality. We had also expected such result since the effective treatment drugs were not
available until late in the study. Very few participants were on HCV treatment during our
study period which severely limited our power to examine this question. This might have
contributed to our finding that CH-B had the higher LR mortality rate during the early
HAART period while CH-C had the higher LR mortality rate in recent years. Though highly
effective treatment for hepatitis C infection has been available since 2004, the hepatitis C
infected patients are still poorly treated. One of the reasons is that anti-hepatitis C treatments
cost too much, patients with low income are not able to afford the treatment. Another
reason is the lack of awareness of hepatitis C infection. Because CH-C infection can have no
symptoms for a long time, some patients may know that they are infected with CH-C, yet do
not seek treatment until it has progressed to an advanced stage. Our study suggests that
awareness and education for hepatitis C infection needs to be increased, and that more
affordable drugs should be made available for these patients. Our study also showed a nearly
40% decreased liver-related mortality hazard among HIV-infected individuals who were
treated with HAART, and that the protective effect of HAART was similar for both CH-B
and CH-C infected individuals. This is in consistent with another study that found HAART
to be associated with a lower probability of developing adverse liver-related events among
the HIV/HCV co-infected patients. [39] For CH-B, some of the HAART drugs are active
against hepatitis B virus, which likely contributed to the lower risk of LR mortality. Thus, the
findings from our study suggest that HAART should be offered to anyone who is co-
infected with viral hepatitis, and that more specific guidelines for HAART initiation may be
helpful for these individuals.
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Interestingly, we also found that though Caucasian race was not associated with all-cause
mortality, it was associated with a more than doubling of the risk of liver-related mortality. A
prior WIHS study reported that liver-related mortality was lower among African-American
women than among Caucasian and Hispanic women. [11] The authors speculated that a
genetic factor may play a role in the liver-related mortality, but in a subsequent study they
demonstrated that polymorphism in the IFN-lambda region did not explain the race
difference. [52] Other plausible explanations for the race difference include cultural or
behavioral differences that were not measured or otherwise not included in our study. Lower
education attainment and low income were also found to be risk factors for liver-related
disease in our study which emphasizes the need to increase education and address SES
related problems. High blood pressure is associated with more than twice higher of the liver-
related mortality hazard. It is not clear what this finding means, but this might stem from
reverse causality where advanced liver-disease fibrosis may have contributed to high blood

pressure. However, this remains to be explored further.

There are several other limitations in our study. Firstly, our study combined the data in
MACS and WIHS cohort to examine the liver-related mortality. The two cohorts are
fundamentally different from each other in terms of gender, race, or socio-economic status,
etc., so it was questionable whether meaningful inferences could be obtained from the
combined data. However, we have performed the same analysis on both cohorts and did not

find major difference in the results for liver-related mortality, so it was reasonable to
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combine the observations in order to increase our power. Secondly, one significant
limitation is that while HCV testing has been rigorously performed in MACS, the HCV
testing in WIHS and the HBV testing in MACS has been less rigorous, and the HBV testing
in WIHS was performed only at baseline. Thus, we may have misclassified participants
according to HBV and/or HCV status. If this is true, then our results would most likely be
biased toward the null, which in turn suggests that the findings from this study might be
even stronger than the results we observed. Thirdly, more precise evaluation of liver disease
progression can be achieved if we have information of the liver histology instead of liver-
disease mortality. Finally, for many participants who died the determination of whether the
death was liver-related was based on information recorded on death certificates. While likely
to have resulted in the misclassification of some deaths, this would most likely have resulted
in a bias toward the null for reasons analogous to those given above about the impact of

misclassifying hepatitis status.

IMPLICATIONS

Our study is one of the first to examine all-cause and liver-related mortality rates during the

HAART era. We demonstrated that the overall mortality rate has declined more than the LR
mortality rate during the HAART era which helps to explain why liver disease has become a
major cause of morbidity and mortality in recent years. We also observed that CH-B was the

primary cause of liver-related deaths 20 years ago while CH-C is the primary cause today.
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Importantly, HBV treatment is associated with a reduced LR mortality risk overall, and
HAART is associated with a similar reduction among those infected with HIV. Collectively,
our findings indicate an urgent need to increase the awareness of hepatitis and HIV co-
infection, especially CH-C and HIV co-infection. Prevention, detection, treatment, and
management are needed to address the issue. Also, further studies are needed to better
examine hepatitis and HIV co-infection in the post-HAART era. HAART and HBV
treatment has shown great importance in the HIV epidemic. Future public health studies
should focus more on hepatitis treatment, especially the effectiveness and impact of hepatitis

C treatment.
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Table 1. Baseline Characteristics

Overall MACS WIHS p-
value
N % * N % * N % *

Total 6719 100 3148 100 3571 100

Age 0.000
< 45 years 4914 73.1 1940 61.6 2974 83.3
45 — 54 years 1380 20.5 868 27.6 512 14.3
55 — 64 years 382 5.7 301 9.6 81 2.3
>= (5 years 43 0.6 39 1.2 4 0.1

Race 0.000
White 2951 43,9 2168 68.9 783 21.9
Black 2931 43.6 781 24.8 2150 60.2
Other 825 12.3 196 6.2 629 17.6

Education 0.000
High school and lower 3062 45.6 667 21.2 2395 67.1
College or some college 2646 39.4 1566 49.8 1080 30.2
Graduate 990 14.7 912 29.0 78 2.2

Income level per year ** 0.000
<10,000 2719 42.4 729 23.8 1990 59.3
>=10,000 3696 57.6 2331 76.2 1365 40.7

Current Employment 0.000
No 2859 42.6 331 11.0 2528 71.1
Yes 3718 55.3 2690 89.0 1028 28.9

Smoking status 0.000
Never 2048 30.5 942 29.9 1106 31.0
Former 1664 24.8 1055 33.5 609 17.1
Current 2971 44.2 1127 35.8 1844 51.6

Drinking Status 0.000
No drink 2380 35.9 521 16.7 1859 52.9
1-3 drinks per week 2457 37.1 1378 44.3 1079 30.7
4-13 drinks per week 1245 18.8 941 30.2 304 8.6
>13 drinks per week 548 8.3 273 8.8 275 7.8

Non-injection drug use status 0.000
Never 1454 21.6 551 17.9 903 254
Former 2372 35.7 858 27.8 1514 42.6
Current 2814 42.4 1678 54.4 1136 32.0

Injection drug use 0.000
Never 5281 79.5 2729 88.4 2552 71.8
Former 966 14.5 154 5.0 812 22.9
Current 396 6.0 206 6.7 190 5.4

Hypertension 0.000
No 4534 69.2 1784 59.7 2750 771
Yes 2022 30.8 1203 40.3 819 23.0

Diabetes 0.026
No 4829 94.3 1427 93.8 3402 95.3
Yes 264 52 95 6.2 169 4.7

Depression 0.000
No 4157 61.9 2263 71.9 1894 53.0
Yes 2562 38.1 885 28.1 1677 47.0
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Table 1. Baseline Characteristics (continued)

Overall MACS WIHS p-
value
N % N % N %

HIV-infection 0.000
Negative 2505 37.3 1571 49.9 934 26.2
Positive 4214 62.7 1577 50.1 2637 73.8

Prior diagnose with AIDS (HIV+) 0.000
No 3379 80.2 1419 90.0 1960 74.3
Yes 835 19.8 158 10.0 677 25.7

HAART treatment (HIV+) 0.000

No 2482 58.9 1063 67.4 1419 53.8
Yes 1728 41.0 511 32.4 1217 46.2

Any hepatitis infection 0.000
No 5419 82.0 2787 88.5 2632 76.1
Yes 1186 18.0 361 11.5 825 23.9

Hepatitis B infection 0.000
Negative 6484 97.0 3017 95.8 3467 98.1
Positive 199 3.0 131 4.2 68 1.9

HBYV treatment (HBsAg+) 0.000
No 140 70.4 75 57.3 65 95.6
Yes 59 29.7 56 42.8 3 4.4

Hepatitis C infection 0.000
Negative 5596 84.7 2907 92.3 2689 77.7
Positive 1011 15.3 241 7.7 770 22.3

HCYV treatment (CH-C+) 0.000
No 1004 99.3 235 97.5 769 99.9
Yes 7 0.7 6 2.5 1 0.1

*The cutoff point for low income is 10,000 USD per year for MACS, and 12,000 USD per year for WIHS
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Table 2. Cumulative Incidence Rates of all-cause mortality and LRM by infection status

Total Number  All-cause Number Liver-
Person of all-  mortality of Liver-  related
Years cause per 1000 95% CI related  mortality 95% CI
death PYs death per 1000
PYs

Overall 67718 1028 15.18 14.28 — 16.14 153 2.26 1.93 — 2.65
HIV infected 42380 902 21.28 19.94 — 22.72 138 3.26 2.76 — 3.85
HBYV infected 1569 52 33.14 25.25 —43.49 19 12.11 7.72 - 18.99
HCYV infected 10065 432 42.92 39.06 — 47.17 113 11.23 9.34 - 13.50
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Figure 1. All-cause Mortality Rates per 1000 PYs by Calendar Year
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Figure 2. All-cause Mortality rate per 1000 PY's by Calendar Years and Infectious Status
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Figure 3. Liver-related Mortality Rates per 1000 PY's by Calendar Year
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Figure 4. Liver-related Mortality Rates per 1000 PY's by Calendar Year and Infection Status

40



K-M curve of All-cause Mortality
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Figure 5. Kaplan-Meier Survival Probability of All-cause Mortality by HIV, HBV, HCV
infection

Note: Mono-infection with HBV, co-infection with HBV and HCV, triple-infection with HIV, HBV, and HCV
were excluded because of limited observations.

41



K-M curve of Liver-related Mortality
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Figure 6. Kaplan-Meier Cumulative Incidence of Liver-related Mortality by HIV, HBV,

HCYV infection

Note: Mono-infection with HBV, co-infection with HBV and HCV, triple-infection with HIV, HBV, and HCV

were excluded because of limited observations.
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Table 3. Univariate and Multivariate Analysis for All-cause Mortality

Univariate Multivariate
HR 95% CI HR 95% CI p-value
Cohort
MACS 1 1
WIHS 2.44 2.12-2.80 1.16 0.95-1.43 0.145
Age category
< 45 years 1 1
45 — 54 years 1.35 1.17-1.56 1.18 1.00 —1.39 0.049
55 — 64 years 1.46 1.21-1.76 1.77 1.41-221 0.000
>= 65 years 1.50 1.10 —2.04 3.25 2.25-4.69 0.000
Race (white vs. others) 0.51 0.45-10.59 1.04 0.87 -1.23 0.682
High school education or lower 2.13 1.88 — 2.43 1.15 0.98 —1.35 0.090
Income < 10,000 per year* 3.24 2.84 —3.70 1.67 1.42-1.95 0.000
Currently under employment 0.26 0.23 -0.30
History of smoking 2.38 1.98 — 2.86 1.57 1.29-1.92 0.000
More than one drink per day 1.02 0.80 —1.31
Drug use status
Never 1
Only non-injection drug use 1.20 0.94 —1.52
Injection drug use 4.09 3.23 -5.17
Have hypertension 1.54 1.35-1.74 1.56 1.35—-1.80 0.000
Have diabetes 1.48 1.24 - 1.76
Have depression 2.78 2.45-3.15 1.69 1.47-1.95 0.000
HIV infection 4.31 3.58 = 5.20 2.10 1.68 — 2.64 0.000
Diagnosed with AIDS 5.45 4.82-0.18 2.71 2.31-3.17 0.000
Any hepatitis infection 4.27 3.77—4.83
Hepatitis B infection 2.22 1.68 — 2.93 2.38 1.76 — 3.22 0.000
Hepatitis C infection 4.25 3.75 - 4.81 2.04 1.75 - 2.37 0.000

* The cutoff point for low income is 10,000 USD per year for MACS, and 12,000 USD per year for WIHS
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Table 4. Univariate and Multivariate Analysis for Liver-related Mortality

Univariate Multivariate
Model 1 Model 2
HR 95% CI HR 95% CI p- HR 95% CI p-
value value
Cohort
MACS 1 1 1
WIHS 2.32 1.63 - 3.31 0.92 0.56 —1.52 0.757 1.06 0.63-1.78 0.872
Age category
< 45 years 1 1 1
45 — 54 years  1.84 1.26 — 2.69 1.09 0.72 - 1.67 0.675 1.18 0.78 — 1.81 0.435
55— 064 years 1.90 1.18 - 3.07 1.38 0.77 — 2.45 0.277 1.47 0.83-2.62 0.185
>= 65 years  0.75 0.23 -2.43 1.63 0.47 —5.63 0.438 1.64 0.47 -5.67 0437
Race (white vs. others) 0.76 0.55-1.06 2.42 1.63 - 3.59 0.000 2.39 1.60-3.55  0.000
High school education or 2.68 1.90 - 3.78 1.72 1.12 - 2.65 0.013 1.80 1.17 -2.79 0.000
lower
Income < 10,000 per year* 4.36 3.05 -06.22 2.09 1.37 - 3.19 0.001 2.13 1.41-3.24  0.000
Currently under employment 0.26 0.18 — 0.37
History of smoking 3.30 1.94 — 5.63
More than one drink per day 1.01 0.53-1.93
Drug use status
Never used drugs 1
Only non-injection drug use ~ 1.36 0.57 -3.26
Injection druguse  12.04 528 — 27.42
Have hypertension 2.22 1.57 - 3.12 217 1.50 - 3.15 0.000 2.20 1.51-3.20  0.000
Have diabetes 1.54 0.98 —2.41
Have depression 2.72 1.96 - 3.77
HIV infection 5.45 3.20 -9.29 1.96 1.06 — 3.62 0.032 1.84 0.99-342  0.053
Diagnosed with AIDS 5.54 4.01 —7.67 2.21 1.50 - 3.27 0.000 2.30 1.56 - 3.41 0.000
Any hepatitis infection 2426 1579 -37.26 17.53  10.66 —28.82  0.000
Hepatitis B infection 5.96 3.68 - 9.64 9.09 5.35-1543 0.000
Hepatitis C infection 16.77  11.61 —24.22 11.63  7.52-17.98 0.000

* The cutoff point for low income is 10,000 USD per year for MACS, and 12,000 USD per year for WIHS
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Table 5. Univariate and Multivariate Analysis for Liver-related Mortality among HIV-positive individuals

Univariate Multivariate
Model3 Model 4
HR 95% CI HR 95% CI p-value  HR 95% CI p-
value
Cohort
MACS 1 1 1 0.807
WIHS 1.80 1.23 - 2.65 0.96 0.56 — 1.66 0.886 93 0.53 —1.64
Age category
< 45 years 1 1 1
45 — 54 years 1.88 1.27-2.79 1.14 0.74 - 1.77 0.553 1.14 0.74-1.78  0.549
55 — 64 years 2.58 1.54 —4.32 1.62 0.88 —2.97 0.118 1.62 0.88-2.97  0.120
>= (5 years 0.57 0.08 — 4.22 0.88 0.12 —6.69 0.900 0.87 0.11-6.66  0.897
Race (white vs. others) 0.97 0.68 — 1.36 2.37 1.56 —3.59 0.000 2.37 1.57-3.60  0.000
High school education or lower 2.20 1.53 -3.16 1.83 1.16 — 2.89 0.010 1.83 1.16-290 0.010
Income < 10,000 per year* 3.51 2.40 - 5.11 1.92 1.24 —2.98 0.003 1.92 1.31-2.85 0.003
Currently under employment 0.34 0.24 - 0.50
History of smoking 3.56 2.01 - 6.31
More than one drink per day 1.16 0.57 - 2.37

Drug use status

Never used drugs 1

Only non-injection drug use 1.31 0.54-3.19

Injection druguse  10.18 4.46 — 23.23

Have hypertension 2.24 1.57-3.19 1.93 1.31-2.84 0.001 1.93 1.31-2.85  0.001
Have diabetes 1.38 0.85—2.24

Have depression 2.36 1.67 - 3.34

Diagnosed with AIDS 3.88 2.73 — 5.52 2.37 1.56 —3.59 0.000 2.37 1.57-3.60  0.000
Hepatitis B infection 4.34 2.61—7.22 8.07 4.62-14.08  0.000 8.04 4.61-14.04 0.000
Hepatitis C infection 14.39 9.04 —21.49 1195 7.46-19.14 0.000 11.89 7.42-19.05 0.000
HAART 0.55 0.39 - 0.78 0.61 0.42-0.88 0.009

HBV-active HAART 0.65 0.41-1.04 0.071
Not HBV-active HAART 0.58 0.37-0.90 0.016

* The cutoff point for low income is 10,000 USD per year for MACS, and 12,000 USD per year for WIHS
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