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Abstract

Background—L.iver disease is a major cause of mortality among HIV-infected persons. There
is limited information about the extent to which HIV disease severity impacts liver disease
progression.

Methods—We determined the incidence and predictors of advanced hepatic fibrosis measured
by the FIB-4 index (=3.25) in a large diverse population of HIV-infected patients without
significant liver disease at baseline (FIB-4<1.45) in care between January 2000 and March 2014.
We used Cox proportional hazards analysis to examine factors associated with progression to
FIB-4 >3.25.

Results—Among 14,198 HIV-infected patients, HCV coinfection (adjusted hazard ratio [aHR]
1.9, 95% CI 1.6-2.1), HBV coinfection (aHR 1.5, 95% CI 1.2-1.8), alcohol use disorder (aHR 1.4,
95% CI 1.2-1.6) and diabetes (aHR 1.9, 95% CI 1.6-2.3) were associated with progression to
advanced fibrosis in multivariable analysis. In addition, patients at each lower level of time-
varying CD4 count had a significantly greater risk of progression, with a nearly 7-fold higher risk
in those with CD4 <100 cells/mm?3 (aHR 6.9, 95% CI 5.8-8.3) compared with CD4 =500 cells/
mm3. An increasing gradient of risk was also observed among patients with higher time-varying
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HIV viral load (VL), with the greatest risk noted with VL =100,000 copies/ml (aHR 2.6, 95% CI
2.2-3.1) compared with VL <500 copies/ml.

Conclusion—Lower CD4 count and higher HIV VL were significantly associated with
progression to advanced hepatic fibrosis in a dose-dependent manner, independent of the risk
associated with traditional factors: HCV or HBV coinfection, alcohol, and diabetes. Our findings
suggest that early treatment of HIV infection could mitigate liver disease.
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Introduction

Liver disease has emerged as a major cause of morbidity and mortality among HIV-infected
individuals with the improvement in overall survival since the introduction of effective
combination antiretroviral therapy (ART):. While chronic hepatitis C virus (HCV) may
account for much of this mortality:, an excess burden of liver disease has been reported in
HIV monoinfected patients.” Multiple studies have demonstrated accelerated progression to
cirrhosis in HIV-HCV coinfected patients compared with HCV-monoinfected patients, and
that ART mitigates the progression of liver disease in coinfected patients.” However, our
current understanding of the clinical course of hepatic fibrosis is derived primarily from
single-center studies of HIV-HCV coinfected patients with limited size and follow-up.
Progression of liver disease in HIV monoinfected patients has not been well characterized
and little is known about the extent to which HIV disease severity influences liver disease
progression, particularly early in the disease course when interventions may have the
greatest impact.

We conducted this study to define the incidence and predictors of progression to advanced
hepatic fibrosis measured by the Fibrosis-4 (FIB-4) index in a well-characterized multicenter
cohort of HIV-infected patients with minimal or no fibrosis at baseline. The FIB-4 index,
which has been validated in a variety of settings, correlates with histologic stages of fibrosis:
and unlike liver biopsy, is routinely measured at multiple time points. FIB-4 =3.25 is a well-
validated threshold shown to be predictive not only of advanced fibrosis, but also of liver-
related clinical outcomes and overall mortality.: Accounting for multiple risk factors for
fibrosis, we sought to determine the role of HIV disease severity in the progression of liver
disease among those with and without viral hepatitis.

Methods

Data Source & Study Population

The Center for AIDS Research Network of Integrated Clinical Systems (CNICS) cohort is a
dynamic prospective clinical cohort of HIV-infected adults receiving care at eight
participating academic sites across the US. Comprehensive clinical data including diagnoses,
medications, laboratory, and demographic information collected through electronic medical
records and other institutional data systems at each site are harmonized in the CNICS data
repository. Data from each site are updated, undergo extensive quality assurance procedures,
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and integrated in the repository quarterly (http://www.uab.edu/cnics). Institutional review
boards at each site approved the study protocol.

All patients who entered the cohort on or after January 1, 2000, had a minimum of two
FIB-4 scores and six months of follow-up, and a baseline FIB-4 score <1.45 which is below
the threshold of significant fibrosis (comparable to METAVIR stage 0-1 fibrosis): were
included in this study.

Independent Variables

Patients were categorized according to their age at study entry, race/ethnicity classified as
white (non-Hispanic), black (non-Hispanic), Hispanic and other/unknown, and history of
injection drug use reported as a risk factor for HIV transmission. Additional baseline
characteristics documented within six months of entry into the cohort included FIB-4; HCV
coinfection defined as a detectable HCV RNA level, HCV genotype or HCV antibody;
hepatitis B (HBV) coinfection defined as a positive hepatitis B surface antigen or detectable
HBV DNA level; and body mass index (BMI) defined as underweight (<18.5 kg/m?),
overweight (25-29 kg/m?) and obese (=30 kg/m?) using the normal range (18.5 to <25
kg/m2) as the referent category. Alcohol use disorder was defined as a diagnosis of alcohol
abuse or dependence recorded by the treating clinician based on a modified list of
International Classification of Diseases, Ninth Revision [ICD-9] diagnostic codes (291.x,
303.x and 305.0) shown to be highly specific and moderately sensitive for alcohol use
disorder in other settings.: Diabetes mellitus was defined as an ICD-9 diagnosis of diabetes
mellitus and use of diabetes-related medication, use of diabetes-specific medication, or a
hemoglobin A1C = 6.5%; CD4 cell count was categorized as =500, 350-500, 200-349, 100-
199, <100 cells/mm3, and HIV viral load (VL) was classified as <500, 500-999, 10,000
99,999 and =100,000 copies/ml.

Outcome Measure

The primary endpoint was progression of liver disease to FIB-4 greater than or equal to 3.25.
We computed the FIB-4 index using the formula: FIB-4 = (age [years]xAST [U/L]) /
(platelet count [10%/L]x(ALT [U/L])¥2) and the closest platelet count to within a year of the
date of alanine aminotransferase (ALT) and aspartate aminotransferase (AST) testing, which
occurred on the same day in over 92% of patients. In secondary analysis, we also examined
the AST-platelet ratio index (APRI) as another noninvasive endpoint measuring hepatic
fibrosis, using the formula: APRI = (AST [U/L] / upper limit of normal for AST (or 40
U/L))x100 / platelet count [10%/L]. Advanced fibrosis was defined as APRI greater than 1.5.

Statistical Analysis

We calculated incidence rates and 95% confidence intervals for progression to FIB-4 >3.25.
Follow-up began at the first FIB-4 measurement more than six months after a patient’s first

visit to allow for full ascertainment of baseline characteristics, and continued until the study
endpoint, last available FIB-4 measurement, or administrative censoring on March 30, 2014,
whichever occurred first.
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We used a Cox proportional hazards model to estimate the relative hazards of FIB-4
progression. In addition to CD4 cell count and HIV VL, we included variables reported to be
risk factors for liver-related outcomes in HIV-infected or HIV-HCV coinfected patients: sex,
race, HCV coinfection, HBV coinfection, and alcohol use disorder, and diabetes mellitus.
CD4 cell count, HIV VL and diabetes were modeled as time-varying covariates. In the
multivariable analysis, we adjusted for baseline FIB-4 modeled as a continuous variable and
stratified by HCV status. We did not include age in our multivariable model since it is a
component of the FIB-4 index, or HIV transmission risk factor due to collinearity between
injection drug use and HCV infection. We repeated these models using APRI >1.5 as the
outcome and included age as a separate covariate.

In secondary analyses, we assessed the interactions between CD4 count (CD4<200
cells/mm3 / CD4>200 cells/mm3) and HIV VL (<500 copies/ml / =500 copies/ml), and
between alcohol use disorder and HCV as dichotomous variables in the FIB-4 model. We
included baseline BMI as a covariate in the full model to evaluate whether the effect of
diabetes on FIB-4 progression was changed by the addition of BMI. We evaluated the
impact of ART-mediated HIV viral suppression (<500 copies/ml) as a time-varying factor in
a separate analysis. We stratified our model by platelet count level based on the distribution
in our cohort (<220x10° cells/L, 220-269x10° cells/L and >270x10° cells/L) to examine
whether HIV-associated thrombocytopenia influenced our findings. All analyses were
performed using Stata 13 (College Station, TX).

Between January 1, 2000 and March 31, 2014, 20,185 HIV-infected individuals initiated
care in CNICS and had at least two FIB-4 measurements. Among these patients, 5,987
(29%) had a baseline FIB-4 =1.45 and were excluded from the analysis, resulting in a total
of 14,198 patients in the study cohort. As shown in Table 1, the majority of the cohort was
male (82%) with sex with men as a risk factor for HIV transmission (58%) and a median age
of 38 years. The cohort was racially/ethnically diverse with 46% white/non-Hispanic, 34%
black/non-Hispanic and 14% Hispanic. The prevalence of hepatitis C coinfection was 12%,
and alcohol use disorder was identified in 9%. The median baseline FIB-4 score was 0.8
(interquartile range [IQR], 0.6-1.0).

Progression to Advanced Fibrosis

Progression to advanced fibrosis occurred in 1,386 patients (9.7%) in a median of 3 years
(interquartile range [IQR] 1.2-5) during a total of 61,904 person-years of follow-up (PYFU)
for an overall incidence of 2.2 per 100 PYFU (95% confidence interval [CI] 2.1-2.4). The
incidence of advanced fibrosis was 4.7 per 100 PYFU (95% CI 4.2-5.3) among HIV-HCV
coinfected patients compared with 1.9 per 100 PYFU (95% CI 1.8-2.0) among HIV
monoinfected patients.

The median FIB-4 at the end of follow-up among patients who progressed to advanced
fibrosis was 4.2 (IQR 3.6-5.7). Compared to patients who had not progressed to advanced
fibrosis, those who progressed were more likely to be black (41% vs. 34%), have a history of
injection drug use (20% vs. 11%), HCV coinfection (24% vs. 10%), HBV coinfection (6%
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vs. 3%), diabetes (5% vs. 4%), and a history of alcohol use disorder (14% vs. 9%), £<0.01
for all comparisons (Table 1). Patients who progressed to advanced fibrosis were also more
likely to have a CD4 count less than 200 cells/mm?3 (31% vs. 16%, A<0.001) and detectable
HIV VL =500 copies/ml (53% vs. 38%, A<0.001) at baseline as well as at the end of follow-
up, at which time only 52% of patients who progressed were virally suppressed compared
with 79% of non-progressors, £<0.001.

Risk Factors for Liver Disease Progression

In multivariable analysis, HCV coinfection (adjusted hazard ratio [aHR] 1.9, 95% CI 1.6—
2.1), HBV coinfection (aHR 1.5, 95% CI 1.2-1.8), alcohol use disorder (aHR 1.4, 95% CI
1.2-1.6) and diabetes (aHR 1.9, 95% CI 1.6-2.3) were significantly associated with
progression to advanced fibrosis, while race and sex were not (Table 2). In addition, each
lower level of CD4 count was independently associated with progression to advanced
fibrosis, with the greatest risk of progression observed in patients with the lowest CD4
count. An increasing gradient of risk was also observed among patients with higher time-
varying HIV VL, with HIVV VL =100,000 copies/ml carrying the greatest risk of progression.
Patients with CD4 count <100 cells/mm?3 had a nearly 7-fold higher risk of progression
(aHR 6.9, 95% CI 5.8-8.3) compared with patients with CD4 count =500 cells/mm3.
Similarly, patients with HIV VL =100,000 copies/ml had an aHR of 2.6 compared with
those who were virally suppressed (95% CI 2.2-3.1). After controlling for other factors,
time-updated viral suppression had an independent protective effect against progression to
advanced fibrosis (aHR 0.6, 95% CI1 0.6-0.7).

We observed comparable findings for both HIV monoinfected patients and HIV-HCV
coinfected patients in stratified analyses as shown in Table 2. Alcohol use disorder, lower
CD4 count and higher HIV VL were independent predictors of advanced fibrosis in both
monoinfected and coinfected patients. The association between chronic HBV infection,
diabetes and the less severe categories of CD4 count (350-500 cells/mm3) and HIV VL
(500-9999 copies/ml) were no longer statistically significant in HIVV/HCV coinfected
patients, potentially due to the smaller number of patients within these categories.

When we stratified our model by baseline FIB-4 using a cutoff (median) value of 0.8, the
risk estimates remained unchanged and statistically significant. The incidence of advanced
fibrosis was 3.1 per 100 PYFU (95% CI 2.9-3.3) among patients with baseline FIB-4 =0.8
and <1.45 compared with 1.4 per 100 PYFU (95% CI 1.3-1.6) among those with baseline
FIB-4 <0.8.

We found comparable results when we examined advanced fibrosis measured by APRI >1.5
(Table 3). HCV coinfection (aHR 1.9, 95% CI 1.7-2.1), HBV coinfection (aHR 1.6, 95% ClI
1.3-1.9), alcohol use disorder (aHR 1.3, 95% CI 1.1-1.4), diabetes (aHR 1.5, 95% CI 1.3-
1.8), CD4 count (for CD4 <100 cells/mms3, aHR 5.8, 95% CI 5.0-6.8) and HIV VL (for VL
>100,000 copies/ml, aHR 2.2, 95% CI 1.9-2.6) remained independent risk factors for
fibrosis. Age was not associated with APRI in these models.

J Acquir Immune Defic Syndr. Author manuscript; available in PMC 2017 August 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Nina Kim et al.

Page 6

Interaction between CD4 count and HIV VL

We found a statistically significant interaction between CD4 count and HIV VL on the risk
of progression to advanced liver fibrosis (aHR 1.31, 95% 1.03-1.67, P=0.03). Patients with a
CD4 count <200 cells/mm?3 had over three times the risk of progression to advanced fibrosis
(aHR 3.3, 95% CI 2.7-4.0) compared to patients with a CD4 count =200 cells/mm3, and
patients with detectable HIV VL (>500 copies/ml) were also at significantly higher risk of
progression (aHR 1.7, 95% CI 1.5-2.0) than patients with undetectable HIV VL. Having
both low CD4 count (<200 cells/mm3) and detectable HIV VL (2500 copies/ml) resulted in
having over seven-fold greater risk of liver disease progression (aHR 7.3, 95% CI 6.4-8.3).

Secondary Analyses with Alcohol, BMI & Platelets

We found no effect modification of HCV or other factors by alcohol use disorder. BMI was
not associated with fibrosis progression, and did not change the risk estimate associated with
diabetes. The association between FIB-4 progression and HCV, HBYV, diabetes, CD4 count
and HIV VL remained significant when we repeated the analysis at different levels of
baseline platelet count (data not shown).

Discussion

In this study of over 14,000 HIV-infected individuals in care across the US with no more
than minimal liver fibrosis at baseline, we found that nearly 10% progressed to advanced
fibrosis during a median of 3 years of follow-up. The highest incidence of progression was
seen in HIV-HCV coinfected patients who comprised 24% of those who progressed,
consistent with previous studies of HIV-HCV coinfected patients that found progression to
advanced fibrosis occurring in as few as 3-5 years™.

The large size and diversity of our study cohort, with over 61,000 person years of follow up,
enabled us to determine the independent contribution of multiple factors to the progression
of liver fibrosis from minimal to advanced disease among those with and without viral
hepatitis. We found that HCV coinfection, HBV coinfection, alcohol use disorder and
diabetes were independently associated with progression to advanced fibrosis even among
patients with the lowest baseline FIB-4 scores. In addition, after controlling for known risk
factors, patients with suboptimal control of HIV infection were at particular risk of
progression to advanced fibrosis whether or not they had viral hepatitis. Our findings were
similar whether advanced fibrosis was measured by FIB-4 or APRI.

The significant impact of HIV infection on the progression of liver disease, apart from viral
hepatitis, is evidenced by the increasing risk of advanced fibrosis with greater exposure to
each lower CD4 level of count and higher level of HIV viremia in both HIVV monoinfected
and HIV-HCYV coinfected patients after controlling for other factors. Moreover, our study is
the first to demonstrate a significant interaction between CD4 count and HIV VL beyond the
impact of each factor alone such that having both a low CD4 count and detectable HIV VL
resulted in more than seven-fold increase in the risk of liver disease progression.

Our findings concur with previous observations that HIV-infected patients with hepatitis B
or C and lower CD4 counts appear to be at greater risk of decompensated liver disease' and
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liver-related deaths.: However, an association between lower CD4 count and liver fibrosis
has been noted primarily in HIV-HCV coinfected cohorts— and has not been examined as
extensively across all CD4 levels over time, in conjunction with HIV VL or in HIV
monoinfected patients.

A deleterious effect of HIVV VL on liver disease has been suggested by data evaluating the
impact of ART on liver outcomes. Discontinuation of ART has been shown to be associated
with clinical decompensation in patients with early cirrhosis and maintenance of ART with a
reduced risk of significant fibrosis and liver-related events:. In our study, ART-mediated viral
suppression significantly reduced the risk of fibrosis progression in a cohort of patients with
minimal fibrosis at baseline. Moreover we found direct evidence that exposure to HIV
viremia over time is a major risk factor for fibrosis progression, even after adjusting for CD4
count. These findings underscore the potential role of virus-mediated liver injury
independent of immune depletion and exhaustion, which may explain why the combination
of low CD4 and high HIV VL was particularly detrimental. There may be multiple
mechanisms for this pathophysiology: HIV has been shown to infect and activate hepatic
stellate cells, which play a key role in hepatic fibrogenesis.: The virus can also induce
hepatocyte death via the CXCR4 chemokine coreceptor and promote a pro-fibrotic state
within the liver through the expression of proinflammatory cytokines and monocyte
activation. Markers of hepatic fibrogenesis have been shown to be elevated in HIV-infected
patients compared to uninfected patients, and correlated with HIV viral level.

Consistent with the literature:, diabetes was a major predictor of progression to advanced
fibrosis in our cohort. Notably diabetes remained a risk factor even after adjusting for HCV
coinfection and BMI. The mechanism for this association remains unclear. Insulin resistance
can promote non-alcoholic fatty liver disease, which has been implicated as a major cause of
unexplained liver aminotransferase elevation and advanced fibrosis in HIV-infected patients-,
and in contrast to some studies of HCV monoinfected patients, may do so in the absence of
an elevated BMI.

Excessive alcohol use has been known to exacerbate liver disease in patients with chronic
HCV monoinfection, however we as well as others did not detect effect modification of
HCV coinfection by alcohol use disorder. Black race, present in 41% of those who
progressed, was not associated with advanced fibrosis when controlling for HIV disease
markers and other factors. In contrast to other studies, we did not find a protective effect of
black race on the development of fibrosis.

This study has a number of limitations that should be acknowledged. While FIB-4 has been
well validated in HIV-HCV coinfected populations, it has not been evaluated as extensively
in HIV monoinfected patients. In addition, as a non-invasive marker for fibrosis, FIB-4 has
only moderate discriminatory power for the different stages of fibrosis and modest positive
predictive value for advanced liver disease. FIB-4 values may also fluctuate due to comorbid
conditions, both intrahepatic (e.g. hepatic injury from alcohol, medications, opportunistic
infections) and extrahepatic (e.g. sepsis), that may not represent fibrosis per se. We restricted
our laboratory results to those obtained in the outpatient setting to mitigate these effects and
the large sample size of our cohort likely offset this variability. Despite these limitations,
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FIB-4 has been shown to predict liver-related outcomes such as hepatic decompensation and
death' and to out-perform liver biopsy in this regard. It is possible that thrombocytopenia due
to immune dysregulation or marrow suppression from advanced HIV disease rather than
from liver disease resulted in FIB-4 elevation in some cases. Our results were unchanged
when we stratified by platelet count suggesting that thrombocytopenia independent of liver
disease was unlikely to account for our findings. In addition, among patients who had FIB-4
progression, those with low CD4 count (<200 cells/mm3) were just as likely to have an
elevated AST as those with CD4 count =200 cells/mm?3 with median AST values at the end
of follow-up (107 vs. 139 U/L respectively) that were not appreciably different. The same
was true when examining AST by HIV VL (detectable or not), suggesting that HIV-
associated thrombocytopenia was not the sole contributor of elevated FIB-4.

In this large and diverse multicenter cohort of HIV-infected patients, we found that lower
CD4 count and higher HIV viremia were significantly associated with progression to
advanced hepatic fibrosis in a dose-dependent manner, independent of the risk associated
with traditional factors including HCV and HBV coinfection, alcohol, and diabetes. In
addition, individuals with both a low CD4 count and detectable HIV VL had an even greater
risk of liver disease progression beyond the effect of each factor alone. Our findings provide
additional support for the early diagnosis of HIV and suggest that early and effective
treatment of HIV infection could mitigate liver disease progression. Further research is
needed to better understand the mechanism and scope of HIV-mediated liver disease and to
define optimal strategies to reduce liver disease progression among HIV-infected
individuals.

Acknowledgments

Sour ces of Support

CNICS is an NIH funded program (R24 A1067039) made possible by the National Institute of Allergy and
Infectious Diseases (NIAID) and the National Heart, Lung, and Blood Institute (NHLBI). The CFAR sites involved
in CNICS include University of Alabama at Birmingham (P30 Al027767), University of Washington (P30
Al027757), University of California San Diego (P30 Al036214), University of California San Francisco (P30
AIl027763), Case Western Reserve University (P30 Al036219), John Hopkins University (P30 A1094189), Fenway
Health/Harvard (P30 Al060354), and University of North Carolina Chapel Hill (P30 Al50410).

REFERENCES

1. Ingle SM, May MT, Gill MJ, et al. Impact of risk factors for specific causes of death in the first and
subsequent years of antiretroviral therapy among HIV-infected patients. Clin Infect Dis. 2014 Jul
15; 59(2):287-297. [PubMed: 24771333]

2. Grint D, Peters L, Rockstroh JK, et al. Liver-related death among HIV/hepatitis C virus-co-infected
individuals: implications for the era of directly acting antivirals. AIDS. 2015 Jun 19; 29(10):1205-
1215. [PubMed: 25870984]

3. May MT, Justice AC, Birnie K, et al. Injection Drug Use and Hepatitis C as Risk Factors for
Mortality in HIV-Infected Individuals: The Antiretroviral Therapy Cohort Collaboration. J Acquir
Immune Defic Syndr. 2015 Jul 1; 69(3):348-354. [PubMed: 25848927]

4. Joshi D, O'Grady J, Dieterich D, Gazzard B, Agarwal K. Increasing burden of liver disease in
patients with HIV infection. Lancet. 2011 Apr 2; 377(9772):1198-1209. [PubMed: 21459211]

5. Kovari H, Ledergerber B, Battegay M, et al. Incidence and risk factors for chronic elevation of
alanine aminotransferase levels in HIV-infected persons without hepatitis b or ¢ virus co-infection.
Clin Infect Dis. 2010 Feb 15; 50(4):502-511. [PubMed: 20085465]

J Acquir Immune Defic Syndr. Author manuscript; available in PMC 2017 August 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Nina Kim et al.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Page 9

. Price JC, Seaberg EC, Badri S, Witt MD, D'Acunto K, Thio CL. HIV monoinfection is associated

with increased aspartate aminotransferase-to-platelet ratio index, a surrogate marker for hepatic
fibrosis. J Infect Dis. 2012 Mar 15; 205(6):1005-1013. [PubMed: 22291196]

. Sterling RK, Chiu S, Snider K, Nixon D. The prevalence and risk factors for abnormal liver

enzymes in HIV-positive patients without hepatitis B or C coinfections. Dig Dis Sci. 2008 May;
53(5):1375-1382. [PubMed: 17939038]

. Towner WJ, Xu L, Leyden WA, et al. The effect of HIV infection, immunodeficiency, and

antiretroviral therapy on the risk of hepatic dysfunction. J Acquir Immune Defic Syndr. 2012 Jul 1;
60(3):321-327. [PubMed: 22343179]

. Graham CS, Baden LR, Yu E, et al. Influence of human immunodeficiency virus infection on the

course of hepatitis C virus infection: a meta-analysis. Clin Infect Dis. 2001 Aug 15; 33(4):562-569.
[PubMed: 11462196]

10. Brau N, Salvatore M, Rios-Bedoya CF, et al. Slower fibrosis progression in HIV/HCV-coinfected

patients with successful HIV suppression using antiretroviral therapy. J Hepatology. 2006 Jan;
44(1):47-55.

Loko MA, Bani-Sadr F, Valantin MA, et al. Antiretroviral therapy and sustained virological
response to HCV therapy are associated with slower liver fibrosis progression in HIV-HCV-
coinfected patients: study from the ANRS CO 13 HEPAVIH cohort. Antivir Ther. 2012; 17(7):
1335-1343. [PubMed: 23052829]

Tural C, Tor J, Sanvisens A, et al. Accuracy of simple biochemical tests in identifying liver fibrosis
in patients co-infected with human immunodeficiency virus and hepatitis C virus. Clin
Gastroenterol Hepatol. 2009 Mar; 7(3):339-345. [PubMed: 19171202]

Sterling RK, Lissen E, Clumeck N, et al. Development of a simple noninvasive index to predict
significant fibrosis in patients with HIV/HCV coinfection. Hepatology. 2006 Jun; 43(6):1317—
1325. [PubMed: 16729309]

Holmberg SD, Lu M, Rupp LB, et al. Noninvasive serum fibrosis markers for screening and
staging chronic hepatitis C virus patients in a large US cohort. Clin Infect Dis. 2013 Jul; 57(2):
240-246. [PubMed: 23592832]

Berenguer J, Zamora FX, Aldamiz-Echevarria T, et al. Comparison of the Prognostic Value of
Liver Biopsy and FIB-4 Index in Patients Coinfected With HIV and Hepatitis C Virus. Clin Infect
Dis. 2015; 60:950-958. [PubMed: 25422386]

Jain MK, Seremba E, Bhore R, et al. Change in fibrosis score as a predictor of mortality among
HIV-infected patients with viral hepatitis. AIDS Patient Care STDS. 2012 Feb; 26(2):73-80.
[PubMed: 22239101]

Kitahata MM, Rodriguez B, Haubrich R, et al. Cohort profile: the Centers for AIDS Research
Network of Integrated Clinical Systems. Int J Epidemiol. 2008 Oct; 37(5):948-955. [PubMed:
18263650]

Justice AC, Lasky E, McGinnis KA, et al. Medical disease and alcohol use among veterans with
human immunodeficiency infection: A comparison of disease measurement strategies. Med Care.
2006 Aug; 44(8 Suppl 2):552-S60. [PubMed: 16849969]

Quan H, Li B, Saunders LD, et al. Assessing validity of ICD-9-CM and ICD-10 administrative data
in recording clinical conditions in a unique dually coded database. Health Serv Res. 2008 Aug;
43(4):1424-1441. [PubMed: 18756617]

Crane HM, Kadane JB, Crane PK, Kitahata MM. Diabetes case identification methods applied to
electronic medical record systems: their use in HIV-infected patients. Curr HIV Res. 2006 Jan;
4(1):97-106. [PubMed: 16454715]

Konerman MA, Mehta SH, Sutcliffe CG, et al. Fibrosis progression in human immunodeficiency
virus/hepatitis C virus coinfected adults: prospective analysis of 435 liver biopsy pairs.
Hepatology. 2014 Mar; 59(3):767-775. [PubMed: 24436062]

Labarga P, Fernandez-Montero JV, Lopez M, et al. Progression to advanced liver fibrosis in HIV-
HCV-coinfected patients and prioritization of new hepatitis C therapies. Antivir Ther. 2014; 19(8):
799-803. [PubMed: 24964405]

J Acquir Immune Defic Syndr. Author manuscript; available in PMC 2017 August 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Nina Kim et al.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Page 10

Macias J, Berenguer J, Japon MA, et al. Fast fibrosis progression between repeated liver biopsies
in patients coinfected with human immunodeficiency virus/hepatitis C virus. Hepatology. 2009
Oct; 50(4):1056-1063. [PubMed: 19670415]

Thorpe J, Saeed S, Moodie EE, Klein MB. Canadian Co-infection Cohort S. Antiretroviral
treatment interruption leads to progression of liver fibrosis in HIV-hepatitis C virus co-infection.
AIDS. 2011 Apr 24; 25(7):967-975. [PubMed: 21330904]

Anderson JP, Tchetgen Tchetgen EJ, Lo Re V 3rd, et al. Antiretroviral therapy reduces the rate of
hepatic decompensation among HIV- and hepatitis C virus-coinfected veterans. Clin Infect Dis.
2014 Mar; 58(5):719-727. [PubMed: 24285848]

Lo Re V 3rd, Kallan MJ, Tate JP, et al. Hepatic decompensation in antiretroviral-treated patients
co-infected with HIV and hepatitis C virus compared with hepatitis C virus-monoinfected patients:
a cohort study. Ann Intern Med. 2014 Mar 18; 160(6):369-379. [PubMed: 24723077]

Thio CL, Seaberg EC, Skolasky R Jr, et al. HIV-1, hepatitis B virus, and risk of liver-related
mortality in the Multicenter Cohort Study (MACS). Lancet. 2002 Dec 14; 360(9349):1921-1926.
[PubMed: 12493258]

Weber R, Sabin CA, Friis-Moller N, et al. Liver-related deaths in persons infected with the human
immunodeficiency virus: the D:A:D study. Arch Intern Med. 2006 Aug 14-28; 166(15):1632—
1641. [PubMed: 16908797]

Forrester JE, Rhee MS, McGovern BH, Sterling RK, Knox TA, Terrin N. The association of HIV
viral load with indirect markers of liver injury. J Viral Hepat. 2012 Feb; 19(2):e202-e211.
[PubMed: 22239520]

Mendeni M, Foca E, Gotti D, et al. Evaluation of liver fibrosis: concordance analysis between
noninvasive scores (APRI and FIB-4) evolution and predictors in a cohort of HIV-infected patients
without hepatitis C and B infection. Clin Infect Dis. 2011 May; 52(9):1164-1173. [PubMed:
21467023]

Muga R, Sanvisens A, Fuster D, et al. Unhealthy alcohol use, HIV infection and risk of liver
fibrosis in drug users with hepatitis C. PloS one. 2012; 7(10):e46810. [PubMed: 23056462]
Mohsen AH, Easterbrook PJ, Taylor C, et al. Impact of human immunodeficiency virus (HIV)
infection on the progression of liver fibrosis in hepatitis C virus infected patients. Gut. 2003 Jul;
52(7):1035-1040. [PubMed: 12801963]

Schiavini M, Angeli E, Mainini A, et al. Fibrosis progression in paired liver biopsies from
HIV/HCV co-infected patients. Hepatitis Monthly. 2011 Jul 1; 11(7):525-531. [PubMed:
22706343]

Kirk GD, Mehta SH, Astemborski J, et al. HIV, age, and the severity of hepatitis C virus-related
liver disease: a cohort study. Ann Intern Med. 2013 May 7; 158(9):658-666. [PubMed: 23440167]
Pineda JA, Gonzalez J, Ortega E, et al. Prevalence and factors associated with significant liver
fibrosis assessed by transient elastometry in HIV/hepatitis C virus-coinfected patients. J Viral
Hepat. 2010 Oct; 17(10):714-719. [PubMed: 20002560]

Lopez-Dieguez M, Montes ML, Pascual-Pareja JF, et al. The natural history of liver cirrhosis in
HIV-hepatitis C virus-coinfected patients. AIDS. 2011 Apr 24; 25(7):899-904. [PubMed:
21330908]

Mohr R, Schierwagen R, Schwarze-Zander C, et al. Liver Fibrosis in HIV Patients Receiving a
Modern cART: Which Factors Play a Role? Medicine. 2015 Dec.94(50):e2127. [PubMed:
26683921]

Limketkai BN, Mehta SH, Sutcliffe CG, et al. Relationship of liver disease stage and antiviral
therapy with liver-related events and death in adults coinfected with HIV/HCV. JAMA. 2012 Jul
25; 308(4):370-378. [PubMed: 22820790]

Qurishi N, Kreuzberg C, Luchters G, et al. Effect of antiretroviral therapy on liver-related mortality
in patients with HIV and hepatitis C virus coinfection. Lancet. 2003 Nov 22; 362(9397):1708—
1713. [PubMed: 14643119]

Bruno R, Galastri S, Sacchi P, et al. gp120 modulates the biology of human hepatic stellate cells: a
link between HIV infection and liver fibrogenesis. Gut. 2010 Apr; 59(4):513-520. [PubMed:
19736361]

J Acquir Immune Defic Syndr. Author manuscript; available in PMC 2017 August 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Nina Kim et al.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

Page 11

Tuyama AC, Hong F, Saiman Y, et al. Human immunodeficiency virus (HIV)-1 infects human
hepatic stellate cells and promotes collagen | and monocyte chemoattractant protein-1 expression:
implications for the pathogenesis of HIV//hepatitis C virus-induced liver fibrosis. Hepatology. 2010
Aug; 52(2):612-622. [PubMed: 20683959]

Vlahakis SR, Villasis-Keever A, Gomez TS, Bren GD, Paya CV. Human immunodeficiency virus-
induced apoptosis of human hepatocytes via CXCR4. J Infect Dis. 2003 Nov 15; 188(10):1455—
1460. [PubMed: 14624370]

Redd AD, Wendel SK, Grabowski MK, et al. Liver stiffness is associated with monocyte activation
in HIV-infected Ugandans without viral hepatitis. AIDS Res Hum Retroviruses. 2013 Jul; 29(7):
1026-1030. [PubMed: 23548102]

Leeming DJ, Anadol E, Schierwagen R, et al. Combined antiretroviral therapy attenuates hepatic
extracellular matrix remodeling in HIV patients assessed by novel protein fingerprint markers.
AIDS. 2014 Sep 10; 28(14):2081-2090. [PubMed: 25136933]

DallaPiazza M, Amorosa VK, Localio R, Kostman JR, Lo Re V 3rd. Prevalence and risk factors for
significant liver fibrosis among HIV-monoinfected patients. BMC Infect Dis. 2010; 10:116.
[PubMed: 20465840]

Dyal HK, Aguilar M, Bhuket T, et al. Concurrent Obesity, Diabetes, and Steatosis Increase Risk of
Advanced Fibrosis Among HCV Patients: A Systematic Review. Dig Dis Sci. 2015 Sep; 60(9):
2813-2824. [PubMed: 26138651]

Ingiliz P, Valantin MA, Duvivier C, et al. Liver damage underlying unexplained transaminase
elevation in human immunodeficiency virus-1 mono-infected patients on antiretroviral therapy.
Hepatology. 2009 Feb; 49(2):436—442. [PubMed: 19085967]

Lemoine M, Ingiliz P. Liver injury in HIV monoinfected patients: should we turn a blind eye to it?
Clin Res Hepatol Gastroenterol. 2012 Oct; 36(5):441-447. [PubMed: 23079114]

Mohammed SS, Aghdassi E, Salit IE, et al. HIV-positive patients with nonalcoholic fatty liver
disease have a lower body mass index and are more physically active than HIV-negative patients. J
Acquir Immune Defic Syndr. 2007 Aug 1; 45(4):432-438. [PubMed: 17558337]

Feld JJ, Liang TJ. Hepatitis C -- identifying patients with progressive liver injury. Hepatology.
2006 Feb; 43(2 Suppl 1):5194-S206. [PubMed: 16447261]

Blackard JT, Welge JA, Taylor LE, et al. HIV mono-infection is associated with FIB-4 - A
noninvasive index of liver fibrosis - in women. Clin Infect Dis. 2011 Mar 1; 52(5):674-680.
[PubMed: 21248367]

Chaudhry AA, Sulkowski MS, Chander G, Moore RD. Hazardous drinking is associated with an
elevated aspartate aminotransferase to platelet ratio index in an urban HIV-infected clinical cohort.
HIV Med. 2009 Mar; 10(3):133-142. [PubMed: 19207596]

J Acquir Immune Defic Syndr. Author manuscript; available in PMC 2017 August 01.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Nina Kim et al. Page 12

Table 1

Baseline? Demographic and Clinical Characteristics of the Study Population by Progression to Advanced
Liver Fibrosis (FIB-4 =3.25)

Overall Non- Progressor s
(N=14,198)  progressors? (n=1,386)
(n=12,812)
Age, median years (IQR) 38 (31-45) 38 (31-44) 40 (34-46)
Sex, male 11,627 (82) 10,508 (82) 1119 (81)
Race
White 6548 (46) 5927 (46) 621 (45)
Black 4879 (34) 4315 (34) 564 (41)
Hispanic 1988 (14) 1830 (14) 158 (11)
Other 783 (6) 740 (6) 43 (3)
HIV Risk factor
MSM 8227 (58) 7582 (59) 645 (47)
Heterosexual 3635 (26) 3271 (26) 364 (26)
IDU 1628 (11) 1348 (11) 280 (20)
Other 708 (5) 611 (5) 97 (7)
Chronic hepatitisC 1666 (12) 1339 (10) 327 (24)
Chronic hepatitis B 521 (4) 434 (3) 87 (6)
Alcohol use disorder 1319 (9) 1119 (9) 200 (14)
Diabetes mellitus 530 (4) 456 (4) 74(5)
CD4, cells/mm?3
2500 5497 (39) 5129 (40) 368 (27)
350-500 3237 (23) 2958 (23) 279 (20)
200-349 3010 (21) 2703 (21) 307 (22)
100-199 1420 (10) 1221 (10) 199 (14)
<100 1034 (7) 801 (6) 233 (17)
HIV RNA level, copies/ml
<500 8594 (61) 7940 (62) 654 (47)
500-9999 2155 (15) 1924 (15) 231 (17)
10,000-99,999 2511 (18) 2196 (17) 315(23)
>100,000 938 (7) 752 (6) 186 (13)
FIB-4, median (IQR) 0.8(0.6-1.0) 0.8(0.6-1.0) 1.0(0.7-1.2)

aChronic hepatitis C, hepatitis B, alcohol use disorder, diabetes, CD4 count, HIV RNA level and FIB-4 represented baseline measurement within
six months of study entry.

bAII comparisons between patients who progressed and those who did not were statistically significant to £<0.01 with exception of sex (£=0.2).

IQR, interquartile range; MSM, men who have sex with men; IDU, injection drug use.
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