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Background: Persons with HIV infection have been reported to
develop age-related diseases at younger ages than those without
HIV. Whether this finding is related to HIV infection or failure to
control for other risk factors is unknown.

Objective: To investigate whether persons with HIV infection de-
velop hepatitis C virus (HCV)-related liver disease at younger ages
than similar persons without HIV.

Design: Comparison of the severity of liver fibrosis by age among
persons who have HCV with and without HIV followed concur-
rently in the same protocol.

Setting: Observational cohort from Baltimore, Maryland, participat-
ing in the ALIVE (AIDS Linked to the IntraVenous Experience)
study.

Participants: 1176 current and former injection drug users with
antibodies to HCV.

Measurements: Liver fibrosis assessed semiannually from 2006 to
2011 by elastography (FibroScan, Echosens, Paris, France) and us-
ing previously validated thresholds for clinically significant fibrosis
and cirrhosis; concurrent assessment of medical history, alcohol and
illicit drug use, HCV RNA levels, hepatitis B virus surface antigen
level, body mass index, and (for those with HIV) CD4* lymphocyte
count and HIV RNA levels.

Results: Among 1176 participants with antibodies to HCV, the
median age was 49 years and 34% were coinfected with HIV and
HCV. Participants contributed 5634 valid liver fibrosis measure-
ments. The prevalence of clinically significant fibrosis without cir-
rhosis (12.9% vs. 9.5%) and of cirrhosis (19.5% vs. 11.0%) was
greater in persons coinfected with HIV and HCV than in those with
only HCV (P < 0.001). Increasing age and HIV infection were
independently associated with liver fibrosis, as were daily alcohol
use, chronic hepatitis B virus infection, body mass index greater
than 25 kg/m?, and greater plasma HCV RNA levels. When these
factors were kept constant, persons with HIV had liver fibrosis
measurements equal to those of persons without HIV, who were,
on average, 9.2 years older.

Limitation: The process of liver fibrosis began before the study in
most persons.

Conclusion: In this cohort, persons who have HCV with HIV have
liver fibrosis stages similar to those without HIV who are nearly a
decade older.
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Even when treated with antiretroviral therapy (ART),
persons with HIV are more likely to develop or die of
cardiovascular disease, liver disease, and some forms of can-
cer than are those without HIV of similar age and sex
(1-3). Because the incidence rates of these conditions in-
crease with age, an explanation of these findings is that
HIV accelerates the biological effects of aging. The obser-
vations that both HIV infection and aging are associated
with accelerated thymic atrophy, immunosenescence, and
increased susceptibility to infections support this hypothe-
sis (4—6). On the other hand, the increased risk for such
conditions as cardiovascular and liver disease associated
with HIV may merely reflect greater exposure to tobacco,
alcohol, viral hepatitis, or illicit drugs, which themselves
could be responsible for the observed elevated disease risk
(3, 7, 8). Differences in the underlying age structure be-
tween younger populations with HIV infection and the
general population at risk for these chronic diseases could
also explain the age disparity (3). Because studies have
lacked appropriate control participants without HIV; data
on confounding exposures; or structured, valid disease as-
sessments, it has not been possible to answer this question
conclusively.

To investigate whether HIV reduces the age at which
liver disease occurs and understand other correlates of liver

fibrosis in this setting, we studied a cohort of persons with
hepatitis C virus (HCV) in whom liver fibrosis, HIV dis-
ease, and other key exposures have been systematically
monitored since 2006.

MEeTHODS
Study Population

The ALIVE (AIDS Linked to the IntraVenous Expe-
rience) study (9) is a prospective, community-recruited ob-
servational cohort of current and former injection drug
users followed outside clinical treatment settings in Baldi-
more, Maryland. Enrollment of persons older than 17
years with a history of injection drug use began in 1988,
with subsequent recruitments in 1994 to 1995, 1998,
2000, and 2005 to 2008. Participants with and without
HIV are followed under a common protocol involving bi-
annual visits with interview, clinical examination, and bio-
specimen collection. Eligibility for the present study in-
cluded having HCV antibodies and at least 1 valid liver
fibrosis assessment by transient elastography (FibroScan,
Echosens, Paris, France). All participants provided written
informed consent, and the study was approved by the
Johns Hopkins University Institutional Review Board.
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Context

It has been postulated that HIV infection accelerates hepa-
titis C virus (HCV)-related liver disease progression.

Contribution

Elastography was used to prospectively compare the se-
verity of liver fibrosis by age in a well-characterized cohort
of persons with HCV, one third of whom were coinfected
with HIV. Patients coinfected with HIV and HCV had liver
fibrosis measures equivalent to those of patients with only
HCV who were nearly 1 decade older.

Implication

Increasing age and HIV infection are independently associ-
ated with the stage of HCV-related liver fibrosis.

—The Editors

Cohort Measurements

At the baseline visit and each 6-month follow-up visit,
risk behavior information was collected using audio
computer-assisted self-interview, medical history was re-
viewed through standardized interview, and selected clini-
cal measures were done. Routine laboratory testing at each
visit included HIV serologic test for participants without
HIV and T-cell subsets and HIV RNA level measurements
(COBAS AmpliPrep/COBAS Tagqman HIV-1 Monitor
test, version 2, Roche Diagnostics, Indianapolis, Indiana)
for those with HIV. Blood chemistries and complete blood
counts were done in a commercial laboratory.

Antibodies to HCV and the hepatitis B virus (HBV)
surface antigen (HBsAg) were detected in serum collected
at the first available visit on each participant (10). Hepatitis
C virus RNA testing was done on plasma collected at or
near the time of the initial liver stiffness measurement us-
ing the Abbott RealTime HCV assay (Abbott Molecular,
Des Plaines, Illinois) (11).

Liver Fibrosis Measurement

Unless otherwise specified, “liver fibrosis” was defined
as liver stiffness determined at semiannual study visits by
transient elastography with use of a FibroScan machine, as
previously validated in our cohort (12, 13). Pulse-echo ul-
trasonography acquisitions measure the velocity of a shear
wave propagated through the liver. Results are instanta-
neously received as a single, quantitative variable of liver
stiffness measurement, reported in kilopascals (kPa). All
elastographies were done by certified operators trained by
the manufacturer with use of a single device in the research
clinic. Examinations with 8 discrete, validated measure-
ments; a success rate greater than 60% (number of vali-
dated measurements divided by the total number of mea-
surements); and limited variability (interquartile range
[IQR] of measures divided by the median value <0.30)
were considered valid (a minor modification of 10 discrete
measures recommended by the manufacturer) (12). The
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median value from each valid examination was used for
analysis.

Statistical Analysis

Although cohort members may have been followed
before liver fibrosis testing, we defined “baseline” as the
visit with the first valid liver fibrosis measurement after
routine implementation in 2006. Unless otherwise speci-
fied, information on potential determinants of liver fibrosis
referred to this visit or exposures reported in the previous
6 months. Hepatitis C virus RNA levels were log, -
transformed and grouped as less than 2.8 log;, IU/mL
(viral clearance), 2.8 to 5 log;, IU/mL (low), 5 to 6 log,
IU/mL (expected), and greater than 6 log,, [U/mL (high).
Previous studies in this cohort show that these thresholds
correspond with either discrete conditions (for example,
viral clearance) or extremes of viral replication (10, 14).
Based on cumulative self-reported data, alcohol use was
dichotomized into time-updated groups: Participants who
at any study visit reported “daily” use in the previous 6
months and those who never reported using alcohol daily.
HIV status was considered as seropositive or seronegative;
participants who were HIV-seropositive were further clas-
sified according to HIV RNA levels or CD4 lymphocyte
counts. An HIV RNA level of 2.6 log;, copies/mL was
considered to be the threshold of detection.

The distribution of elastography results was analyzed,
and then linear regression of nontransformed fibrosis scores
was analyzed in y models using the log-link function (log 7y
models). The intraperson correlation of repeated measure-
ments was accounted for by using generalized estimating
equations assuming an exchangeable correlation structure,
based on detailed exploration of the data (15). Various
functional forms of age were considered (polynomial with
squared term, log-transformed), but none was significant
beyond the linear term. Therefore, age was included as a
continuous, time-updated covariate. We further evaluated
both the cross-sectional association of age at baseline visit
and the longitudinal association of increasing age during
follow-up (age at time of elastography minus age at base-
line visit). Interactions of age variables and HIV were as-
sessed. Analyses considered potential confounders, includ-
ing race, sex, and HBV status (which were fixed at the
baseline visit); illicit drug, alcohol, and tobacco use; body
mass index (BMI); and HIV disease markers (which were
time-updated at every visit). To illustrate the relationship
between age, HIV, and liver fibrosis, we calculated ex-
pected liver fibrosis values by using the regression equation
for the final multivariable model for the age range of a
representative study participant (that is, an overweight
black man who has no regular alcohol use, is HBsAg-
negative, and has an HCV RNA level >6 log,, [U/mL).
Then, for each predicted value of liver fibrosis for a specific
person with HIV at age o, we calculated the correspond-
ing age, a, for a similar person without HIV with equal
liver fibrosis stage, based on the equation:
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Table 1. Demographic, Behavioral, and Clinical Characteristics of Participants

Characteristic*

Median study visits (IQR), n
Median age (IQR), y
Women, n (%)
Black, n (%)
Median BMI (IQR), kg/m?
Injection drug use, n (%)
None
Less than daily
Daily or more
Ever used alcohol daily, n (%)t
Median ALT level (IQR), IU/L
HCV RNA level (IQR), log;, IU/mL%
HIV infection, n (%)

Median CD4 count (IQR), X 10° cells/L
Median nadir CD4 count (IQR), X 10° cells/L
Median HIV RNA level (IQR), log;, copies/mL

Participants With Valid Liver Fibrosis
Measures (n = 1176)

Participants Without Valid Liver
Fibrosis Measures (n = 84)

7 (4-10) 3(2-8)

49 (43-53) 47 (42-54)
371 (32) 47 (56)
997 (85) 69 (82)

25 (22-28) 33 (28-42)
554 (47) 38 (45)
264 (22) 24 (29)
356 (30) 22 (26)
412 (35) 23 (27)

32 (20-52) 29 (21-45)
6.08 (5.08-6.58) 5.49 (ND-6.50)
394 (34) 24 (29)

0.287 (0.148-0.458)
0.175 (0.075-0.282)
3.0 (<2.6-4.5)

0.257 (0.178-0.512)
0.258 (0.164-0.420)
2.6 (<2.6-4.0)

ALT = alanine aminotransferase; BMI = body mass index; HCV = hepatitis C virus; IQR = interquartile range; ND = not detected.
* Data refer to measurement at the baseline visit or the previous 6-mo period. Baseline visit was defined as the first visit with valid liver fibrosis measurement or, for those
with no valid liver fibrosis measurement, the first visit after February 2006 when FibroScan (Echosens, Paris, France) was incorporated into the ALIVE (AIDS Linked to the

IntraVenous Experience) study protocol.
T Indicates self-reported use during cumulative study follow-up.

¥ Data were missing in 10 (1%) and 53 (32%) of participants with and without valid liver fibrosis measurements, respectively.

n B/ﬂiu

ay = ay P .

Bﬂge(lo)

The 90% coverage limit for this parameter ratio was cal-
culated by drawing a sample of 10 000 from the bivariate
normal asymptotic distribution of the 2 parameter esti-
mates. Analyses were conducted in SAS, version 9 (SAS
Institute, Cary, North Carolina) or STATA, version 12
(StataCorp, College Station, Texas).

Role of the Funding Source

The work was funded primarily by the National Insti-
tute on Drug Abuse. The funding source was not involved
in the design, conduct, or reporting of the study or the
decision to submit the manuscript for publication.

RESULTS

From February 2006 (when liver fibrosis assessments
began) to March 2011, 1475 persons with HCV antibod-
ies had at least 1 study visit. A total of 215 participants
never had a liver fibrosis measurement, chiefly because
their only visit was at enrollment and liver stage was not
included in enrollment visit assessments (median number
of study visits was 1 among the 215 compared with 7
among those with a fibrosis measurement; 2 < 0.001). Of
the 1260 participants who had at least 1 liver fibrosis mea-
surement, 1176 (93%) had at least 1 valid result obtained
(Table 1). Invalid liver fibrosis results were associated with
greater BMI, which was a median of 33 kg/m” among
those with invalid tests compared with 25 kg/m* among
those with valid results (7 < 0.001). Among the 1176 with
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at least 1 valid liver fibrosis measurement, the baseline me-
dian age was 49 years; 85% were black; 32% were women;

and 34% were coinfected with HIV and HCV.

Determinants of Liver Fibrosis

Among the 1176 anti-HCV—positive persons, 5634
liver fibrosis measurements were available—a median of 5
tests (IQR, 2 to 7 tests) per person over 2.9 years (IQR, 0.9
to 4.1 years). The median liver stiffness result was 6.7 kPa
(IQR, 5.3 to 9.2 kPa). Based on previously published
thresholds (12, 13), 163 (13.9%) participants at the base-
line visit had cirrhosis (=12.3 kPa), 125 (10.6%) had clin-
ically significant fibrosis but not cirrhosis (9.3 to 12.2 kPa),
and 888 (75.5%) had clinically insignificant fibrosis (<9.3
kPa). At the baseline visit, persons coinfected with HIV
and HCV had a greater prevalence of cirrhosis (19.5% [77
of 394] vs. 11.0% [86 of 782]) and clinically significant
fibrosis without cirrhosis (12.9% [51 of 394] vs. 9.5% [74
of 782]) than persons with only HCV (P < 0.001).

Liver fibrosis was associated with older age (P <
0.001) and was greater in persons with HIV than those
without HIV (2 = 0.005) (Table 2). Black race, ever using
alcohol daily, chronic HBV infection, greater BMI, and
greater HCV RNA level were also associated with greater
liver fibrosis. No significant association was observed with
sex, illicit drug use, or ART use. In multivariable regression
models, liver fibrosis remained strongly associated with age
and HIV infection (Table 3). Likewise, liver fibrosis re-
mained associated with HCV RNA level (P < 0.001), with
lower fibrosis seen in persons in whom HCV RNA could
not be detected and with increasing fibrosis in persons with
greater HCV RNA levels (Figure 1). Associations of liver
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Table 2. Determinants of Liver Fibrosis in 5634 Fibrosis Measurements Among 1176 Persons With HCV Antibodies*

Characteristic Measurements, n Exponential Coefficientt 95% ClI P Value
All participants
Age (per year) 5634 1.02 1.01-1.03 <0.001
Women 1724 0.94 0.84-1.06 0.32
Black 5066 1.18 1.03-1.35 0.019
Ever used alcohol daily 2275 1.21 1.10-1.33 <0.001
BMI
<25 kg/m? 2984 Reference
25-29 kg/m? 1725 1.09 1.04-1.15 0.001
=30 kg/m? 845 1.16 1.06-1.26 0.001
HBsAg-positive 108 1.29 0.97-1.70 0.078
HCV RNA level
ND 930
2.8-5 logqo IU/mL 255 1.15 0.90-1.49 0.27
5-5.9 log,o IU/mL 1341 1.28 1.06-1.54 0.010
=6 log,o IU/mL 3091 1.40 1.20-1.64 <0.001
HIV infection 1891 1.16 1.05-1.29 0.005
CD4 count
Not infected with HIV 3743 Reference
=0.500 X 10° cells/L 367 1.09 0.98-1.21 0.100
0.350-0.499 X 10° cells/L 376 1.09 0.98-1.21 0.130
0.200-0.349 X 10° cells/L 544 1.20 1.06-1.36 0.004
<0.200 X 10° cells/L 588 1.20 1.06-1.36 0.003
HIV RNA level
Not infected with HIV 3743 Reference
<2.6 log,, copies/mL 944 1.14 1.02-1.27 0.021
2.6-3.9 log, copies/mL 336 1.13 1.00-1.26 0.042
=4.0 log,, copies/mL 601 1.21 1.08-1.36 0.001
Participants with HIV only
CD4 count
=0.500 X 10° cells/L 367 Reference
0.350-0.499 X 10° cells/L 376 1.00 0.94-1.06 0.96
0.200-0.349 X 10° cells/L 544 1.10 1.00-1.22 0.022
<0.200 X 10° cells/L 588 1.11 1.01-1.22 0.039
Nadir CD4 count, per 100-cell increase¥ 1875 0.94 0.91-0.97 <0.001
HIV RNA level
<2.6 log,, copies/mL 944 Reference
2.6-3.9 log, copies/mL 336 0.99 0.91-1.07 0.73
=4.0 log,, copies/mL 601 1.06 0.98-1.15 0.148
Current ART use 1136 1.01 0.92-1.11 0.83
Cumulative ART use
None 532 Reference
1%-24% visits 306 1.07 0.97-1.18 0.171
25%-49% visits 427 1.00 0.87-1.15 0.99
=50% visits 561 1.12 0.94-1.33 0.22

ART = antiretroviral therapy; BMI = body mass index; HBsAg = hepatitis B surface antigen; HCV = hepatitis C virus; ND = not detected.

* Factors were time-updated at each study visit except for sex, race, HBsAg status, and HCV RNA level, which were fixed at the first valid liver fibrosis measurement (baseline
visit). Daily alcohol use (ever) and ART use (proportion of visits) were calculated from cumulative data on self-reports of previous 6-mo exposure during the entire cohort
follow-up.

T Coefficients of the change in continuous liver stiffness measurement (in kilopascals) were estimated from log y models with generalized estimating equations. The natural

logarithm coefficients have been exponentiated to aid interpretation as the relative differences in fibrosis associated with the specified variable.
+ Represents lowest CD4 cell count measured during study follow-up, presented in units of 0.100 X 10” cells/L increase.

fibrosis with alcohol use, BMI, and chronic hepatitis B
were sustained in multivariable analysis, whereas race was
no longer associated.

Alternative models were constructed to evaluate asso-
ciations with CD4 lymphocyte count and HIV RNA lev-
els. Compared with persons without HIV, those with HIV
who had lower CD4 lymphocyte counts or greater HIV
RNA levels have more severe liver fibrosis (Table 3). The
association of HIV with liver fibrosis was not sensitive to
an unmeasured confounder (Appendix Figure, available at
www.annals.org). In analyses restricted to persons with
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HIV (Table 4), liver fibrosis remained independently asso-
ciated with alcohol use and HCV RNA level, whereas the
association of liver fibrosis with age in this subset of per-
sons coinfected with HIV and HCV was of marginal sta-
tistical significance. Fibrosis was increased in relation to
more severe immunosuppression (lower nadir CD4 count;
contemporaneous CD4 count < 0.350 X 10” cells) and
greater levels of viremia (HIV RNA level > 4.0 log,, cop-
ies/mL). In participants with HIV, no association was seen
between degree of fibrosis and BMI or with measures of
current or cumulative ART use (data not shown).
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Table 3. Determinants of Liver Fibrosis Among 1176 Persons With HCV Antibodies*

Characteristic* HIV Infection CD4 Count HIV Viral Load
Exponentiated 95% Cl P Value Exponentiated 95% Cl P Value Exponentiated 95% Cl P Value
Coefficientt Coefficient Coefficient
Age (per year) 1.02 1.01-1.03 <0.001 1.02 1.01-1.03 <0.001 1.02 1.01-1.03 <0.001
Black 0.91 0.79-1.05 0.22 0.91 0.79-1.05 0.199 0.91 0.79-1.05 0.21
Women 1.02 0.90-1.15 0.77 1.02 0.91-1.15 0.73 1.02 0.90-1.15 0.76
Ever used alcohol daily 1.17 1.05-1.30 0.004 1.17 1.05-1.30 0.004 1.17 1.05-1.30 0.004
BMI
<25 kg/m? Reference Reference Reference
25-29 kg/m? 1.08 1.03-1.13 0.003 1.08 1.03-1.14 0.002 1.08 1.03-1.14 0.002
=30 kg/m? 1.14 1.05-1.24 0.003 1.14 1.05-1.24 0.001 1.14 1.05-1.24 0.002
HCV RNA level
<2.8 log,o IU/mL Reference Reference Reference
2.8-5.9 log, 1U/mL 1.26 1.06-1.50 0.008 1.26 1,06-1.50 0.009 1.26 1.06-1.50 0.008
=6 log,o IU/mL 1.32 1.13-1.55 <0.001 1.32 1.13-1.54 0.001 1.32 1.13-1.55 <0.001
HBsAg-positive 1.50 1.11-2.02 0.008 1.48 1.10-1.99 0.009 1.49 1.11-2.02 0.009
No HIV infection Reference Reference Reference
HIV infection 1.18 1.06-1.31 0.002
CD4 count
=0.350 X 10° cells/L 1.1 1.00-1.24 0.050
<0.350 X 10° cells/L 1.23 1.10-1.38 <0.001
HIV RNA level
<4.0 log,, copies/mL 1.15 1.03-1.28 0.010
=4.0 log, copies/mL 1.25 1.11-1.40 <0.001

BMI = body mass index; HBsAg = hepatitis B virus surface antigen; HCV = hepatitis C virus; ND = not detected.

* Factors were time-updated at each study visit except for sex, race, HBsAg status, and HCV RNA level, which were fixed at the first valid liver fibrosis measurement (baseline
visit). Daily alcohol use (ever) and antiretroviral use (proportion of visits) were calculated from cumulative data on self-reports of previous 6-mo exposure during the entire
cohort follow-up.

T Coefficients of the change in continuous liver stiffness measurement (in kilopascals) were estimated from multivariable log y models with generalized estimating equations
(adjusting for other factors listed). The natural logarithm coefficients have been exponentiated to aid interpretation as the relative differences in fibrosis associated with the

specified variable.

Age, HIV, and Liver Fibrosis

Using our final adjusted model (Table 3, HIV Infec-
tion model), we calculated the expected liver fibrosis values
for a representative participant from 30 to 60 years of age

Figure 1. Liver fibrosis increases with greater HCV RNA levels.
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In this scatter plot of liver fibrosis scores by HCV RNA levels, each dot
represents a participant with measurement of HCV RNA level and liver
fibrosis measured by elastography. The solid line (based on Lowess re-
gression) illustrates increasing HCV RNA levels in relation to greater
liver fibrosis scores.
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by HIV status (Figure 2). The average predicted liver fi-
brosis score ranged from 1.17 to 2.02 kPa greater in per-
sons with HIV compared with those without HIV. Persons
with HIV had liver fibrosis measurements equal to those of
persons without HIV, who were, on average, 9.2 years
older (90% coverage limit, 5.2 to 14.3 years). As depicted
in Figure 2, our model suggests similarly increasing slopes
of liver fibrosis with older age in both participants with and
without HIV. To assess both the longitudinal and cross-
sectional elements of age, we repeated models with age at
baseline (age) and the time in follow-up (age at visit minus
age at baseline). Both baseline age and time in follow-up
were associated with liver fibrosis, as was HIV infection
(Appendix Table, available at www.annals.org).

Discussion

In this investigation, persons coinfected with HIV and
HCV had liver fibrosis measures equal to those of persons
with only HCV who were nearly 1 decade older. These
data are consistent with the hypothesis that both HIV in-
fection and older age promote HCV-related liver disease
progression and may reflect common mechanisms.

Older age is consistently associated with greater pro-
gression of HCV-related liver disease (10, 16—18). For ex-
ample, in a large cross-sectional study of persons with

HCV, Poynard and colleagues (16) reported that the rate
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Table 4. Determinants of Liver Fibrosis Among 394 Persons With HIV and HCV

Characteristic* CD4 Nadir CD4 Count HIV Viral Load
Exponentiated 95% Cl P Value Exponentiated 95% Cl P Value Exponentiated 95% ClI P Value
Coefficientt Coefficient Coefficientt

Age (per year) 1.01 1.00-1.02 0.069 1.01 1.00-1.02 0.045 1.01 1.00-1.02 0.046
Black 0.92 0.75-1.12 0.41 0.93 0.75-1.15 0.51 0.94 0.76-1.16 0.55
Women 0.94 0.78-1.14 0.54 0.94 0.77-1.14 0.51 0.93 0.77-1.13 0.48
Ever used alcohol daily 1.27 1.04-1.54 0.020 1.27 1.04-1.55 0.017 1.28 1.05-1.56 0.015
BMI

25-29 kg/m? 1.06 0.98-1.14 0.131 1.06 0.98-1.15 0.128 1.07 0.99-1.15 0.094

=30 kg/m? 1.05 0.87-1.26 0.62 1.06 0.88-1.28 0.53 1.06 0.88-1.28 0.54
HCV RNA level

<2.8 log,o IU/mL Reference Reference Reference

2.8-5.9 log,, 1U/mL 1.34 0.98-1.82 0.06 1.34 0.98-1.84 0.071 1.35 0.98-1.86 0.066

=6 log,o IU/mL 1.38 1.05-1.80 0.020 1.39 1.05-1.84 0.019 1.41 1.06-1.86 0.018
HBsAg-positive 1.44 0.97-2.13 0.073 1.46 0.97-2.21 0.072 1.48 0.97-2.26 0.066
CD4 nadir count, per 0.95 0.92-0.98 0.002

100-cell increase

Current CD4 count

<0.350 X 107 cells/L Reference -

=0.350 X 10° cells/L 0.91 0.85-0.99 0.019
HIV RNA level

<4.0 log,, copies/mL Reference -

=4.0 log, copies/mL 1.08 1.01-1.15 0.025

BMI = body mass index; HBsAg = hepatitis B surface antigen; HCV = hepatitis C virus; ND = not detected.
* Factors were time-updated at each study visit except for sex, race, HBsAg status, and HCV RNA level, which were fixed at the first valid liver fibrosis measurement (baseline
visit). Daily alcohol use (ever) and antiretroviral use (proportion of visits) were calculated from cumulative data on self-reports of previous 6-mo exposure during the entire

cohort follow-up.

1 Coefficients of the change in continuous liver stiffness measurement (in kilopascals) were estimated from multivariable log y models with generalized estimating equations (adjusting
for other factors listed). The natural logarithm coefficients have been exponentiated to aid interpretation as the relative differences in fibrosis associated with the specified variable.

Figure 2. Liver fibrosis and age among persons coinfected
with HIV and HCV and those with only HCV.

14
] ,/"
£ ]
s 12 o
o g
o -
w -
c L
< L
A 10
s v g
S
i st
- |
I
5 8 7
2 -
o
6 \4 \ M
T T T T T T
30 35 40 45 50 55 60

Age, y

For each age, predicted liver fibrosis scores were calculated using a re-
gression equation that included the race, sex, alcohol use, body mass
index, hepatitis B virus surface antigen level status, and HCV RNA level
values for a representative participant (black overweight male who has no
regular alcohol use, is hepatitis B virus surface antigen—negative, and has
high HCV viral load) for persons coinfected with HIV and HCV
(dashed line) and for persons with only HCV (solid line). For example,
a 40-year-old HIV and HCV coinfected person with these characteristics
was calculated to have a predicted FibroScan score of 9.04 kPa. For this
same degree of fibrosis, the predicted age in a similar person but with
only HCV was 49.2 years. Over the entire age range, the average differ-
ence in estimated age between persons coinfected with HIV and HCV
and those with only HCV was 9.2 years (90% coverage limit, 5.2 to 14.3
years). HCV = hepatitis C virus.
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of fibrosis progression (the stage on biopsy divided by the
estimated years of infection) increased progressively with
age and was 67% greater in those older than 50 years than
in those aged 41 to 50 years. Age was strongly linked to
liver fibrosis even after adjustment for duration of HCV
infection. Likewise, HIV infection is also consistently asso-
ciated with progression of HCV-related liver fibrosis (19—
21). In a study of 1816 anti-HCV—positive persons with
hemophilia, the risk for end-stage liver disease was in-
creased 8.1-fold in those who also had HIV (21).

HIV infection and age also increase the risk for other
conditions, including cardiovascular disease, cancer, de-
mentia, and various forms of lung disease (1-3, 22). The
reported ages at which these diseases manifest have been
younger for persons with HIV compared with those with-
out HIV. For example, Shiels and colleagues (3) reported
that the ages when most types of cancer were diagnosed
were approximately 20 years younger among persons with
AIDS. However, they and others have also pointed out
that some (or, in some instances, all) of this apparent re-
duction in the age of onset of cancer could be explained by
the younger age distribution of persons with HIV com-
pared with the general population (3, 23). In addition to a
younger age distribution, risk factors for cancer and other
chronic non-AIDS conditions (for example, cigarette
smoking, alcohol use, and viral hepatitis) are highly prev-
alent among populations with HIV. Thus, it is critical to
identify control populations that are similar in all respects
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other than the HIV infection to make inferences about the
effects of HIV.

It is noteworthy that in the present study, persons with
and without HIV were recruited and followed identically
in a study designed to assess the effect of HIV on various
conditions. Liver disease outcome and exposures were eval-
uated prospectively and directly using a method that in-
cludes the full spectrum of disease, rather than by using
death certificates or billing codes. Rather than using gen-
eral population-based controls, we recruited and studied
persons with and without HIV by using the same protocols
and carefully monitored potential confounders. Even after
adjustment for HCV RNA level, chronic HBV status, sex,
race, BMI, and alcohol use, persons with HIV had liver
fibrosis as advanced as those without HIV who were nearly
1 decade older.

The mechanisms through which HIV and aging affect
liver fibrosis progression are poorly understood. Accumu-
lating evidence points toward a role for telomere dysfunc-
tion or cellular senescence in several age-related pheno-
types, especially in mice (24, 25). In humans, telomere
shortening in various cell types has been reported with
cirthosis (26), HCV (27), and HIV (28, 29). Although
these data support the hypothesis that shortened hepato-
cyte telomeres (whether due to age, HCV, HIV, or a com-
bination of these) may contribute to hepatocyte senescence
and reduced regenerative capacity, there is no convincing
unifying evidence.

In this study, we detected a dose—response relationship
between HCV RNA level and contemporaneous liver fi-
brosis. Although the connection between blood HCV
RNA level and the likelihood of response to interferon and
ribavirin treatment is well-recognized, most previous stud-
ies failed to detect a strong correlation between HCV RNA
level and liver fibrosis (10, 30—32). However, some other
studies have also suggested an increased risk for end-stage
liver disease or death in persons with greater HCV RNA
levels (33, 34). Whether the strong association detected in
the present study is related to the wider linear range of
newer HCV RNA real-time assays compared with former
viral load tests, the large number of persons studied, or the
use of liver stiffness to assess liver fibrosis is not evident.

In addition to age and HCV RNA level, liver fibrosis
among persons with HIV was associated with having lower
nadir or current CD4 count and greater HIV RNA levels.
These findings may suggest that ART would reduce the
risk for liver fibrosis progression among persons coinfected
with HIV and HCV. In a study from 1 center, the risk for
liver-related deaths seemed to be lower during the highly
active ART era than in earlier periods or that of persons
not taking ART (35). However, in the present study, we
did not detect an association among persons coinfected
with HIV and HCV between liver fibrosis and ART use.
Long-term, prospective follow-up is ongoing to clarify the
longitudinal relationships among age, ART use, HIV dis-

ease markers, and liver fibrosis.
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Besides ART directed against HIV or HCV infections,
other risk factors for liver fibrosis (for example, overweight
or obesity and alcohol use) were identified that may be
potentially modifiable. Although widely recognized that
weight loss and reduced alcohol consumption should be
encouraged among persons with chronic HCV infection
(36), implementation in practice is often limited. With
aging of the populations with HCV and HIV infections,
increasing emphasis should be placed on determining the
most effective strategies for reducing modifiable risk factors
and incorporating newer antivirals into HCV management
of complex, older patients.

The measurement of fibrosis is a challenge in all stud-
ies of liver disease. The gold standard is the clinical expres-
sion of end-stage liver disease (10, 35). However, studies of
the clinical expression of liver disease fail to capture impor-
tant intermediate transitions because they are not clinically
evident. We have also assessed the degree of liver fibrosis in
this cohort by examination of liver tissue obtained by bi-
opsy (33). However, too few persons could be studied reg-
ularly by liver biopsy to assess risk factors with high preci-
sion. Thus, an indirect measurement of liver fibrosis, liver
stiffness measured by elastography using FibroScan, which
was first developed in Europe and subsequently validated
in our cohort, was used to provide insights about the asso-
ciations of age, HCV RNA levels, and race that we previ-
ously failed to detect (12, 37). Nonetheless, it is important
to acknowledge that liver stiffness is only a proxy for liver
fibrosis.

Liver fibrosis occurs over decades in most persons with
HCV. Thus, the exposures that we assessed at or near the
time of the liver stiffness measurement may not be repre-
sentative of the previous exposures responsible for the de-
velopment of fibrosis detected later, as illustrated perhaps
by the lack of association of liver fibrosis with ART use.
Greater measured fibrosis at each age among persons with
HIV but with similarly increasing slopes of fibrosis with
age by HIV status may suggest that the difference between
persons with and without HIV occurred before our fibrosis
assessment. In addition, the relatively flat slope of the elas-
tography—age relationship may result in imprecision in our
estimate of how much older a person without HIV would
be compared with someone with HIV who had equal liver
fibrosis (for example, small changes in FibroScan score can
translate into substantial changes in age). Likewise, too few
persons in this study had successful treatment of HCV
infection to assess the effect of anti-HCV treatment on
fibrosis progression. It is also noteworthy that duration of
HCV infection is not known for most persons. In this
cohort, time from first drug use correlates strongly (38,
39). Age is also strongly correlated with both measures,
such that we can model only 1 of these variables at a time.
Thus, if HCV infection occurred at earlier ages in persons
with HIV, it may seem that HIV causes liver fibrosis at
younger ages. Of importance, the estimated duration of
HCV infection in our population does not differ substan-
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tially by HIV status (median, 28.6 vs. 28.9 years for per-
sons with and without HIV, respectively).

In summary, persons who are coinfected with HIV
and HCV have liver fibrosis stages similar to persons in-
fected with HCV alone who are nearly 1 decade older.
Additional work is needed to understand the biological
basis for this observation and investigate whether effective
treatment of HIV and HCV infections reduce future liver
fibrosis progression.
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Appendix Figure. Sensitivity analysis of the effect of an Appendix Table. Differentiation of the Cross-sectional and
unmeasured confounder on the association between HIV Longitudinal Association of Age and the Interaction of Age
status and liver fibrosis. and HIV on Liver Fibrosis
Characteristic* Exponentiated 95% ClI P Value
0.6 Coefficientt
3 g Age at baseline visit (per year) 1.02 1.01-1.02  <0.001
‘a' S Time in follow-up (per year) 1.03 1.01-1.05  <0.001
$ 5 054 HIV infection 1.17 1.05-1.29 0.003
E 2 HIV X age at baseline interaction ~ 0.99 0.98-1.00 0.153
2 5
c
3 -‘% 0.4 ** The estimates demonstrate a significantly greater association with liver fibrosis
2z = for both 1 additional year older at study entry and for 1 additional year of
[T—) .. . . L
a T follow-up (modeled as age at visit minus age at baseline). There was no significant
S 23 interaction between HIV and time in follow-up.
£ 5 03 T Coefficients of the change in continuous liver stiffness measurement (in kilopas-
° “E cals) were estimated from multivariable log y models with generalized estimating
S o equations (adjusting for factors listed in Table 3, HIV Infection model). The
natural logarithm coefficients have been exponentiated to aid interpretation as the
024 relative differences in fibrosis associated with the specified variable.
T T T T T T
0.1 0.2 0.3 0.4 0.5 0.6

Standardized Difference in Means of Unmeasured
Confounder (U) by HIV Status

Coefficient for HIV

0-0.05 005010 M 0.10-0.15

In our primary analysis of liver fibrosis scores, the B-coefficient for HIV
positivity was 0.18. To evaluate the effect of an unmeasured confounder
(U) for potentially attenuating this B-coefficient for HIV, we generated
U as a continuous variable with a range of association with both the
primary exposure of HIV status, and with the outcome of liver fibrosis
measured continuously as FibroScan score. The strength of correlation of
U with HIV status was measured as a standardized difference in mean U
between groups with and without HIV ranging from 0.1 to 0.6 (x-axis).
The strength of association of U with FibroScan score was measured as a
Pearson correlation coefficient ranging from 0.2 to 0.6 (y-axis). U was
generated for the first study visit for all participants with values carried
forward during follow-up. The goal was to assess whether adjustment for
U attenuates the estimated B-coefficient for HIV in the regression
model. For each combination of correlation coefficient and standardized
difference in means, 200 replicates of the B-coefficient were generated
and averaged. Results are presented as a contour plot that summarizes the
range for values of the B-coefficient across combinations of correlation
with the outcome and standardized difference in means between the HIV
exposure groups. As illustrated, an unmeasured confounder would need
to be both strongly associated with HIV status (for example, difference in
means approaching 0.5 SDs) and moderately correlated with liver fibrosis
(correlation coefficient >0.35) to substantially attenuate the observed
HIV association with liver fibrosis. Because no known exposure met
those thresholds, it is exceptionally unlikely that an as-yet unrecognized
or incompletely measured factor would substantially alter the results. For
example, HCV RNA level is known to be associated with HIV and, in
our analysis, was found to be one of the strongest factors associated with
liver fibrosis; however, the correlation between log;, HCV RNA level
and fibrosis was only 0.13, and the standardized differences in mean
HCV RNA levels by HIV status was 0.31.
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