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Abstract

Background—Males have strikingly increased risk of advanced liver disease. However, the
association between testosterone and risk of hepatitis C virus (HCV)-related advanced liver
disease is unknown.

Methods—We performed a cross-sectional study in male veterans with chronic HCV. Blood
samples were obtained to measure total serum testosterone and perform the FibroSURE-ActiTest.
Other risk factor data were obtained through systematic questionnaires (e.g., alcohol), physical
measurements (e.g., BMI) and serological tests (e.g., viral load). The association between total
testosterone and risk of advanced hepatic fibrosis (F3 and F3/F4) and inflammatory activity (A3
and A2/3) measured by FibroSURE-ActiTest was evaluated with logistic regression.

Results—A total of 308 eligible study participants were prospectively recruited (mean age 57,
52% African-American). There were 105 cases with advanced fibrosis and 203 mild fibrosis
controls; and 88 cases with advanced inflammatory activity and 220 mild activity controls. Mean
total serum testosterone was significantly higher in advanced fibrosis cases as well as advanced
inflammatory activity cases compared to mild disease controls (6.0 ng/ml vs. 5.3 ng/ml and 5.9 ng/
ml vs. 5.4 ng/ml, respectively). We observed a significant 27% increase in advanced fibrosis risk
and 16% increase in advanced inflammatory activity risk for each 1 ng/ml increase in total serum
testosterone. Total testosterone in the upper tertile was associated with an even greater excess risk
of advanced fibrosis than advanced inflammatory activity (ORagjusted advanced fibrosis=3-78, 95% Cl
1.88-7.61 vs. ORygjusted advanced inflammatory activity=2-64, 95% CI 1.29-5.45, respectively).
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Conclusions—Total serum testosterone is associated with an increased risk of both advanced
hepatic fibrosis and advanced hepatic inflammatory activity in HCV-infected men. Testosterone
may be important in the pathogenesis of HCV-related advanced liver disease in males.
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Introduction

It is estimated that 1.6% of the U.S population (>4.1 million persons) is hepatitis C virus
(HCV) infected. From 75-85% develop chronic infection,? with an estimated 16%°3-33%%*
of the chronically HCV-infected subsequently developing cirrhosis within 20-25 years, and
likely more with longer follow-up. Chronic HCV is now the leading cause of cirrhosis-
related liver transplant® and HCC® in the U.S.

Males have strikingly increased risk of advanced liver disease (cirrhosis and HCC) across
varied disease etiologies including HCV; thus supporting the potential roles for gender-
associated differences in risk factor exposures as well as sex-based biological differences in
disease progression. Several studies performed in large population-based cohorts have
examined the association between testosterone and risk of hepatitis B virus associated HCC
in males,’~10 with three performed in a Taiwanese cohort finding increased serum
testosterone was associated with increased risk of HBV-associated HCC.”2

However, only a few very small studies have examined the association between testosterone
and advanced liver disease or HCC specifically in the background of HCV.11-13 A small
prospective cohort in Japanese 46 males with HCV-related cirrhosis found that increased
serum total testosterone was associated with increased HCV-related HCC risk.13 In contrast,
a case-control study in 35 HCV-infected Australians found no difference in mean serum
total testosterone level between an advanced fibrosis case group compared to mild fibrosis
control group,! though the study had inadequate power to adjust for factors known to be
associated with both liver disease risk and testosterone levels including age and current
alcohol use.

Examining the role of testosterone in HCV-related liver disease has the potential of
explaining the male predominance in liver disease, expanding markers of advanced liver
disease, and providing important clues to the pathogenesis of HCV-related liver disease.
One population disproportionately affected by the HCV epidemic includes the over 8
million veterans of the U.S. armed services enrolled in the Department of Veteran Affairs
(VA) healthcare system.14 A blinded national seroprevalence study found the HCV
prevalence rate in these veterans was over 3-times higher than that reported for the overall
U.S. population.1®

We performed a cross-sectional study in a large multiethnic population of U.S. male
veterans with chronic HCV to examine the association between total serum testosterone and
risk of advanced hepatic fibrosis and inflammatory activity based on the validated
serological FibroSURE-ActiTest.16
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Methods

Population and study design

We performed a cross-sectional study at the Michael E. DeBakey VA Medical Center
(MEDVAMC). We prospectively recruited all consecutive veterans eligible for study
participation at their scheduled clinic appointments at the dedicated Hepatitis C primary care
clinic between May 1, 2009 and November 1, 2010. VA healthcare policy mandates all
veterans who receive either a diagnostic code for HCV or have a positive laboratory test are
automatically scheduled for an appointment in this clinic for clinical evaluation and patient
education.

Recruitment and study eligibility

The electronic medical records of all veterans with scheduled HCV clinic visits were
screened by trained research assistants to determine study eligibility based on: 1) presence of
at least one diagnostic code or laboratory value suggestive of HCV, 2) aged 18 to 70 years,
4) no history of co-infection with either HIV or HBV, liver transplant, decompensated liver
disease, hepatocelluar carcinoma (HCC), psychosis or dementia. We restricted our current
analysis to veterans who met the following additional eligibility criteria: 1) male; 2)
serologically confirmed presence of chronic infection (HCV viremia) without HIV or HBV
co-infection; 3) not currently receiving HCV treatment; 4) no self-reported medical
diagnoses, procedures, or medication usage that might substantially alter sex hormones,
including a diagnosis of testicular cancer or treated prostate cancer, use of estrogen or
androgen therapy (e.g., testosterone transdermal patch), or use of other gonadal hormone
agonist/antagonists (e.g., flutamide), 5) had valid FibroSURE-ActiTest results; and 6)
completed all primary study measures as of November 30, 2010.

This research was approved by the Institutional Review Boards for the Michael E. DeBakey
VA Medical Center and Baylor College of Medicine.

Data Collection and Study Measures

Surveys—RAs administered a computer-assisted patient risk factor and medical history
survey. We collected data on: potential mode and time intervals of likely exposures to HCV
employing questions validated from a previous national survey of HCV in veterans using the
VA;17.18 |ifetime history and current use of alcohol use and smoking using questions created
for a population-based Gl cohort research;19 and lifetime medical history, including
occurrence, timing, and medical management, of liver disease as well as cancers including
prostate and testicular cancer. Survey responses were used to further estimate: 1) maximum
duration of infection as the difference between self-reported age at first exposure to a known
risk factor, with IDU and blood transfusion prior to 1992 given precedence, and date of
study enrollment, and 2) chronic alcohol abuse defined as current or previous self-reported
history of history of consuming at least 3 drinks a day for at least 10 consecutive years, with
1 drink defined as 12 ounces of beer, 4 ounces of wine, or 1.5 ounces of liquor.

Anthropometric measurements—RAs measured participant body weight in bare feet
using the InBody520 Direct Segmental 8-point Multi-frequency Bioelectrical Impedance
Analysis scale, which has 98% correlation with dual-energy X-ray absorptiometry (DXA)
and 99% reproducibility.2921 Height in inches was also obtained using a study designated
stadiometer, and was entered directly into the scale for calculation of BMI using the Quetlet
index formula weight in pounds x 703/squared height in inches.

Serology—The CLIA-certified MEDVAMC Central Laboratory Service tested for HCV
antibodies using immunometric immunoassay (Ortho Clinical Diagnostics), HCV genotype
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using the InnoLiPA HCV Il (Siemens) and quantitative viral load using the COBAS
TagMan HCV Test (Roche). Total serum testosterone was measured using a competitive
binding immunoenzymatic assay (Beckman Coulter). Diabetes mellitus was defined as
present if fasting glucose was above 126 mg/dl or if non-fasting glucose was above 200 mg/
dl, or if a glucose test was not performed because of previous medical record documented
presence of diabetes. Laboratory personnel were blinded to survey and FibroSURE-ActiTest
results.

FibroSURE-ActiTest—Hepatic disease severity was assessed in a CLIA-certified
commercial laboratory using the FibrosSURE-ActiTest referred to in Europe as the
FibroTEST-ActiTest (BioPredictive, France). The FibroSURE uses a proprietary algorithm
utilizing a2-macroglobulin, apolioprotein A1, haptoglobin, total bilirubin, and y-glutamyl-
transpeptidase to determine fibrosis level and further adds alanine transaminase to determine
necroinflammatory activity level. In addition to providing a total quantitative scale score, it
further classifies those scores into METAVIR biopsy-based equivalent degree of hepatic
fibrosis (F0, no fibrosis present — F4, cirrhosis) and inflammatory activity (A0, no
inflammatory activity — A3, severe inflammatory activity). It has been demonstrated to have
high concordance with biopsy-assessed level of METAVIR pathology and demonstrates
strong test performance characteristics in diverse HCV-infected populations,16:22-27

Quality control—In addition to database encoded internal validity datachecks, we also
performed quality control analyses for primary study measures via a random 1% double-
entry verification sub-study. Overall error rate was less than 0.5% with all discrepancies
resolved.

Analysis—We classified all study participants by applying a priori study-established
criteria to FibroSURE results as either advanced fibrosis cases (F4, F3/F4 and F3) or mild/
absent fibrosis controls (FO-F2/F3), and as advanced inflammation cases (A3, A2/A3, A2) or
mild/no inflammation controls (A0-A1/A2). Baseline sociodemographic, risk factor history,
and clinical variables were compared in advanced disease cases of hepatic fibrosis and
hepatic inflammation compared to their respective mild disease controls using a Zzand
Fisher’s exact test for large and small sample categorical variables, respectively, and
independent sample T-test and the Brown-Mood median test for means of normally
distributed variables and medians of non-normally distributed variables, respectively.

We calculated an estimated Fibrosis Progression Rate (FPR) by adapting the method of
Poynard et al (1997)% to be the ratio between FibroSURE-determined METAVIR numeric
fibrosis stage (0-4) divided by the estimated maximum duration of infection. It assumes a
constant rate of fibrosis progression, that fibrosis was absent prior to HCV infection, and
that the aggregate use of estimated first exposure as actual infection date is not
systematically biased. We evaluated if the median FPR increased across increasing tertiles
of total serum testosterone using the non-parametric Jonckheere-Terpstra test for ordered
alternatives.

We employed unconditional binary logistic regression analysis to create two sets of
multivariate models to evaluate the association between total serum testosterone and risk of
advanced hepatic fibrosis and advanced hepatic inflammation, respectively. All models
adjusted for potential confounding by factors known to be independently related to both risk
of advanced liver disease and to serum testosterone levels/testosterone signaling including:
age, chronic alcohol abuse, viral load, race/ethnicity, adiposity (BMI>25), and diabetes
mellitus (DM). All models were assessed for goodness of fit with the Hosmer-Lemeshow
test, with all effect estimates reported as odds ratios with associated 95% confidence
intervals. All multivariate analyses were performed with SPSS 18 (Somers, NY). We
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calculated the non-parametric Spearman rank order correlation coefficient (p) as another
method to assess strength of association and potential multicollinearity between our main
risk factor of interest, total serum testosterone, and confounders measured on a continuous
scale including age and viral load. We also performed an exploratory evaluation for
potential interaction between all first-level main effects, with interaction terms reported in
the final models if statistically significant.

We prospectively recruited 325 male veterans (80% consent rate) who met our initial
screening eligibility criteria. We subsequently excluded 17 patients because of a non-
detectable viral load (n=3), positive HIV or HBV surface antigen (n=4), or a history of
testicular cancer, medically or surgically managed prostate cancer, or use of a sex hormone-
altering pharmacotherapy (n=10).

Most (93%) of our 308 chronically HCV infected male veteran study participants were
between ages 45 and 64 years old and were of either African-American or White race/
ethnicity (52% and 43%, respectively). (Table 1) Comorbid risk factors were highly
prevalent in this population, with 34% reporting a positive lifetime history of chronic
alcohol abuse, 51% a positive history of injection drug use (IDU), and 71% study-classified
as overweight or obese (BMI=25). (Table 1) A maximum estimated duration of HCV
infection of 34 years (or estimated earliest median age at infection of 22 years old) was
calculated based upon data provided by the 90% of respondents who reported both a positive
history of, as well as correspondent ages for, at least one established risk factor for HCV
transmission (e.g., blood transfusion pre-1992 or injection drug use). Less than 5% of study
participants had ever received anti-HCV therapy.

FibroSURE-determined METAVIR equivalent hepatic pathology was used to stratify our
study sample into 105 cases with advanced fibrosis (np4=92 and ng3r4=13) and 203 mild
fibrosis controls(npg=15, Npg/p1=15, NF1=7, NF1/F2=48, NEp=42, np3=76); and into 88 cases
with advanced inflammatory activity (na3=82 and nay;a3=6) and 220 mild inflammatory
activity controls (nag=51, Nap/a1=49, Na1=25, Na1/A2=66, and na»=29). Total serum
testosterone generally increased with increased fibrosis and inflammatory activity (FO-
F1=4.8, F1-F2=4.5, F2=5.6, F3=5.4, F3/F4-F4= 5.9 ng/ml, and A0-A1=5.2, A1-A1/A2=5.1,
A2=5.6, A2/3-A3=5.7 ng/ml, respectively). These trends were even more apparent when
median testosterone was calculated in samples with a restricted age range (e.g., 50-54 yrs)
in whom baseline total testosterone levels would be expected to be more similar. (data not
shown)

Both advanced fibrosis cases as well as advanced inflammatory activity cases had higher
testosterone levels compared to their mild disease controls (6.0 ng/ml vs.5.3 ng/ml and 5.9
ng/ml vs. 5.4 ng/ml, respectively), with this mean difference highly significant for advanced
fibrosis (p=0.009). (Table 2) There was modest significant negative correlation between
median age and total serum testosterone and between BMI and testosterone (pspearman=
—0.12, p=0.04, and pspearman=-0.23, p<0.001, respectively), but no significant correlation
between testosterone and HCV viral load (pspearman=0.03, p=0.56).

Diabetes mellitus was also significantly more prevalent in both advanced hepatic fibrosis
cases and advanced hepatic inflammatory activity cases (p<0.001 and p=0.003,
respectively). Although mean age was also significantly higher in those with advanced
fibrosis compared to mild fibrosis controls (p=0.02), mean age was not similarly higher in
advanced inflammation cases. Baseline distribution of all other potential confounders
evaluated, including a history of chronic alcohol abuse, viral load, overweight/obesity and
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ethnicity, were not significantly different among advanced hepatic disease cases and their
respective mild disease controls. (Table 2)

Higher serum testosterone levels were associated with increased relative risk of advanced
FibroSURE-determined hepatic fibrosis (F3/F4 and F4) in both univariate and multivariate
analyses. (Table 2) Further, the adjusted 3.78-fold and 2.18-fold excess fibrosis risk in HCV
+ male veterans with medium and upper testosterone levels, respectively, in comparison to
those with lower testosterone levels suggests a monotonic positive dose-response
relationship. There was no evidence of significant interaction between any main effects. The
inclusion of all other known or biologically-plausible confounders like diabetes and
adiposity evaluated in the multivariate model further enhanced both the magnitude and
apparent dose-response relationship of the observed association between higher total
testosterone levels and increased advanced hepatic fibrosis risk. Overall, we observed a
significant 27% increase in advanced hepatic fibrosis risk for each 1 ng/ml increase in total
serum testosterone (ORgjusteq=1.27, 95% CI 1.13-1.44, p<0.001). (data not shown) Median
fibrosis progression rates (FPR) also significantly increased across tertiles of total serum
testosterone (FPRs=0.067, 0.079, and 0.095 for the lower, middle, and upper tertiles,
respectively, p<0.001).

Higher serum testosterone levels were significantly associated with risk of advanced
FibroSURE-determined hepatic inflammatory activity (A2/A3 and A3) in both univariate
and multivariate analyses (range 1.9-2.7- fold significant excess relative risk). (Table 3)
Also similar were our findings that the magnitude of the association between increased
testosterone levels and increased inflammatory disease risk was further modestly
strengthened in multivariate in comparison to univariate analysis (e.g.,

ORunivariate highest testosterone level=1.92, 95% CI vs. ORmuitivariate highest testosterone level=2.64,
95% ClI, respectively), and that there was no evidence of significant interaction among any
main effects. However, in contrast to our findings for advanced fibrosis, there was no
apparent dose-response relationship between total serum testosterone level and advanced
inflammatory activity risk. (Table 3) Overall, we found that a 1 ng/ml increase in total serum
testosterone was associated with a significant 16% increase in advanced inflammatory
activity risk (ORggjusted=1.16, 95% CI 1.02-1.31, p=0.02). (data not shown)

The Hosmer-Lemeshow test results were supportive of fit for all reported models. We also
performed several sensitivity analyses to evaluate the robustness of our observed
associations of excess advanced hepatic disease risk with increased total serum testosterone.
In our first set of sensitivity analyses, we restricted our analysis to the 84% of our HCV+
male veteran sample with total testosterone within a normal range for adult males (2.41-8.47
ng/ml). We continued to observe a significant dose-response between higher total serum
testosterone levels and advanced hepatic fibrosis (ORggjusted=3.90, 95% CI 1.82-8.38 and
ORadjusted =2-25, 95% CI 1.05-4.80 for advanced fibrosis risk for those in the upper and
middle testosterone level as compared to those in the lower testosterone level, respectively).
(Table 4) We similarly found that increased testosterone level also continued to be
associated with advanced inflammatory activity risk (ORggjusteq=2.66, 95% CI 1.19-5.99
and ORggjusted=3-12, 95% CI 1.41-6.92 for advanced inflammatory activity risk for those in
the upper and middle testosterone level as compared to those in the lower testosterone level,
respectively). In a second set of sensitivity analyses where we changed the advanced disease
case definitions to be more and less restrictive respectively, we continued to demonstrate
substantial excess risk of both advanced hepatic fibrosis and advanced hepatic inflammatory
activity with increased total serum testosterone levels. (Table 4)
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Discussion

Our study demonstrated that higher total serum testosterone levels are associated with an
increased risk of advanced FibroSURE-ActiTest (FibroSURE)-determined hepatic fibrosis
and inflammatory activity in chronically hepatitis C virus infected (HCV+) male veterans.
The magnitude of the observed excess risk of both advanced fibrosis and advanced
inflammatory activity was independent of other known or biologically-plausible strong
potential confounders including diabetes mellitus, age, viral load, race/ethnicity, adiposity,
and chronic alcohol abuse. Our findings of excess testosterone-associated risk persisted in
multiple sensitivity analyses.

Few studies have specifically examined the association between testosterone and degree of
HCV-related liver disease. Two smaller case-control studies performed in Australian
(N=35)11 and Iranian (N=82)12 HCV-infected males reported discordant results for total
testosterone; one study found no difference in mean total testosterone levels in cases with
advanced fibrosis compared to mild fibrosis controls,1! while the other found substantially
reduced mean total testosterone levels in advanced fibrosis cases.12 Both reported that free
testosterone was significantly lower among the advanced fibrosis case group compared to
their mild fibrosis control group. However, likely due to sample size restriction, neither
performed multivariate analyses to evaluate how these group mean differences may be
related to confounding due to differential distribution of other risk factors like diabetes
mellitus. Other potential explanations for the discordant findings of our study and those
studies include differences in underlying target populations, including the Iranian study’s
restriction to males without a history of alcohol abuse (drink >20 g/day),1? and our use of
FibroSURE-determined hepatic pathology. Similar to our overall findings, a third
prospective cohort study performed in Japanese males with HCV-related cirrhosis (N=46)
found a significant adjusted 9.1-fold excess relative risk of hepatocellular carcinoma among
men with total testosterone in the upper tertile.13 Overall, our consistent findings of
substantial excess total testosterone-associated risk in a large, multiethnic sample suggests
the importance of additional studies to further assess its possible role in pathogenesis and as
a risk marker for advanced fibrosis and inflammation in chronically HCV-infected males.

Our findings of excess testosterone-associated risk in HCV+ males are consistent with
findings of increased liver cancer risk in males who abuse anabolic steroids,28 in women
with hyperandrogenemia secondary to polycystic ovarian disease,2? in androgen-treated
Fancomia anemia patients,28 and in HBV+ Taiwanese males with higher serum testosterone
levels.”~9 Several experimental studies have demonstrated that the HBV virus augments
androgen receptor (AR) signaling,3%-32 with ligand-dependent AR activation associated with
increased HBV RNA transcription in both animal and HepG2 cell-line models.33:34 A recent
experimental study demonstrated the HCV virus also augments AR signaling.3> The AR,
whose predominant ligand is testosterone, is a nuclear hormone receptor expressed in liver.
In addition to regulating genes involved in sexual dimorphism, the AR regulates/co-
regulates numerous other genes involved in diverse cellular processes of relevance to liver
disease including cellular proliferation, differentiation, apoptosis, and inflammatory
response (e.g., EGFR, PTEN, TP53, and IL6ST).

Unfortunately, we do not have analogous direct measures of hepatic AR signaling, of
additional sex hormones including other androgens or estrogens, or of metabolic by-
products of hepatic clearance of circulating androgens. Therefore, we are unable to
determine if the observed excess risk of advanced liver disease with higher testosterone
levels is an effect of increased hepatic androgen levels, increased expression of androgen-
responsive genes, or decreased hepatic clearance of circulating androgens with advanced
HCV-related disease. Although the liver is the primary site of metabolic clearance of

Hepatology. Author manuscript; available in PMC 2013 March 01.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

White et al.

Page 8

circulating androgens, the vast majority of androgens are not metabolically cleared from
circulation by the liver, but are rather metabolized locally in target tissues. This in
conjunction with our finding that circulating total testosterone levels are higher with
increased fibrosis prior to development of cirrhosis suggests that our observed associations
are unlikely to be solely attributable to decreased hepatic clearance of circulating androgens.
Additional research that includes direct measurement of androgen receptor gene expression
and of other sex hormones will be useful in further clarifying the role testosterone plays in
the etiopathogenesis of HCV-related disease.

Our study has multiple strengths including it is the largest study to examine the association
between testosterone and HCV-related hepatic fibrosis risk to date as well as the first study
to evaluate the association between testosterone and risk of advanced inflammatory activity.
It was conducted in an ethnically diverse North American population. We employed a
rigorous study design that included direct prospective recruitment of all study eligible male
veterans with clinically scheduled visits at a VA Hepatitis C clinic. Together with our high
participation rates, this helps mitigate concerns about potential selection bias. We also
employed direct laboratory-based measures for our main outcome, FibroSURE-determined
hepatic pathology, our main exposure, serologically-determined total serum testosterone,
and for several other key confounders including glucose used for diabetes determination and
viral load. Notably >90% of participants completed the blood draw used to measure total
testosterone in the morning helping to minimize potential impact of diurnal pulsatile
fluctuation in testosterone levels. All laboratory tests were performed in a blinded and
uniform manner by single CLI1A-certified laboratories in order to decrease potential for both
testing variability and tester/information bias. Additionally, both our study participants and
research assistants were unaware of the participant’s FibroSURE or testosterone test results
at the time the survey was administered helping to minimize potential for recall or
interviewer bias. Further, we obtained a detailed history of lifetime alcohol use necessary to
adjust for chronic alcohol abuse, and also obtained and adjusted for direct clinical measures
of adiposity, viral load and glucose-determined diabetes as, in addition to their well-known
association with liver disease risk, all have been associated with significant alterations in
androgen levels or androgen signaling.35-38 Finally, we performed multiple sensitivity
analyses that suggested our findings of excess testosterone-associated liver disease risk in
HCV+ male veterans are robust.

However, our study also has limitations. The cross-sectional design prevents the temporal
inference necessary to establish a casual role for testosterone in HCV-related liver disease.
Additionally, although the validated FibroSURE has been shown in multiple studies in
HCV-infected populations to have good test performance characteristics,16:22-25 hepatic
biopsy is still considered the gold-standard to diagnose individual patients. However,
biopsies are known to be associated with variability in both sampling and pathologist
evaluation, and they are invasive and costly, thus limiting their use in large epidemiological
studies such as ours. Future research will be needed to determine if this total testosterone
associated risk of advanced FibroSURE-determined hepatic pathology in our HCV+ male
veterans is replicated among those with hepatic biopsy. We also have only a single measure
of the primary male androgen, total testosterone. It would have been desirable to have
multiple measurements of total testosterone to mitigate intra-individual sampling and
laboratory testing variability. However, we expect that any variability in sampling or testing
would be non-differential between advanced disease cases and mild disease controls, and
therefore any associated bias would be toward the null. It would also have been desirable to
have directly measured or calculated free and weakly bound testosterone. However, total
testosterone correlates well with free testosterone in aging males,3° has been shown to be
reliably associated with increased risk of diabetes,38 and has been shown to be a more valid
predictor of androgen deficiency function than either directly measured free testosterone or
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calculated bioavailable testosterone.39 Total testosterone is also much more widely-
accessible, and more reliably measured than is directly measured free testosterone.* Finally,
due to sample size constraints, we were able to perform only an exploratory evaluation of
interaction between total testosterone and other risk factors of interest including age and
adiposity. Although we found no significant interactions, additional larger studies will be
needed to determine if there are subgroups at particularly increased risk of HCV-related
liver disease progression in the background of higher total testosterone levels.

In conclusion, we demonstrated that total serum testosterone is associated with substantially
increased risk of both advanced hepatic fibrosis and advanced hepatic inflammatory activity
in chronically HCV-infected male veterans accessing the VA healthcare system. The
strength and consistency of this excess testosterone-associated liver disease risk suggests
total serum testosterone may play a role in disease progression in HCV+ males. Future
research will be important in assessing if increased total testosterone levels similarly
increase relative risk of advanced HCV-related liver disease in HCV+ women, and in
determining if androgens including testosterone have potential therapeutic implications in
HCV+ men.
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