
M

S
o

C
LIN

IC
A

L
A

D
V

A
N

C
ES

IN
LIV

ER
,
P
A

N
C
R
EA

S,
A

N
D

B
ILIA

R
Y

TR
A

C
T

GASTROENTEROLOGY 2011;140:1182–1188
CLINICAL ADVANCES IN LIVER, PANCREAS,
AND BILIARY TRACT

Increasing Prevalence of HCC and Cirrhosis in Patients With Chronic
Hepatitis C Virus Infection

FASIHA KANWAL,*,‡ TUYEN HOANG,§ JENNIFER R. KRAMER,�,¶ STEVEN M. ASCH,§,#,** MATTHEW BIDWELL GOETZ,§,**
ANGELIQUE ZERINGUE,* PETER RICHARDSON,�,¶,# and HASHEM B. EL–SERAG�,¶,#

*Department of Gastroenterology and Hepatology, John Cochran VA Medical Center, St Louis, Missouri, ‡Saint Louis University School of Medicine, St Louis,
issouri; §Department of Medicine and Health Services Research, Greater Los Angeles VA Healthcare System, Los Angeles, California; �Houston VA HSR&D Center

of Excellence, Health Services Research and Development Service, Michael E. DeBakey Veterans Affairs Medical Center, Houston, Texas; Sections of ¶Health
ervices Research and #Gastroenterology, Department of Medicine, Baylor College of Medicine, Houston, Texas; and **Department of Medicine, David Geffen School
f Medicine at UCLA, Los Angeles, California

This article has an accompanying continuing medical education activity on page e14. Learning Objective: Upon Completion
of this CME exercise, successful learners will be able to indentify recent temporal trends in cirrhosis, decompensated

cirrhosis, and hepatocellular carcinoma among veterans with chronic hepatitis C infection in the United States.
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See related article, Stättermayer AF et al, on
page 344 in CGH.

BACKGROUND & AIMS: Patients with hepatitis C vi-
rus (HCV) infection are at risk for developing costly and
morbid complications, although the actual prevalence of
these complications is unknown. We examined time
trends in the prevalence of cirrhosis and its related com-
plications, such as hepatic decompensation and hepato-
cellular carcinoma (HCC). METHODS: We calculated
the annual prevalence of cirrhosis, decompensated cir-
rhosis, and HCC in a national sample of veterans diag-
nosed with HCV between 1996 and 2006. Patients with
HCV who had at least one physician visit in a given
calendar year were included in the analysis of prevalence
for that year. We used direct standardization to adjust
the prevalence of cirrhosis and related complications for
increasing age of the cohort as well as sex and changes in
clinical characteristics. RESULTS: In this cohort, the
number of individuals with HCV increased from 17,261
in 1996 to 106,242 in 2006. The prevalence of cirrhosis
increased from 9% in 1996 to 18.5% in 2006. The preva-
lence of patients with decompensated cirrhosis doubled,
from 5% in 1996 to 11% in 2006, whereas the prevalence
of HCC increased approximately 20-fold (0.07% in 1996
to 1.3% in 2006). After adjustment, the time trend in the
prevalence of cirrhosis (and its complications) was lower
than the crude trend, although it still increased signifi-
cantly. CONCLUSIONS: The prevalence of cirrhosis
and HCC in HCV-infected patients has increased sig-
nificantly over the past 10 years. An aging cohort of
patients with HCV could partly explain our findings.

Clinicians and health care systems should develop
strategies to provide timely and effective care to this
high-risk population of patients.

Keywords: Liver Cancer; Epidemiology; Virology.

Chronic hepatitis C virus (HCV) infection is a com-
mon condition that affects more than 1.3% of the

US population.1 Recent data show that antiviral treat-
ment rates are lower than 30% and such treatment results
in a response in only half of the treated patients.2–5 Thus,

significant proportion of patients with HCV remain at
isk for progression to advanced liver disease or cirrhosis.

Cirrhosis develops after prolonged infection in patients
ith HCV.6 Because a majority of patients are believed to

have acquired their infection as young adults in the
1970s,7,8 the number of patients chronically infected for
more than 20 years continues to rise.9,10 Due to the cou-
pling of prolonged infection with aging of the HCV cohort,
the prevalence of cirrhosis and related complications is
expected to increase.11 Indeed, a recent cohort study found
that HCV-related mortality has increased substantially from
1995 to 2004 and that this rising burden of mortality is
likely related to complications of advanced liver disease.12

These data, however, do not provide direct population-
based estimates of the number of patients with cirrhosis
and related complications in relation to overall infection
with HCV, particularly in the era of modern antiviral ther-
apies. Measuring the burden of cirrhosis in HCV is impor-

Abbreviations used in this paper: CCR, Clinical Case Registry; CI,
confidence interval; ICD-9, International Classification of Diseases,
Ninth Revision; VA, Veterans Administration.
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April 2011 BURDEN OF CIRRHOSIS 1183
tant because these data can help us understand changes in
the pattern of care delivery to patients with HCV, provide a
critical insight into the magnitude of the problem, and
guide both clinicians and the health care system to develop
strategies and capacity targeted toward providing timely
and effective care to this highly vulnerable group of patients
with HCV.

The Veterans Administration (VA) health care system is
the largest integrated health care system in the United
States and has a disproportionate number of patients with
HCV. A recent study found that more than 5% of a nation-
ally representative cohort of VA system enrollees are chron-
ically infected with HCV.13 This makes the VA the flagship

ealth care system in which to examine changes in the
urden of cirrhosis. The VA is also a semiclosed system with
relatively stable patient population, making long-term

tudies possible. We conducted a retrospective cohort study
f all VA patients with HCV to quantify changes in the
revalence of cirrhosis and examine trends in its related
omplications, such as hepatic decompensation and hepa-
ocellular carcinoma (HCC).

Subjects and Methods
Data Source
We used data from the VA HCV Clinical Case Reg-

istry (CCR). This database contains health care utilization
and clinical data for more than 300,000 patients with HCV
and allows for sufficient follow-up to examine the time
trends in cirrhosis and related complications over the past
decade. The objectives of this continually updated registry
are to identify all VA patients with HCV infection, monitor
and track specific elements of medical care for these pa-
tients, review clinical status and medical outcomes, and
identify opportunities for improving care. When the registry
was first built, historical information was pulled from each
VA facility on patients with at least one positive HCV anti-
body test result or an International Classification of Dis-
eases, Ninth Revision (ICD-9) code for HCV. After the initial
registry build period, the registry software automatically
identifies patients from ICD-9 codes and HCV antibody
testing results. A local staff member at each VA site then
reviews all patients identified as meeting the electronic cri-
teria to confirm infection, and these patients are added to
the CCR.14 Data elements include demographics, all labo-
atory tests with results, outpatient and inpatient pharmacy
ata, inpatient and outpatient utilization, and death dates

if any). Seventy-five percent of patients in the CCR have
eceived an HCV viral load or genotype test; of these, 80%
ave evidence of chronic infection. The remaining 20% have
negative test result, indicating either a false-positive anti-
CV test result or resolved infection.14

Study Cohort
The study cohort included patients with chronic
HCV infection, defined as a positive test result for the
detection of HCV RNA in plasma by qualitative or quanti-
tative assays or detectable HCV genotype, who visited any of
128 VA medical centers from January 1, 1996, to December
31, 2006.

We did not include patients with a positive HCV anti-
body test result who had not received any confirmatory test
result because we wanted to avoid inclusion of patients with
a false-positive test result or resolved HCV infection. We
defined the index diagnosis date for our patients as the
earliest of their first positive HCV antibody test result,
viremia test result, or first appearance of an ICD-9 code for
HCV. For each calendar year, we only included patients who
had �1 visit to the VA during that year. We terminated
ollow-up at the time of the patient’s death.

Statistical Methods
Outcomes. The primary outcomes were time

trends in the prevalence of cirrhosis, hepatic decompensa-
tion, and HCC. We defined cirrhosis based on any inpatient
or outpatient ICD-9 code of 571.2 or 571.5 or diagnosis
codes for hepatic decompensation. We defined hepatic de-
compensation as ascites, variceal bleeding, hepatic enceph-
alopathy, spontaneous bacterial peritonitis, and hepatore-
nal syndrome based on inpatient or outpatient ICD-9 codes
789.5, 456.0-2, 572.4, 572.2, 348.3x, 070.0, 070.2x, 070.4x,
070.6, and 070.71. HCC was defined as an inpatient or
outpatient ICD-9 code of 155.0. Using these ICD-9 codes,
we have previously found high agreement between the VA
administrative data and medical records for cirrhosis and
HCC diagnoses (cirrhosis: positive predictive value, 88%;
negative predictive value, 92%; HCC: positive predictive
value, 94%).15,16 As an additional internal control, we re-
viewed the laboratory file of the CCR for aspartate amino-
transferase to platelet ratio index in our cohort stratified by
the presence of cirrhosis codes. These data showed that
most of those without cirrhosis (81%) had an aspartate
aminotransferase to platelet ratio index �1 (the latter
shown in the initial derivation and validation cohorts to be
highly predictive of the absence of cirrhosis).17 On the other

and, only 5.9% of patients with cirrhosis had an aspartate
minotransferase to platelet ratio index �1. We used the
ate of first appearance of the ICD-9 code in the database as
he index date for the corresponding diagnosis. For exam-
le, if we found the first ICD-9 code for cirrhosis in 2000,
hen we assigned “2000” as the index year for diagnosis of
irrhosis.

Factors associated with cirrhosis. We examined
he time trends in the following risk factors that may be
ssociated with an accelerated progression to cirrhosis in
atients with HCV: age, race, human immunodeficiency
irus infection, hepatitis B virus (HBV) infection, diabetes,
nd alcohol use.18–28 We identified human immunodefi-

ciency virus, diabetes, and alcohol use by the presence of 2
outpatient or 1 inpatient ICD-9 diagnosis codes recorded
during the study time frame. We used the Agency for

Healthcare Research and Quality Clinical Classification Sys-



a
g
s
a
a
w
w
p
y
a

C
LIN

IC
A

L
A

D
V

A
N

C
ES

IN
LIV

ER
,
P
A

N
C
R
EA

S,
A

N
D

B
ILIA

R
Y

TR
A

C
T

1184 KANWAL ET AL GASTROENTEROLOGY Vol. 140, No. 4
tem to classify all patient ICD-9 codes into the relevant
diagnoses (Available at: http://www.hcup-us.ahrq.gov/
toolssoftware/ccs/ccs.jsp). We defined patients with HBV
coinfection as subjects with a positive HBV surface antigen
test result. We used the date of first appearance of the ICD-9
code or, for HBV, date of the first positive HBV surface
antigen test result as the index date for the respective
comorbidity.

Statistical analyses. We calculated the crude an-
nual prevalence rate of cirrhosis by dividing the number of
patients with HCV with either a new or prior diagnosis of
cirrhosis by the total number of patients with HCV with at
least one visit to the VA during that particular year. We used
the same method to estimate annual prevalence rates of
hepatic decompensation and HCC. We plotted the crude
prevalence of cirrhosis and related complications against
the calendar years. We compared the prevalence in the first
year with that in the last year using an �2 test.

We then examined the time trends in the annual mean
ge as well as the annual prevalence for each of the demo-
raphic and clinical characteristics (listed in the previous
ection) in our HCV cohort. We computed the crude
nnual prevalence of each demographic or clinical char-
cteristic by dividing the number of patients with HCV
ith such a characteristic by the total number of patients
ith HCV with at least one visit to the VA during a
articular year. Then we plotted the estimates against
ear and compared the first year with the last year using
t test (for mean age) or �2 test (for proportions).
We used direct standardization to adjust for increasing

age of the HCV cohort as well as any sex differences during
the study period. We selected the first year (1996) in the
study cohort as our reference population. We stratified the
reference population by sex and 8 age groups (younger than

Figure 1. Change in HCV cohort size, 1996–2006.
25 years, 25–34 years, 35–44 years, 45–54 years and so on to
older than 85 years) and calculated the distribution of
patients in each age/sex group. We then calculated the
prevalence of cirrhosis (decompensation or HCC) in these
groups in each of the subsequent years. We multiplied the
age/sex–specific prevalence rates by the number of patients
in the corresponding age/sex groups in the reference pop-
ulation to obtain the number of expected patients to have
cirrhosis (decompensation or HCC) for each successive year.
Last, we divided the cumulative sum of expected patients
with cirrhosis (decompensation or HCC) by the number of
total patients in the reference population to arrive at an
overall age- and sex-adjusted prevalence rate for each year.
We then calculated the 95% confidence intervals (CIs) for
each rate. To determine the additional impact of other
comorbidities that may be rising over time, we repeated the
method previously described to derive the age- and comor-
bidity-adjusted prevalence of cirrhosis (decompensation
and HCC) for each year. We compared the adjusted preva-
lence in the first year with that of the last year using a
weighted �2 test. All statistical analyses were conducted
using SAS software version 9.1 (SAS Institute, Cary, NC).

Sensitivity analysis. HCV-infected veterans with
newly diagnosed serious medical conditions such as decom-
pensated liver disease and/or HCC that require expensive
treatment may be more likely to turn to the VA for their
medical care than those in stable health. To examine this
possibility, we calculated the percentage of the study cohort
who received a diagnosis of cirrhosis, decompensated cir-
rhosis, or HCC within the first, second, and subsequent
years of their VA care as part of a sensitivity analysis.

Results
Study Cohort
Figure 1 shows the number of patients with HCV for

each of the study years from 1996 to 2006. Our cohort
consisted of 17,261 patients in 1996. The cohort size in-
creased steadily (about 10,000 patients annually) between
1996 and 1999 and reached 47,000 patients in 1999. This
was followed by a relatively steep rise between 2000 and

Figure 2. Crude prevalence of cirrhosis, decompensated cirrhosis,

and HCC, 1996–2006.

http://www.hcup-us.ahrq.gov/toolssoftware/ccs/ccs.jsp
http://www.hcup-us.ahrq.gov/toolssoftware/ccs/ccs.jsp
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April 2011 BURDEN OF CIRRHOSIS 1185
2004 and likely reflected the wide implementation of the
screening program for HCV among VA users. The trend
leveled off in the more recent years, with a cohort size of
106,242 patients in 2006.

Crude Prevalence of Cirrhosis,
Decompensated Cirrhosis, and HCC
Figure 2 displays the trends in the prevalence of

cirrhosis, decompensated cirrhosis (left vertical axis), and
HCC (right vertical axis) between 1996 and 2006. There was a
significant increase in the prevalence of cirrhosis and its
related complications over time. For example, the preva-
lence of cirrhosis doubled from 9% (95% CI, 8.7%–9.5%) in
1996 to 18.5% (95% CI, 18.3%–18.7%) in 2006 (P � .0001).

s shown in Figure 2, the prevalence rose steeply from 1996
o 1998, stabilized between 1999 and 2002, and then started
ising again in 2003, with the trend still upward. Similarly,
he prevalence of decompensated cirrhosis rose in parallel
ith the overall prevalence of cirrhosis, with a 2-fold in-

rease from 5% (95% CI, 4.5%–5.3%) in 1996 to 11% (95% CI,
0.7%–11.1%) in 2006 (P � .0001). There was a steady

increase in the prevalence of HCC between 1996 and 2002.
However, the upward slope became steeper from 2003 on-
ward. The prevalence of HCC increased 19-fold from 0.07%

Figure 3. Annual mortality in patients with cirrhosis, 1996–2006.

Figure 4. Changes in demo-
graphic and clinical characteris-
tics. We plotted the crude prev-
alence of demographic (such as
race) and clinical (such as diabe-
tes, human immunodeficiency
virus, alcohol use, and so on)
characteristics (left vertical axis)
and mean age (right vertical axis)
against each year from 1996 to

2006.
(95% CI, 0.04%–0.1%) to 1.3% (95% CI, 1.23%–1.35%) during
the 11 study years (P � .0001).

We found that approximately 20% of all patients with a
diagnosis of cirrhosis with or without decompensation and
only 10% of patients with HCC had their first ICD-9 code in
the first year (Supplementary Table 1). For both cirrhosis
and HCC, most of the patients were diagnosed after being
in the VA for several years.

As a result of the rising prevalence rates, there were
23,294, 13,724, and 1619 patients with HCV with a diag-
nosis of cirrhosis, hepatic decompensation, or HCC, respec-
tively, in 2006. Moreover, as shown in Figure 3, mortality in
patients with cirrhosis increased over time, with a greater
proportion of patients dying in the latter than earlier years.

Crude Prevalence of Demographic and
Clinical Characteristics
As expected, the mean age of the cohort increased

over time from 46.8 years (SD, 7.6) in 1996 to 55.4 years
(SD, 7.2) in 2006 (P � .0001) (Figure 4). Similarly, the
proportion of patients with diabetes increased from 12% in
1996 to 23% in 2006 (P � .0001). Other demographic and
clinical characteristics of our HCV cohort either declined or
remained stable over the 11 study years. Specifically, the
proportion of patients with human immunodeficiency vi-
rus, HBV, and a diagnosis of alcohol use declined slightly (P
� .01), whereas the racial composition was relatively stable.

Adjusted Prevalence of Cirrhosis,
Decompensated Cirrhosis, and HCC
As shown in Figure 5, after adjustment for sex and

increasing age of the HCV cohort, the upward slopes in the
prevalence of cirrhosis and HCC were lower than the cor-
responding slopes in the crude rates. This divergence was
apparent after 1998 for cirrhosis and after 2001 for HCC
and became more pronounced with time. For example, the
adjusted prevalence of cirrhosis was 20% lower whereas that
of HCC was 47% lower than the corresponding crude prev-
alence rates in 2006. Nonetheless, the trend remained up-
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1186 KANWAL ET AL GASTROENTEROLOGY Vol. 140, No. 4
ward with a significant increase from 9% (95% CI, 8.7%–
9.5%) in 1996 to 15% (95% CI, 14.3%–15.3%) in 2006 for
cirrhosis and from 0.07% (95% CI, 0.04%–0.1%) in 1996 to
0.7% (95% CI, 0.6%–0.8%) in 2006 for HCC (P � .001).

Because diabetes was the only other risk factor that in-
creased over time (Figure 4), we calculated the age/diabetes-
adjusted trends for the prevalence of cirrhosis, decompen-
sation, and HCC. These trends were very similar to those of
the age/sex-adjusted trends displayed in Figure 5 (data not
hown).

Discussion
There are few indirect data suggesting a rise in the

burden of illness in HCV and the relative contribution of
cirrhosis in this rise. Using the US Census and cause-of-
death data, Wise et al reported that age-adjusted HCV-
related mortality rates increased from 1995 to 2002 but
reached a plateau since 2002.12 Results from mathematical
models projected an increase in the proportion of patients
with HCV who have cirrhosis to �16% in 2000 and 25% in

010, with an accompanying increase in decompensation,
iver cancer, and liver-related deaths.11 Our data are the first
o provide direct and contemporary estimates of the time
rends in the burden of cirrhosis from the largest assembled
roup of patients with HCV anywhere in the world.

Our study has 2 major findings. First, there was a striking
ncrease in the burden of cirrhosis, hepatic decompensation,
nd HCC in the VA HCV cohort over the past decade. We
ound that the prevalence of cirrhosis and hepatic decom-
ensation doubled, whereas the prevalence of HCC in-
reased 19-fold between 1996 and 2006. Thus, 1 of 5 pa-
ients with HCV had cirrhosis and 1 of 100 patients with
CV had HCC in 2006. Our results show that aging of the
A HCV-infected patients explains a significant proportion
f the rising trend (20% and 47%) in the prevalence of
irrhosis and HCC, respectively, with time. However, even
fter adjusting for aging, the time trends remained signifi-
antly upward, suggesting that other “unmeasured” factors

hat are in turn associated with the passage of time (such as
uration of HCV infection) have a role in explaining the
ising burden of cirrhosis and its related complications in
CV. We also found an increase in the proportion of pa-

ients with cirrhosis who died each year, with annual mor-
ality rates reaching 7% in 2006. Overall, 23,294, 13,724, and
619 patients with HCV who sought care at the VA had a
iagnosis of cirrhosis, hepatic decompensation, or HCC in
006 vs 2061, 1012, and 17 patients, respectively, in 1996.

Second, we found that the rise in the burden of HCC was
ignificantly greater than predicted by previous mathemat-
cal models. Specifically, we found that although only 0.26%
f the patients with HCV had HCC in 2000—an estimate
ery similar to that reported in the previous mathematical
odels—this proportion increased significantly to 1.3% in

006, which is an estimate that is remarkably higher than
ome have previously projected (eg, 0.39% by Davis et al11).
t is plausible that transferring care to the VA after devel-
pment of HCC might have contributed to the prevalence,
ut we found that most of the patients with HCC had their
ondition diagnosed after being in the VA for several years,
uggesting that care transfer plays a relatively small role.
nother explanation is that our patient population may be
t higher risk for progression to cirrhosis and HCC than
onveteran patients with HCV because of the high preva-

ence of several comorbid conditions (such as alcohol use)
n our cohort (Figure 4). It is also possible that veterans with

CV acquired their infection earlier than nonveteran pa-
ients with HCV and thus would have had their infection
or a longer time compared with nonveterans. If true, then
t would mean that the HCC prevalence curve in the general
or nonveteran) population with HCV is lagging behind
hat of HCV-infected veterans and that there might be a
reater epidemic of HCC than we were expecting. Last, it is
lso possible that data from previous studies may be an
nderestimate. In fact, data from recalibrated mathematical
odels suggest that the projected prevalence of HCC may

ndeed be higher than previously reported.29 These new and
concurrent estimates, therefore, provide convergent validity

Figure 5. Age and sex-ad-
justed prevalence of cirrhosis
and HCC. The error bars repre-
sent 95% CIs. The reference
population is the HCV-infected
VA cohort in 1996.
to our report. In contrast to the higher than expected
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prevalence of HCC, we found the prevalence of cirrhosis to
be somewhat lower than previously predicted. Based on
previous data, this disconnect is likely related to underdi-
agnosis of early-stage cirrhosis, possibly due to low rates of
biopsy in the VA.2,30 Thus, the prevalence of histologic
irrhosis may indeed be significantly higher than seen in our
nalysis.

The morbidity and mortality associated with cirrhosis
nd HCC may be greatly reduced if potentially life-saving
nterventions—such as liver transplantation and, for HCC,
ocal ablation and surgical resection—are applied in a timely

anner. However, liver transplantation is a resource-inten-
ive and scarce treatment modality, and only a few patients
ith HCC are eligible for potentially curative therapy due to
dvanced stage of HCC at diagnosis. Moreover, recent data
how deficits in the care provided to patients with cirrhosis.
or example, Julapalli et al found that only 20% of patients
ith cirrhosis who satisfied American Association for the
tudy of Liver Diseases guidelines for referral had a men-
ion of liver transplantation in their medical charts.31 Wil-

bur et al found that 94% of patients with variceal bleeding
had not received any primary prophylaxis, and Singh et al
found that follow-up endoscopy for secondary prophylaxis
was arranged for only 65% of patients after the initial bleed-
ing episode.32,33 In our previous studies, we found that less
han one-third of patients who were diagnosed with HCC
eceived screening before their diagnosis.34 In addition, we

have found that the quality of health care given to patients
with HCV infection falls far short of that recommended by
practice guidelines.35 These deficits in HCV care in general
nd cirrhosis care in particular, combined with the relative
carcity of available treatment modalities for cirrhosis, fur-
her limit the effectiveness of these treatments in clinical
are. Given the significant increase in the number of pa-
ients with cirrhosis, and given the data suggesting marked
aps in the quality of care, the health care system may need
o rechannel its efforts in patients with HCV to provide
imely and effective care to the patients with cirrhosis.

Our study has several strengths, including the long pe-
iod of follow-up, use of previously validated definitions of
irrhosis and HCC, and examination of demographic and
linical variables that may impact the burden of cirrhosis in
CV. Moreover, most of the patients with HCV in the VA

re diagnosed as a result of a system-wide screening pro-
ram, rather than after development of complications from
iver disease. The presence of this unique screening mecha-
ism makes our sample a relatively unbiased cohort. The
vailability of laboratory data allowed us to identify a cohort
f patients with chronic HCV infection. To achieve high
ccuracy of case definitions, we excluded patients without
ocumented viremia from our denominator; therefore, the
bsolute number of patients with cirrhosis might be even
igher than reported. However, prevalence estimates are less

ikely to be affected.
Our study is limited by the observational retrospective
ature of its design. Several unmeasured patient character- c
stics could have affected our results. Specifically, we could
ot determine the presence of coexisting nonalcoholic ste-
tohepatitis. However, given the strong association between
etabolic syndrome and nonalcoholic steatohepatitis, we

ypothesized that diabetes would act as a surrogate for
onalcoholic steatohepatitis. Although we had information
n antiviral treatment in our database, we opted not to

nclude this variable in our analysis. Conceptually, we ex-
ected the antiviral treatment variable to have 2 opposing
ffects on the prevalence of cirrhosis: (1) patients with suc-
essful antiviral treatment would be less likely to progress to
irrhosis (negative association), and (2) because patients
ith cirrhosis are at the highest risk for adverse disease
utcomes, they would also be more likely to receive antiviral
reatment (positive association). Given the low rates of an-
iviral treatment in our study population (16% of our co-
ort had ever received at least one prescription of interferon;
ata not shown), we do not anticipate any bias in our
nalysis. We did not analyze any care that occurred before
anuary 1, 1996, and it is possible that some patients, par-
icularly those included in the database during the earlier
ears, might have been diagnosed with HCV before 1996.
his might have caused an overestimation of the prevalence
f cirrhosis in the earlier years. However, we believe that this
ffect is likely small because most of the patients with HCV
n the VA were diagnosed as a result of a widely imple-

ented screening program for HCV in the late 1990s (Fig-
re 1 depicts the impact of this screening program). Our
nalysis was not designed to identify causative elements
hat lead to progression of liver disease; therefore, we cannot
mply causative relationships about progression from this
tudy. Instead, we planned this analysis to shed light on the
urden of illness and its related implications from the
erspective of a health care system that is managing a large
ohort of patients with HCV. Our results are derived from
iagnosed HCV-infected patients who sought care in the VA
ealth care system, and although the generalizability of the
iologic process of cirrhosis progression probably extends
rom these veterans to other HCV-infected individuals in
he VA as well as nonveterans, further research would be
eeded to confirm that. We are also limited by the sensitiv-

ties and specificities of the ICD-9 coding system for our
utcomes, which may vary between VA and non-VA practi-
ioners, thus limiting the generalizability of overall rates of
irrhosis and its complications to patients with HCV out-
ide of the VA.

Our analysis highlights that the prevalence of cirrhosis
as reached very high proportions among veterans with
CV infection. Given low antiviral treatment rates for HCV,
e believe that the burden of cirrhosis will continue to grow
s the HCV cohort ages unless effective treatment can be
rovided to patients with HCV in a timely manner. In light
f the increasing burden of cirrhosis and HCC in patients
ith HCV, clinicians and the health care system may need

o develop strategies targeted to provide timely and effective

are to this high-risk patient population.
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Supplementary Table 1. Timing of Diagnosis of Cirrhosis
and HCC in Relation to the
Duration of Follow-up in the VA
Health Care System

Time of diagnosis Cirrhosis (%) HCC (%)

First year 20.6 10.2
Second year 9.5 7.5
Third year 8.4 8.3
ourth year 11.4 10.2
ifth year or later 50.1 63.6

OTE. For this analysis, we primarily focused on patients who were
iagnosed with cirrhosis or HCC on or after January 1, 2000. We used
his cutoff to allow for a sufficient washout period between 1996 and
iagnosis of cirrhosis or HCC and thus minimized the possibility of
isclassification of the patients’ first visit to the VA.
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