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IMPORTANCE Knowing the rate of liver fibrosis progression in hepatitis C virus (HCV)-infected
persons can help inform patients and providers (clinicians, medical institutions or
organizations, and third-party payers) in making treatment decisions.

OBJECTIVE To determine the rate and factors associated with liver fibrosis progression and
hepatic decompensation in persons after acquiring HCV infection.

DESIGN, SETTING, AND PARTICIPANTS Secondary data analysis of persons in the Electronically
Retrieved Cohort of HCV Infected Veterans (ERCHIVES), a national Veterans Affairs (VA)
database, between 2002 and 2012. Among 610 514 persons in ERCHIVES (half were HCV
positive), we identified those with an initial negative and subsequent positive test result for
HCV antibody and positive HCV RNA test result (HCV+). Controls had 2 negative HCV
antibody test results (HCV−) in a comparable time frame and were matched 1:1 on age (in
5-year blocks), race, and sex. We excluded persons with human immunodeficiency virus,
hepatitis B, less than 24 months of follow-up, hepatocellular carcinoma, and cirrhosis at
baseline.

MAIN OUTCOMES AND MEASURES Progression of liver fibrosis as estimated by the Fibrosis-4
(FIB-4) index; development of cirrhosis, defined by a FIB-4 score greater than 3.5; and
development of hepatic decompensation.

RESULTS The evaluable data set consisted of 1840 persons who were HCV+ and 1840 HCV−
controls. The HCV+ persons were younger and had a lower mean (SD) body mass index (27.39
[5.51] vs 29.49 [6.16]; P < .001), a higher prevalence of alcohol and drug abuse and
dependence diagnoses, and higher serum aminotransferase levels, but had a lower
prevalence of diabetes and hypertension. Fibrosis progression started early after infection
among HCV+ persons and tapered off after 5 years. A total of 452 cirrhosis and 85 hepatic
decompensation events were recorded. After 10 years of follow-up, HCV+ persons were more
likely to have a diagnosis of cirrhosis compared with HCV− controls (18.4% vs 6.1%). Nine
years after diagnosis of cirrhosis, hepatic decompensation events were uncommon but had a
higher rate in the HCV+ group (1.79% vs 0.33%).

CONCLUSIONS AND RELEVANCE Persons who seroconverted for HCV have a more rapid
progression of liver fibrosis and accelerated time to development of cirrhosis after
seroconversion compared with HCV− controls. Fibrosis progression occurs early after
infection; however, hepatic decompensation is uncommon after diagnosis of cirrhosis.

JAMA Intern Med. doi:10.1001/jamainternmed.2014.6502
Published online December 8, 2014.

Editorial

Supplemental content at
jamainternalmedicine.com

Author Affiliations: Author
affiliations are listed at the end of this
article.

Group Information: The ERCHIVES
Study Team comprises the authors of
this article.

Corresponding Author: Adeel A.
Butt, MD, MS, Division of Infectious
Diseases, University of Pittsburgh
School of Medicine, 3601 Fifth Ave,
Ste 3A, Pittsburgh, PA 15213
(aabutt@pitt.edu).

Research

Original Investigation

E1

Copyright 2014 American Medical Association. All rights reserved.

Downloaded From: http://archinte.jamanetwork.com/ by Jules Levin on 12/11/2014



Copyright 2014 American Medical Association. All rights reserved.

S tudying clinical consequences of hepatitis C virus
(HCV) infection is often limited by the lack of knowl-
edge of actual time of infection. Our understanding of

the natural history of HCV infection has mostly been gained
from studies with small numbers of participants, single-
source outbreaks, or high-risk target populations.1-3 In many
previous studies, participants were those who were referred
to specialty clinics and/or those who consented to undergo
liver biopsy on 1 or more occasions. To improve our under-
standing of the course of chronic HCV infection and clinical
consequences arising from it, a relatively precise estimate of
the time of infection with adequate follow-up time in a large
national, geographically diverse sample and appropriate
HCV-uninfected controls are needed. An added advantage of
using noninvasive markers over liver biopsy, which is the
gold standard, is that they can be obtained at multiple time
points for large populations.

Hepatitis C virus is a slowly progressive chronic disease.
Many HCV-infected patients do not develop liver-related com-
plications even after many years of infection. Because the most
severe consequences of chronic HCV infection are due to liver
disease, it is important to define the rate of progression of liver
fibrosis and hepatic decompensation and the potential me-
diators of these consequences. To address these issues, we used
the Electronically Retrieved Cohort of HCV-Infected Veterans
(ERCHIVES), a well-established national cohort of HCV-
infected veterans and corresponding HCV-uninfected con-
trols, to identify patients who tested positive for HCV anti-
body during follow-up, after at least 1 prior negative HCV
antibody test result. Our primary aim was to determine the rate
of liver fibrosis progression among HCV-infected persons and
uninfected controls, with a relatively well-defined time of HCV
seroconversion. We also determined factors associated with
development of cirrhosis and hepatic decompensation among
these persons.

Methods
Data Sources
The study was approved by the institutional review board of
the Veterans Affairs (VA) Pittsburgh Healthcare System. Ap-
propriate approvals were also obtained from individual data
sources, where required. We used the third iteration of the
Electronically Retrieved Cohort of HCV Infected Veterans
(ERCHIVES 3.0) to identify newly diagnosed HCV-infected per-
sons and HCV-uninfected controls between October 1, 2001,
and September 30, 2012. The earlier versions of ERCHIVES have
been previously defined.4-10 In ERCHIVES 3.0, we identified
all HCV-infected persons in the VA health care system be-
tween October 1, 2001, through September 30, 2012 (VA fiscal
years 2002-2012). Persons infected with HCV were identified
based on a positive HCV antibody test result (HCV+), and HCV-
uninfected persons, matched on age (in 5-year blocks), sex, and
race/ethnicity, were identified based on a negative HCV anti-
body test result (HCV−) performed in the same year. Clinical
and demographic information was retrieved from the Na-
tional Patient Care Database, pharmacy information from the

Pharmacy Benefits Management database, and mortality in-
formation from the Beneficiary Identification Records Loca-
tor System and the VA death file. Laboratory data were re-
trieved from the Corporate Data Warehouse. Data from these
multiple sources were merged using previously established
algorithms.

Study Patients
For the current analysis, we identified persons who were HCV
antibody negative on initial testing but had at least 1 subse-
quent positive HCV antibody test result and no subsequent
negative test result ever as well as at least 1 positive HCV RNA
result after the positive antibody test result. The actual time
of infection was assigned to be the midpoint between the last
negative and first positive test result. Controls were persons
who were HCV antibody negative within 1 year of the corre-
sponding HCV-infected person testing positive, plus at least 1
more negative test result within 1 year of the first negative re-
sult to account for the initial testing bias.

We excluded persons with HIV infection, hepatitis B sur-
face antigen positivity, cirrhosis, and hepatocellular carci-
noma, as well as those with no laboratory values available to
calculate baseline Fibrosis-4 (FIB-4) score. Patients who re-
ceived any treatment for HCV were included but censored at
the time of HCV treatment initiation for time-to-event analy-
ses. Retained patients were further required to have at least
24 months of follow-up in the VA health care system after ini-
tial diagnosis as well as availability of at least 1 FIB-4 measure-
ment available after 24 months of baseline.

Baseline was defined as the midpoint between last HCV−
and first HCV+ date for cases and the midpoint between the
2 negative test results for controls. Time at risk started from
the baseline date for each group till the time of first diagno-
sis of cirrhosis (when cirrhosis was the outcome, determined
by FIB-4 score), first HCV treatment date, first hepatic
decompensation event, death, or last observation date in
ERCHIVES.

Other Definitions
The FIB-4 index was chosen as the measure of fibrosis pro-
gression based on previously published data suggesting its util-
ity to detect liver involvement in HCV-infected persons. The
FIB-4 score provides an estimation of degree of liver fibrosis
using routinely obtained blood tests11-13 and was computed as
follows:

FIB-4 = age [years] × AST [IU/L]/platelet count [platelets
×109/L] × (ALT1/2[IU/L]),

where AST indicates aspartate aminotransferase; and ALT, ala-
nine aminotransferase.

Laboratory data were obtained at yearly intervals, and
FIB-4 score was calculated using these values. When avail-
able, the mean of 3 values closest to the chosen time point (±6
months) was used to calculate FIB-4 score. For baseline val-
ues, only values prior to baseline were used. For FIB-4 score
calculations, age was kept constant at baseline. Liver cirrho-
sis was defined as a FIB-4 score greater than 3.5, as per sev-
eral previous publications using these cutoffs.
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Comorbid medical and psychiatric diagnoses and history
of alcohol and drug abuse diagnoses were extracted at base-
line and were based on laboratory values (for the variables de-
scribed in the following paragraph) or the presence of at least
1 inpatient or 2 outpatient International Classification of Dis-
eases, Ninth Revision (ICD-9) diagnoses. The utility of these di-
agnoses have been previously demonstrated.14-17

Patients were considered to have diabetes if they met any
of the following criteria: (1) glucose level of 200 mg/dL or greater
(to convert to millimoles per liter, multiply by 0.0555) on 2 sepa-
rate occasions; (2) ICD-9 codes (≥2 outpatient or ≥1 inpatient)
plus treatment with an oral hypoglycemic or insulin for 30 days
or more; (3) ICD-9 codes (2 outpatient or 1 inpatient) plus glu-
cose level of 126 mg/dL or greater on 2 separate occasions; (4)
glucose level of 200 mg/dL or greater on 1 occasion plus treat-
ment with an oral hypoglycemic or insulin for 30 days or
more.18 Chronic kidney disease was defined as an estimated
glomerular filtration rate lower than 60 mL/min/1.73 m2 on 2
separate occasions at least 90 days apart, as calculated by the
simplified Modification of Diet in Renal Disease equation.8 He-
patic decompensation was defined as a primary hospital dis-
charge diagnosis or 2 or more outpatient diagnoses for asci-
tes, spontaneous bacterial peritonitis, or esophageal variceal
hemorrhage. In a previous study by our group in a similar set-
ting, 91% of events using this definition were confirmed by
medical records.19 Anemia was defined as a hemoglobin level
lower than 13 g/dL (to convert to grams per liter, multiply by
10) for men and lower than 12 g/dL for women.

Outcomes
Our main outcome measures were (1) progression of liver fi-
brosis by as estimated by FIB-4; (2) development of cirrhosis,
defined by FIB-4 score greater than 3.5; and (3) development
of hepatic decompensation. We performed additional analy-
ses using the AST to platelet ratio index (APRI) as a measure
of liver fibrosis progression and cirrhosis, using a cutoff value
of greater than 2.0 for cirrhosis. These analyses are presented
in eTables 1 and 2 in the Supplement.

Analysis
The HCV+ group included persons who had detectable HCV
RNA after HCV antibody positivity and no subsequent unde-
tectable value. The control group included HCV− persons
matched to each HCV-infected person. Baseline characteris-
tics were compared using the χ2 test or t test as appropriate.
Factors associated with subsequent development of cirrho-
sis or hepatic decompensation were determined using multi-
variable Cox regression analysis, including all listed covari-
ates in the model. Because alcohol use can also have an
acute impact on liver complications, we performed a sensi-
tivity analysis after excluding all persons with a diagnosis of
alcohol abuse and dependence in the 12-month period prior
to baseline, as well as during follow-up. Assumptions of pro-
portionality were tested using Schoenfeld residuals. Kaplan-
Meier plots were generated to show and compare time to
development of cirrhosis and first hepatic decompensation
event among the study groups. P < .05 was considered statis-
tically significant when comparisons were made. We used

SAS (SAS Institute Inc) and Stata version 11 (StataCorp) soft-
ware for statistical analyses.

Results
Patient Characteristics
Within the ERCHIVES data set (610 514 persons, 1:1 matched
at baseline for HCV antibody positivity, age in 5-year blocks,
race, and sex), we identified 10 966 persons who had an ini-
tial negative and a subsequent positive HCV antibody test re-
sult. We excluded persons diagnosed as having HIV infection
(n = 536); those with hepatitis B surface antigen positivity at
baseline (n = 197); those with a diagnosis of hepatocellular car-
cinoma at baseline (n = 15); those missing FIB-4 or APRI data
at baseline or after 24 months in care (n = 3433); those with a
cirrhosis diagnosis at baseline (n = 218); and those with no HCV
RNA value available (n = 2560). A total of 517 patients re-
ceived treatment for HCV and were censored at the time of HCV
treatment initiation for time-to-event analyses. After these ex-
clusions, there were 1840 HCV+ persons available for analy-
sis. We then identified the same number of age- (in 5-year
blocks), race/ethnicity–, and sex-matched controls who were
HCV antibody negative within 1 year of HCV-infected person
testing positive, plus at least 1 more negative test within 1 year
of the first negative result. Exclusion criteria for this group were
similar to the HCV+ group (Figure 1).

Baseline characteristics of the subjects are provided in
Table 1. Compared with HCV− persons, HCV+ persons were
younger, had a lower mean (SD) body mass index (27.39 [5.51]
vs 29.49 [6.16] [calculated as weight in kilograms divided by
height in meters squared]; P < .001), had a higher prevalence
of alcohol and drug abuse and dependence diagnoses, and had
higher serum aminotransferase levels, but had a lower preva-
lence of diabetes and hypertension. The median time be-
tween last negative and first positive HCV antibody test re-
sult was 41 months (interquartile range, 18.5-65.0 months).

Progression of Hepatic Fibrosis and Diagnosis
of Cirrhosis Over Time
We plotted the mean FIB-4 scores over time to visually present
the progression of liver fibrosis over time (Figure 2A). Because
serum aminotransferase levels may be elevated in acute infec-
tion and then return to a “set point,” we added a time point for
FIB-4 calculation prior to seroconversion, using the time clos-
est to, but before, the last HCV negative test result. Fibrosis pro-
gression started early and was most pronounced within the first
5 years but continued over a period of 11 years. Progression was
persistently higher among those who were HCV+. Because al-
cohol use can also acutely affect AST and ALT levels and give
spurious FIB-4 results, we performed a sensitivity analysis re-
moving all persons with a diagnosis of alcohol abuse and de-
pendence in the 12-month period prior to baseline. This did not
alter the results significantly (eFigure 1 in the Supplement).

We then estimated time to development of cirrhosis using
the FIB-4 index with adjustment for baseline FIB-4 score
(Figure 2B). A total of 452 cirrhosis diagnoses were recorded—
339 in the HCV+ group (18.4%) and 113 in the HCV− group (6.1%).
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Compared with HCV− persons, HCV+ persons had a signifi-
cantly shorter time to development of liver cirrhosis. Remov-
ing patients with baseline and subsequent diagnoses of alco-
hol abuse or dependence determine cirrhosis did not alter the
results significantly (eFigure 2 in the Supplement).

We then estimated time to initial hepatic decompensa-
tion event. There were a total of 85 hepatic decompensation
events recorded—57 in the HCV+ group (3.1%) and 28 in the
HCV− group (1.4%). Compared with HCV− persons, HCV+ per-
sons had a significantly faster time to first hepatic decompen-

Table 1. Baseline Characteristics of Patients by HCV Infection Category

Characteristic
HCV Ab+ RNA+

(n = 1840)
HCV Ab−

(n = 1840) P Value
Age, median (IQR), y 49 (41-55) 52 (48-56) <.001

Race, %

White 69.4 69.4 NA

Black 20.2 20.2 NA

Hispanic 4.2 4.2 NA

Other/unknown 6.2 6.2 NA

Male sex, % 92.9 92.9 NA

BMI, mean (SD) 27.39 (5.51) 29.49 (6.16) <.001

Diabetes, % 17.8 23.15 <.001

Hypertension, % 45.2 55.16 <.001

CKD stage 3-5, % 20.3 20.54 .83

CVD, % 12.2 12.99 .49

Alcohol abuse or dependence, % 52.9 30.71 <.001

Drug abuse or dependence, % 58.3 23.70 <.001

Anemia, % 32.6 28.04 .003

AST, mean (SD), IU/mL 39.08 (38.17) 28.39 (15.36) <.001

ALT, mean (SD), IU/mL 53.66 (70.20) 35.06 (23.53) <.001

Hemoglobin, mean (SD), g/dL 14.71 (1.55) 14.63 (1.55) .13

Platelet count, mean (SD), ×103/μL 262.60 (71.41) 254.62 (70.08) <.001

FIB-4 score, mean (SD) 1.09 (0.63) 1.07 (0.48) .31

Time between last − and first + HCV Ab
test result, median (IQR), mo

41 (18.5-65.0) NA NA

Abbreviations: Ab, antibody;
ALT, alanine aminotransferase;
AST, aspartate aminotransferase;
BMI, body mass index (calculated as
weight in kilograms divided by height
in meters squared); CKD, chronic
kidney disease; CVD, cardiovascular
disease; HCV, hepatitis C virus;
IQR, interquartile range; NA, not
applicable; −, negative; +, positive.

SI conversion factors: To convert AST
and ALT to microkatals per liter,
multiply by 0.0167; hemoglobin to
grams per liter, multiply by 10; and
platelet count to ×109/L, multiply
by 1.

Figure 1. Flowchart of the Patients Included in the Study

10 966 First HCV Ab– test result and ≥1
subsequent positive test result
and no subsequent negative result

251 943 At least 2 negative HCV
antibody test results

1840 HCV+ group (≥1 detectable HCV
RNA value and no undetectable 
value ever after)

1840 HCV− group

9126 Excluded
536 HIV+
197 HBsAg+

15 HCC at baseline
3433 No laboratory values at baseline and

after 24 mo to calculate FIB-4 score
218 Cirrhosis diagnosis at baseline

2560 No HCV RNA value available
2167 Patients with undetectable HCV

RNA value

164 780 Excluded
9477 HIV+
3448 HBsAg+

395 HCC at baseline
149 810 No laboratory values at baseline

and after 24 mo to calculate
FIB-4 score

1650 Cirrhosis diagnosis at baseline

87 163 Remaining

Select 1 control per case matched for age (5-year
blocks), race, sex, and HCV test result within 1
year of HCV+ cases

Ab indicates antibody; FIB-4, Fibrosis-4; HBsAg, hepatitis B surface antigen; HCC, hepatocellular carcinoma; HCV, hepatitis C virus; HIV, human immunodeficiency
virus; −, negative; and +, positive.
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sation event (Figure 2C). Removing patients with baseline and
subsequent diagnoses of alcohol abuse or dependence did not
alter the results significantly (eFigure 3 in the Supplement).

Factors Associated With Cirrhosis
and Hepatic Decompensation
Table 2 provides the demographic and clinical factors associ-
ated with a diagnosis of cirrhosis in each of the groups. Among
HCV+ persons, factors associated with a higher risk of cirrhosis
were increasing age, white race, hypertension, history of alco-
hol abuse or dependence, and anemia. Among HCV− controls,
only alcohol abuse or dependence and anemia were associ-
ated with a higher risk of cirrhosis. When persons with diagno-
sis of alcohol abuse or dependence at baseline were removed,
only age was significantly associated with a diagnosis of cirrho-
sis among HCV+ persons (eTable 1 in the Supplement).

Finally, we determined the risk factors for hepatic decom-
pensation in HCV+ and HCV− persons (Table 2). Diabetes, hy-
pertension, and anemia were associated with a higher risk of
developing hepatic decompensation among HCV+ persons,
while alcohol abuse or dependence was the only factor sig-
nificantly associated with this outcome in HCV− group. When
patients with a diagnosis of alcohol abuse or dependence were
removed, hypertension and anemia remained significantly as-
sociated with a diagnosis of hepatic decompensation in the
HCV+ persons (eTable 2 in the Supplement).

Additional Analyses
Hepatitis C virus genotype results were available for 521 pa-
tients among the HCV+ group. Of those, 395 (75.8%) were geno-
type 1, 52 (10.0%) were genotype 2, 66 (12.7%) were genotype
3, and 8 (1.5%) were genotype 4. While these numbers are small,
the rate of fibrosis progression, time to cirrhosis, and time to
first hepatic decompensation event were similar in genotype
1 vs non–genotype 1 individuals (data not shown).

We also determined the cumulative proportion of per-
sons who developed cirrhosis after each year of follow-up using
FIB-4 for diagnosis (Table 3). At 5 years, more than 15% of HCV+
persons had a diagnosis of cirrhosis, compared with less than
5% in HCV− controls. Finally, we determined the number of
persons who developed a hepatic decompensation event an-
nually after the diagnosis of cirrhosis per year. While the over-
all number of events was very small, the numbers in HCV+ per-
sons were higher than HCV− controls. In addition, more than
half of hepatic decompensation events occurred within 2 years
of cirrhosis diagnosis (Table 3).

We determined fibrosis progression and development of
cirrhosis using the APRI as a marker of these outcomes. The
results were similar to primary analyses using the FIB-4 in-
dex and are presented in eFigures 4 and 5 in the Supplement.

Discussion
Our study shows that fibrosis progression after HCV infection
starts early and that a substantial proportion of HCV-infected
persons develop significant fibrosis or cirrhosis within the first
5 to 10 years of infection. On the other hand, progression of

Figure 2. Progression of Liver Fibrosis Over Time and Kaplan-Meier
Curves of Time to Development of Cirrhosis and First Hepatic
Decompensation

2.5

Time to Progression of Liver Fibrosis

Time to Development of Cirrhosis

Time to First Hepatic Decompensation

2.0

1.5

1.0

0.5

0

M
ea

n 
FI

B-
4 

Sc
or

e

Year

No. at risk, y
HCV+
HCV–

A

HCV+
HCV–

100

90

80

70

60

50

Pe
rs

on
s W

ith
ou

t C
irr

ho
si

s,
 %

Year

1
1789
1820

5
943

1105

10
63
86

2
1732
1808

3
1519
1642

4
1202
1378

6
694
835

7
483
588

8
280
369

9
157
216

B

HCV+
HCV–

No. at risk, y
HCV+
HCV–

100

95

90

85

80

75

Pe
rs

on
s W

ith
ou

t H
ep

at
ic

 D
ec

om
pe

ns
at

io
n,

 %

Year

1
1827
1826

5
1070
1129

10
79
92

2
1823
1820

3
1651
1661

4
1351
1403

6
796
860

7
561
607

8
329
378

9
190
224

C

HCV+
HCV–

0 2 4 6 8 10

0 2 4 6 8 10

11109875 64321Baseline

Before Baseline

A, Using the Fibrosis-4 (FIB-4) index as a measure of liver fibrosis. B, Using the
FIB-4 index, adjusted for baseline FIB-4 score (P < .001). C, P < .001.

Liver Fibrosis Progression in HCV Infection Original Investigation Research

jamainternalmedicine.com JAMA Internal Medicine Published online December 8, 2014 E5

Copyright 2014 American Medical Association. All rights reserved.

Downloaded From: http://archinte.jamanetwork.com/ by Jules Levin on 12/11/2014



Copyright 2014 American Medical Association. All rights reserved.

cirrhosis to hepatic decompensation is uncommon in the first
9 years after cirrhosis. To our knowledge, this is the largest
study of HCV-infected persons with a relatively precise esti-
mation of the time of infection, and it provides important in-
formation about natural history of HCV infection. Because our

study participants were not limited to a single outbreak and
our study was not geographically limited and did not com-
prise a convenience sample of those who consented to re-
peated liver biopsies, it presents important information of sev-
eral outcomes of interest in this population.

Table 3. Cumulative Proportion of Persons With Cirrhosis After Each Year of Follow-up and Who Developed Hepatic Decompensation Over Timea

Year

Persons With Cirrhosis
After Each Year of Follow-up

Persons Who Developed Hepatic Decompensation Over Time

Among All Persons Among Those With a Diagnosis of Cirrhosis
HCV+ RNA+
(n = 1840)

HCV−
(n = 1840)

HCV+
(n = 1840)

HCV−
(n = 1840)

HCV+
(n = 341)

HCV−
(n = 113)

1 2.8 1.1 3.2 3.5 0.6 0.2

2 5.9 1.7 5.9 3.5 1.1 0.2

3 9.8 2.8 7.0 3.5 1.3 0.2

4 13.5 3.8 8.2 4.4 1.5 0.3

5 15.1 4.7 8.2 5.3 1.5 0.3

6 16.3 5.4 8.5 5.3 1.6 0.3

7 17.3 5.7 9.1 5.3 1.7 0.3

8 17.8 5.9 9.4 5.3 1.7 0.3

9 18.1 6.1 9.7 5.3 1.8 0.3

10 18.4 6.1 NA NA NA NA

Abbreviations; HCV, hepatitis C virus; −, negative; +, positive; NA, not applicable.
a Data are given as percentage of patients.

Table 2. Factors Associated With Progression to a Diagnosis of Cirrhosis Using the FIB-4 Index and to Hepatic Decompensationa

Factor

HCV Ab+ RNA+ HCV Ab−

HR (95% CI) P Value HR (95% CI) P Value
Progression to a Diagnosis of Cirrhosis Using the FIB-4 Index

Age, per 10-y increase 1.54 (1.35-1.75) <.001 1.18 (0.91-1.54) .20

Race, white vs nonwhite 1.51 (1.19 to 1.91) <.001 1.45 (0.94-2.24) .09

Male sex 1.63 (0.80-3.33) .18 1.91 (0.47-7.82) .37

BMI <30 vs >30 1.14 (0.89-1.47) .30 0.88 (0.58-1.33) .55

Diabetes 1.01 (0.77-1.32) .96 1.15 (0.73-1.81) .54

Hypertension 1.30 (1.02-1.67) .04 1.43 (0.92-2.24) .11

CKD stage 3-5 0.90 (0.68-1.18) .43 1.13 (0.71-1.79) .61

CVD 1.11 (0.83-1.50) .48 0.73 (0.43-1.24) .24

Alcohol abuse or dependence 1.65 (1.25-2.17) <.001 1.87 (1.17-2.97) .01

Drug abuse or dependence 0.77 (0.58-1.02) .07 1.13 (0.69-1.85) .63

Anemia 1.30 (1.02-1.65) .03 1.69 (1.12-2.54) .01

Progression to Hepatic Decompensation

Age, per 10-y increase 1.32 (0.99-1.77) .06 1.14 (0.66-1.97) .63

Race, white vs nonwhite 1.08 (0.63-1.87) .77 2.63 (0.98-7.02) .05

Male sex 2.63 (0.36-19.39) .34 1.13 (0.15-8.51) .91

BMI <30 vs ≥30 1.16 (0.65-2.04) .62 0.61 (0.27-1.38) .24

Diabetes 2.02 (1.11-3.69) .02 1.23 (0.51-2.96) .65

Hypertension 2.39 (1.18-4.86) .02 4.62 (1.53-13.98) .01

CKD stage 3-5 0.61 (0.31-1.19) .14 1.17 (0.50-2.78) .72

CVD 1.43 (0.77-2.68) .26 1.01 (0.39-2.66) .98

Alcohol abuse or dependence 1.05 (0.53-2.08) .89 2.96 (1.26-6.94) .01

Drug abuse or dependence 0.65 (0.32-1.31) .23 0.79 (0.31-2.01) .62

Anemia 2.08 (1.17-3.71) .01 2.10 (0.93-4.75) .07

Abbreviations; Ab, antibody; BMI, body mass index (calculated as weight in
kilograms divided by height in meters squared; CKD, chronic kidney disease;
CVD, cardiovascular disease; FIB-4, Fibrosis-4; HCV, hepatitis C virus;

HR, hazard ratio; −, negative; +, positive.
a Multivariable analysis, adjusted for baseline FIB-4 score.
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Our study presents a somewhat different picture than
other studies of liver disease progression after acute HCV
infection. In a study of 155 Irish women infected by contami-
nated anti-D immunoglobulin, no cases of cirrhosis were
observed after 22 years of follow-up.2 In another study of 547
patients with parenterally acquired HCV (116 HIV+ and 431
HIV− patients), only 2.6% of the HCV-monoinfected persons
developed cirrhosis in the first 10 years after infection.3 In
other smaller studies (39-135 patients) from the United States
and Europe of transfusion-associated non-A, non-B hepati-
tis, cirrhosis was observed in 8% to 24% of the patients after
8 to 14 years of follow-up. These studies were limited by the
fact that the time of HCV infection was estimated by history
in most studies, and HCV infection was confirmed in most,
but not all, cases.20-24 Retrospective studies have also esti-
mated the mean interval between transfusion and diagnosis
of cirrhosis to be approximately 21 years.25-27 Using a widely
used noninvasive marker of liver fibrosis (FIB-4 index), we
found that among HCV+ persons the mean FIB-4 scores
doubled in the first 4 years after infection and more than
18% of them developed cirrhosis within 10 years after infec-
tion. It might be argued that HCV-infected persons have cer-
tain behavioral characteristics (eg, more alcohol use) that
may predispose them to faster progression of liver disease.
We analyzed our data after excluding those with a diagnosis
of alcohol abuse or dependence, and the result trends were
similar, indicating that HCV itself plays a role. Chronic HCV
infection has been associated with a higher risk of hepatic
steatosis, which can also lead to an elevated liver enzyme
level and higher FIB-4 score. However, steatosis is often
associated with higher body mass index, but HCV+ persons
in our study had a lower body mass index. The role of
hepatic steatosis needs to differentiated from the effects of
HCV itself through further studies.

The association of hypertension with liver fibrosis pro-
gression is a novel and interesting finding. Hypertension and
insulin resistance have been associated with a diagnosis of
nonalcoholic fatty liver disease. A recent study has demon-
strated that persons with fatty liver had a higher risk of
developing hypertension independent of multiple con-
founders, and resolution of fatty liver reverted the risk to
baseline.28

Studies have shown that hepatic stellate cells are the prin-
cipal hepatic fibrogenic cells generating scar tissue in re-
sponse to persisting liver injury. These cells express func-
tional adrenoceptors, and catecholamines and neuropeptide
Y can induce characteristic profibrotic phenotypic changes in
these cells. These receptors are up-regulated in nonalcoholic
fatty liver disease–associated cirrhosis, and a general over-
stimulation of the sympathetic nervous system in fatty liver
may potentially partially explain this association.29 Whether
higher blood pressure exerts an independent effect on liver fi-
brosis in HCV-infected persons and the mechanism of this as-
sociation need further study.

Another interesting finding in our study is the associa-
tion of white race with a diagnosis of cirrhosis. White race
was associated with a 51% higher risk of developing cirrhosis
compared with nonwhite race among HCV+ persons. Similar

associations have been observed in HCV-infected persons on
dialysis, where survival was worse in patients who were
white compared with other races.30 Whether this is a reflec-
tion of risk factors for acquisition of HCV, other behavioral
factors, genetic factors, or other unknown factors remains to
be established.

The strengths of our study include a very large, national
sample with a long follow-up. We also had a relatively pre-
cise time of infection because we had the last negative and
first positive HCV antibody test result. There are also several
important limitations that need to be considered when inter-
preting these results. Even though we have a relatively pre-
cise estimate of time of infection, the median time between
last negative and first positive HCV antibody test result was
41 months. The FIB-4 index is not the gold standard for
hepatic fibrosis evaluation, though it has been found to be
useful in this regard. Laboratory values were not gathered
uniformly as part of a prospective study but were obtained
during the course of routine clinical care. We did not have
enough data on HCV genotype. It is known that certain
genotypes are associated with more liver histologic abnor-
malities, though this has been more evident with steatosis
than fibrosis. We did not have the risk factors for HCV infec-
tion; hence, the effect of mode of acquisition of HCV on liver
fibrosis progression could not be assessed. Diagnosis of alco-
hol use was based on ICD-9 codes, which may lead to a mis-
classification of some patients. However, with such a large
data set, we anticipate the misclassification effect to be
diluted and to be relatively similar across study groups. We
also performed an analysis removing all persons with a diag-
nosis of alcohol abuse and dependence, and the results were
comparable.

Results from our study may have implications in policy
making and treatment decisions for HCV-infected persons.
Treatment regimens for HCV are now available, which lead to
sustained viral eradication in excess of 90% of treated per-
sons. However, these treatments are very costly. Identifying
persons with a higher risk of disease progression can help de-
termine those in immediate need of treatment vs those in
whom treatment may be safely deferred until simpler and
cheaper therapeutic regimens are available. If newer treat-
ments demonstrate slowing or reversal of fibrosis progres-
sion and delaying development of cirrhosis, our data would
suggest treating early in the course of infection. On the other
hand, if the cirrhosis has already set in, treatment may be help-
ful in preventing hepatic decompensation in only a small num-
ber of those with cirrhosis, since the number who go on to de-
velop this complication is small.

Conclusions
In our study, HCV-infected persons had a more rapid progres-
sion of liver fibrosis and accelerated time to development of
cirrhosis. With newer therapies that eradicate HCV in over 90%
of treated persons, it is important to rigorously study the ef-
fect of early treatment on liver disease progression and devel-
opment of cirrhosis and hepatic decompensation.
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