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ABSTRACT

Objectives: We hypothesized that the cost burden associated with 
hepatitis C virus (HCV) has increased. To that end, we estimated 
the direct healthcare and indirect work-loss cost burden of chronic 
HCV using health insurance claims from 60 self-insured Fortune 
500 US companies covering 13 million individuals. 

Study Design: During the period from January 2001 to September 
2011, adult patients with ≥2 diagnosis claims of chronic HCV were 
selected. Patients with HCV were stratified into 3 groups of patients 
(ie, without cirrhosis, with compensated cirrhosis, and with end-
stage liver disease [ESLD]) and matched with non-HCV controls.

Methods: Cohorts were matched 1:1 using an exact factors and 
propensity score matching algorithm, and then were compared for 
direct (pharmacy and medical services) and indirect (disability 
and medically related absenteeism) costs using per patient per 
year (PPPY) incremental costs (IC).

Results: Both cohorts (N = 9841 in each) were well matched. 
Overall, HCV patients incurred significantly greater direct and in-
direct costs versus non-HCV patients (PPPY direct costs: $16,721 
vs $6063; IC, $10,503 [95% CI, $9683-$11,361]. PPPY indirect 
costs: $3310 vs $1723; IC, $1523 [95% CI, $1248-$1794]). The 
direct IC associated with HCV increased with disease severity (non-
cirrhosis HCV: IC, $5536 [95% CI, $4844-$6333]; compensated 
cirrhosis: IC, $6833 [95% CI, $5326-$8474]; ESLD: IC, $22,466 
[95% CI, $20,182-$24,729] for all comparisons vs control). The 
indirect IC associated with HCV also increased with disease sever-
ity (non-cirrhosis HCV: IC, $742 [95% CI, $457-$1026]; com-
pensated cirrhosis: IC, $1449 [95% CI, $788-$2084]; ESLD: IC, 
$3775 [95% CI, $2995-$4607] for all comparisons vs control).  

Conclusions: Chronic HCV patients had significantly higher direct 
healthcare and indirect work-loss cost burden, compared with 
non–HCV-infected individuals. The magnitude of the cost burden 
increased with disease severity.

Am J Pharm Benefits. 2015;7(4):e90-e100

A n estimated 3.2 million Americans are living with 
chronic hepatitis C in the United States, with the 
peak prevalence occurring among individuals born 

between 1945 and 1965.1 The US Preventive Services Task 
Force and the CDC have updated their guidelines and also 
consistently recommend screening for hepatitis C virus (HCV) 
in persons at high risk for infection, offering a 1-time screen-
ing for HCV infection to adults born between 1945 and 1965.2,3 

Recent data suggest that the mortality rate due to HCV has 
risen significantly between 1999 and 2007, with 15,106 recorded 
deaths due to HCV occurring in 2007.4 The same study demon-
strated that 73.4% of deaths occurred in people aged 45 to 64 
years and that chronic liver disease, hepatitis B virus co-infec-
tion, alcohol-related conditions, minority status, and human im-
munodeficiency virus (HIV) co-infection were factors associated 
with HCV-related death.4 The growing national effort to identify 
the birth cohort of HCV patients in the United States is, in part, 
aimed at curbing the growing volume of liver complications re-
lated to chronic HCV infection. However, it is unclear whether 
diagnosing those patients infected with HCV will lower mortal-
ity rates and improve patient outcomes in the near term.

Several studies have documented the significant healthcare 
burden associated with HCV.5-10 More precisely, using retrospec-
tive claims data, recent studies have evaluated the incremental 
direct healthcare costs of HCV to range roughly from $8000 to 
$24,000 annually.7-10 In addition, Su et al have studied the impact 
of HCV on work absence and found that employees with HCV 
had significantly more lost work days than employees without 
HCV, translating into a $490 yearly increase in indirect costs.7 

Despite the literature reporting the cost burden of HCV, 
few studies have evaluated the complete direct and indirect 
cost burden and its relationship to disease severity.10-12 A re-
cently published literature review reported that the cost of 
HCV sequelae rises with the progression of the disease.11 In 
another study, Gordon et al estimated that HCV patients with 
end-stage liver disease (ESLD) had a 3.3-fold increase in their 
total adjusted direct healthcare costs relative to HCV patients 
with non-cirrhosis disease.12 
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In this study, a retrospective analysis of integrated 
health insurance claims and disability data was per-
formed: a) to assess the impact of chronic HCV on 
healthcare resource use, direct healthcare, and indirect 
work-loss costs from the perspective of a private pay-
er; and b) to stratify the direct and indirect economic 
burden associated with HCV by disease severity.

METHODS
Data Source

An analysis of the OptumHealth Reporting and 
Insights Database was conducted from January 2001 
through September 2011. The database includes 
the medical and pharmacy claims of more than 13 million 
privately insured individuals covered by 60 self-insured 
Fortune 500 companies with locations in all Census areas 
of the United States. In addition, short- and long-term dis-
ability claims were available for employees in 29 of the 
companies, enabling the calculation of work-loss costs. The 
database was de-identified and was in compliance with the 
Health Insurance Portability and Accountability Act of 1996 
to preserve patient anonymity and confidentiality. Data ele-
ments used in the present analysis included information on 
patients’ demographics (eg, age, gender, insurance type), 
monthly enrollment history, medical and pharmacy claims 
including actual payment amounts, and short- and long-
term disability claims reporting dates of work loss and pay-
ments to employees.

Study Design
Patients ≥18 years of age with ≥2 diagnosis claims of 

chronic HCV (International Classification of Diseases, 

Ninth Revision, Clinical Modification [ICD-9-CM] diagno-
sis codes: 070.44, 070.54) and continuously enrolled for ≥6 
months prior to the first HCV diagnosis (baseline period) 
were identified to form the HCV cohort. Using ICD-9-CM 

diagnosis or current procedural terminology codes, HCV 
patients were classified into the following 3 mutually ex-
clusive groups according to the severity of their liver dis-
ease (eAppendix 1, available at www.ajmc.com) observed 
during the baseline or the follow-up period: a) non-cir-
rhosis, b) compensated cirrhosis, and c) ESLD. A control 
group of 2 million randomly selected adult patients with-
out HCV who were continuously enrolled for ≥6 months 
were identified to form the non-HCV cohort. In both co-
horts, patients diagnosed with HIV (ICD-9-CM diagnosis 
codes: 042.xx-044.xx, 079.53, V08.xx) were excluded. The 
first diagnosis of chronic HCV was termed as the index 
date for patients in the HCV cohort, whereas the index 
date for patients in the non-HCV cohort was randomly 

assigned following a 6-month baseline period. Patients’ 
follow-up periods spanned from the index date through 
the earlier of either end of continuous enrollment or end 
of data availability (ie, September 2011).

Study End Points
Cohorts of HCV and non-HCV were compared in terms 

of healthcare resource use, direct healthcare costs, and in-
direct work-loss costs. Healthcare resource use included 
medical visits stratified into 3 mutually exclusive com-
ponents: a) hospitalizations, b) emergency department 
(ED) visits, and c) outpatient visits. Direct healthcare costs 
included pharmacy costs and medical costs (which were 
stratified into costs attributable to hospitalizations, ED vis-
its, and outpatient visits). 

Additionally, among the subset of employees with dis-
ability coverage, indirect costs were evaluated and includ-
ed: a) actual employer payments for disability days and b) 
imputed costs for medically related absenteeism. Disabil-
ity costs included payments for short- and long-term dis-
ability whereas medically related absenteeism costs were 
calculated by multiplying days of absenteeism occurring 
during work days (half day for an outpatient/ED visit and 
1 day for each day of hospitalization) by an employee’s 
daily wage. Indirect costs did not include costs associated 
with productivity loss or early retirement. 

Finally, both all-cause and HCV-related direct and indirect 
costs were assessed. HCV-related costs included claims with 
a diagnosis of chronic HCV or HCV therapy (ie, peginterferon 
alfa-2a or alfa-2b, interferon alfa-2a or alfa-2b, interferon al-
facon-1 [as monotherapies or in combination therapy with 
ribavirin]). All costs were adjusted to the 2011 US$ value.

Statistical Analyses
Propensity score matching was used to minimize the 

potential impact of confounding factors. The goal was to 
assemble a population in which those with HCV would be 

P R A C T I C A L  I M P L I C A T I O N S

n	 In this study, patients with chronic hepatitis C virus (HCV) were hospitalized 
2.5 times more frequently, visited an emergency department 1.9 times 
more frequently, and visited outpatient clinics 1.7 times more frequently, 
relative to a matched cohort of patients without HCV.

n	 Patients with chronic HCV had significantly higher direct healthcare and 
indirect work-loss cost burden compared with non–HCV-infected individu-
als, and the magnitude of the cost burden increased with disease severity.

n	 This study suggests that providing early therapeutic interventions that may 
prevent liver disease progression related to HCV can potentially further 
reduce the economic burden associated with chronic hepatitis infection.
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demographically similar to those without HCV in addition 
to having similar comorbidities that are not on the path-
way of HCV (ie, excluding conditions potentially related 
to HCV) at baseline. The propensity score was defined 
as the probability of having an HCV infection given the 
patient’s baseline characteristics. Propensity scores were 
calculated separately for each patient using a nonparsimo-
nious multivariate logistic regression model, incorporating 
the following baseline characteristics: age, gender, length 
of follow-up, type of beneficiary (ie, employee, employee 
with disability coverage, and spouse/dependent/retiree), 
year of index date, insurance type, region, Quan-Charlson 
comorbidity index (excluding mild and severe liver dis-
ease), and specific conditions or comorbidities that are not 
commonly associated with HCV (ie, pregnancy, epilepsy, 
rheumatoid arthritis, cardiac arrest, heart failure, coronary 
arterial disease, lung/heart transplantation, kidney trans-
plant, autoimmune deficiency, chronic obstructive pul-
monary disease, and Crohn’s disease).13,14 HCV patients 
were matched 1:1 with a non-HCV cohort based on their 
propensity scores and exact matching factors, such as age, 
gender, type of beneficiary, and Quan-Charlson comor-
bidity index. Comorbidities that may be clinically or be-
haviorally related to chronic hepatitis C infection or HCV 
therapy (ie, anemia, diabetes, depression, schizophrenia, 
bipolar disease, psychiatric disease, substance abuse, 
renal failure, dialysis, lichen planus, porphyria cutanea, 
vasculitis, psoriasis, and non-Hodgkin lymphoma), as 
identified by the authors and the literature reviewed, were 
excluded as matching factors a priori.15-19

Descriptive statistics were generated to summarize the 
baseline characteristics of the study population. Frequency 
counts and percentages were used to summarize categori-
cal variables, while means and standard deviations were 
used for continuous variables. Due to the large sample 
size of our study population, clinical differences in base-
line characteristics between the 2 cohorts were assessed 
using standardized differences. A standardized difference 
of less than 10% was considered not clinically relevant.20-22

To evaluate the impact of HCV on the rate of health-
care resource use, frequency rates were calculated and 
compared between cohorts using rate ratios (RRs). The fre-
quency rate of each end point was calculated as the number 
of events divided by the number of patient-years observed. 
Statistical differences between matched cohorts and 95% 
confidence intervals (CIs) were evaluated using conditional 
Poisson regression models accounting for matched pairs.

Cost differences between study cohorts were assessed 
based on incremental annualized costs. To avoid overes-
timating costs by annualizing data for patients observed 

for less than 1 year, we calculated costs per patient per 
year (PPPY) by weighting each patient’s cost outcomes 
by length of follow-up.23 Because the normality assump-
tion might not be valid for cost-outcome variables, we 
conducted nonparametric estimations (ie, bootstrap 
method with 999 replications) to carry out statistical in-
ference and determine the 95% CI for the cost difference 
between the 2 groups.

All study end points were evaluated for the overall study 
population, as well as for each group of liver disease se-
verity. Statistical significance was assessed at an α level of 
0.05 or less. All statistical analyses were conducted using 
SAS version 9.3 (SAS Institute, Inc, Cary, North Carolina).

RESULTS
Baseline Characteristics

A total of 9846 chronic HCV patients and 2 million non-
HCV control patients were identified (Figure 1). Among 
them, 9841 patients from the HCV cohort (99.9%) were 
matched to an equal number of patients from the non-
HCV cohort to form the study population. Table 1 pres-
ents the baseline characteristics of the matched cohorts. 
Overall, both cohorts were well matched in terms of age 
(mean = 52 years), gender (male = 61%), Quan-Charlson 
comorbidity index (mean = 0.5), share of employees with 
disability coverage (26%), and non–HCV-related comor-
bidities. For both the HCV and the non-HCV cohorts, the 
most common non–HCV-related comorbidities were coro-
nary arterial disease (~6%), chronic obstructive pulmonary 
disease (~5%), and heart failure (~2%). In both cohorts, 
the majority (57%) of patients identified were dependents 
and/or retirees rather than active employees (43%).

Within the HCV cohort, a number of comorbidities 
existed that could be related to HCV, including diabetes 
(13.1%), psychiatric disease (9.7%), depression (8.0%), 
anemia (7.8%), substance abuse (6.6%), and renal failure 
(3.1%) or dialysis (0.9%). Each of these potentially HCV-
related conditions were more common in HCV compared 
with non-HCV patients and were not included in the 
matching algorithm due to the potential link with HCV. 

The stratification of the HCV cohort by liver disease se-
verity led to 6187 (62.9%), 1097 (11.1%), and 2557 (26.0%) 
patients in the non-cirrhosis, compensated cirrhosis, and 
ESLD groups, respectively. Within each of these subgroups, 
baseline characteristics were well balanced between the 
HCV and non-HCV cohorts (see eAppendices 2-4). 

Impact of HCV on Healthcare Resource Use 
Frequency rates of all-cause resource use for the HCV and 

non-HCV cohorts are presented in Figure 2. For the overall 
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study population, the HCV cohort had significantly more 
hospitalizations (RR, 2.45; 95% CI, 2.37-2.54; P <.001), more 
frequent ED visits (RR, 1.88; 95% CI, 1.83-1.92; P <.001), and 
more outpatient visits (RR, 1.67; 95% CI, 1.66-1.68; P <.001) 
relative to the non-HCV cohort. When stratifying the results 
per liver disease severity, rates of medical services were 
significantly higher in all categories among HCV patients 
compared with non-HCV patients. In addition, the incre-
mental healthcare resource consumption associated with 
HCV increased with liver disease severity (non-cirrhosis: 
RR, 1.53 [95% CI, 1.52-1.54]; compensated cirrhosis: RR, 

1.70 [95% CI, 1.68-1.72]; ESLD: RR, 1.95 [95% CI, 1.94-1.96]; 
all P <.001). It is worth noting that ESLD had the greatest 
impact on all-cause resource use, with HCV patients being 
2.6 times more likely to be seen in the ED and having 4-fold 
higher hospital admission rates compared with non-HCV 
ESLD patients (Figure 2). In terms of total healthcare visits, 
outpatient visits occurred frequently in both HCV and non-
HCV patients: 18 visits per year versus 11, respectively. Al-
though the difference between HCV and non-HCV patients 
was most evident in ESLD patients (24 vs 12 office visits per 
year), even non-cirrhosis HCV patients were seen in the of-
fice 15 times per year on average. Non-cirrhosis, non-HCV 
patients were seen on average 10 times per year, indicating 
that two-thirds of office visits were likely related to the man-
agement of non-HCV comorbid medical conditions.

Impact of HCV on Direct and Indirect Costs—Overall 
Population

Table 2 summarizes the direct and indirect cost burdens 
associated with HCV for the overall population. Total all-
cause direct healthcare costs were approximately $10,500 
PPPY higher in the HCV cohort versus the non-HCV co-
hort (mean PPPY = $16,721 vs $6063; cost difference = 
$10,503 [95% CI, $9683-$11,361]; P <.001). Costs related 
to hospitalizations contributed the most to this cost dif-
ference (cost difference = $4118 [95% CI, $3548-$4716]), 
followed by outpatient visits (cost difference = $3260 [95% 
CI, $2876-$3723]) and pharmacy costs (cost difference = 
$2977 [95% CI, $2822-$3136]). Among employees with dis-
ability coverage (N = 2532 in each cohort), HCV patients 
incurred significantly greater total all-cause indirect costs 
compared with non-HCV patients (mean PPPY = $3310 
vs $1723; cost difference = $1523 [95% CI, $1248-$1794]). 
HCV-related costs (direct: $4850; indirect: $415) accounted 
for less than half of the incremental costs incurred by HCV 
patients: 46% of direct and 27% of indirect cost differences.

Impact of HCV on Direct and Indirect Costs—Stratified 
by Liver Disease Severity

Figures 3a and 3b present the direct and indirect cost bur-
den associated with HCV, respectively, stratified by liver dis-
ease severity. The direct incremental cost burden associated 
with HCV increased with disease severity (non-cirrhosis: 
cost difference = $5536 [95% CI, $4844-$6333]; compensat-
ed cirrhosis: cost difference = $6833 [95% CI, $5326-$8474]; 
ESLD: cost difference = $22,466 [95% CI, $20,182-$24,729]) 
(Figure 3a). Among the subset of employees with disability 
coverage (N in each group: non-cirrhosis = 1765; compen-
sated cirrhosis = 257; ESLD = 510), the incremental indi-
rect cost burden associated with HCV also increased with 

Figure 1. Patients’ Disposition

AIDS indicates acquired immunodeficiency syndrome; ESLD, end-stage liver disease; 
HCV, hepatitis C virus; HIV, human immunodeficiency virus. 
aPatients were categorized according to the most severe definition of HCV observed 
during the baseline or the follow-up period for which they had a qualifying condition 
or procedure. 
bTable 1 presents the diagnosis and procedure considered for the identification of liver 
conditions. 
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Table 1. Demographic and Clinical Characteristics of the Matched Cohorts

 

HCV  
Cohort

Non-HCV  
Cohort

Standardized  
Differencea

(N = 9841) (N = 9841)

Matching Factors      

Follow-up, days: mean (SD) 1327 (975) 1284 (979) 4.3%

Type of beneficiaryb: n (%)      

Employee 4271 (43.4%) 4271 (43.4%) 0.0%

  Employee with disability coveragec 2532 (25.7%) 2532 (25.7%) 0.0%

Spouse/dependent/retiree 5570 (56.6%) 5570 (56.6%) 0.0%

  Retiree 1296 (13.2%) 1649 (25.7%) 10.1%

Demographicsb      

Age years: mean (SD) 51.8 (10.5) 52.2 (11.9) 4.1%

Gender, female: n (%) 3803 (38.6%) 3803 (38.6%) 0.0%

Year of index dateb: n (%)      

2001 451 (4.6%) 369 (3.7%) 4.2%

2002 934 (9.5%) 803 (8.2%) 4.7%

2003 1075 (10.9%) 900 (9.1%) 5.9%

2004 1006 (10.2%) 955 (9.7%) 1.7%

2005 988 (10.0%) 1017 (10.3%) 1.0%

2006 1164 (11.8%) 1205 (12.2%) 1.3%

2007 982 (10.0%) 1052 (10.7%) 2.3%

2008 974 (9.9%) 1120 (11.4%) 4.8%

2009 932 (9.5%) 1091 (11.1%) 5.3%

2010 868 (8.8%) 856 (8.7%) 0.4%

2011 467 (4.7%) 473 (4.8%) 0.3%

Regionb: n (%)      

Northeast 2556 (26.0%) 2474 (25.1%) 1.9%

Midwest 1545 (15.7%) 1744 (17.7%) 5.4%

South 3949 (40.1%) 3866 (39.3%) 1.7%

West 1444 (14.7%) 1390 (14.1%) 1.6%

Unknown 347 (3.5%) 367 (3.7%) 1.1%

Insurance typeb: n (%)      

HMO 1156 (11.7%) 1162 (11.8%) 0.2%

POS 2499 (25.4%) 2481 (25.2%) 0.4%

PPO 4377 (44.5%) 4546 (46.2%) 3.4%

Indemnity 1299 (13.2%) 1130 (11.5%) 5.2%

Unknown 510 (5.2%) 522 (5.3%) 0.5%

Quan-Charlson comorbidity indexd,e: mean (SD) 0.54 (1.18) 0.54 (1.19) 0.1%

Pregnancyd 85 (0.9%) 60 (0.6%) 3.0%

Non–HCV-related comorbiditiesd: n (%)      

Epilepsy 61 (0.6%) 49 (0.5%) 1.6%

Rheumatoid arthritis 166 (1.7%) 140 (1.4%) 2.1%

Cardiac arrest 14 (0.1%) 8 (0.1%) 1.8%

Heart failure 217 (2.2%) 217 (2.2%) 0.0%

Coronary arterial disease 558 (5.7%) 537 (5.5%) 0.9%

Lung/heart transplant 8 (0.1%) 5 (0.1%) 1.2%

Kidney transplant 47 (0.5%) 22 (0.2%) 4.3%

(continued)
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disease severity (non-cirrhosis: cost difference = $742 [95% 
CI, $457-$1026]; compensated cirrhosis: cost difference = 
$1449 [95% CI, $788-$2,084]; ESLD: cost difference = $3775 
[95% CI, $2995-$4607]) (Figure 3b).

DISCUSSION
Based upon real-world data, this large retrospective 

study was specifically designed to assess the burden of 

chronic HCV in terms of healthcare resource use, direct 
costs, and indirect costs, and to evaluate its relationship to 
disease severity using an integrated insurance claims and 
disability claims database and a matched cohort design. 

Our results indicate that patients with chronic HCV 
were hospitalized 2.5 times more frequently, visited an 
ED 1.9 times more frequently, and visited outpatient clin-
ics 1.7 times more frequently relative to a matched cohort 

Autoimmune deficiency 181 (1.8%) 160 (1.6%) 1.6%

Chronic obstructive pulmonary disease 473 (4.8%) 490 (5.0%) 0.8%

Crohn’s disease 37 (0.4%) 31 (0.3%) 1.0%

HCV-related comorbiditiesd,f: n (%)      

Anemia 772 (7.8%) 354 (3.6%) 18.3%

Diabetes 1287 (13.1%) 1186 (12.1%) 3.1%

Depression 783 (8.0%) 388 (3.9%) 17.0%

Psychiatric disease 952 (9.7%) 497 (5.1%) 17.7%

Substance abuse 650 (6.6%) 128 (1.3%) 27.2%

Renal failure 309 (3.1%) 180 (1.8%) 8.4%

Dialysis 84 (0.9%) 28 (0.3%) 7.6%

Lichen planus 20 (0.2%) 0 (0.0%) -

Porphyria cutanea tarda 17 (0.2%) 1 (0.0%) 5.4%

Vasculitis 11 (0.1%) 1 (0.0%) 4.1%

Psoriasis 78 (0.8%) 49 (0.5%) 3.7%

Non-Hodgkin lymphoma 52 (0.5%) 48 (0.5%) 0.6%

Sociodemographic characteristicsb,f: n (%)      

Type of industry

Technology 2254 (22.9%) 2480 (25.2%) 5.4%

Shipping/transportation 2254 (22.9%) 1885 (19.2%) 9.2%

Financial services 1747 (17.8%) 1702 (17.3%) 1.2%

Manufacturing/energy 1218 (12.4%) 1412 (14.3%) 5.8%

Retail/consumer goods 862 (8.8%) 840 (8.5%) 0.8%

Government/educational services 670 (6.8%) 665 (6.8%) 0.2%

Healthcare 268 (2.7%) 355 (3.6%) 5.0%

Other 568 (5.8%) 502 (5.1%) 3.0%

Median household incomeg

Less than $35,000 1550 (15.8%) 1598 (16.2%) 1.3%

$35,000-$50,000 3162 (32.1%) 3525 (35.8%) 7.8%

More than $50,000 5129 (52.1%) 4718 (47.9%) 8.4%

HCV indicates hepatitis c virus; HMO, health maintenance organization; POS, point of service; PPO, preferred provider organization.
aA standardized difference ≥10% denotes a statistically significant comparison of HCV and non-HCV cohorts.
bEvaluated at the index date.
cSubset of employees aged 18 to 64 years among the 29 companies where short- and long-term disability claims are available.
dEvaluated during the 6-month baseline period.
eMild and severe liver diseases were excluded from the Quan-Charlson comorbidity index.
fHCV-related comorbidities and sociodemographic characteristics were not included in the matching algorithm.
gMedian household income based on 3-digit zip codes.

Table 1. Demographic and Clinical Characteristics of the Matched Cohorts (continued)

 

HCV  
Cohort

Non-HCV  
Cohort

Standardized  
Differencea

(N = 9841) (N = 9841)
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of patients without HCV. These findings are consistent 
with other studies documenting increased resource use by 
patients with HCV.8,9,24 For example, using claims data for 
commercially insured individuals in the United States and a 
matched cohort design, McCombs et al estimated that dur-
ing the first year following HCV diagnosis, HCV patients 
had significantly higher rates of medical resource use com-
pared to non-HCV patients (hospitalizations = +486%; ED 
visits = +16%; outpatient visits = +98%).9 Similarly, a study 
by Davis et al reported that HCV patients were associated 
with a 1.4-fold increase in all-cause resource use, including 
a 4-fold increase in hospitalizations, relative to non-HCV 
patients.8 Of note, in the current study, HCV patients with 
ESLD also experienced a 4-fold increase in hospitalizations 
compared with similar non-HCV control patients.

In our analysis, non-HCV related medical conditions 
were the largest contributing factor to greater healthcare 
costs (representing more than half of the incremental 

direct cost difference between the HCV and the non-HCV 
cohorts). These findings suggest that the current cohort 
of diagnosed HCV patients is consuming significantly 
greater healthcare resources than a similar cohort of non-
HCV patients. Future attempts to manage costs should 
include strategies to control both the HCV-related ex-
penses—including HCV eradication via antiviral therapy 
and non–HCV-related costs—potentially through closer 
management of non–HCV-related medical conditions that 
are common within a predominantly Baby Boomer popu-
lation.25 As the population of patients chronically infected 
with HCV ages, the percentage of those suffering from 
significant liver fibrosis and complications of cirrhosis 
are expected to grow. As a result, our findings of higher 
healthcare utilization are likely to persist or even escalate 
in the next decade compared with the last.

We also found that the increase in the all-cause direct 
costs was $10,503 PPPY higher in the HCV cohort versus 

Figure 2. Impact of HCV on Healthcare Resource Use for the Overall Study Population and per Liver Disease Severity Group

ED indicates emergency department; ESLD, end-stage liver disease; HCV, hepatitis C virus. 
“*” Denotes a statistically significant comparison (P <.001) of HCV vs non-HCV patients.  
Black lines represent 95% CI. 

Hospitalizations

More resources in
the non-HCV cohort

More resources
in the HCV cohort

ED visits

Outpatient visits

0 0.5 1 1.5 2 2.5 3 3.5 4 4.5

Total medical visits

Overall Non-cirrhosis Compensated cirrhosis ESLD

2.45 (2.37-2.54)*

1.52 (1.45-1.60)*

1.76 (1.58-1.96)*

4.05 (3.84-4.27)*

1.88 (1.83-1.92)*

1.48 (1.43-1.53)*

1.65 (1.53-1.78)*

2.64 (2.53-2.75)*

1.67 (1.66-1.68)*

1.53 (1.52-1.54)*

1.70 (1.68-1.72)*

1.90 (1.89-1.91)*

1.69 (1.68-1.69)*

1.53 (1.52-1.54)*

1.70 (1.68-1.72)*

1.95 (1.94-1.96)*

0.4 vs 0.1

0.2 vs 0.1

0.2 vs 0.1

0.7 vs 0.2

Rate Ratio
(95% CI)

Frequency Rate
HCV vs Non-HCV

0.6 vs 0.3

0.4 vs 0.3

0.5 vs 0.3

0.9 vs 0.3

17.9 vs 10.6

15.1 vs 9.9

17.6 vs 10.4

23.5 vs 12.3

18.8 vs 11.1

15.7 vs 10.3

18.3 vs 10.8

25.2 vs 12.8
Compensated cirrhosis ESLDNon-cirrhosis



www.ajmc.com  Vol. 7, No. 4 • The American Journal of Pharmacy Benefits  e97

Cost Burden of Chronic Hepatitis C

the non-HCV cohort, of which only 46% were HCV-re-
lated. According to this analysis, management of a non-
cirrhosis HCV patient costs approximately $11,000 each 
year, from a healthcare perspective (Figure 3a). Over a 
10-year period, this would amount to $110,000—roughly 
double that of a similar non-HCV patient, assuming his 
or her liver disease severity does not advance to cirrhosis 
or beyond. For patients already diagnosed with cirrhosis, 
the annual cost to manage their healthcare increases to 
$13,000. However, once patients develop cirrhosis, the 
biggest risk is that they develop a related complication, 
implying ESLD, where the annual cost for managing his 
or her healthcare nearly triples to about $30,000 per year 
on average. Individual patient costs can rise to hundreds 
of thousands of dollars if a liver transplant is considered. 
In terms of patient morbidity and mortality, ESLD patients 
incur a high cost individually because their only option 
in an attempt for survival is limited to liver transplant—
if they even qualify according to the MELD (model for 
ESLD) scoring system and if a matching donor can be 
identified in time.26 From a private-payer standpoint, this 

suggests that trying to identify patients before they reach 
ESLD and trying to optimize their disease management 
to lower their chance of progressing to ESLD may help 
control disease-related costs.

Our results are similar to other recently published 
studies.7-10 Davis et al estimated the incremental all-cause 
direct costs associated with HCV to be $15,510 for the 
1-year period following HCV diagnosis, with 44% being 
HCV-related, whereas McCombs et al, found a $23,815 dif-
ference in all-cause costs, using a similar approach.8,9 One 
potential explanation for the higher cost burden reported 
in these 2 studies is their length of follow-up of 1 year ver-
sus ~3.5 years in the current study, since healthcare costs 
have been shown to be greater in the year following HCV 
diagnosis.6,24 Another possible explanation for the higher 
cost burden reported by McCombs et al, compared with 
our findings, is the high comorbidity profile of their study 
population. For example, more than half of their HCV pa-
tients suffered from heart disorders and 39% had mental 
disorders.9 In our study, only 9.7% of the HCV population 
suffered from psychiatric diseases and 2.2% had heart 

Table 2. Impact of HCV on Direct and Indirect Costs for the Overall Study Population

 
PPPY Cost 
Mean (SD)  

 

Cost Difference 
(95% CI)a Pa

Cost Components (US$ 2011) HCV Cohort Non-HCV Cohort HCV Relative to Non-HCV

All Patients            

(N = 9841 in each cohort)            

Total all-cause direct costs $16,721 (49,809) $6063 (19,527)   $10,503 (9683-11,361) <.01

Hospitalizations $5917 (41,618) $1799 (14,593)   $4118 (3548-4716) <.01

ED visits $269 (845) $115 (384)   $148 (131-165) <.01

Outpatient services $6140 (18,812) $2769 (8298)   $3260 (2876-3723) <.01

Pharmacy $4395 (7408) $1380 (3237)   $2977 (2822-3136) <.01

Total HCV-related direct costs $4,850 (37,462)

Not applicable

Hospitalizations $2,191 (37,070)

ED visits $4 (66)

Outpatient services $778 (1,972)

Pharmacy $1,877 (3,893)

Employees With Disability Coverage            

(N = 2532 in each cohort)            

Total all-cause indirect costs $3310 (5429) $1723 (3519)   $1523 (1248-1794) <.01

Disability $1835 (2296) $1224 (2104)   $581 (454-702) <.01

Medically related absenteeism $1475 (4974) $499 (2854)   $942 (682-1201) <.01

Total HCV-related indirect costs $415 (1192)

Not applicableDisability $339 (672)

Medically related absenteeism $76 (946)

ED indicates emergency department; HCV, hepatitis C virus; PPPY, per patient per year.
aCost differences were obtained using ordinary least square regressions controlling for matched pairs. Confidence intervals and P values were calculated using a nonparametric bootstrap 
with 999 replications. 
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Figure 3a. PPPY Direct Healthcare Costs Associated With HCV per Liver Disease Severity Group

Δ indicates difference; ED, emergency department; ESLD, end-stage liver disease; HCV, hepatitis C virus; PPPY, per patient per year. 
“*” Denotes a statistically significant comparison (P <.001) of HCV vs non-HCV patients.

Figure 3b. PPPY Indirect Work-Loss Costs Associated With HCV per Liver Disease Severity Group

Δ indicates difference; ESLD, end-stage liver disease; HCV, hepatitis C virus; PPPY, per patient per year. 
“*” Denotes a statistically significant comparison (P <.001) of HCV vs non-HCV patients.
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failure at baseline. Collectively, the studies suggest that 
management of non–HCV-related comorbid conditions is 
a major contributor to the higher costs incurred by HCV 
patients, whether HCV is formally diagnosed or not. 

Compared with the recent literature on the burden 
of HCV, our study has the advantages of robust match-
ing using a pool of 2 million non-HCV control patients, 
as well as reporting all-cause and HCV-related indirect 
work-loss costs and direct HCV burden results by liver 
disease stratifications.7-10,12 This study also has the unique 
feature of reporting the stratification of the indirect cost 
burden by HCV-related liver disease severity. Our results 
indicate a positive relationship between the indirect cost 
burden of HCV and the severity of liver disease. Specifi-
cally, ESLD patients had an incremental $3775 PPPY cost 
relative to non-HCV patients. This cost difference was 2.6 
and 5.1 times higher than the cost difference observed 
between HCV patients in the compensated cirrhosis and 
non-cirrhosis cohorts, respectively, versus their non-HCV 
matched controls. From an employer perspective, the find-
ing that disability is significantly higher in HCV patients 
even before they develop cirrhosis or liver failure suggests 
that it provides another incentive for early identification 
and appropriate management of HCV.

Limitations
Because the algorithm used to classify HCV patients 

into each group of liver disease severity was not validated 
through medical chart reviews, misclassification errors 
may have occurred. Further, claims databases may contain 
inaccuracies or omissions in procedures, diagnoses, or 
costs and no information is provided on whether medica-
tion is taken as prescribed. In addition, indirect costs from 
an employer perspective were probably underestimated, 
as the indirect costs calculated in this study did not include 
costs associated with productivity loss and early retire-
ment. Lastly, our study population consisted of privately 
insured individuals; therefore, our results might not be 
generalizable to the entire HCV population, of which an 
important proportion is uninsured or publicly insured.27 

It was beyond the scope of this study to assess whether 
HCV therapy is beneficial; thus, our study was conducted 
on all HCV patients regardless of therapy usage. Further 
research is warranted to evaluate the potential cost benefit 
or cost saving associated with HCV therapies before and 
after a successful therapy. Of note, the evaluation of HCV 
burden in the current study was, for the most part, prior 
to triple therapy (peginterferon, ribavirin, and the direct 
antiviral agent boceprevir or telepravir) usage since bo-
ceprevir and telepravir were approved by the FDA in 2011.  

CONCLUSIONS
In a private insurance setting, HCV was found to be 

significantly associated with greater levels of healthcare 
resource use. Consequently, patients with HCV incurred 
significantly greater direct healthcare costs and indirect 
work-loss costs relative to those without HCV. In addition, 
the magnitude of both the direct and indirect cost bur-
den increased with liver disease severity. The majority of 
healthcare costs were attributed to non–HCV-related medi-
cal conditions, suggesting that a comprehensive healthcare 
management approach that includes interventions target-
ed at HCV and other common comorbid conditions may 
be warranted. 

Identifying and proactively managing healthcare for 
HCV patients may offer improvements in clinical outcomes 
related to HCV and overall. Providing early therapeutic in-
terventions that can prevent liver disease progression re-
lated to HCV can potentially further reduce the economic 
burden associated with chronic hepatitis infection. Addi-
tional research is warranted to understand the impact of 
HCV burden once a virologic cure is achieved.
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eAppendix 1. Criteria for Assignment to Liver Disease Severity Groups 

Liver Disease Severity Groupa Conditions or Proceduresa,b Type of 
Code List of Codes  

Non-cirrhosis HCV No listed conditions or procedures   

Compensated cirrhosis Cirrhosis ICD-9-CM 571.2x, 571.5x, 571.6x 

End-stage liver disease Liver transplant ICD-9-CM 996.82, V42.7, 50.5x 

  CPT 00796, 47135, 47136 

  Hepatocellular carcinoma  ICD-9-CM 155.0x 

  Liver failure, including hepatorenal syndrome ICD-9-CM 572.0x, 572.1x, 572.4x 

  Hepatic encephalopathy ICD-9-CM 572.2x 

  Portal hypertension ICD-9-CM 572.3x 

  Esophageal varices ICD-9-CM 456.0x – 456.2x  

  Other gastrointestinal hemorrhage ICD-9-CM 578.xx 

  Ascites ICD-9-CM 789.5x 

  Other sequelae of chronic liver disease ICD-9-CM 572.8x 

  Abdominal paracentesis procedures ICD-9-CM 54.91 

  CPT 49080, 49081 

  Shunts and catheter procedures ICD-9-CM 39.1x 

  Treatment of varices ICD-9-CM 42.33, 42.91, 43.41, 44.91 

  Portal decompression procedures CPT 37140 – 37183 
 

HCV indicates hepatitis C virus; ICD-9-CM, International Classification of Diseases, Ninth Revision, Clinical Modification; CPT, Current Procedural 
Terminology. 
aAs defined in Gordon SC, Pockros PJ, Terrault NA, et al. Impact of disease severity on healthcare costs in patients with chronic hepatitis C (CHC) virus 
infection. Hepatology. 2012;56:1651-1660. 
bAssignment to a liver disease severity group was based on diagnosis or procedure codes. Patients were categorized according to the most severe liver condition 
observed during the study. 
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eAppendix 2. Demographic and Clinical Characteristics of the Matched Cohort With Non-Cirrhosis 
Liver Disease 

  
HCV  

Cohort 
Non-HCV  

Cohort Standardized 
Differencea (N = 6187) (N = 6187) 

Matching Factors       
Follow-up, days: mean (SD) 1258 (954) 1229 (964) 2.9% 
Type of beneficiaryb: n (%)    

Employee 2924 (47.3%) 2924 (47.3%) 0.0% 
Employee with disability coveragec 1765 (28.5%) 1765 (28.5%) 0.0% 

Spouse/dependent/retiree 3263 (52.7%) 3263 (52.7%) 0.0% 
Retiree 629 (10.2%) 840 (13.6%) 10.5% 

Demographicsb    
Age, years: mean (SD) 50.4 (10.5) 50.7 (11.8) 2.5% 
Gender, female: n (%) 2541 (41.1%) 2541 (41.1%) 0.0% 

Year of index dateb: n (%)    
2001 257 (4.2%) 234 (3.8%) 1.9% 
2002 524 (8.5%) 453 (7.3%) 4.3% 
2003 642 (10.4%) 551 (8.9%) 5.0% 
2004 588 (9.5%) 570 (9.2%) 1.0% 
2005 591 (9.6%) 644 (10.4%) 2.9% 
2006 739 (11.9%) 765 (12.4%) 1.3% 
2007 646 (10.4%) 665 (10.7%) 1.0% 
2008 635 (10.3%) 705 (11.4%) 3.6% 
2009 646 (10.4%) 707 (11.4%) 3.2% 
2010 583 (9.4%) 576 (9.3%) 0.4% 
2011 336 (5.4%) 317 (5.1%) 1.4% 

Regionb: n (%)    
Northeast 1582 (25.6%) 1537 (24.8%) 1.7% 
Midwest 883 (14.3%) 1071 (17.3%) 8.3% 
South 2511 (40.6%) 2452 (39.6%) 1.9% 
West 975 (15.8%) 898 (14.5%) 3.5% 
Unknown 236 (3.8%) 229 (3.7%) 0.6% 

Insurance typeb: n (%)    
HMO 723 (11.7%) 738 (11.9%) 0.8% 
POS 1556 (25.1%) 1575 (25.5%) 0.7% 
PPO 2835 (45.8%) 2896 (46.8%) 2.0% 
Indemnity 715 (11.6%) 611 (9.9%) 5.4% 
Unknown 358 (5.8%) 367 (5.9%) 0.6% 

Quan-Charlson comorbidity indexd,e: mean (SD) 0.39 (0.95) 0.39 (0.98) 0.8% 
Pregnancyd 57 (0.9%) 46 (0.7%) 2.0% 
Non–HCV-related comorbiditiesd: n (%)    

Epilepsy 27 (0.4%) 18 (0.3%) 2.4% 
Rheumatoid arthritis 98 (1.6%) 81 (1.3%) 2.3% 
Cardiac arrest 4 (0.1%) 2 (0.0%) 1.5% 
Heart failure 72 (1.2%) 72 (1.2%) 0.0% 
Coronary arterial disease 269 (4.3%) 252 (4.1%) 1.4% 
Lung/heart transplant 1 (0.0%) 2 (0.0%) 1.0% 
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Kidney transplant 18 (0.3%) 9 (0.1%) 3.1% 
Autoimmune deficiency 82 (1.3%) 91 (1.5%) 1.2% 
Chronic obstructive pulmonary disease 237 (3.8%) 238 (3.8%) 0.1% 
Crohn's disease 17 (0.3%) 24 (0.4%) 2.0% 

HCV-related comorbiditiesd,f: n (%)     
Anemia 301 (4.9%) 195 (3.2%) 8.7% 
Diabetes 587 (9.5%) 579 (9.4%) 0.4% 
Depression 477 (7.7%) 239 (3.9%) 16.5% 
Psychiatric disease 590 (9.5%) 292 (4.7%) 18.7% 
Substance abuse 365 (5.9%) 73 (1.2%) 25.5% 
Renal failure 122 (2.0%) 89 (1.4%) 4.1% 
Dialysis 24 (0.4%) 11 (0.2%) 4.0% 
Lichen planus 11 (0.2%) 0 (0.0%) – 
Porphyria cutanea tarda 11 (0.2%) 1 (0.0%) 5.20% 
Vasculitis 2 (0.0%) 1 (0.0%) 1.00% 
Psoriasis 45 (0.7%) 30 (0.5%) 3.10% 
Non-Hodgkin lymphoma 20 (0.3%) 18 (0.3%) 0.60% 

Sociodemographic characteristicsb,f: n (%)        
Type of industry    

Technology 1488 (24.1%) 1583 (25.6%) 3.6% 
Shipping/transportation 1428 (23.1%) 1226 (19.8%) 8.0% 
Financial services 998 (16.1%) 995 (16.1%) 0.1% 
Manufacturing/energy 724 (11.7%) 866 (14.0%) 6.9% 
Retail/consumer goods 587 (9.5%) 567 (9.2%) 1.1% 
Government/educational services 458 (7.4%) 407 (6.6%) 3.2% 
Healthcare 158 (2.6%) 212 (3.4%) 5.1% 
Other 346 (5.6%) 331 (5.3%) 1.1% 

Median household incomeg    
Less than $35,000 1020 (16.5%) 1005 (16.2%) 0.7% 
$35,000-$50,000 1968 (31.8%) 2184 (35.3%) 7.4% 
More than $50,000 3199 (51.7%) 2998 (48.5%) 6.5% 

       
HCV indicates hepatitis C virus; HMO, health maintenance organization; POS, point of service; PPO, preferred provider 
organization. 
aA standardized difference ≥10% denotes statistical significant comparison of HCV and non-HCV cohorts. 
bEvaluated at the index date. 
cSubset of employees aged 18-64 years among the 29 companies where short- and long-term disability claims are available. 
dEvaluated during the 6-month baseline period. 
eMild and severe liver diseases were excluded from the Quan-Charlson comorbidity index. 
fHCV-related comorbidities and sociodemographic characteristics were not included in the matching algorithm. 
gMedian household income based on 3-digit zip codes. 
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eAppendix 3. Demographic and Clinical Characteristics of the Matched Cohort With Cirrhosis Liver 
Disease 

  
HCV  

Cohort 
Non-HCV  

Cohort Standardized 
Differencea (N = 1097) (N = 1097) 

Matching Factors    
Follow-up, days: mean (SD) 1374 (969) 1346 (1003) 2.9% 
Type of beneficiaryb: n (%)    

Employee 461 (42.0%) 461 (42.0%) 0.0% 
Employee with disability coveragec 257 (23.4%) 257 (23.4%) 0.0% 

Spouse/dependent/retiree 636 (58.0%) 636 (58.0%) 0.0% 
Retiree 145 (13.2%) 196 (17.9%) 12.8% 

Demographicsb    
Age, years: mean (SD) 53.2 (9.2) 53.6 (11.1) 4.1% 
Gender, female: n (%) 421 (38.4%) 421 (38.4%) 0.0% 

Year of index dateb: n (%)    
2001 48 (4.4%) 37 (3.4%) 5.2% 
2002 87 (7.9%) 111 (10.1%) 7.6% 
2003 130 (11.9%) 110 (10.0%) 5.8% 
2004 112 (10.2%) 99 (9.0%) 4.0% 
2005 122 (11.1%) 93 (8.5%) 8.9% 
2006 126 (11.5%) 114 (10.4%) 3.5% 
2007 89 (8.1%) 109 (9.9%) 6.4% 
2008 127 (11.6%) 138 (12.6%) 3.1% 
2009 100 (9.1%) 136 (12.4%) 10.6% 
2010 98 (8.9%) 92 (8.4%) 1.9% 
2011 58 (5.3%) 58 (5.3%) 0.0% 

Regionb: n (%)    
Northeast 273 (24.9%) 271 (24.7%) 0.4% 
Midwest 181 (16.5%) 193 (17.6%) 2.9% 
South 456 (41.6%) 421 (38.4%) 6.5% 
West 142 (12.9%) 173 (15.8%) 8.1% 
Unknown 45 (4.1%) 39 (3.6%) 2.9% 

Insurance typeb: n (%)    
HMO 136 (12.4%) 128 (11.7%) 2.2% 
POS 294 (26.8%) 287 (26.2%) 1.4% 
PPO 454 (41.4%) 499 (45.5%) 8.3% 
Indemnity 156 (14.2%) 135 (12.3%) 5.6% 
Unknown 57 (5.2%) 48 (4.4%) 3.8% 

Quan-Charlson comorbidity indexd,e: mean (SD) 0.47 (0.99) 0.46 (0.96) 0.8% 
Pregnancyd 5 (0.5%) 1 (0.1%) 7.0% 
Non–HCV-related comorbiditiesd: n (%)    

Epilepsy 7 (0.6%) 7 (0.6%) 0.0% 
Rheumatoid arthritis 23 (2.1%) 20 (1.8%) 2.0% 
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Cardiac arrest 1 (0.1%) 1 (0.1%) 0.0% 
Heart failure 17 (1.5%) 17 (1.5%) 0.0% 
Coronary arterial disease 55 (5.0%) 56 (5.1%) 0.4% 
Lung/heart transplant 0 (0.0%) 1 (0.1%) – 
Kidney transplant 3 (0.3%) 1 (0.1%) 4.3% 
Autoimmune deficiency 20 (1.8%) 15 (1.4%) 3.6% 
Chronic obstructive pulmonary disease 48 (4.4%) 41 (3.7%) 3.2% 
Crohn's disease 3 (0.3%) 1 (0.1%) 4.3% 

HCV-related comorbiditiesd,f: n(%)    
Anemia 62 (5.7%) 30 (2.7%) 14.6% 
Diabetes 173 (15.8%) 136 (12.4%) 9.7% 
Depression 89 (8.1%) 32 (2.9%) 22.8% 
Psychiatric disease 98 (8.9%) 44 (4.0%) 20.0% 
Substance abuse 62 (5.7%) 8 (0.7%) 28.0% 
Renal failure 21 (1.9%) 14 (1.3%) 5.1% 
Dialysis 3 (0.3%) 5 (0.5%) 3.0% 
Lichen planus 2 (0.2%) 0 (0.0%) – 
Porphyria cutanea tarda 4 (0.4%) 0 (0.0%) – 
Vasculitis – – – 
Psoriasis 11 (1.0%) 7 (0.6%) 4.00% 
Non-Hodgkins lymphoma 10 (0.9%) 13 (1.2%) 2.70% 

Sociodemographic characteristicsb,f: n (%)        
Type of industry    

Technology 225 (20.5%) 267 (24.3%) 9.2% 
Shipping/transportation 280 (25.5%) 208 (19.0%) 15.8% 
Financial services 213 (19.4%) 203 (18.5%) 2.3% 
Manufacturing/energy 133 (12.1%) 160 (14.6%) 7.2% 
Retail/consumer goods 93 (8.5%) 83 (7.6%) 3.4% 
Government/educational services 58 (5.3%) 79 (7.2%) 7.9% 
Healthcare 29 (2.6%) 38 (3.5%) 4.8% 
Other 66 (6.0%) 59 (5.4%) 2.8% 

Median household incomeg    
Less than $35,000 152 (13.9%) 182 (16.6%) 7.6% 
$35,000-$50,000 370 (33.7%) 371 (33.8%) 0.2% 
More than $50,000 575 (52.4%) 544 (49.6%) 5.7% 

HCV indicates hepatitis C virus; HMO, health maintenance organization; POS, point of service; PPO, preferred provider 
organization. 
aA standardized difference ≥10% denotes statistical significant comparison of HCV and non-HCV cohorts. 
bEvaluated at the index date. 
cSubset of employees aged 18-64 years among the 29 companies where short- and long-term disability claims are available. 
dEvaluated during the 6-month baseline period. 
eMild and severe liver diseases were excluded from the Quan-Charlson comorbidity index. 
fHCV-related comorbidities and sociodemographic characteristics were not included in the matching algorithm. 
gMedian household income based on 3-digit zip codes. 
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eAppendix 4. Demographic and Clinical Characteristics of the Matched Cohort With End-Stage 
Liver Disease 

  
HCV  

Cohort 
Non-HCV  

Cohort Standardized 
Differencea (N = 2557) (N = 2557) 

Matching Factors       
Follow-up, days: mean (SD) 1474 (1010) 1391 (993) 8.2% 
Type of beneficiaryb: n (%)    

Employee 886 (34.6%) 886 (34.6%) 0.0% 
Employee with disability coveragec 510 (19.9%) 510 (19.9%) 0.0% 

Spouse/dependent/retiree 1671 (65.4%) 1671 (65.4%) 0.0% 
Retiree 522 (20.4%) 613 (24.0%) 8.6% 

Demographicsb    
Age, years: mean (SD) 54.5 (10.2) 55.4 (11.9) 8.2% 
Gender, female: n (%) 841 (32.9%) 841 (32.9%) 0.0% 

Year of index dateb: n (%)    
2001 146 (5.7%) 98 (3.8%) 8.8% 
2002 323 (12.6%) 239 (9.3%) 10.5% 
2003 303 (11.8%) 239 (9.3%) 8.1% 
2004 306 (12.0%) 286 (11.2%) 2.4% 
2005 275 (10.8%) 280 (11.0%) 0.6% 
2006 299 (11.7%) 326 (12.7%) 3.2% 
2007 247 (9.7%) 278 (10.9%) 4.0% 
2008 212 (8.3%) 277 (10.8%) 8.6% 
2009 186 (7.3%) 248 (9.7%) 8.7% 
2010 187 (7.3%) 188 (7.4%) 0.2% 
2011 73 (2.9%) 98 (3.8%) 5.4% 

Regionb: n (%)    
Northeast 701 (27.4%) 666 (26.0%) 3.1% 
Midwest 481 (18.8%) 480 (18.8%) 0.1% 
South 982 (38.4%) 993 (38.8%) 0.9% 
West 327 (12.8%) 319 (12.5%) 0.9% 
Unknown 66 (2.6%) 99 (3.9%) 7.3% 

Insurance typeb: n (%)    
HMO 297 (11.6%) 296 (11.6%) 0.1% 
POS 649 (25.4%) 619 (24.2%) 2.7% 
PPO 1088 (42.5%) 1151 (45.0%) 5.0% 
Indemnity 428 (16.7%) 384 (15.0%) 4.7% 
Unknown 95 (3.7%) 107 (4.2%) 2.4% 

Quan-Charlson comorbidity indexd,e: mean (SD) 0.93 (1.59) 0.92 (1.58) 0.7% 
Pregnancyd 23 (0.9%) 13 (0.5%) 4.7% 
Non–HCV-related comorbiditiesd: n (%)    

Epilepsy 27 (1.1%) 24 (0.9%) 1.2% 
Rheumatoid arthritis 45 (1.8%) 39 (1.5%) 1.8% 
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Cardiac arrest 9 (0.4%) 5 (0.2%) 3.0% 
Heart failure 128 (5.0%) 128 (5.0%) 0.0% 
Coronary arterial disease 234 (9.2%) 229 (9.0%) 0.7% 
Lung/heart transplant 7 (0.3%) 2 (0.1%) 4.7% 
Kidney transplant 26 (1.0%) 12 (0.5%) 6.4% 
Autoimmune deficiency 79 (3.1%) 54 (2.1%) 6.1% 
Chronic obstructive pulmonary disease 188 (7.4%) 211 (8.3%) 3.4% 
Crohn's disease 17 (0.7%) 6 (0.2%) 6.4% 

HCV-related comorbiditiesd,f: n(%)    
Anemia 409 (16.0%) 129 (5.0%) 35.7% 
Diabetes 527 (20.6%) 471 (18.4%) 5.5% 
Depression 217 (8.5%) 117 (4.6%) 15.8% 
Psychiatric disease 264 (10.3%) 161 (6.3%) 14.6% 
Substance abuse 223 (8.7%) 47 (1.8%) 30.8% 
Renal failure 166 (6.5%) 77 (3.0%) 16.4% 
Dialysis 57 (2.2%) 12 (0.5%) 15.3% 
Lichen planus 7 (0.3%) 0 (0.0%) – 
Porphyria cutanea tarda 2 (0.1%) 0 (0.0%) – 
Vasculitis 9 (0.4%) 0 (0.0%) – 
Psoriasis 22 (0.9%) 12 (0.5%) 4.80% 
Non-Hodgkin lymphoma 22 (0.9%) 17 (0.7%) 2.20% 

Sociodemographic characteristicsb,f: n (%)        
Type of industry    

Technology 541 (21.2%) 630 (24.6%) 8.3% 
Shipping/transportation 546 (21.4%) 451 (17.6%) 9.4% 
Financial services 536 (21.0%) 504 (19.7%) 3.1% 
Manufacturing/energy 361 (14.1%) 386 (15.1%) 2.8% 
Retail/consumer goods 182 (7.1%) 190 (7.4%) 1.2% 
Government/educational services 154 (6.0%) 179 (7.0%) 4.0% 
Healthcare 81 (3.2%) 105 (4.1%) 5.0% 
Other 156 (6.1%) 112 (4.4%) 7.7% 

Median household incomeg    
Less than $35,000 378 (14.8%) 411 (16.1%) 3.6% 
$35,000-$50,000 824 (32.2%) 970 (37.9%) 12.0% 
More than $50,000 1355 (53.0%) 1176 (46.0%) 14.0% 

HCV indicates hepatitis C virus; HMO, health maintenance organization; POS, point of service; PPO, preferred provider 
organization. 
aA standardized difference ≥10% denotes statistical significant comparison of HCV and non-HCV cohorts. 
bEvaluated at the index date. 
cSubset of employees aged 18-64 years among the 29 companies where short- and long-term disability claims are available. 
dEvaluated during the 6-month baseline period. 
eMild and severe liver diseases were excluded from the Quan-Charlson comorbidity index. 
fHCV-related comorbidities and sociodemographic characteristics were not included in the matching algorithm. 
gMedian household income based on 3-digit zip codes. 

 


