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Abstract

Background.—Hospitalization burden related to hepatitis C virus (HCV) infection is substantial.
We sought to describe temporal trends in hospitalization rates before and after release of direct-
acting antiviral (DAA) agents.

Methods.—We analyzed 2000-2019 data from adults aged >18 years in the National Inpatient
Sample. Hospitalizations were HCV-related if (1) hepatitis C was the primary diagnosis, or (2)
hepatitis C was any secondary diagnosis with a liver-related primary diagnosis. We analyzed
characteristics of HCV-related hospitalizations nationally and examined trends in age-adjusted
hospitalization rates.

Results.—During 2000-2019, there were an estimated 1 286 397 HCV-related hospitalizations in
the United States. The annual age-adjusted hospitalization rate was lowest in 2019 (18.7/100 000
population) and highest in 2012 (29.6/100 000 population). Most hospitalizations occurred among
persons aged 45-64 years (71.8%), males (67.1%), White non-Hispanic persons (60.5%), and
Medicaid/Medicare recipients (64.0%). The national age-adjusted hospitalization rate increased
during 2000-2003 (annual percentage change [APC], 9.4%; P < .001) and 2003-2013 (APC,
1.8%; P<.001) before decreasing during 2013-2019 (APC, -7.6%; P < .001). Comparing 2000
to 2019, the largest increases in hospitalization rates occurred among persons aged 55-64 years
(132.9%), Medicaid recipients (41.6%), and Black non-Hispanic persons (22.3%).
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Conclusions.—Although multiple factors likely contributed, overall HCV-related hospitalization
rates declined steadily after 2013, coinciding with the release of DAAs. However, the declines
were not observed equally among age, race/ethnicity, or insurance categories. Expanded access

to DAA treatment is needed, particularly among Medicaid and Medicare recipients, to reduce
disparities and morbidity and eliminate hepatitis C as a public health threat.
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Hepatitis C virus (HCV) infection is a major public health problem in the United States
(US). During 2013-2016, an estimated 2.4 million adults in the US had current HCV
infection; however, only 55.6% of these adults reported being aware that they had hepatitis C
[1, 2]. Higher HCV infection prevalence has been observed among Baby Boomers (persons
born 1946-1964) compared with other age groups; however, a bimodal age distribution has
recently emerged among newly reported chronic hepatitis C cases, consisting of an older
cohort of Baby Boomers infected decades ago and a newer cohort of younger persons

more recently infected as a consequence of injection drug use during the opioid crisis

[3]. Emergence of this younger cohort has been reflected by the increase, since 2009, in
the number of acute hepatitis C cases reported to the US National Notifiable Diseases
Surveillance System annually [4]. In 2020, an estimated 66 700 acute HCV infections
occurred for an incidence of 1.5 per 100 000 population—the highest annual estimated
number and rate of acute HCV infections seen in the US in 2 decades [4].

Most persons with acute infection develop chronic hepatitis C and, despite the progression
of hepatic injury, most remain asymptomatic for decades [5]. Those identified with and
cured of infection (ie, those who achieve posttreatment sustained virologic response [SVR])
generally experience liver disease regression [6]. Persons unaware of their infection,
however, may not seek care until they develop severe manifestations, such as decompensated
cirrhosis or hepatocellular carcinoma, which, despite intensive medical management, have
high mortality rates and frequent hospital readmissions [6-8].

The burden of hospitalization related to HCV infection is substantial. A previous analysis of
the Nationwide Inpatient Sample demonstrated that hepatitis C was the principal diagnosis
for nearly 65 000 hospitalizations during 2010-2011, resulting in charges totaling $3.5
billion, and that the rate of hospitalizations for hepatitis C in the US increased 190% during
2004-2011 [9]. Concurrently, hepatitis C mortality rates increased from 3.72 deaths per
100 000 population in 2003 to 5.03 deaths per 100 000 population in 2013, representing

an average annual percentage increase during 2003-2013 of 3.4% [10]. Beginning in

2013, highly tolerable and effective direct-acting antiviral agents (DAAS) were introduced,
which have led to remarkable reductions in severe hepatic outcomes, including liver-related
mortality, among persons achieving SVR [6, 11, 12]. Widespread access to DAAs, however,
has been limited by the considerable lack of awareness of infection status among people
infected with HCV, as well as insurer-implemented treatment restrictions (eg, fibrosis,
sobriety, and prescriber restrictions). These restrictions have had disparate and adverse
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effects on vulnerable populations in which hepatitis C incidence and prevalence are high (eg,
persons who use drugs, underinsured persons) [13-16].

Our objectives, therefore, were to describe temporal trends in the demographic
characteristics, in estimated numbers, and in age-adjusted rates of HCV-related
hospitalizations during 2000-2019, a 20-year period that encompassed advances in hepatitis
C treatment and changes in hepatitis C incidence and mortality. We further examined HCV-
related hospitalization rates according to age, sex, race/ethnicity, and payer status using data
from the National (Nationwide) Inpatient Sample (NIS), which is representative of nearly all
discharges from US community hospitals.

We obtained the data analyzed in this report from the NIS, Healthcare Cost and Utilization
Project (HCUP), Agency for Healthcare Research and Quality. The NIS is the largest
publicly available all-payer inpatient healthcare database in the US. Prior to 2012, the
Nationwide Inpatient Sample was a sample of hospitals from which all discharges were
retained. Starting in 2012, the NIS was redesigned as a sample of discharges from all
hospitals participating in HCUP that approximates a 20% stratified sample of discharges
from US community hospitals, excluding rehabilitation and long-term acute care hospitals,
and was renamed the National Inpatient Sample [17]. The 2019 sampling frame includes
data from 48 states and the District of Columbia, representing 97% of discharges from

US community hospitals [18]. The unit of observation in the NIS is a hospitalization. The
analysis period was 2000-2019. This analysis used publicly available data without personal
identifiers and did not require institutional review board approval.

We defined HCV-related hospitalizations as (1) any hospitalization with hepatitis C as the
primary discharge diagnosis or (2) any hospitalization with hepatitis C as any secondary
discharge diagnosis if the primary discharge diagnosis was 1 of 14 liver disease—related
conditions (ie, alcoholic liver disease, ascites, cirrhosis without mention of alcohol,
esophageal varices with and without bleeding, hepatic encephalopathy, hepatic failure,
hepatocellular carcinoma, hepatorenal syndrome, jaundice, liver transplant, other sequelae of
chronic liver disease, portal hypertension, and spontaneous bacterial peritonitis), according
to International Classification of Diseases, Ninth Revisionand Tenth Revision, Clinical
Modification diagnostic codes (see Supplementary Table).

Statistical Analysis

We analyzed 2000-2019 discharge data from adults aged >18 years in the NIS. We

applied NIS sample weights to generate nationally representative estimates and applied

NIS trend weights to 2000-2011 data to ensure comparability of estimates throughout the
analytic period. We analyzed descriptive characteristics of HCV-related hospitalizations
nationally. For each HCV-related hospitalization, we identified patient age, sex, race/
ethnicity, urbanicity of residence, insurance type, and median household income. Urbanicity
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was defined in accordance with the National Center for Health Statistics urban-rural
classification scheme [19]. Expected primary payer was recoded into 5 insurance type
categories; self-pay and no charge payers were combined into an “uninsured” category.

We calculated age-adjusted HCV-related hospitalization rates per 100 000 US standard
population during 2000 by using the following age group distributions (in years): 18-34,
35-44, 45-54, 55-64, and =65 [20]. We used joinpoint regression (Joinpoint Regression
Program, version 4.9.0.1; National Cancer Institute) to model the annual percentage
change (APC) in HCV-related hospitalization rates over time and determine their statistical
significance. The program identifies points (joinpoints) where the slope of the trend line
significantly changes and calculates the APC in the rate during the years between joinpoints
along with 95% confidence intervals (Cls) for each trend segment. We also calculated

the percentage change in age-adjusted HCV-related hospitalization rates by age, sex, race/
ethnicity, and insurance type for the overall analytic period (2000 vs 2019) and for periods
before and after the introduction of second-generation DAAs (2000 vs 2013 and 2013 vs
2019, respectively). SAS (version 9.4; SAS Institute) was used for all other analyses.

During 2000-2019, there were an estimated 1 286 397 HCV-related hospitalizations in the
US (Table 1). The annual estimated number of HCV-related hospitalizations was lowest in
2000 (41 232) and highest in 2012 (79 150), while the annual age-adjusted HCV-related
hospitalization rate was lowest in 2019 (18.7 per 100 000 population) and highest in

2012 (29.6 per 100 000 population) (Figure 1). Most HCV-related hospitalizations occurred
among persons aged 45-64 years (71.8%), males (67.1%), White non-Hispanic persons
(60.5%), urban residents (85.0%), persons with Medicaid or Medicare (64.0%), and persons
with median household income <50th percentile (61.3%) (Table 1).

Estimated age-adjusted rates of HCV-related hospitalizations by demographic characteristics
appear in Figure 2. The rate was highest among persons aged 45-54 years during 2000-2013
and then among persons aged 55-64 years from 2014 to 2019. In terms of insurance type,
the rate was highest for Medicaid recipients during all but 2 years of the analysis period
(2000, when private insurance recipients had the highest rate, and 2013, when Medicare
recipients had the highest rate). The rate was highest among White non-Hispanic persons,
followed by Hispanic persons and then Black non-Hispanic persons throughout the analytic
period. The rate was higher among males than females throughout the analytic period.

Two joinpoints (in 2003 and 2013) and 3 segments were identified in the joinpoint
regression analysis (Figure 3). The national age-adjusted HCV-related hospitalization

rate increased significantly during 2000-2003 (APC, 9.4% [95% ClI, 5.5%-13.5%]; P<
.001) and 2003-2013 (APC, 1.8% [95% ClI, 1.3%—-2.4%]; P < .001) before decreasing
significantly during 2013-2019 (APC, —7.6% [95% CI, —8.5% to —6.6%]; £ < .001) (Figure
3).

Percentage change in the annual age-adjusted HCV-related hospitalization rates by selected
demographic characteristics appear in Table 2. Comparing 2000 to 2019, persons aged 55—
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64 years experienced a 132.9% increase in HCV-related hospitalization rate, while persons
aged 35-44 years and 45-54 years experienced rate decreases of —47.0% and —43.7%,
respectively. From 2000 to 2019, the highest increase in HCV-related hospitalization rate
occurred among Black non-Hispanic persons (22.3%), followed by White non-Hispanic
persons (18.1%); the largest decline in hospitalization rate occurred among Asian/Pacific
Islander persons (-22.5%). Comparing 2000 to 2019, HCV-related hospitalization rates
increased for Medicaid (41.6%) and Medicare (9.5%), while rates for private insurance
and uninsured declined —57.1% and —10.7%, respectively. Age-adjusted HCV-related
hospitalization rates declined for every demographic category examined when comparing
rates in 2013 to rates in 2019.

Discussion

In this analysis of 20 years of pre-COVID-19 pandemic NIS data, we found that HCV-
related hospitalizations predominantly occurred among persons aged 45-64 years, males,
White non-Hispanic persons, and persons with Medicaid or Medicare insurance. Overall
HCV-related hospitalization rates increased significantly prior to the availability of DAAs
during 2000-2013, and then decreased significantly during 2013-2019 after DAAs became
available; the 2019 age-adjusted HCV-related hospitalization rate was the lowest in 20 years.
However, the decline in hospitalization rate was not observed equally among all age, race/
ethnicity, or insurance categories.

We observed a decline in the trajectory of the increase (ie, a reduction in slope) in the age-
adjusted HCV-related hospitalization rates beginning in 2003. The introduction of pegylated
interferon as a hepatitis C treatment in 2001 might have contributed to the change in rates
observed in 2003. Prior studies have demonstrated associations between achieving SVR
from interferon-based treatments and hepatic benefits, including hepatic fibrosis regression,
cirrhosis resolution, decreased portal hypertension complications, and lower liver failure

risk [21-24]. Additionally, several recent studies support the overall trend of decreased HCV-
related hospitalizations in the era of DAASs observed in our analysis. In Canada, researchers
analyzed administrative and pharmacy data and found a modest decline in HCV- and liver-
related hospitalizations following significant uptake of second-generation DAAS [25]. In the
US, the Chronic Hepatitis Cohort Study (CHeCS) demonstrated that patients with chronic
hepatitis C who achieved SVR after DAA treatment had significantly lower rates of all-cause
and liver-related hospitalizations compared with chronic hepatitis C patients who had not
received DAA treatment [26]. Two large cohort studies from the Veterans Administration
published in 2017 demonstrated that achieving SVR from DAA treatment was associated
with a reduced risk of hepatocellular carcinoma [27, 28]. Additionally, a cohort study of 245
596 adults with chronic hepatitis C found that DAA treatment was independently associated
with a lower risk of mortality and liver- and non-liver-related outcomes compared with no
treatment [29].

Prior to 2013, the age-adjusted HCV-related hospitalization rate was highest among persons
aged 45-54 years. However, persons aged 55-64 years experienced the largest increase in
HCV-related hospitalization rate during the pre-DAA portion of the analysis period and
ended up as the age group with the highest age-adjusted HCV-related hospitalization rate
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after 2013. Although the HCV-related hospitalization rates declined for all age groups
during 2013-2019, the declines were notably smaller among those 35-44 years old and
18-34 years old during this period, which is likely a reflection of increasing HCV infection
incidence and prevalence in those age groups [4]. Improving access to curative DAA agents
among younger persons more recently infected has the potential to interrupt further HCV
transmission and prevent future morbidity that could develop if recent HCV infections are
left untreated.

Age-adjusted HCV-related hospitalization rates were highest among White non-Hispanic
persons throughout the entire analytic period and were approximately 3-fold higher than
the rates among Hispanic persons and 4-fold higher than the rates among Black non-
Hispanic persons. Despite these comparatively lower rates, however, the rate of HCV-
related hospitalizations among Black non-Hispanic persons increased 22.3% during 2000
to 2019, which was the largest increase among all race/ethnicity categories. An explanation
for this shift could be reduced or delayed access to DAAs among Black non-Hispanic
persons relative to other racial/ethnic categories. This is to some degree supported by
cohort analyses conducted after DAAs were released that indicated racial differences in
frequencies of initiation. Notably, a cohort study of hepatitis C patients treated at the
Veterans Administration found that Black patients had lower odds of receiving treatment in
the DAA era than White patients, while a CHeCS analysis found that Black non-Hispanic
race/ethnicity was associated with noninitiation of DAA treatment [30, 31]. Disparities in
access to treatment could have led to an accumulation of untreated HCV-infected Black non-
Hispanic persons in the US who progressed to severe liver disease, requiring HCV-related
hospitalization, compared with persons who had earlier access to DAA treatment. Further
research is warranted to identify the causes of these race/ethnicity differences, including the
role of differential access to healthcare in general and DAASs in particular.

The temporal shift to Medicaid and Medicare for insurance coverage of HCV-related
hospitalizations is a noteworthy finding that can influence future health policy decisions.
During the analysis period, the rates of HCV-related hospitalizations paid for by private
insurance decreased, while the rates of hospitalizations paid for by Medicaid or Medicare
increased. In contrast to expenditures for hospitalization, a recent analysis of national
pharmacy claims data demonstrated that during 2014-2020, Medicare and Medicaid paid the
pharmacy claims for 54% of persons treated with DAASs [32]. In 2014, the Affordable Care
Act (ACA) was implemented in the US, expanding health insurance coverage and reducing
uninsured rates [33]. Implementation of the ACA is likely partially responsible for the uptick
in the rates of HCV-related hospitalizations paid for by Medicaid from 2013 to 2014, and

the concomitant decline in the rates of hospitalizations among uninsured persons. Although
many US states have expanded DAA access for Medicaid recipients, restrictions related to
prescriber type, substance use, and hepatic fibrosis persist [34]. Given the well-documented
benefits of treating HCV infection early to prevent end-stage liver disease [6], optimization
of DAA treatment expenditures by public and private payers is likely to reduce the future
burden of disease and related medical costs.

Alternative classification schemes might have produced different estimates of the HCV-
related hospitalization burden. We performed a sensitivity analysis (data not shown)
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examining the annual proportion of overall adult hospitalizations attributable to several
different HCV-related classification schemes. During the analysis period, the proportion

of adult hospitalizations with hepatitis C as a primary discharge diagnosis ranged from

a peak of 0.11% in 2011-2013 to a low of 0.01% in 2017-2019; the proportion with
hepatitis C classified according to the definition used in our analysis ranged from a peak

of 0.26% in 2012-2014 to a low of 0.14% in 2000; and the proportion with hepatitis C

as any discharge diagnosis ranged from a peak of 2.19% in 2015 to a low of 0.80% in

2000. Our goal was to produce a conservative estimate of the hospitalization burden that
could legitimately be attributed to hepatitis C; utilizing our classification scheme, which
was geared toward capturing end-stage manifestations of HCV infection (eg, more sensitive
than solely using hospitalizations with hepatitis C as a primary discharge diagnosis and
more specific than using hospitalizations with hepatitis C as any discharge diagnosis)
accomplished this aim. Additionally, we justified inclusion of alcoholic liver disease as

a liver disease—related condition in our HCV-related hospitalization definition due to the
pervasiveness of alcohol use among patients with hepatitis C and the inability to rule out
contributions of HCV-mediated liver injury to hospitalizations where alcoholic liver disease
was the primary diagnosis and hepatitis C was a secondary diagnosis.

Our findings are subject to limitations. First, the unit of observation in the NIS is a
hospitalization, not a patient; readmissions for the same patient are counted as new
hospitalizations. Persons with advanced liver disease typically require intensive medical
management; hospital readmissions during a single calendar year would not be uncommon
[8, 35-39]. If a small number of patients accounted for a large number of hospitalizations,
they could have disproportionately affected the distribution of demographic characteristics
in our analysis, or potentially contributed to an overestimation of the HCV-related
hospitalization rates. Although there was a sustained decline in both the estimated number
and age-adjusted rates of HCV-related hospitalizations following the introduction of DAAs,
other factors, including HCV-related mortality, might have contributed to the decline in
HCV-related hospitalizations after 2013. In the context of this analysis, deaths occurring
among patients with advanced liver disease would reduce in number the hospitalization-
prone segment of the prevalent population and consequently lower the HCV-related
hospitalization rate; the magnitude of such an effect would depend on how frequently such
a decedent was readmitted in a calendar year (data not available in NIS). Second, changes
in coding practices during the analysis period might have influenced the estimated number
and rates of HCV-related hospitalizations observed. However, we would expect that any such
influence would have been in the direction of increased HCV-related hospitalizations due to
increased awareness of hepatitis C over time. Third, this was a retrospective, cross-sectional
analysis; causality cannot be inferred. Fourth, despite the NIS being the largest publicly
available all-payer inpatient database, our analysis likely underestimates the HCV-related
hospitalization burden in the US due to the omission within the NIS of hospitalization data
from the Veterans Administration. Finally, we did not include extrahepatic manifestations
of HCV infection in the liver disease-related conditions we assessed as part of our HCV-
related hospitalization definition. However, a prior NIS study found that the prevalence of
extrahepatic manifestations among hospitalizations involving a hepatitis C diagnosis code
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was <0.5% during 2004-2011, suggesting that including extrahepatic manifestations would
not have substantively altered the results of our analysis [40].

Although multiple factors likely contributed, overall HCV-related hospitalization rates
declined steadily after 2013, coinciding with the release of DAAs. However, the declines
were not observed equally among age, race/ethnicity, or insurance categories. Expanded

ac
to

cess to DAA treatment is needed, particularly among Medicaid and Medicare recipients,
reduce morbidity and mortality, prevent further transmission, eliminate disparities,

decrease the healthcare and financial burdens associated with HCV-related hospitalizations,

an

Supplement

d ultimately eliminate hepatitis C as a public health threat.

ary Material

Refer to Web version on PubMed Central for supplementary material.

References
1

10

11.

12.

13.

14.

. Hofmeister MG, Rosenthal EM, Barker LK, et al. Estimating prevalence of hepatitis C virus

infection in the United States, 2013-2016. Hepatology 2019; 69:1020-31. [PubMed: 30398671]

. Kim HS, Yang JD, El-Serag HB, Kanwal F. Awareness of chronic viral hepatitis in the United

States: an update from the National Health and Nutrition Examination Survey. J Viral Hepat 2019;
26:596-602. [PubMed: 30629790]

. Ryerson AB, Schillie S, Barker LK, Kupronis BA, Wester C. Vital signs: newly reported acute

and chronic hepatitis C cases—United States, 2009-2018. MMWR Morb Mortal WKkly Rep 2020;
69:399-404. [PubMed: 32271725]

. Centers for Disease Control and Prevention. Viral hepatitis surveillance—United States. 2021.

Available at: https://www.cdc.gov/hepatitis/statistics/SurveillanceRpts.htm. Accessed 13 November
2022.

. Thomas DL, Seeff LB. Natural history of hepatitis C. Clin Liver Dis 2005; 9:383-98. [PubMed:

16023972]

. loannou GN, Feld JJ. What are the benefits of a sustained virologic response to direct-acting

antiviral therapy for hepatitis C virus infection? Gastroenterology 2019; 156:446-60.e2. [PubMed:
30367836]

. National Cancer Institute. Cancer stat facts: common cancer sites. Available at: https://

seer.cancer.gov/statfacts/html/common.html. Accessed 18 December 2022.

. Weiss AJ, Jiang HJ. Overview of clinical conditions with frequent and costly hospital readmissions

by payer, 2018. Statistical brief #278. In: Healthcare Cost and Utilization Project (HCUP) statistical
briefs. Rockville, MD: Agency for Healthcare Research and Quality, 2021.

. Xu F, Tong X, Leidner AJ. Hospitalizations and costs associated with hepatitis C and advanced liver

disease continue to increase. Health Aff (Millwood) 2014; 33:1728-35. [PubMed: 25288416]

. Ly KN, Hughes EM, Jiles RB, Holmberg SD. Rising mortality associated with hepatitis C virus in
the United States, 2003-2013. Clin Infect Dis 2016; 62:1287-8. [PubMed: 26936668]

Afdhal N, Zeuzem S, Kwo P, et al. Ledipasvir and sofosbuvir for untreated HCV genotype 1
infection. N Engl J Med 2014; 370:1889-98. [PubMed: 24725239]

Backus LI, Belperio PS, Shahoumian TA, Mole LA. Impact of sustained virologic response with
direct-acting antiviral treatment on mortality in patients with advanced liver disease. Hepatology
2019; 69:487-97. [PubMed: 28749564]

Harris AM, Khan MA, Osinubi A, Nelson NP, Thompson WW. Hepatitis C treatment among
commercially or Medicaid-insured individuals, 2014-2018. Am J Prev Med 2021; 61:716-23.
[PubMed: 34362617]

Liao JM, Fischer MA. Restrictions of hepatitis C treatment for substance-using Medicaid patients:
cost versus ethics. Am J Public Health 2017; 107:893-9. [PubMed: 28426313]

Clin Infect Dis. Author manuscript; available in PMC 2024 December 15.


https://www.cdc.gov/hepatitis/statistics/SurveillanceRpts.htm
https://seer.cancer.gov/statfacts/html/common.html
https://seer.cancer.gov/statfacts/html/common.html

1duosnue Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Hofmeister et al.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Page 9

Reilley B, Miller M, Hudson M, Haverkate R, Leston J. Hepatitis C drug prescriptions and
Medicaid policies—four states, Indian health care system, USA 2018. Int J Equity Health 2019;
18:190. [PubMed: 31801547]

Thompson WW, Symum H, Sandul A, et al. Vital signs: hepatitis C treatment among insured
adults—United States, 2019-2020. MMWR Morb Mortal Wkly Rep 2022; 71:1011-7. [PubMed:
35951484]

Agency for Healthcare Research and Quality. Healthcare cost and utilization project:

NIS overview. 2022. Available at:. https://www.hcup-us.ahrg.gov/nisoverview.jsp. Accessed 13
November 2022.

Healthcare Cost and Utilization Project. Introduction to the HCUP National Inpatient Sample
(NI1S) 2019. 2021. Available at:. https://hcup-us.ahrg.gov/db/nation/nis/NISIntroduction2019.pdf.
Accessed 26 July 2023.

Centers for Disease Control and Prevention. NCHS urban-rural classification scheme for counties.
2017. Available at: https://www.cdc.gov/nchs/data_access/urban_rural.htm. Accessed 15 June
2022.

Klein RJ, Schoenborn CA. Age adjustment using the 2000 projected U.S. population. Healthy
People 2010 Stat Notes 2001; 1-10.

van der Meer AJ, Veldt BJ, Feld JJ, et al. Association between sustained virological response and
all-cause mortality among patients with chronic hepatitis C and advanced hepatic fibrosis. JAMA
2012; 308:2584-93. [PubMed: 23268517]

Veldt BJ, Heathcote EJ, Wedemeyer H, et al. Sustained virologic response and clinical outcomes
in patients with chronic hepatitis C and advanced fibrosis. Ann Intern Med 2007; 147:677-84.
[PubMed: 18025443]

Morgan TR, Ghany MG, Kim HY, et al. Outcome of sustained virological responders with
histologically advanced chronic hepatitis C. Hepatology 2010; 52:833-44. [PubMed: 20564351]

Akhtar E, Manne V, Saab S. Cirrhosis regression in hepatitis C patients with sustained virological
response after antiviral therapy: a meta-analysis. Liver Int 2015; 35:30-6. [PubMed: 24766091]

Schanzer D, Pogany L, Aho J, et al. Impact of availability of direct-acting antivirals for hepatitis
C on Canadian hospitalization rates, 2012-2016. Can Commun Dis Rep 2018; 44(7-8):150-6.
[PubMed: 31011295]

Gordon SC, Teshale EH, Spradling PR, et al. Lower rates of emergency visits and hospitalizations
among chronic hepatitis C patients with sustained virological response to interferon-free direct-
acting antiviral therapy (2014-2018). Clin Infect Dis 2022; 75:1453-6. [PubMed: 35147184]
loannou GN, Green PK, Berry K. HCV eradication induced by direct-acting antiviral agents
reduces the risk of hepatocellular carcinoma [manuscript published online ahead of print 5
September 2017]. J Hepatol 2017. doi:10.1016/j.jhep.2017.08.030.

Kanwal F, Kramer J, Asch SM, Chayanupatkul M, Cao Y, El-Serag HB. Risk of hepatocellular
cancer in HCV patients treated with direct-acting antiviral agents. Gastroenterology 2017;
153:996-1005e1. [PubMed: 28642197]

Ogawa E, Chien N, Kam L, et al. Association of direct-acting antiviral therapy with liver and
nonliver complications and long-term mortality in patients with chronic hepatitis C. JAMA Intern
Med 2022; 183:97-105.

Kanwal F, Kramer JR, El-Serag HB, et al. Race and gender differences in the use of direct acting
antiviral agents for hepatitis C virus. Clin Infect Dis 2016; 63:291-9. [PubMed: 27131869]
Spradling PR, Xing J, Rupp LB, et al. Uptake of and factors associated with direct-acting antiviral
therapy among patients in the Chronic Hepatitis Cohort Study, 2014 to 2015. J Clin Gastroenterol
2018; 52:641-7. [PubMed: 28590325]

Teshale EH, Roberts H, Gupta N, Jiles R. Characteristics of persons treated for hepatitis C using
national pharmacy claims data, United States, 2014-2020. Clin Infect Dis 2022; 75:1078-80.
[PubMed: 35171997]

Avery K, Finegold K, Whitman A. Affordable Care Act has led to historic, wide-spread increase
in health insurance coverage. 2016. Available at https://aspe.hhs.gov/sites/default/files/private/pdf/
207946/ACAHistoriclncreaseCoverage.pdf. Accessed 15 June 2022.

Clin Infect Dis. Author manuscript; available in PMC 2024 December 15.


https://www.hcup-us.ahrq.gov/nisoverview.jsp
https://hcup-us.ahrq.gov/db/nation/nis/NISIntroduction2019.pdf
https://www.cdc.gov/nchs/data_access/urban_rural.htm
https://aspe.hhs.gov/sites/default/files/private/pdf/207946/ACAHistoricIncreaseCoverage.pdf
https://aspe.hhs.gov/sites/default/files/private/pdf/207946/ACAHistoricIncreaseCoverage.pdf

1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Hofmeister et al.

34.

35.

36.

37.

38.

39.

40.

Page 10

Center for Health Law and Policy Innovation and National Viral Hepatitis Roundtable.

Hepatitis C: state of Medicaid access, national summary report, 2022. 2022. Available at:
https://stateofhepc.org/wp-content/uploads/2022/06/State-of-Hep-C-Report_2022-1.pdf. Accessed
27 January 2023.

Teshale EH, Xing J, Moorman A, et al. Higher all-cause hospitalization among patients with
chronic hepatitis C: the Chronic Hepatitis Cohort Study (CHeCS), 2006-2013. J Viral Hepat 2016;
23:748-54. [PubMed: 27186944]

Park H, Jeong D, Nguyen P, et al. Economic and clinical burden of viral hepatitis in California:

a population-based study with longitudinal analysis. PLoS One 2018; 13:60196452. [PubMed:
29708985]

Roebuck MC, Liberman JN. Assessing the burden of iliness of chronic hepatitis C and impact

of direct-acting antiviral use on healthcare costs in Medicaid. Am J Manag Care 2019; 25(8
Suppl):S131-9. [PubMed: 31211526]

Katrak S, Park LP, Woods C, Muir A, Hicks C, Naggie S. Patterns of healthcare utilization among
veterans infected with hepatitis C virus (HCV) and human immunodeficiency virus (HIV) and
coinfected with HIV/HCV: unique burdens of disease. Open Forum Infect Dis 2016; 3:0fw173.
[PubMed: 27704025]

Younossi ZM, Stepanova M, Mishra A, Venkatesan C, Henry L, Hunt S. The impact of chronic
hepatitis C on resource utilisation and in-patient mortality for Medicare beneficiaries between
2005 and 2010. Aliment Pharmacol Ther 2013; 38:1065-75. [PubMed: 24028331]

Tong X, Spradling PR. Increase in nonhepatic diagnoses among persons with hepatitis C
hospitalized for any cause, United States, 2004—2011. J Viral Hepat 2015; 22:906-13. [PubMed:
25894392]

Clin Infect Dis. Author manuscript; available in PMC 2024 December 15.


https://stateofhepc.org/wp-content/uploads/2022/06/State-of-Hep-C-Report_2022-1.pdf

1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuepy Joyiny

1duosnuely Joyiny

Hofmeister et al.

Estimated number of HCV-related hospitalizations

90 000

80000

70000

60 000

50 000

40 000

30000

20000

10 000

0

Page 11

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019
Year

Figure 1.
Estimated number and age-adjusted rate of hepatitis C—related hospitalizations, United

States, 2000-2019.
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Figure 2.
Estimated age-adjusted rates of hepatitis C—related hospitalizations by age (A), payer (B),

race/ethnicity (C), and sex (D), United States, 2000-2019.
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Figure 3.
Age-adjusted hepatitis C—related hospitalization rates per 100 000 population. United States,

2000-2019. *Indicates that the annual percentage change is significantly different from
zero at the a = .05 level. Abbreviations: APC, annual percentage change; DAAS, second-
generation direct-acting antiviral agents; PEG-IFN, pegylated interferon.
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Demographic Characteristics Among Hepatitis C—Related Hospitalizations, United States, 2000-2019

Table 1.

Estimated No. Column %
Characteristic (95% ClI) (95% ClI)
Estimated No. of 1286 397 (911 535-1 661 260) 100.0
HCV-related hospitalizations
Age-adjusted 25.9 (18.8-33.0)
HCV-related hospitalization rate/100 000 population
Age at admission, y
18-34 64 496 (61 384-67 608) 5.0 (4.8-5.2)
35-44 122 953 (117 116-128 789) 9.6 (9.3-9.8)
45-54 484 804 (462 501-507 107) 37.7 (37.2-38.2)
55-64 438 185 (422 592-453 777)  34.1(33.6-34.6)
265 175 961 (169 551-182 370) 13.7 (13.4-14.0)

Age, y, median (IQR)
Sex
Male
Female
Race/ethnicity
Asian/Pacific Islander
Black
White

Otherd
Hispanic

Urban vs rural residence?
Urban
Rural

Payer
Private insurance
Medicare

Medicaid
Uninsured®

Other?

Median household income
0-25th percentile
26th-50th percentile
51st-75th percentile
76th—-100th percentile

53.7 (47.8-59.7)

863 438 (829 750-897 126)
422 705 (408 047-437 364)

22 812 (20 467-25 156)
163 804 (154 782-172 826)
695 043 (669 536-720 549)

48 900 (44 705-53 095)

218 378 (202 400-234 356)

466 384 (457 996-474 772)
82576 (79 433-85 718)

274 587 (258 508-290 666)
396 702 (383 083-410 321)
424 084 (408 240-439 928)
118 778 (110 294-127 261)

67 934 (59 674-76 193)

433 403 (412 847-453 960)
325 814 (313 299-338 328)
272 941 (261 221-284 661)
206 560 (193 430-219 689)

67.1 (66.8-67.5)
32.9(32.5-33.2)

2.0 (1.8-2.2)
14.3 (13.7-14.8)
60.5 (59.5-61.5)

4.3 (3.9-4.6)

19.0 (18.0-20.0)

85.0 (84.5-85.5)
15.0 (14.5-15.5)

21.4 (20.7-22.2)

30.9 (30.5-31.4)

33.1(32.4-33.7)
9.3 (8.7-9.8)

5.3 (4.7-5.9)

35.0 (34.0-36.0)
26.3 (25.8-26.9)
22.0 (21.5-22.5)
16.7 (15.9-17.5)

1duosnuen Joyiny

Abbreviations: Cl, confidence interval; HCV, hepatitis C virus; IQR, interquartile range.
alncludes Native American race.
bRestricted to 2003-2019. Urbanicity was categorized according to the National Center for Health Statistics urban-rural classification scheme for

counties and county-equivalent entities (https://www.cdc.gov/nchs/data_access/urban_rural.htm). We applied the 1990 census-based scheme to data
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from 2003-2005, the 2006 scheme to data from 2006-2012, and the 2013 scheme to data from 2013-2019. Large central metropolitan, large fringe
metropolitan, medium metropolitan, and small metropolitan counties were grouped as urban. Micropolitan and noncore counties were grouped as
rural.

c . . A .
Uninsured represents a combination of self-pay and no charge expected primary payers.

dOther includes worker’s compensation, Civilian Health and Medical Program of the Uniformed Services, Civilian Health and Medical Program of
the Department of Veterans Affairs, Title V, and other government programs.

Clin Infect Dis. Author manuscript; available in PMC 2024 December 15.



Page 16

Hofmeister et al.

‘swesbo.d juswiuianob

J9U10 PUB ‘A B]IIL ‘SIIeYY SUBISISA JO Juswiiedaq ay) J0 WelBold [edIpaN pue UijesH UBI[IAID ‘SBOIAIBS PAWIOLIUN aU JO WeBoid [edIpaA pue yieaH UBIIALD ‘uoresuadwon s, ax40Mm sapnjoul sByo,

's1aked Arewrid paoadxa abreyd ou pue Aed-}1as J0 uoieUIqUIOD B SJuasaldal painsulun

q

‘9JeJ URdLIBWY dAIBN mwtz_oc_m

"|EAJBIUI B0USPIIUOD ‘1D :UOIBIABIGGY

T'gE- 0'85- 765 (r8-157) 890 (8T°2€0T) 19T (6£1-€9) 10T 213Ui0
L0T- 68— Lyl (L0Z-22T) ¥9'T (tev-122) 12°E (6v'2-6TT) ¥8'T gPaInsuun
9Ty 8'9T- 2oL (06'6-9L'G) €8'L (£9'21-9T°9) Tv'6 (ev'1-v9°€) €5'S presIpaiN
56 8'9e- zeL (5v8-85€) 209 (25°21-159) 256 (L82-19°€) V'S aIedIPAIN
T'.5- T'¢S- 7’01~ (zze-18T) 16 (Le'1-2re) ses (T0'8-T.°€) 98'S 8oueINsUl feAlld
19hed
70T 9'L¢- 0'LL (tov—vee) LT (99°9-15°€) 60'S (05e-S2'2) 18T o1uedsiH
16 Llg- £sL (16197 920 (e5'1-167) 22T (c6-Lv7) 0L0 p1UI0
7'8T T'ee- L (cge1-€96) €L'TT  (L€72-6T21)82LT  (0L°2T-ST'L) 26'6 ANYM
€'ee g'ge- L'86 (Lz'e-G8'T) Tv'e (9z'5-152) 26°€ (T19°2-v€'1) L6'T oelg
gee- Lyy- oV (ee-617) 920 (¥9'-T€") 870 (ev'—sz) vE'0 Japuels| d1oed/ueISY
\ﬁ_o_:sum\momw_
G- L'Te- 8'6¢ (S'2-88'S) £9'9 (T8'T1-2L°2) 9L°6 (61'8-LL'S) 86'9 aewad
0'9- 9'/e- 90§ (T1'51-00'6) G0'2T  (v2'G2-68¢T) 2€'6T (T2'LT-€V¥'8) 28'CT 3leN
X3S
A vi- ST (88'¢-v¥'e) 99°€ (TTv-v5e) €8°€ (Gge-GL2) GTe 69z
6'CET L'9e- 0'89¢ (8,9-G09) Tv'9  (€8°0T-€¥'6) ETOT  (8T'€-€€T)SLT ¥9-G§
Ley- T'95- g'8e (eoserv)eLy  (€5TT-2001) 080T  (vS5'6-L2°L) Tv'8 vS-G¥
0'Li- Ty- Lyy- (95'2-91°2) 9¢°C (¥9'2-62'2) 9v'C (10°5-06°€) 9v'y vv-GE
0'6¥ 0'9T- v'LL (L9T-v7'T) 95T (202-697) 58T (SzT-v8) ¥0'T v€-8T
A ‘uoissiwpe 1e aby
6T0¢-0002 6T0¢-€T0C €102-000C (12 %56) (10 %56) (10 %56) ansiIeIdeIRyD
‘9% ‘sbueyD YRy ‘0p ‘SBuBUD BIRY ‘0% ‘bueYD B1RY 6T0Z Ul orey €102 Ul orey 0002 U 31ey

Author Manuscript

‘¢ slqeL

Author Manuscript

3|dwres juanedu] (spimuoiieN)
[euolleN ‘6T0Z 01 000z wo.4 sansLsoerey) siydeibowaq Aq sajey uonezijeldsoH palejay—o shitedsH paisnlpy-aby ul abuey) abejusaiad

Author Manuscript

Author Manuscript

Clin Infect Dis. Author manuscript; available in PMC 2024 December 15.



	Abstract
	Methods
	Data Source
	Definitions
	Statistical Analysis

	Results
	Discussion
	References
	Figure 1.
	Figure 2.
	Figure 3.
	Table 1.
	Table 2.

