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Abstract

Background

Economic burden of HBV and HCV infection are trending upwards.

Aims

Compare hepatitis B virus (HBV) and hepatitis C virus (HCV) related hospital admission

rates, charges, mortality rates, causes of death in a US population-based study.

Methods

Retrospective cohort analysis of HBV and HCV patients from the California Office of State-

wide Health Planning and Development (2006–2013) database.

Results

A total of 23,891 HBV and 148,229 HCV patients were identified. Across the 8-year period,

the mean increase for all-cause ($1,863 vs $1,388) and liver-related hospitalization charges

($1,175 vs $675) were significantly higher for the HBV cohort compared to the HCV cohort.

HBV patients had significantly higher liver-related hospital charges per person per year than

HCV patients after controlling for covariates ($123,239 vs $111,837; p = 0.002). Compared

to HCV patients, adjusted mortality hazard ratio was slightly lower in HBV patients (relative

risk = 0.96; 95% CI 0.94–0.99). The major causes and places of death were different. The

three major causes of death for HBV were: other malignant neoplasms (35%), cardiovascu-

lar disease/other circulatory disorders (17%), and liver-related disease (15%) whereas for

HCV patients were: liver-related disease (22%), other malignant neoplasms (20%), and car-

diovascular disease (16%). Regarding the place of death, 53% of HBV patients and 44% of

HCV patients died in hospital inpatient, respectively.

Conclusions

HBV patients incurred higher liver-related hospital charges and higher mean increase for

all-cause and liver-related hospitalization charges over the 8-year period compared to HCV
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patients. HBV patients had slightly lower mortality rate and their major causes and places of

death were noticeably different from HCV patients.

Introduction

Chronic hepatitis B virus (HBV) and chronic hepatitis C virus (HCV) infections remain two of

the leading causes of chronic liver disease, cirrhosis, and hepatocellular carcinoma (HCC)

globally. HCV affects millions of people around the world and is the predominant cause of

chronic liver disease, cirrhosis and HCC in the Americas, Europe, Japan, and the Middle East.

[1] On the other hand, HBV is widespread throughout Asia, especially in China, and is a major

cause of cirrhosis and its complications, including HCC in Asia.[2]

Both viruses are blood borne. However, the most common modes of HCV infection are

through unsafe injection practices, inadequate sterilization of medical equipment, and the

transfusion of unscreened blood and blood products, especially in developing countries.[3] On

the other hand, though HBV is transmitted through contact with the blood or other body flu-

ids of an infected person, the majority of cases come through perinatal transmission or in early

childhood especially in more rural areas of Asia and sub-Sahara Africa despite the availability

of an effective vaccine.[4]

The advent of the new direct acting antiviral agents as treatment and possible cure for HCV

has changed the medical landscape concerning long-term outcomes for HCV patients. However,

there is currently no such curative treatment for HBV with over 90% of those infected as infants

or young children becoming chronically infected and at increased risks for cirrhosis and HCC.[5]

As such, concern is raised about the burden of HCV and HBV within the United States (US).

Recent studies in the US, conducted using the Nationwide Inpatient Sample (NIS), found that

HBV-infected patients incurred higher inpatient resource utilization and greater inpatient mortal-

ity when compared to patients hospitalized with chronic HCV infection or alcoholic liver disease.

[6,7] However, due to the cross sectional nature of the data, event-level records not patient-level

recordings, these prior studies could not capture if patients required additional hospitalizations or

patients died somewhere else than in a hospital. Furthermore, these studies are limited in that

they reflect only liver-related utilization and deaths and represent national trends, which may not

be applied to some states where high-risk populations are prevalent (e.g. Asian Americans with

HBV).[6,7] Thus, additional studies with patient-level longitudinal analyses are necessary to

understand the long-term clinical and economic outcomes of HBV and HCV.

Chronic liver disease and cirrhosis are among the leading causes of death in California in

addition to the number of liver cancer-related deaths being much higher in California than in

any other states within the United States (US).[8] As such, it is important to fully appreciate

and understand the drivers of liver disease outcomes seen within the state of California as

many of the other study results may not be generalizable to this populous and ethnically

diverse state. Therefore, the aims of this study were to explore healthcare utilization of patients

with viral hepatitis within the state of California, and given the considerable mortality associ-

ated with viral hepatitis and liver cancer in California, the secondary goal was to compare mor-

tality rates and causes of death between HBV and HCV patients in California.

Methods

Data source

The Office of Statewide Health Planning and Development (OSHPD) of California maintains

a database of all patient admissions to nonfederal hospitals within the state. Patients are

Chronic hepatitis B vs hepatitis C
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assigned unique identifiers that allow them to be followed longitudinally in time over multiple

admissions and across different hospitals until death. Therefore, we performed a retrospective

analysis of the OSHPD hospital discharge database from 2006 to 2013 for all patients admitted

for HBV and HCV. In California, hospitals and other inpatient healthcare facilities licensed by

the state are required to submit data to the OSHPD semi-annually about all patients admitted.

[9] Thus, the OSHPD databases provide almost a complete capture of all procedures within

the state, omitting only those performed at federal institutions. Each hospitalization record

included information on patient’s demographics, expected source of payment, facility type,

and hospital charges. A primary International Classification of Diseases (ICD-9) diagnosis and

up to 24 secondary diagnoses listed in no particular order were also included. Individual

patients were assigned a unique identification code [record linkage number (RLN)], which

was derived from a complex algorithm based on the social security number of the patient and

allowed for longitudinal follow up. Records for patients without a social security number were

assigned a missing RLN.[10]

Mortality data were extracted from the California State Death Statistical Master file records

(DSMF)—a database of death certificates for all individuals dying in and outside of California.

Individuals record linkage numbers (RLN’s) were cross-linked to the DSMF via a method that

was previously reported. [11] Mortality data was only available for patients who hospitalized

from 2006 to 2011 with follow-up until 2013at the time of the study. The study was approved

by the Institutional Review Board of the California Health and Human Services Agency and

was exempted by the Stanford University Institutional Review Board.

Study sample for all-cause hospital admission rates and charge analysis

We included all adult patients (�18 years) who were hospitalized in California with HBV or

HCV infection listed as a primary or secondary diagnosis during 2006–2013 using the ICD-9

diagnosis codes. HBV infection was identified using the following ICD-9 CM codes: 070.20,

070.30, 070.42, 070.52, and V02.61. HCV infection was identified using the following ICD-9

CM codes: 070.44, 070.54, 070.70, 070.71, and V02.62. Patients were excluded if they had a

missing RLN or they had diagnosis code(s) for HBV/HCV co-infection, HIV co-infection, or

other concurrent liver diseases such as alcohol liver disease, nonalcoholic fatty liver disease

(NAFLD), autoimmune hepatitis, or cryptogenic chronic hepatitis. However, we performed

sensitivity analyses with all HBV and HCV patients excluding HBV/HCV co-infection only.

To examine all-cause hospital related hospital rates and charges for HBV and HCV patients

who were hospitalized, we classified any visit or discharge regardless a liver diagnosis as an all

cause hospital analysis. For example, if a patient with HBV was admitted for a cardiovascular

issue than that hospitalization was captured under all cause hospitalization and not under liver

related hospitalization.

Study sample for liver-related hospital and charge analysis

To examine liver-related hospital admissions and charges for HBV and HCV patients who

were hospitalized, we classified visits and discharges as liver-related if the hospitalization

involved the HBV or HCV infection, or end-stage liver disease including cirrhosis, decompen-

sated cirrhosis (or of the clinical symptoms of decompensated cirrhosis), HCC, or liver trans-

plant as a primary diagnosis.

Study sample for mortality analysis

Mortality data was available for patients who were hospitalized from 2006 to 2011 but not for

patients who were hospitalized from 2012–2013. Mortality data provides information on death
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or being alive by December 31, 2013 for those who hospitalized during 2006–2011. We

included patients hospitalized with HBV or HCV infection listed as a primary or secondary

diagnosis during 2006–2011 and linked to the DSMF for mortality analysis. Patients were fol-

lowed up from the first hospital admission until December 31, 2013.

Outcomes and covariates

The outcomes in this study included hospitalization rate, days in hospital, hospital charges, and

mortality. The mean numbers of inpatient visits and hospital days per person per year (PPPY)

were estimated for all-cause and liver-related admissions during the study period, respectively.

Medical charges PPPY were also calculated for all-cause and liver-related admissions. Because

hospital costs and reimbursement were not publically available, we used charges to estimate the

economic burden for HBV and HCV infection. All charges were inflation (3%) adjusted to 2013

US dollars. Finally, we used Poisson regression models to estimate the adjusted relative risk of

dying associated with for those diagnosed with HBV and HCV over time. Crude death rates per

1000 person-years were estimated. Reasons for death were classified as liver-related (including

viral hepatitis, alcohol liver disease, hepatic decompensation, liver cancer, non-alcohol liver dis-

ease), neoplasms, drug poisoning, accidents (i.e., unintentional injury, intentional self-harm),

cardiovascular disease and other circulatory disorders, nephritis, all other infections, chronic

obstructive pulmonary disease, and others. Places for death were classified as hospital inpatient,

patients’ residence, nursing home, hospice, and others.

Covariates in our models included demographics, insurance type, liver severity, presence of

comorbidity, and degree of sickness as indicated by the Charlson Comorbidity Index (CCI).

Liver severity was defined as having diagnosis of cirrhosis, decompensated cirrhosis, HCC,

and liver transplant. Using the ICD-9 CM, we identified the comorbidities contained in the

CCI (e.g., cardiovascular disease, chronic kidney disease, chronic obstructive pulmonary dis-

ease) and then calculated the CCI scores.

Statistical analyses

Descriptive statistics included means (standard deviation: SD) and relative frequencies for

continuous and categorical data, respectively. Individual variables were compared between

HBV and HCV cohorts. Dichotomous variables were compared using Chi-square tests. Con-

tinuous variables were compared using independent t-tests and Mann-Whitney’s U-tests.

For regression analysis, we adjusted for age, gender, race, insurance type, liver severity,

presence of comorbidities, and CCI scores (S1 Table). Poisson regression was used to estimate

the number of hospital admissions and days in hospital. A generalized linear model (GLM)

with a gamma distribution and log-link function was used to compare hospital charges. A

Poisson regression model was used to measure the difference in mortality between HBV and

HCV cohorts. Within the HBV and HCV cohorts, GLM and Poisson regression models were

used to understand factors associated with hospital charges and mortality. All statistical analy-

ses were 2-tailed, with an a priori significance level of α = 0.05. All analyses were conducted

using SAS 9.4 (SAS Institute Inc., Cary, NC) and STATA version 14 (Stata Corp., College Sta-

tion, TX).

Results

Patient characteristics

The total number of HBV patients included in the study was 23,891 while there were 148,229

HCV patients. (S1 Fig) Table 1 summarizes the baseline demographic characteristics and

Chronic hepatitis B vs hepatitis C
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comorbid conditions between two cohorts. There were significant demographic differences

between the two cohorts. The age range for the majority of patients in both cohorts was

between 45 years and 65 years old (HBV 45% vs. HCV 65%) although more HBV patients

were�65 years old (29% vs 16%, p<0.001). There were significantly more Asians in the HBV

cohort (HBV 44% vs HCV 5%, p<0.001), significantly more HBV patients on Medicare (34%

vs 28%, p<0.001), and significantly more HBV patients having end-stage liver disease compli-

cations such as HCC compared to HCV patients (8% vs 3%, p<0.001). Furthermore, HBV

patients had slightly higher the mean CCI score (1.77 vs 1.47, p<0.001) but were much less

likely to have a history of alcohol abuse/dependence or drug abuse/dependence as compared

to HCV patients (4% vs 11%, p<0.001; 17% vs 43%, p<0.001; respectively).

Table 1. Characteristics of HBV and HCV patients admitted to hospital by year, US, 2006–2013.

Patient Characteristics HBV

(N = 23,891)

HCV

(N = 148,229)

P-value

Age, n (%)

18-<45 6344 (27) 28506 (19) <0.001

45–65 10647 (45) 96353 (65)

>65–75 3753 (16) 14848 (10)

>75 3147 (13) 8522 (6)

Male, n (%) 12848 (54) 90718 (61) <0.001

Race, n (%)

Asian 10440 (44) 6724 (5) <0.001

Non-Asian (White) 9127 (38) 104123 (70)

Non-Asian (non-White) 4324 (18) 37382 (25)

Insurance, n (%)

Medicare 8227 (34) 42081 (28) <0.001

Medicaid 6143 (26) 42939 (29)

Private 6829 (29) 27799 (19)

Self-pay 869 (4) 11784 (8)

Others 1823 (8) 23626 (16)

Liver severity, n (%)

Cirrhosis 3931 (16) 27957 (19) <0.001

Decompensated cirrhosis 4122 (17) 23604 (16) <0.001

Liver transplant 287 (1) 1443 (1) <0.001

Hepatocellular carcinoma (HCC) 1900 (8) 4611 (3) <0.001

Charlson Comorbidity Index (CCI) score, mean (SD) 1.77 (2.13) 1.47 (1.81) <0.001

CCI, n (%)

0 8884 (37) 55972 (38) <0.001

1 4439 (19) 38441 (26)

2 3938 (16) 21670 (15)

3 2855 (12) 15258 (10)

> = 4 3775 (16) 16888 (11)

Health and behavioral risks, n (%)

Alcohol abuse/dependence 1036 (4) 15703 (11) <0.001

Drug abuse/dependence 3996 (17) 63721 (43) <0.001

In a sensitivity analysis, when all HBV (N = 29,773) and HCV patients (N = 201,922) were included, HCV patients were significantly more likely to have concurrent

alcohol liver disease (17% vs 6%, p<0.001). (S2 Table)

https://doi.org/10.1371/journal.pone.0196452.t001
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Trends in hospital charges from 2006 to 2013

Fig 1 depicts the annual trends in median charges for care PPPY (A) and the annual trends in

total charges (B) in both HBV and HCV cohorts during 2006–2013. Across the 8-year period,

the median all-cause hospitalization charges increased from $44,772 to $57,811, a 5% annual

increase ($1863) for the HBV cohort (p<0.001) and from $47,027 to $56,743, a 3% annual

increase ($1388) for the HCV cohort (p<0.001), respectively. All-cause total charges increased

48% (from $346 million to $512 million) for HBV and 32% (from $2.7 billion to $3.6 billion)

for HCV between 2006 and 2012, but decreased 24% and 20% in 2013 for the HBV and the

HCV cohorts, respectively.

The median liver-related hospitalization charges increased from $49,700 to $57,927, a 2%

annual increase ($1175) for the HBV cohort (p = 0.057) and from $46,575 to $51,299, a 1.4%

annual increase ($675) for the HCV cohort (p<0.001), respectively. (S2 Fig) For HCV

patients, liver-related total charges increased 20% from 369 million to 445 million between

2006 and 2012 but decreased 24% in 2013, whereas the total charges gradually decreased from

2006 to 2013 in the HBV cohort.

All-cause hospital admission rates and charge analysis

HBV patients and HCV patients experienced an average of 1.27 (± 0.77) and 1.54 (±1.26) hos-

pitalizations yearly during 2006–2013, respectively. (S3 Table). After adjusting for the covari-

ates of demographics, insurance type, liver disease severity, and comorbidities (Table 2), the

HBV cohort had an average all-cause charge of $105,223 (95% CI: $102,932-$107,515) PPPY,

Fig 1. Trends in all-cause hospital charges between 2006 and 2013 in HBV and HCV patients. A. All-cause hospital charge per patient per year (median). B. All-

cause total charges.

https://doi.org/10.1371/journal.pone.0196452.g001

Chronic hepatitis B vs hepatitis C

PLOS ONE | https://doi.org/10.1371/journal.pone.0196452 April 30, 2018 6 / 13

https://doi.org/10.1371/journal.pone.0196452.g001
https://doi.org/10.1371/journal.pone.0196452


was significantly less than those of the HCV cohort ($112,128, 95% CI: $111,276-$112,980

PPPY; p<0.001).

Liver-related hospital admission rates and charge analysis

Of the HBV patients admitted to the hospital, 18% (n = 4184) were admitted for a liver-related

reason as their primary diagnosis while 15% (n = 22,168) of the HCV cohort hospitalized were

admitted for a liver-related reason as their primary diagnosis. (S3 Table) The mean unadjusted

liver-related hospital charges for patients with HBV were a ($12,993) higher than patients with

HCV. After adjusting for pertinent covariates, HBV patients still had a 10% ($11,402) higher

liver-related hospital charge and a 0.23 longer length of stay PPPY than the HCV cohort

($123,239 vs. $111,837, p = 0.002; 9.22 vs 8.99, p<0.001). (Table 2)

Factors related to total hospital charges

Table 3 shows factors for total annual charges in HBV and HCV patients. For both of the HBV

and HCV patients admitted to the hospital, the factors significantly related to increased annual

charges were being of Asian race, having cirrhosis, decompensated cirrhosis, undergoing a

liver transplant or having HCC as well as having higher CCI score. Charges related to

decreased hospital charges for both HBV and HCV patients was age greater than 75 years old.

Among HCV patients, male gender was associated with decreased annual hospital charges.

Mortality analysis

Table 4 shows morality rates and causes of death for inpatient HBV and HCV patients. We

identified 18,437 HBV patients and 119,020 HCV patients who were hospitalized during

2006–2011 with mortality information on death or being alive by December 31, 2013. Of

these, 25% of the HBV cohort (n = 5201) died giving a crude mortality rate of 71.97 events per

1000 person years (mean follow-up + 3.92 years). Overall, the three major causes of death for

patients with HBV and with a known cause of death were other malignant neoplasms (35%),

followed by cardiovascular disease/other circulatory disorders (17%), and then liver-related

disease (15%).

For the HCV cohort, 30% (n = 35,473) of the patients died giving a crude mortality rate of

73.30 events per 1000 person- years (mean follow-up +4.10 years). The three major causes of

Table 2. Adjusted hospital admission rates and charges per patient per year with hepatitis B or C infection, 2006–2013.

All cause hospital admission a HBV(N = 23,891) HCV(N = 148,229) P-value

Number of hospitalization (mean, 95% CI) 1.42 (1.41–1.44) 1.52 (1.52–1.53) <0.001c

Days in hospital stay (mean, 95% CI) 11.32 (11.28–11.37) 11.32 (11.30–11.33) 0.727c

Hospital charges (mean, 95% CI) $105,223 ($102,932 - $107515) $112,128 ($111,276 - $112,980) <0.001d

Liver-related hospital admission b

Number of patients 4,184 22,168

Number of hospitalization (mean, 95% CI) 1.38 (1.34–1.42) 1.40 (1.38–1.41) 0.486c

Days in hospital stay (mean, 95% CI) 9.22 (9.11–9.33) 8.99 (8.86–8.93) <0.001c

Hospital charges (mean, 95% CI) $123,239 ($116,497 - $129,812) $111,837 ($109,314- $114,360) 0.002d

a All cause denotes inpatient claims with an ICD-9-CM of HBV or HCV in the primary or secondary diagnosis

b "Liver-related" denotes inpatient claims with an ICD-9-CM diagnosis of HBV or HCV or end-stage liver disease in the primary diagnosis

c Poisson regression of hospital admission rates by hepatitis B or C infection controlling for demographics, insurance type, liver severity, and comorbidities

d Generalized linear model (gamma distribution with log link function) of hospital charges by hepatitis B or C virus infection controlling for demographics, insurance

https://doi.org/10.1371/journal.pone.0196452.t002
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death for HCV patients with a known cause of death were liver-related disease (22%), other

malignant neoplasms (20%), and cardiovascular disease/other circulatory disorders (16%).

Regarding the place of death, 53% of HBV patients and 44% of HCV patients died in as a

hospital inpatient followed by patients’ residence (23% HBV vs 22% HCV) and lastly, the nurs-

ing home/convalescent home (12% HBV vs 10% HCV). (S4 Table) Overall, the inpatient mor-

tality rate was higher for the HBV cohort compared to the HCV cohort (HBV: 38 per 1000

person years vs HCV: 32 per 1000 person years: data not shown).

After adjusting for covariates, HBV patients had slightly lower mortality rate compared to

HCV patients (adjusted relative risk (RR) = 0.96; 95% CI 0.94–0.99). S5 Table shows factors

associated with mortality in HBV and HCV patients. In the HBV cohort, patients were almost

two times as likely to die if they were age 75 or older (RR: 2.56). In addition, they were 18%

more likely to die if there were male (RR: 1.18), 48% and 22% more likely if they had decom-

pensated cirrhosis (RR: 1.48) or HCC (RR: 1.22) and 6 times more likely with a CCI score> =

4 (RR: 6.41). Meanwhile, being Asian and liver transplant recipients were all associated with a

decreased risk of death. The factors were similar for the HCV cohort.

Discussion

In this large statewide inpatient study, we compared HBV patients and HCV patients on

demographics, in-hospital resource utilization, and mortality. We found, as others, that HBV

and HCV patients incur significant inpatient charges which trended up over time through

Table 3. Factors for total annual charge in patients who admitted to hospital for HBV and HCV.

HBV (N = 23,891) HCV (N = 148,229)

Predictors Mean difference in charge P-value Mean difference in charge P-value
Age

18-<45 Reference Reference

45–65 -$15,289 0.096 -$9,814 0.03

65–75 -$22,176 0.067 -$21,932 < .0001

>-75 -$64,050 < .0001 -$45,618 < .0001

Gender

Female Reference Reference

Male $3,544 0.542 - $8,645 < .0001

Race

Non-Asian(Non-White) Reference Reference

Asian $27,894 < .001 $16,042 0.001

Non-Asian(White) $4,597 0.535 $3,587 0.137

Liver Severity

Cirrhosis $14,285 0.036 $12,797 < .0001

Decompensated cirrhosis $34,549 < .0001 $36,417 < .0001

Liver transplant $223,135 < .0001 $191,995 < .0001

Hepatocellular carcinoma $42,632 < .0001 $66,853 < .0001

Comorbidity

Charlson Comorbidity Index score

0 Reference Reference

1 $7,835 0.311 $1,046 0.75

2 $42,306 < .0001 $20,315 < .0001

3 $53,182 < .0001 $38,566 < .0001

> = 4 $61,660 < .0001 $56,386 < .0001

https://doi.org/10.1371/journal.pone.0196452.t003
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2012, especially within the HBV population. [1–6] However, the numbers of HBV and HCV

patients admitted to hospitals decreased in 2013 resulting in significant decreases in the all-

cause and liver-related total changes for 2013. These decreases are explained by an overall

decrease in statewide rates of newly reported HBV and HCV infections between 2009 and

2013 according to the report, “Chronic Hepatitis B and C in California 2013 Executive Sum-

mary”. [12, 13] These downward trends are encouraging in that preventive and treatment

efforts that were implemented under Institute of Medicine’s report in 2010 entitled, “Hepatitis

and Liver Cancer: A National Strategy for Prevention and Control of Hepatitis B and C” [14]

may, in fact, be working; however, this drop will need to be followed over time to determine if

this is a continuing trend especially as new treatments for HCV and HBV are introduced for

the cure and care of patients.

Our HBV cohort was older, sicker, more likely to have end- stage liver disease (HCC) and

to die in the hospital than HCV patients. Specifically, the major cause of death for the HBV

cohort was other malignancy which accounted for 35% for the deaths followed by cardiovascu-

lar disease (17%). We found that the 53% of HBV patients died in hospital inpatient. Our

study documents HBV patients incurred longer hospital length of stays and higher hospital

charges for liver related hospitalizations compared to HCV patients. This is likely due to the

higher liver severity with HBV (e.g., HCC). These findings are similar to other studies which

found significantly higher resource utilization for their HBV patients and that they are more

likely to die from other cancers such as stomach, lung and esophageal cancer as well as non-

Hodgkin’s lymphoma as a result of the interplay of HBV and the immune system which allows

HBV patients to be more susceptible to other diseases such as cancers. [15–20] On the other

hand, we found that Asian patients were less likely to die. We suggest that this result may be

due to better adherence to the HCC screening guidelines (those at risk for HCC be screened

every six months) resulting in earlier and potentially curative treatment amongst this cohort of

Table 4. Mortality rates and causes of death for inpatient HBV and HCV patients.

HBV (N = 18,437) HCV (N = 119,020)

Mean follow-up (mean) years 3.92 4.10

Crude mortality rate—events per 1000 person- years 71.97 per 1000 person-years

(5201/72277)

73.30 per 1000 person-years (35473/

487600)

Adjusted hazard ratio (HR, 95% CI) 0.96 (0.94–0.99) Reference

Cause of death, n (%)

Liver-related disease:

alcohol liver disease, hepatic decompensation, HCV, HBV, other viral hepatitis, liver cancer,

non alcohol liver disease

759 (15) 7749 (22)

Neoplasms: malignant lymphoid neoplasms 222 (4) 586 (2)

Other malignant neoplasms 1837 (35) 6919 (20)

Cardiovascular disease and other circulatory disorders 861 (17) 5620 (16)

All other infections (except viral hepatitis) 187 (4) 1252 (4)

Accidents: unintentional injury, intentional self-harm 76 (2) 872 (3)

Nephritis, nephrotic syndrome, and chronic kidney disease 113 (2) 565 (2)

Chronic obstructive pulmonary disease and pneumonia 101 (2) 894 (3)

Drug poisoning and other substance use disorder 71 (1) 1829 (6)

Diabetes mellitus 32 (0.6) 210 (0.6)

Hemorrhage 21 (0.4) 185 (0.5)

Unknown causes of mortality 13 (0.2) 158 (0.4)

Other 660 (13) 4221 (12)

Missing data 248 (5) 4413 (12)

https://doi.org/10.1371/journal.pone.0196452.t004
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patients. [21] Other studies also found that among HCC patients, Asian patients had higher

survival rates although none have been able to discern a cause. [22–24]

Another significant finding of our study was that HBV patients had slightly lower mortality

compared to HCV patients when other places of death were included whereas the previous

studies using NIS concluded that HBV patients incurred higher inpatient mortality compared

to HCV patients. [6,7] We identified that approximately half the patients died outside the hos-

pital (47% in HBV and 56% in HCV patients) with the primary place outside the hospital

being the patients’ residence. However, an interesting finding was that more HCV patients

than HBV patients (17% vs 7%, respectively) had an unknown place of death. This finding

may be associated with higher health risk behaviors (e.g., drug/alcohol abuse) seen within the

HCV cohort and may also explain their higher missing data (12%) and drug poisoning (6%)

for cause of death—again suggesting high-risk health behaviors as reasons for the cause of

death. Such conjecture would be in line with a study conducted by Amin et al who found that

the risk of dying from drug-related causes was significantly greater than from liver-related rea-

sons for people with HCV especially younger female patients. [25] In a sensitivity analysis,

when all HBV and HCV patients were included, we also found that HBV patients had lower

mortality rates compared to HCV patients.

Although the growing healthcare burden associated with HCV infection is gaining atten-

tion due to its high prevalence and new direct-acting antivirals available, the prevalence and

severity of HBV-related hospitalization and mortality are under-recognized. With ongoing

mitigation from countries of high HBV endemicity, the number of individuals with chronic

HBV in the United States including California is expected to continue to grow. [26–27] How-

ever, approximately two-thirds of Asian Americans who are chronically infected with HBV

are unaware that they are infected in California. [28] This may impose high clinical and eco-

nomic burden to patients and health systems in California because chronic HBV infection are

unmanaged and may diagnosed after advanced liver disease has already developed. Our study

suggests that despite the fact that HBV infection is much less frequent than for HCV infection

in the U.S., HBV infection continues to be a significant burden.

Our study has a few limitations. The first was that the data were administrative which were

reliant on accurate coding. However, since the data were from a single state, there was more

consistency in the coding. Secondly, as a result of the lack of information about the timing of

the initial diagnosis, outpatient visits, and treatment (e.g., antiviral therapy) we were unable to

control for the timing of these variables on patient related outcomes which can alter patient

outcomes. Thirdly, since our sample sizes were very large small, differences in outcomes may

become statistically significant but may not be clinically significant. In our discussion, we

highlighted the findings that we felt were both statistically and clinically significant. Fourthly,

the OSHPD databases provide almost a complete capture of all procedures within the state

(96%); however, approximately 4% of the CA adult population were veterans who received

their care at the Veterans Administration hospitals so were not included in this analysis. [10]

Finally, the study period ends before the introduction of the new direct acting antiviral agents

for the treatment of HCV as well as different combination drugs for HBV; however, as noted,

our study found a decline in the number of new HBV and HCV cases reported to the state of

California suggesting that as these new treatment regimens are used, this trend will continue

but will need further study.

Despite these limitations, this study has several notable features. First, our study contained

a much higher proportion of Asian patients in our HBV study population compared to

another study using the national inpatient data (44% vs. 11%, respectively) [6] making our

results more generalizable to Asian patients with chronic HBV infection. Second, we used

hospitalization diagnosis codings for HBV and HCV as either primary or one of up to 24
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secondary diagnoses to ensure that all cause hospitalizations were included because individuals

with HBV and HCV infection have a higher rate of morbidity and death due to all causes.

Third, the OSHPD data used unique identifiers which allowed for our longitudinal analyses

and cross-linkage with death records for the mortality analysis. [10] We were also able to com-

prehensively examine the causes and places of death in HBV and HCV patients, which was

helpful in understanding of their death. Also, as confirmed by the state of California, the data-

set used in this study was a complete dataset so our results for 2013 are final allowing our

results as a potential comparison source for new treatment that have or may come to market

after 2013.

In conclusion, patients with HBV and HCV require extensive use of inpatient hospital

resources. HBV patients incurred higher liver-related hospital charges and longer hospital

stays. PPPY charges for hospitalization increased for both cohorts up to 2013. Although HBV

patients had slightly lower mortality, approximately 15% of the HBV patients and 22% of the

HCV patients died from a liver-related cause whereas over 39% of the HBV patients and 22%

of the HCV patients died from other cancers. As HCV cure is available, further studies are

needed to evaluate how new DAAs will potentially reduce the economic burden and mortality

for HCV patients. There is currently no cure for HBV but several drug regimens are finding

success in delaying the progression of liver disease. Further effort is needed to screen, diag-

nose, and link patients with viral hepatitis to care before the development of major complica-

tions with associated hospitalization and premature death.
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