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Burden of Primary Biliary Cholangitis
Among Inpatient Population in the United
States

Omer Shahab,' Mehmet Sayiner

! James Paik,” Sean Felix,> Pegah Golabi ,2 and Zobair M. Younossi = 1

Primary biliary cholangitis (PBC) is an autoimmune liver disease that can lead to cirrhosis and liver failure. Our
aim was to assess the recent trends in the mortality rates and health care utilization of patients with PBC seen in
the inpatient setting in the United States. We used the National (Nationwide) Inpatient Sample data (2005-2014).
The study population included adults with PBC, using International Classification of Diseases, Ninth Revision
codes. Trends in PBC-related discharges, total charges, length of stay (LoS), and in-hospital mortality were evalu-
ated. Hierarchical generalized linear models were performed for determining predictors of mortality and total hospi-
tal charges. Between the study years of 2005 and 2014, a total of 22,665 hospitalized cases with PBC were identified
(mean age 63years; 84% female, 76% white). The number of PBC-related discharges increased from 3.24 per
100,000 in 2005 to 3.68 per 100,000 in 2014, with an average annual increase of 1.4% (95% confidence interval
[CI]: 0.4%-2.4%). Fifty-seven percent had Medicare as their primary payer, 37% had cirrhosis, and 1.3% had hepa-
tocellular carcinoma. Between 2005 and 2014, the average total charges for PBC increased from $53,901 to $57,613
(annual percent change [APC], 1.7%; 95% CI: -0.2%-3.5%), LoS decreased from 6.9 days to 5.4 days (APC, -2.2%;
95% CI: -3.2% to -1.1%), and mortality rate decreased from 3.8% to 2.8% (APC, -5.4%; 95% CI: -8.4% to -2.4%).
Multivariable analysis revealed that ascites were independently associated with increased risk of in-hospital mortality
(odds ratio: 1.77; 95% CI: 1.50-2.08), increased charge (percent change: 22.5%; 95% CI: 18.6%-26.7%), and in-
creased LoS (percent change: 29.7%; 95% CI: 25.7%-33.9%). Conclusion: The number of PBC cases has increased in
recent years. Mortality and LoS have decreased, and the total charges have remained the same. (Hepatology
Communications 2019;3:356-364).

rimary biliary cholangitis (PBC), formerly
known as primary biliary cirrhosis, is an auto-
immune liver disease involving small bile
ducts in the liver ™ The disease is more prevalent
among females, and patients generally present with
fatigue, occasionally in combination with pruritus.(3)
Although PBC is relatively rare, it is considered the
most common autoimmune liver disease. In fact,
some studies have suggested that the prevalence rates

of PBC may be on the rise.®™ The disease is of mul-
tifactorial etiology with suspected contributions from
genetic and environmental factors. The pathogenesis
of PBC appears to involve T lymphocyte—mediated
attack of the enzyme PDC-E2 found in mitochon-
dria.® In PBC, small intralobular bile ducts are pri-
marily affected and gradually destroyed, resulting in
cholestasis and potentially leading to cirrhosis and
liver failure."”® PBC is usually diagnosed by liver

Abbreviations: APC, annual percentage change; CCI, Charlson Comorbidity Index; CI, confidence interval; HCUP, Healthcare Costs and
Utilization Project; ICD-9, International Classification of Diseases, Ninth Revision; LoS, length of stay; NIS, National (Nationwide) Inpatient
Sample; OR, odds ratio; PBC, primary biliary cholangitis; UDCA, ursodeoxycholic acid.

Received September 4, 2018; accepted December 21, 2018.

Additional Supporting Information may be found at onlinelibrary.wiley.com/doi/10.1002/hep4.1314/suppinfo.

© 2019 The Authors. Hepatology Communications published by Wiley Periodicals, Inc., on behalf of the American Association for the Study of
Liver Diseases. This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which
permits use and distribution in any medium, provided the original work is properly cited, the use is non-commercial and no modifications or

adaptations are made.
View this article online at wileyonlinelibrary.com.
DOI 10.1002/hep4.1314

Potential conflict of interest: Dr. Younossi consults for Gilead, Bristol-Myers Squibb, NovoNordisk, Intercept, Viking, and Terns.

356


https://orcid.org/0000-0002-3585-1564
https://orcid.org/0000-0001-9818-0983
https://orcid.org/0000-0001-9313-577X
mailto:﻿
http://onlinelibrary.wiley.com/doi/10.1002/hep4.1314/suppinfo
http://creativecommons.org/licenses/by-nc-nd/4.0/

HEPATOLOGY COMMUNICATIONS, Vol. 3, No.3, 2019

enzyme abnormalities and the presence of antimito-
chondrial antibodies in the absence of extrahepatic
biliary obstruction or other liver disease.”’ Since the
1980s, ursodeoxycholic acid (UDCA) has become the
mainstay for treatment of PBC."%!Y UDCA is not a
definitive cure, but treatment can slow disease pro-
gression and delay the need for liver transplantation.??
Additionally, obeticholic acid, a farnesoid X receptor
agonist, has been recently approved for patients with
PBC with inadequate response to UDCA and for
patients who are intolerant to UDCA.13 Despite
effective treatment for PBC, a number of these
patients develop advanced liver disease and are listed
for liver transplantation. The aim of this study is to
investigate and quantify the economic and mortality
burden of PBC in the hospitalized patients from the
United States between 2005 and 2014.

Materials and Methods

STUDY POPULATION
The National (Nationwide) Inpatient Sample (NIS)

is a large, nationally representative hospital discharge
database developed by the Agency for Healthcare
Research and Quality as part of the Healthcare Costs
and Utilization Project (HCUP).®™ The NIS was
designed to approximate a 20% stratified sample of
all discharges from US community hospitals, exclud-
ing rehabilitation and long-term acute care hospitals,
on a year-to-year basis. Beginning with 2012, the NIS
was redesigned for more stable and precise national
estimates of all HCUP participating hospitals rather
than a sample of hospitals from which all discharges
were obtained.
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NIS data from 2005 to 2014 were queried in
this study. All discharges with the diagnosis of PBC
(International Classification of Diseases, Ninth
Revision [ICD-9] code 571.6) using all listed diag-
noses were included. In addition, patient demograph-
ics, characteristics of hospital, severity of illness, and
resource utilizations were collected. Complications
such as ascites, hepatic encephalopathy, portal hyper-
tension, and gastroesophageal varices were also
derived by using the ICD-9 codes (Supporting Table
S1). Deyo-modification of the Charlson Comorbidity
Index (CCI™® was calculated. The major outcomes
evaluated in this study were in-hospital mortality,
total charges, length of stay (LoS), and total number
of discharges in a year, together with their changes
over the study period.

STATISTICAL ANALYSIS

The sample design elements (clusters, strata, and
trend weights) provided by the NIS were used to cre-
ate national estimates for the total number of PBC
discharges and total resource utilization parameters
across the study period. The standard errors of per-
centages/means were estimated using the Taylor lin-
earization method, a method that incorporates the
sample design. We calculated discharges per 100,000
in the population by dividing the estimated total dis-
charges by US population estimates from the Census
Bureau. The annual percent change for the full study
period was calculated using Joinpoint software.!”)
The term “increasing” or “decreasing” was used to
describe whether the trends in the annual percent
change (APC) was significantly different from zero;
otherwise, the term “leveled off” or “stable” was used.
The prevalence of various parameters, including
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demographic parameters, resource utilizations and
comorbidities, was compared over time using anal-
ysis of variance for continuous variables, the stra-
tum-specific chi-square for categorical variables, and
the method of weighted least squares recommended
by HCUP for trend analysis.(lg) Data were expressed
as weighted means or percentages + standard error.
Multiple imputations were adopted to address miss-
ing data. Multiple imputations provide a valid and
effective method for dealing with missing data, and
is widely adopted in practice.(w'zz) All variables in
our multivariable model and the sample design ele-
ments were included in the imputation model. The
20 imputed data sets were created using the Markov
chain Monte Carlo® and fully conditional specifica-
tion imputation method®? recommended by HCUP.
The hierarchical generalized linear model (HGLM)
with hospitals as random effects was used to evaluate
independent predictors of in-hospital mortality, total
charge, and LoS. A sensitivity analysis was performed
in the subset of patients with no missing information
on variables in HGLM. All P values of 0.05 or less
were considered as statistically significant. All analyses
were performed with SAS software version 9.4 (SAS
Institute, Cary, NC).

Results

TRENDS IN PBC-RELATED
DISCHARGES

Between 2005 and 2014, a total of 22,665 PBC dis-
charges were reported in our study cohort. The PBC
discharge rate per 100,000 in the population consis-
tently increased from 3.24 in 2005 to 3.68 in 2014,
with an average annual increase of 1.4% (95% confi-
dence interval [CI]: 0.4%-2.4%). In females, the rate
increased from 5.37 per 100,000 in 2005 to 6.20 per
100,000 in 2014 (APC: 1.4%; 95% CI: 0.1%-2.6%),
whereas the rate was not increased in males (APC:
1.7%; 95% CI: -0.9%-2.6%) (Fig. 1 and Supporting
Table S2).

CHARACTERISTICS OF PATIENTS
WITH PBC

Baseline characteristics of patients with PBC diag-
nosis are summarized in Table 1. Most of the PBC
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FIG. 1. PBC discharge rate per 100,000, United States,
2005-2014.

discharges were older (average age 63 years), 76% were
white, 84.4% were female, and 56.7% had Medicare as
their primary payer (Table 1). Patients between the
ages of 45 and 65 years were the largest subgroup and
comprised 38.37% of those with the disease. Table 2
reports the clinical characteristics of PBC discharges
by comparing the weighted data for 2005 and 2014.
Descriptions of the hospitals where patients with
PBC were admitted are given in Table 3. Most of
these patients were hospitalized at large hospitals
(65.0%) and teaching hospitals (55.9%) (Table 3).
They underwent an average of 1.88 +0.04 proce-
dures and had average charges of $56,400 = $1,268,
with an average LoS of 5.82 + 0.07 days. The average
total charge per discharge remained stable during the
2005-2014 period.

The average total charge per discharge adjusted for
inflation leveled by 1.7% (95% CI: -0.2%-3.5%) per
year between 2005 and 2014. In contrast, the average
LoS decreased from 6.85 days in 2005 to 5.37 days
in 2014, at a 2.2% average annual decrease (95%
CIL: 1.1%-3.2%) (Table 1). The percentage of elec-
tive admissions also decreased (APC: 2.8%; 95% CI:
1.0%-4.6%). Approximately 76% of patients were dis-
charged to home (routine: 60.6%; home health care:
15.8%), with 16% requiring disposition to skilled
nursing or intermediate care facilities. There were no
significant annual changes on the percentage of pri-
mary payer.

From 2005 to 2014, both the severity of illness and

risk of death increased significantly (major or extreme
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TABLE 1. CHARACTERISTICS OF PBC DISCHARGES, NIS 2005-2014
Characteristic 2005-2014 (Weighted) 2005 (Weighted) 2014 (Weighted) APC (95% Cl)
Age, years 63.03+0.19 61.02 +0.95 63.46 +0.41 0.0 (-0.3-0.3)
Race, %
White 76.01 £0.56 7794 +2.23 7518 +1.18 -0.5(-0.8to -0.1)*
Black 595+0.24 4.75+£0.89 6.82 £ 0.61 1.7 (-0.7-4.2)
Other' 18.04 £ 0.52 1730+ 2.26 18.00 + 1.04 1.3 (-0.7-3.3)
Female, % 84.35+0.32 81.46 +1.37 82.78 £ 0.81 -0.2(-0.6-0.3)
Primary payer, %
Medicare 56.7 £0.50 54.47 £2.00 61.08+1.13 0.9 (-0.3-2.0)
Medicaid 9.03 £0.31 10.80 + 1.42 929 +£0.71 0.7 (-1.6-3.1)
Private 297 +0.43 3095178 26.40 £ 1.06 -1.7 (-3.7-0.5)
Other 4.55+0.19 3.78 £0.53 3.24+0.42 -1.3(-5.1-2.7)
Elective admission, % 1791 £0.35 20.32+1.38 15.29 £ 0.81 -3.7 (-5.0f0 -2.3)*
Disposition status, %
Routine 60.63 +0.39 6317 £1.47 58.73 £ 1.05 -0.6 (-1.1-0.0)
Short-term hospital 3.66+0.14 3.40+045 3.32+0.37 -0.6 (-2.6-1.5)
SNF/ICF/Other 156.95+0.28 1491 £ 1.06 1796 +0.83 0.6 (-1.0-2.3)
Home health care 15.76 £ 0.29 14.46 £ 1.03 16.53 £ 0.78 2.8 (1.0-4.6)
Against medical advice 0.37+0.04 0.20+£0.10 0.59 +0.15 2.4(-91-15.4)
Died* 3.62+0.13 3.86 £ 0.50 2.86+0.33 -5.4 (-8.4 10 -2.4)*
Resource utilization
Number of procedure 1.88 +0.04 1.84+0.10 1.78 £ 0.05 -0.3(-2.1-1.5)
LoS, days 582 +0.07 6.85+0.38 5.37+0.15 -2.2(-3.21t0-1.1)*
Charge, $° 56,400 + 1,268 53,901 £ 2,115 57,613+ 1,174 1.7 (-0.2-3.5)
Cost, $81I 17,059 + 359 19,557 £ 910 15,646 + 333 -2.4 (-4.3 10 -0.5)*

Data presented as weighted mean/percentage + standard error.
Significantly different from 0 (P < 0.05) is indicated in bold.
*P<0.05.

fOther races include Hispanic/Asian/Native American; 14.9% of race was missing.

In-hospital mortality.
$Tnflation adjusted to 2016 dollars.

lCost was converted from charges using the HCUP cost-to-charge ratio.
Abbreviations: ICF, intermediate care facility; and SNF, skilled nursing facility.

from 55.0% to 66.6% with APC of 1.9% (95% CI:
0.7%-3.2%) and from 32.3% to 45.2% with APC of
3.7% (95% CI: 2.4%-5.1%), respectively. Despite that,
the in-hospital mortality rate among PBC discharges
decreased annually by 5.4% (95% CI: 2.4%-8.4%)
(Table 1).

When patients with PBC were evaluated based on
age, over the study time period, transplantation rates
were higher among those younger than 60 years of
age, compared with those over the age of 60. However,
the transplantation rate among those younger than
60 years of age did not show a statistically significant
change (Supporting Table S6).

Among PBC discharges, the percentage of patients
with decompensated cirrhosis increased from 34.0%

in 2005 to 39.9% in 2014 with APC of 2.2% (95%

CI: 0.7%-3.7%). There was an increase in compen-
sated hepatic cirrhosis from 5.0% to 11.4% with APC
of 9.1%. The percentage of those with hepatocellular
carcinoma increased from 0.7% to 1.8% with APC of
6.9% (95% CI: 2.8% to 11.1%), whereas the percentage
of those with liver transplant remained stable. Overall,
the most common complication seen was ascites,
which accounted for 17.2%, followed by portal hyper-
tension (16.0%), gastroesophageal varices (13.9%), and
hepatic encephalopathy (13.4%) (Table 2).

Finally, there was an increase in the prevalence of
ascites (16.0%-19.5%; APC: 2.9%), portal hyperten-
sion (11.7%-18.4%; APC: 5.8%), gastroesophageal
varices (11.4%-14.4%; APC: 3.1%), hepatic enceph-
alopathy (10.0%-16.5%; APC: 4.3%), and Sjogren’s
syndrome (1.7%-3.7%; APC: 5.7%) (Table 2).
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TABLE 2. CLINICAL CHARACTERISTICS OF PBC DISCHARGES, NIS 2005-2014

Characteristic 2005-2014 (Weighted) 2005 (Weighted) 2014 (Weighted) APC (95% ClI)
Number diagnosed 11.88 + 0.06 8.88+0.13 14.32 +0.14 5.3 (4.7-5.9)*
Severity of illness, %
Minor/moderate 38.27+0.38 45.04 +£1.42 33.43+1.09 -29 (-4.7 o -1.0)*
Major/extreme 61.73+0.38 54.96 +1.42 66.57 £1.09 1.9 (0.7-3.2)*
Risk of dying, %
Minor/moderate 60.95 +0.37 67.75+£1.30 54.77 £ 1.08 -2.3 (-3.1t0o -1.5)*
Major/extreme 39.05+0.37 32.25+1.30 4523 +1.08 3.7 (2.4-5.1)*
Compensated cirrhosis, % 712 £0.20 5.04 +0.54 11.42 + 0.66 9.1 (6.0-12.4)*
Decompensated cirrhosis, % 36.97 +0.46 3399 £ 1.69 3986 +1.19 2.2 (0.7-3.7)*
Hepatocellular carcinoma, % 1.31 £0.09 0.73+0.25 1.76 +0.30 6.9 (2.8-11.1)*
Liver transplantation, % 214+£0.18 280+0.71 2.06+0.33 -2.6 (-9.2-4.5)
CCl 3.42+0.02 3.04 +£0.06 3.59+0.05 1.7 (1.1-2.4)*
Complications, %
Ascites 17.21 £0.33 15.97 £1.21 19.49 +0.90 29 (1.1-4.7)*
Hepatic encephalopathy 13.43+0.32 10.00 + 1.07 16.51 + 0.84 4.3 (2.7-6.0)*
Portal hypertension 15.98 + 0.34 11.65 +0.99 18.44 +0.89 5.8 (2.9-8.9)
Gastroesophageal varices 1392 +0.3 11.35£0.93 14.41 £0.87 3.1 (0.2-6.0)*
Autoimmune disease, %' 526 +1.80 3.96 £ 0.59 571 £4.69 3.5 (2.0-5.1)*
Data presented as mean/percentage * standard error.
Significantly different from 0 (P < 0.05) is indicated in bold.
*P<0.05.
Autoimmune disease included scleroderma and Sjégren’s syndrome.
TABLE 3. CHARACTERISTICS OF HOSPITALS, 2005-2014
Characteristic 2005-2014 (Weighted) 2005 (Weighted) 2014 (Weighted) APC (95% CI)
Hospital region, %
Northeast 20.18 +0.60 19.58 £ 1.70 20.83+095 1.0 (-0.5-2.4)
Midwest 25.34 £ 0.61 23.62 +2.16 2575111 -0.4(-2.2-1.5)
South 32.35+0.59 29.66 £192 33.52+1.14 09 (-0.3-2.1)
West 2212 +0.60 2714 +2.88 1991 £ 0.87 -1.7 (-3.3-0.0)
Hospital bed size, %
Small 11.74 £ 0.29 10.83+1.04 17.47 £ 0.67 5.7 (1.7-9.9)
Medium 23.26 £0.51 20.70£2.12 26.42 £1.04 1.8 (-0.2-3.8)
Large 65.00 + 0.59 68.47 +2.26 56.11 £1.23 -1.6 (-3.0t0 -0.2)*
Hopital location/teaching, %
Rural 10.00 £ 0.24 11.64 +0.99 6.97 £0.36 -4.6 (-7.2 10 -2.0)*
Urban nonteaching 34.07 +0.56 42.39 +2.37 21.29 +0.70 -5.0 (-8.6 to -1.3)*
Urban teaching 5593 +0.64 51.63£2.24 71.73 £0.82 4.7 (2.2-7.3)

Data presented as percentage + standard error.
Significantly different from 0 (P < 0.05) is indicated in bold.
*P < 0.05.

INDEPENDENT PREDICTORS OF
IN-HOSPITAL MORTALITY

The downward trend for in-hospital mortality
was statistically significant even after adjustment for
demographic, clinical, and hospital characteristics

360

(odds ratio [OR]: 0.93; 95% CI: 0.90-0.95). Age
(OR: 1.03; 95% CI: 1.02-1.03), ascites (OR: 1.77;
95% CI: 1.50-2.08), hepatic encephalopathy (OR:
2.10; 95% CI: 1.77-2.49), and CCI (OR: 1.15; 95%
CI: 1.11-1.19) were independently associated with
higher in-hospital mortality (Table 4). Compared
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TABLE 4. PREDICTORS OF IN-HOSPITAL MORTALITY, CHARGE, AND LoS, NIS 2005-2014

Covariates

In-Hospital Mortality*

Charge'

LoS*

OR (95% Cl)

% Change (95% Cl)

IR (95% Cl)

Calendar year
Age
Race
White
Black
Other
Female
Primary payer
Medicare
Medicaid
Private
Other pay
Hospital region
Northeast
Midwest
South
West
Hospital bed size
Small
Medium
Large
Hopital location/teaching
Rural
Urban nonteaching
Urban teaching
Decompensated cirrhosis
Hepatocellular carcinoma
Autoimmune disease
CCl>1
LoS, days

0.94 (0.92-0.97)
1.04 (1.03-1.04)

Reference
1.44 (1.04-1.99)
0.91 (0.73-1.12)
1.00 (0.81-1.24)

Reference
1.59 (1.17-2.17)
1.09 (0.88-1.35)
1.27 (0.83-1.94)

Reference
0.64 (0.49-0.84)
0.85 (0.68-1.05)
1.05 (0.84-1.32)

Reference
1.16 (0.87-1.55)
1.19 (0.92-1.54)

Reference
1.27 (0.91-1.78)
1.49 (1.07-2.07)
2.54 (2.14-3.00)
1.72 (1.08-2.73)
0.96 (0.67-1.39)
1.58 (1.22-2.06)
1.03 (1.03-1.04)

3.42 (2.90-3.95)
-0.13 (-0.21 f0 -0.05)

Reference
-2.49 (-6.5-1.69)
0.18 (-2.65-3.08)
-3.34 (-5.86 t0 -0.75)

Reference
-6.99 (-10.57 t0 -3.26)
5.18 (2.59-7.83)
-5.47 (-9.96 t0 -0.76)

Reference
-9.83 (-14.34 to -5.09)
3.35 (-1.28-8.20)
41.58 (34.28-9.27)

Reference
14.40 (9.44-19.58)
23.88 (18.86-29.11)

Reference

69.22 (61.08-77.77)

85.94 (77.04-95.29)
-6.85 (-8.79 to -4.86)

20.14 (11.19-29.8)
-4.33 (-8.40 10 -0.07)
5.16 (2.65-7.74)
10.65 (10.44-10.86)

097 (0.97-098)
0996 (0.996-0.997)

Reference
1.07 (1.04-1.10)
1.09 (1.07-1.12)
0.93 (0.91-0.94)

Reference
0.98 (0.96-1.01)
0.94 (0.93-0.96)
0.93 (0.90-0.96)

Reference
0.88 (0.83-0.92)
0.97 (0.92-1.02)
0.85 (0.81-0.90)

Reference
0.99 (0.96-1.03)
1.11 (1.07-1.15)

Reference
1.12 (1.07-1.17)
1.23 (1.17-1.29)
1.16 (1.14-1.17)

0.86 (0.81-0.90)
0.93 (0.90-0.96)

1.21 (1.19-1.23)
NA

Note: Due to multicollinearity, complications and liver trasnplant were excluded in the models. Inflation-adjusted charges to 2016

dollars. Bold text denotes P < 0.05.
*Analyzed by multilevel logistic regression.

Analyzed by multilevel generalized linear regression with log link function and gamma error distribution.

JI:Analyzed by multilevel generalized Poisson model.

Abbreviations: NA, not applicable; OR, odds ratio; and RR, incidence rate ratio.

with Medicare, Medicaid (OR: 1.49; 95% CI: 1.12-
1.98) and other-pay payers (OR: 1.48; 95% CI:
1.03-2.12) were associated with increased risk of
in-hospital mortality.

INDEPENDENT PREDICTORS OF
TOTAL CHARGE

The upward trend for total charge in PBC discharges
was statistically significant after adjustment for demo-
graphic, clinical, and hospital characteristics (percent

change: 1.75%; 95% CI: 1.18%-2.33%) (Supporting
Table S5). The adjusted total charge was found to
be increasing by 22.57% (95% CI: 18.62%-26.65%)
with ascites and 3.69% (95% CI: 3.01%-4.38%) with
CCI. In addition, there were hospital region, size,
and location variations in charges; compared with the
Northeast, the West (percent change: 28.26%; 95%
CI: 20.88%-36.09%) had higher charges, and the
Midwest (percent change: -14.69%; 95% CI: -19.27%
to -9.85%) had lower charges. Compared with rural

hospitals, urban nonteaching hospitals (percent

361



SHAHAB ET AL.

change: 81.0%; 95% CI: 71.40%-91.14%) and urban
teaching hospitals (percent change: 107.90%; 95% CI:
96.93%-119.49%) had higher charges (Table 4).

INDEPENDENT PREDICTORS OF
LoS

The downward trend for LoS in PBC discharges
was statistically significant even after adjustment for
demographic, clinical, and hospital characteristics
(percent change: -2.33%; 95% CI: -2.79%-1.86%).
The adjusted LoS was found to be increasing by
29.70% (95% CI: 25.66%-33.87%) with ascites, 4.24%
(95% CI: 0.54%-8.09%) with hepatic encephalopathy,
and 3.94% (95% CI: 3.28%-4.60%) with CCI. There

were also hospital region, size, and location variations

in the LoS (Table 4).

COMPARISON OF MEDICARE
PATIENTS WITH PBC: MEDICARE
VERSUS NIS DATABASE

We compared Medicare patients from the NIS
data set with Medicare patients reported previ-
ously.?® The Medicare database reports cost per
patient, whereas the Medicare-NIS database reports
per discharge. Nevertheless, the data comparison
between data obtained from Medicare database anal-
ysis and Medicare-NIS database analysis was identical
(Supporting Table S3). This provides validity of the

data analysis approach.

Discussion

We used a large inpatient database from the United
States to assess resource utilization and mortality of
patients with PBC. The data suggest that although
the number of PBC-related discharges has increased
in the United States between 2005 and 2014, out-
comes such as LoS and in-hospital mortality have
decreased. These positive changes may be attributed
to better screening and earlier detection of the disease,
which leads to more timely treatment. Furthermore,
the availability and widespread use of UDCA might
have led to better control of PBC; thus, fewer patients
might progress to cirrhosis and liver failure. However,
even though the LoS of patients decreased, the total
charge per patient remained stable, which can be
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explained by either an increased number of discharges
with PBC diagnosis or progression of disease to the
point where it causes a certain level of expenditure
even with decreased LoS.

An important finding of our study was the increase
in the number of hospitalizations for PBC, from 3.24
per 100,000 in 2005 to 3.68 per 100,000 in 2014.
There were 9,768 hospitalizations for PBC in 2005,
which increased to almost 12,000 hospitalizations in
2014, a 1.4% annual increase. The annually increasing
number may be suggestive of an increasing incidence
and prevalence of the disease overall in the United
States.*® This is in line with other epidemiological
studies that have shown similar findings. As the eti-
ology of PBC is not definitively known, the results of
our study may bring into question whether an increase
in environmental exposures could be contributing to
the greater disease prevalence.(zg_Sz)

The increased prevalence may also be second-
ary to increased survival of patients, either due to
improved care or earlier diagnosis. We see from our
data that although the severity of illness and risk of
death increased significantly, the in-hospital mortality
rate among PBC discharges decreased by 5.4% during
the 10-year period. This finding may suggest a posi-
tive trend of better diagnosis, awareness, and in-hos-
pital management of the disease. In fact, this would
also explain another finding of our study. Although
the LoS of patients with PBC has been decreasing, the
total charges for those individuals remain stable. It can
be suggested that once PBC causes severe liver disease
and results in cirrhosis and its complications, the health
care expenditure associated with that condition remains
stable, even with shorter stay, as shown in our study.

An alternative explanation for the increasing num-
ber of hospitalizations may be the failure of effective
first-line treatment for patients with PBC.%*?® In
addition to higher prevalence and better detection,
there is a possibility that treatment regimens may
fail in a number of patients who end up in the inpa-
tient setting with advanced liver disease with PBC.
In fact, almost 40% of patients with PBC treated
with UDCA fail to achieve optimal response and
are at risk for progressive liver disease. 17113336 Qur
study reveals that the severity of illness as reflected by
higher CCI and risk of death for inpatients with PBC
increased over the study period. This could indicate
that patients with PBC requiring hospitalization may
not be managed optimally in the outpatient setting,



HEPATOLOGY COMMUNICATIONS, Vol. 3, No.3, 2019

either because of failure of UDCA or underutilization
of this treatment.

As mentioned previously, our analysis of resource
utilization resulted in interesting findings. The aver-
age LoS decreased from 6.9 days to 5.4 days, consis-
tent with recent efforts to reduce LoS for hospitalized
patients. In contrast, the total charges per discharge
of patients with PBC remained the same. Another
important finding of our study was that Medicare was
the primary payer for most of the patients with PBC
requiring hospitalization, and the proportion of these
patients increased by 12% between 2005 and 2014.
These findings are important, given the fact that the
prevalence and the number of discharges have been
increasing, with sicker patient profiles and higher
numbers of diagnoses, requiring higher number of pro-
cedures, all of which point toward a higher health care
burden. In fact, a recent study among Medicare recip-
ients showed that the resource utilization of patients
with PBC has been rising parallel to the increase in
disease prevalence, even though mortality rates have
remained relatively stable.?” Given that patients diag-
nosed with PBC are also more likely to have other
autoimmune diseases as well, the increasing prevalence
and costs of PBC could also preclude an increase in
overall economic and social burden from other auto-
immune disease. It is also important to note that pre-
vious studies have shown that treatment of PBC is

G738 1n this context, identification of

cost-effective.
effective treatment of these patients with approved
medication regimens may not only reduce mortality
and morbidity, but also resource utilization and eco-
nomic burden of PBC. Nevertheless, more data sup-
porting these issues should be collected in the future.

To assess the accuracy of our analysis, we compared
Medicare patients with PBC enrolled in two differ-
ent databases. The study subjects from the current
study were compared with another study of Medicare
patients with PBC that was recently published using
the Medicare database.®” In this context, 56.7% of
PBC discharges in the current study had Medicare
as a primary payer. Most of the clinical and demo-
graphic parameters in the current study were similar
to the previously reported data (Supporting Table S3).
This provides validity of both analyses. In contrast,
our estimated prevalence rate in the current study was
lower than the previous study. There are multiple rea-
sons for this difference, including the differences in
study designs as well as statistical analysis.

SHAHABET AL.

Multivariable analysis results that indicate predic-
tors of in-hospital mortality and the total charge for
both studies are provided in Supporting Tables S4
and S5. In this context, the calendar year was an inde-
pendent predictor of total charges. Furthermore, this
effect was present with or without adjusting for infla-
tion, suggesting that the burden to health care costs is
likely to be even more than reported.*”

It is plausible that the increased number of PBC
patients discharged from hospitals may be simply a
reflection of these patients having well-controlled liver
disease, living longer, with lower liver-related adverse
outcomes, which could have led to hospitalization for
unrelated conditions such as cardiovascular disease,
diabetes, renal insufficiencies, or cancers. Although
this is possible, our study was not able to completely
address this issue, which should be the focus of future
investigation.

When interpreting these findings, we
acknowledge some inherent limitations of our study.
First, we did not have outpatient data, which would
add another aspect of the overall burden of PBC to
society. Furthermore, we used ICD-9 coding for the
diagnosis of PBC, and it is well known that the accu-
racy of disease coding carries the utmost importance
for the reliability of the data. The prevalence of the
disease might be underreported—and rarely over-
reported—due to coding errors in such data sets.
Moreover, unique patient identifiers were not available
in the NIS, which led to some patients being counted
multiple times in our analysis.

In conclusion, PBC carries a significant and grad-
ually increasing economic and social burden. The dis-
ease has become a frequent cause of liver morbidity
and need for transplantation. However, as seen in
other epidemiological studies, the incidence and prev-
alence varies greatly among studies and different pop-
ulations. As more data are available, further research
is needed to better delineate the incidence and prev-
alence of PBC, to fully appreciate its social and eco-
nomic impact. Continued strategies to diagnose the
disease early and treat with effective and approved
medications may not only reduce mortality, but also
resource utilization of patients with PBC.

must
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