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Abstract

Background and Aims: Cirrhosis prevalence is increasing, yet costs

associated with its chronic, complex care are poorly understood. The aim

was to characterize the costs of care for patients with cirrhosis and compare

them to other chronic diseases such as heart failure (HF) and chronic

obstructive pulmonary disease (COPD), for which the public health burden is

better recognized.

Approach and Results: Patients enrolled in Medicare Advantage plans from

a large national insurer between 2011 and 2020 with cirrhosis, HF, and COPD

Abbreviations: COPD, chronic obstructive pulmonary disease; CPT, current procedure terminology; ETOH, alcohol-associated cirrhosis; HCPCS, Healthcare
Common Procedure Coding System; HF, heart failure; HMO, health maintenance organization; HRRP, Hospital Readmission Reduction Program; ICD, International
Classification of Diseases; MA, Medicare advantage; MASH, Metabolic dysfunction-associated steatohepatitis; MetALD, metabolic dysfunction-associated steatotic
liver disease with increased alcohol intake; NIS, National inpatient sample; NUTORC, Northwestern University Transplant Outcomes Collaborative; STROBE,
Strengthening the Reporting of Observational Studies in Epidemiology; VHA, Veterans health administration.
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were identified by ICD-9/-10 codes. Costs (USD) of care were calculated per

patient-month and included inpatient medical, emergency medical, pharmacy,

and other costs. In all, 93,308 patients with cirrhosis, 355,520 patients with HF,

and 318,949 patients with COPD were analyzed. Patients with cirrhosis, HF,

and COPD had a mean (SD) age of 69.6 (9.5), 75.9 (9.7), and 72.9 (9.8) years,

respectively. The most frequent etiologies were metabolic dysfunction–

associated steatohepatitis (37.7%) and alcohol-associated cirrhosis (22.1%).

The total monthly cost of care for patients with cirrhosis, HF, and COPD was

$3032.00, $2491.60, and $1955.60 respectively. The cost for patients with

cirrhosis exceeded that for HF by $540.40 (21.7% higher) and COPD by

$1076.30 (55.0% higher). The monthly cost of care for decompensated cir-

rhosis was $3969.30, which was 59.3% ($1477.70) higher than for HF and

103.0% ($1,955.60) higher than for COPD.

Conclusions: The cost of care for cirrhosis is high, significantly higher than HF

and COPD. Interventions directed at optimizing care to prevent progression to

cirrhosis and decompensation are likely to alleviate this public health burden.

Keywords: chronic obstructive pulmonary disease, decompensated, health
policy, health sector, heart failure

INTRODUCTION

Chronic liver disease affects an estimated 112.8 million
adults in the United States. It is further estimated that
2–7 million adults are affected by cirrhosis.[1–4] Impor-
tantly, the prevalence of chronic liver disease and
cirrhosis are projected to increase significantly over the
next decade, particularly due to metabolic dysfunction–
associated steatotic liver disease (previously NAFLD)
and metabolic dysfunction–associated steatotic liver
disease with increased alcohol intake.[5–7] Cirrhosis
often requires complex multidisciplinary care for
extended periods of time, as the average survival for
compensated patients is 12 years and decreases when
patients decompensate.[1,8–10] Care involves specialty
consultation, HCC surveillance, and often procedures or
hospitalizations to manage complications.[5,11–13]

Based on expenditure data from 2016, the national
cost of cirrhosis-related care was estimated to be $32.5
billion.[14] Despite this significant financial burden,
cirrhosis does not garner the same attention for public
health interventions as other chronic diseases, such as
heart failure (HF) and chronic obstructive pulmonary
disease (COPD).[15,16] In fact, little is known about the
total cost per cirrhosis patient. Studies have largely
focused on the cost per hospitalization, with estimates
ranging from $8596 to $74,730.[17,18] Importantly, this
does not account for outpatient and medication costs,
which are significant components of cirrhosis care.[19,20]

A recent study reported monthly costs per patient within

Veterans Health Administration (VHA) to be $3358.
However, it remains unclear if costs outside of a federal
system, such as the VHA, are comparable.[21] Thus, the
financial burden of the continuum of cirrhosis care
outside of the VHA remains poorly understood. In large
part, this is due to the scarcity of cirrhosis cohorts
available for analyses. By contrast, the costs of other
chronic diseases of comparable complexity, such as HF
and COPD, have been better studied. As a result, HF
and COPD have garnered national attention and
incorporation into policy. Specifically, efforts such as
the Hospital Readmission Reduction Program (HRRP),
which reduced 30-day rehospitalization rates for HF and
COPD, have not focused on cirrhosis—likely because
the associated costs are not considered notable.[15,22]

This study aimed to use a longitudinal administrative
claims database from a large national insurer to assess
the health care costs for patients with cirrhosis from
2011 to 2020. To frame the costs in a more familiar
context, we compared them with HF and COPD.

METHODS

Study design

A retrospective, longitudinal cohort study was conducted
between January 1, 2011, and December 31, 2020, by
using claims data from the UnitedHealth Group (UHG), a
large national insurer in the United States. The study
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follows the Strengthening the Reporting of Observational
Studies in Epidemiology (STROBE) reporting guideline
for cohort studies.[23] The Northwestern University
Institutional Review Board deemed this study exempt
from review and waived the need for patient-informed
consent. The database included deidentified medical and
pharmacy claims data for enrollees. Available data
included claims for all medical services and prescription
medications that were submitted to the insurer for
payment, patient diagnoses, and, when available, linked
laboratory results. For this study, all enrollees were
defined and reported as patients.

Study participants

Patients enrolled in non-health maintenance organiza-
tion (HMO), Medicare Advantage (MA) plans between
January 1, 2011, and December 31, 2020, were
included in the analysis. Because provider fees under
HMO plans/capitated contracts are not available in large
insurer data sets, this study focused on patients
covered under non-HMO plans (ie, non-capitated
claims). Previously validated and published codes were
used. Patients diagnosed with cirrhosis were defined as
those with at least 1 claim specifying a validated
cirrhosis code from the International Classification of
Diseases, 9th Revision (ICD-9) or 10th Revision (ICD-
10) (571.2, 571.5, 571.6, K70.30, K70.31, K74.0,
K74.60, K74.69, K74.3, K74.4, and K74.5), in any
position on the claim (Supplemental Figure S1, http://
links.lww.com/HEP/J672).[24–29] Cirrhosis etiologies
were defined by at least 1 claim specifying an ICD-9
or -10 code for: alcohol-associated (ETOH), metabolic
dysfunction–associated steatohepatitis (MASH, previ-
ously NASH), HBV, HCV, biliary cirrhosis (eg, primary
sclerosing cholangitis and primary biliary cirrhosis),
cardiac cirrhosis, genetic cirrhosis (eg, hereditary
hemochromatosis), and autoimmune hepatitis. Patients
were included in the HCV cohort even if they had
multiple etiologies, any one of which was HCV. Other
etiologies were analyzed separately unless otherwise
specified. Of note, MASH/NASH did not have a
dedicated ICD code before October 1, 2015. For data
before October 1, 2015, MASH/NASH was identified
using a previously published algorithm (patients without
specific cirrhosis etiology plus obesity, dyslipidemia,
diabetes, and/or hypertension).[26,30] Patients were
categorized into 5 mutually exclusive groups by
etiology: MASH, ETOH (which includes alcohol-associ-
ated liver disease and metabolic dysfunction–
associated steatotic liver disease with increased alcohol
intake), HCV, biliary (primary biliary cirrhosis and
primary sclerosing cholangitis), and “Other” (eg, hemo-
chromatosis). Validated ICD-9/-10 codes were used to
define comorbidities, and quantify the Charlson Comor-
bidity Index.[31,32]

Patients with HF and COPD

To provide a tangible comparison, costs associated with
cirrhosis were compared with costs associated with HF
and COPD. Patients with HF and COPD were identified
by ICD-9/-10 codes as previously published.[33–37] A
sample of these patients was included in the cohort as
detailed in Supplemental Figure S1, http://links.lww.
com/HEP/J672, and the Supplemental Appendix, http://
links.lww.com/HEP/J672.

Medical and pharmacy claims

Medical claims from all covered visits and service types,
including specialty, preventive, emergency, inpatient,
and office-based services, were collected. Medical
claims including ICD-9 and ICD-10 codes, procedure
codes, Healthcare Common Procedure Coding System
(HCPCS), Current Procedural Terminology (CPT)
codes and modifiers, Diagnosis-related Group codes,
place of service codes, provider specialty codes,
revenue codes, deidentified provider and patient codes,
charges, and detailed paid amounts were analyzed.

Pharmacy claims accounted for all covered pre-
scribed medications. Pharmacy claims contain data on
outpatient prescriptions including drug names, dosages,
number of days supplied, deidentified prescriber or
patient codes, and detailed paid amounts. A 15% rebate
was accounted for nongeneric medications with in-class
competition.[38]

Calculating cost

Analyses were performed at the patient-month level.
Costs are reported per patient-month unless otherwise
specified. For patients with cirrhosis, the index date was
the earliest listed date of service on a claim with a
diagnosis of cirrhosis or cirrhosis decompensation. For
patients with HF and COPD, the index date was the
earliest listed date of service on a claim for the
appropriate corresponding diagnosis. Diagnoses on
claims were defined and identified by validated inclu-
sion ICD codes.[31,32,35,39,40] If the index code for a
patient with cirrhosis indicated decompensation, the
patient was considered to be decompensated at the
time of inclusion.[26,30–32] To most closely represent the
epidemiological reality, cirrhosis, HF, and COPD were
not considered mutually exclusive. All months of
coverage for all included patients under non-HMO MA
plans, including and following the index month until the
end of observation, were analyzed. The end of
observation was defined as disenrollment, transplant,
or the end of the cohort study period (December 31,
2020). In the case of a patient receiving a transplant, the
entire month of transplantation was censored.
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TABLE 1 Demographics of cirrhosis, HF, and COPD cohorts at inclusion

Demographics
Total cirrhosis
(n = 93,308)

Always
compensated
(n = 30,766)

Ever
decompensated
(n = 62,542)

HF (n =
355,520)

HF:
compensated
(n = 299,246)

HF:
decompensated
(n = 56,274)

COPD
(n =

318,949)

COPD: non-
exacerbated
(n = 296,105)

COPD:
exacerbated
(n = 22,844)

Age; mean (SD) 69.59 (9.51) 68.94 (8.95) 69.91 (9.76) 75.91
(9.70)

75.78 (9.72) 76.62 (9.59) 72.87
(9.84)

72.92 (9.86) 72.22 (9.45)

18–64 y; N (%) 22,326 (23.93) 7147 (23.23) 15,179 (24.27) 37,690
(10.60)

32,066 (10.72) 5624 (9.99) 50,760
(15.91)

46,639 (15.75) 4121 (18.04)

65–69 y; N (%) 25,214 (27.02) 9701 (31.53) 15,513 (24.80) 51,956
(14.61)

44,679 (14.93) 7277 (12.93) 65,687
(20.59)

61,028 (20.61) 4659 (20.39)

70–74 y; N (%) 18,571 (19.90) 6424 (20.88) 12,147 (19.42) 60,870
(17.12)

52,033 (17.39) 8837 (15.70) 62,495
(19.59)

57,855 (19.54) 4640 (20.31)

75–79 y; N (%) 12,761 (13.68) 3760 (12.22) 9001 (14.39) 61,035
(17.17)

51,503 (17.21) 9532 (16.94) 52,566
(16.48)

48,712 (16.45) 3854 (16.87)

80 or more years;
N (%)

14,435 (15.47) 3734 (12.14) 10,701 (17.11) 143,967
(40.49)

118,963 (39.75) 25,004 (44.43) 87,438
(27.41)

81,868 (27.65) 5570 (24.38)

Female; N (%) 44,754 (47.96) 16,229 (52.75) 28,525 (45.61) 192,040
(54.02)

162,624 (54.34) 29,416 (52.27) 175,935
(55.16)

162,763
(54.97)

13,172 (57.66)

Follow-up months;
mean (SD)

29.49 (24.83) 29.52 (24.25) 29.48 (25.12) 29.60
(24.75)

29.02 (24.58) 32.65 (25.41) 34.04
(27.13)

33.32 (26.77) 43.39 (29.84)

Charlson
Comorbidity Index;
mean (SD)

8.88 (4.47) 6.25 (3.77) 10.17 (4.21) 7.73
(3.73)

7.48 (3.70) 9.06 (3.60) 6.63
(3.99)

6.55 (3.98) 7.68 (4.04)

Comorbidities

Prior myocardial
infarction; N (%)

20,921 (22.42) 3898 (12.67) 17,023 (27.22) 121,913
(34.29)

93,648 (31.29) 28,265 (50.23) 76,139
(23.87)

68,038 (22.98) 8101 (35.46)

CHF; N (%) 43,541 (46.66) 8089 (26.29) 35,452 (56.69) 355,416
(99.97)

299,143 (99.97) 56,273 (100.00) 148,420
(46.53)

132,650
(44.80)

15,770 (69.03)

PVD; N (%) 46,839 (50.20) 12,046 (39.15) 34,793 (55.63) 225,002
(63.29)

183,917 (61.46) 41,085 (73.01) 174,150
(54.60)

159,610
(53.90)

14,540 (63.65)

CVD; N (%) 36,133 (38.72) 8459 (27.49) 27,674 (44.25) 178,766
(50.28)

146,882 (49.08) 31,884 (56.66) 134,999
(42.33)

123,988
(41.87)

11,011 (48.20)

Dementia; N (%) 15,065 (16.15) 2984 (9.70) 12,081 (19.32) 97,097
(27.31)

81,838 (27.35) 15,259 (27.12) 64,087
(20.09)

59,207 (20.00) 4880 (21.36)

COPD; N (%) 52,855 (56.65) 14,660 (47.65) 38,195 (61.07) 221,948
(62.43)

178,618 (59.69) 43,330 (77.00) 318,949
(100.00)

296,105
(100.00)

22,844
(100.00)

Rheumatological
disease; N (%)

10,446 (11.20) 3384 (11.00) 7062 (11.29) 38,636
(10.87)

31,944 (10.67) 6692 (11.89) 34,851
(10.93)

31,947 (10.79) 2904 (12.71)

PUD; N (%) 14,135 (15.15) 2142 (6.96) 11,993 (19.18) 30,993
(8.72)

24,796 (8.29) 6197 (11.01) 25,571
(8.02)

23,160 (7.82) 2411 (10.55)

Mild liver disease;
N (%)

93,304 (100.00) 30,766 (100.00) 62,538 (99.99) 70,406
(19.80)

57,651 (19.27) 12,755 (22.67) 66,966
(21.00)

61,509 (20.77) 5457 (23.89)
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Diabetes; N (%) 53,795 (57.65) 15,507 (50.40) 38,288 (61.22) 204,989
(57.66)

168,187 (56.20) 36,802 (65.40) 155,181
(48.65)

142,622
(48.17)

12,559 (54.98)

Diabetes with end
organ failure; N
(%)

37,903 (40.62) 9985 (32.45) 27,918 (44.64) 142,789
(40.16)

113,459 (37.91) 29,330 (52.12) 97,202
(30.48)

89,243 (30.14) 7959 (34.84)

Hemiplegia; N (%) 5774 (6.19) 1163 (3.78) 4611 (7.37) 30,925
(8.70)

25,906 (8.66) 5019 (8.92) 21,187
(6.64)

19,569 (6.61) 1618 (7.08)

Moderate or
severe ESRD; N
(%)

43,370 (46.48) 8992 (29.23) 34,378 (54.97) 195,572
(55.01)

152,822 (51.07) 42,750 (75.97) 127,817
(40.07)

117,044
(39.53)

10,773 (47.16)

Lymphoma; N (%) 31,042 (33.27) 7812 (25.39) 23,230 (37.14) 96,463
(27.13)

80,225 (26.81) 16,238 (28.86) 89,615
(28.10)

82,429 (27.84) 7186 (31.46)

Moderate-severe
liver disease; N
(%)

41,909 (44.91) 6139 (19.95) 35,770 (57.19) 10,542
(2.97)

7981 (2.67) 2561 (4.55) 7703
(2.42)

7073 (2.39) 630 (2.76)

Metastatic solid
tumor; N (%)

10,438 (11.19) 1899 (6.17) 8539 (13.65) 27,284
(7.67)

23,064 (7.71) 4220 (7.50) 28,173
(8.83)

25,846 (8.73) 2327 (10.19)

AIDS; N (%) 1111 (1.19) 406 (1.32) 705 (1.13) 1444
(0.41)

1221 (0.41) 223 (0.40) 1536
(0.48)

1425 (0.48) 111 (0.49)

Etiology

NASH; N (%) 35,161 (37.68) 12,270 (39.88) 22,891 (36.60) — — — — — —

ETOH; N (%) 20,654 (22.14) 4937 (16.05) 15,717 (25.13) — — — — — —

HCV; N (%) 20,174 (21.62) 7512 (24.42) 12,662 (20.25) — — — — — —

Other; N (%) 13,290 (14.24%) 3614 (11.75) 9676 (15.47) — — — — — —

Biliary disease; N
(%)

4029 (4.32) 2433 (7.91) 1596 (2.55) — — — — — —

Complications of decompensation

Ascites; N (%) 47,609 (51.02) — 47,609 (76.12) — — — — — —

HE; N (%) 36,158 (38.75) — 36,158 (57.81) — — — — — —

VB; N (%) 31,180 (33.42) — 31,180 (49.85) — — — — — —

HRS; N (%) 4209 (4.51) — 4209 (6.73) — — — — — —

SBP; N (%) 5359 (5.74) — 5359 (8.57) — — — — — —

HPS; N (%) 334 (0.36) — 334 (0.53) — — — — — —

HCC; N (%) 8167 (8.75) — 6543 (10.46) — — — — — —

TIPS; N (%) 1038 (1.11) — 1028 (1.64) — — — — — —

Note: Baseline demographics by cirrhosis (total, compensated, and decompensated), HF (total, compensated, and decompensated), and COPD (total, non-exacerbated, and exacerbated).
Abbreviations: CHF, congestive heart failure; COPD, chronic obstructive pulmonary disease; CVD, cerebrovascular disease; ESRD, end-stage renal disease; ETOH, alcohol-associated cirrhosis; HF, heart failure; HPS,
hepatopulmonary syndrome; HRS, hepatorenal syndrome; MASH, metabolic dysfunction–associated steatohepatitis; PUD, peptic ulcer disease; PVD, peripheral vascular disease; SBP, spontaneous bacterial peritonitis; VB,
variceal bleeding.
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Months of coverage were subcategorized into com-
pensated and decompensated cirrhosis patient-months.
The date of decompensation was defined as the date of
service on the first claim under any plan that listed an
ICD or CPT code for a decompensation event (ie,
ascites, spontaneous bacterial peritonitis, HE, variceal
bleeding, hepatorenal syndrome, or hepatopulmonary
syndrome) (see the Supplemental Appendix, http://
links.lww.com/HEP/J672).[25,28,41,42] Patients were con-
sidered to have decompensated cirrhosis starting from
and including the month of the decompensation date
until the end of observation. The total number of patient-
months with compensated cirrhosis was calculated from
the index month until the decompensation month.
Inpatient costs were calculated by identifying claims
between admission and discharge. The same method
of categorizing months of coverage was applied to
decompensated HF and exacerbated COPD. Decom-
pensated HF and exacerbated COPD were defined as
inpatient admissions with the corresponding condition
as the primary diagnosis.

Statistical analysis

Cost was defined as the total amount paid by the insurer
and patient, taking the health care sector cost perspec-
tive. These data were analyzed and reported over time
using mean costs in a specific calendar month during the
study period. Data reported per patient-year were
estimated by multiplying patient-month data by 12.
Following common practice, denied service lines were
excluded from cost calculation. Average costs were
adjusted for inflation to 2021 US dollars using the Bureau
of Labor Statistics consumer price index to adjust for
inflation between 2011 and 2020. Mean costs were
reported with corresponding standard deviations (±SD).
Comparisons between relevant subgroups were per-
formed using unequal variance, 2-sided Student t tests.
Contained in the Supplemental Appendix, http://links.
lww.com/HEP/J672, is a discussion of the process of
generating the patient data and the assumptions under-
lying the standard inference methods. To identify
predictors of increased cost, a multivariable linear
regression model of costs for patients with cirrhosis
was performed. The outcome of interest was the cost per
patient per month, which was modeled continuously. The
reference group was non-female patients with ETOH. All
statistical analyses were performed using Stata 14.1.

RESULTS

Demographics

The cohort included 93,308 patients with cirrhosis, with
a mean age of 69.6 years and 48.0% were female

(Supplemental Figure S1, http://links.lww.com/HEP/
J672, Supplemental Figure S3, http://links.lww.com/
HEP/J672). Cirrhosis etiologies were MASH for 37.7%
(N = 35,161), ETOH for 22.1% (N = 20,654), HCV for
21.6% (N = 20,174), biliary disease for 4.3% (N =
4029), and Other for 14.2% (N = 13,290). Among the
patients, 30,766 (33.0%) had compensated cirrhosis
throughout the observation period. There were 62,542
(67.0%) patients who had decompensated cirrhosis at
inclusion or became decompensated during observa-
tion. The mean Charlson Comorbidity Index was 8.9,
and the mean follow-up time was 29.5 months. Com-
pensated patients were more likely to have MASH
(39.9% vs. 36.6%), HCV (24.4% vs. 20.3%), biliary
(7.9% vs. 2.6%), and less likely to have ETOH (16.1%
vs. 25.1%) compared to patients who ever decom-
pensated. Among decompensation events, ascites
(52.7%, N = 49,181), HE (40.0%, N = 37,295), and
variceal bleeding (34.4%, N = 32,055) were most
common. Among all patients with cirrhosis, 8167 (8.8%)
had HCC. There were 1038 (1.1%) patients who
underwent TIPS placement (Table 1). In comparison,
355,520 patients with HF, and 318,949 patients with
COPD were included. Patients with HF and COPD
were, on average, 6.3 and 3.3 years older, were more
frequently female (54.0% and 55.2%), with lower
Charlson Comorbidity Indices (7.7 and 6.6), and with
longer follow-up times (29.6 and 34.0 mo), respectively
(Table 1) (Supplemental Table S1, http://links.lww.com/
HEP/J672, Supplemental Figure S4, http://links.lww.
com/HEP/J672).

Costs

Costs are reported in patient-months and rounded to the
nearest $0.10 unless otherwise specified. Total costs for
cirrhosis were $3032.00 per patient-month overall, which
includes $1250.70 (41.3%) for inpatient medical costs,
$87.60 (2.9%) for emergency medical costs, $950.60
(31.4%) for other medical costs, and $743.10 (24.5%) for
outpatient pharmacy costs. Total costs for patient-months
pertaining to decompensated cirrhosis were $3969.30,
while the total costs for patient-months pertaining to
compensated cirrhosis were $1749.60 (a difference of
$2219.70). For compensated patient-months versus
decompensated patient-months, medical costs accounted
for 59.8% and 80.5% of the total cost, respectively.
Pharmacy costs accounted for the remainder of the total
cost for each subgroup. The greatest contribution to
medical costs was Other (neither emergency nor inpatient)
(37.2%) for compensated patient-months and inpatient
medical (48.0%) costs for decompensated patient-months,
respectively (Table 2) (Supplemental Table S2, http://links.
lww.com/HEP/J672, Supplemental Table S3, http://links.
lww.com/HEP/J672, Supplemental Figure S4, http://links.
lww.com/HEP/J672, Supplemental Figure S5, http://links.
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TABLE 2 Costs of cirrhosis, HF, and COPD cohorts per patient-month

Costs
Total

cirrhosis
Compensated
patient-months

Decompensated
patient-months HF

HF:
compensated
patient-months

HF:
decompensated
patient-months COPD

COPD: non-
exacerbated

patient-
months

COPD:
exacerbated

patient-
months

Total costs;
mean (SD), %
of total cost

3031.96
(8825.46),
100.00%

1749.64
(5103.86),
100.00%

3969.28
(10,663.03),
100.00%

2491.60
(7713.32),
100.00%

2257.61
(7193.61),
100.00%

4247.38
(10,683.29),
100.00%

1955.64
(6162.93),
100.00%

1875.68
(6056.08),
100.00%

3220.47
(7545.44),
100.00%

Medical costs;
mean (SD), %
of total cost

2288.88
(8237.97),
75.49%

1046.61
(3879.25),
59.82%

3196.92
(10,223.35),
80.54%

2024.34
(7498.82),
81.25%

1798.81
(6969.27),
79.68%

3716.60
(10,510.75),
87.50%

1497.50
(5901.62),
76.57%

1427.51
(5792.28),
76.11%

2604.65
(7331.57),
80.88%

Inpatient
medical
costs; mean
(SD), % of
total cost

1250.71
(7580.08),
41.25%

355.75
(3079.93),
20.33%

1904.88 (9566.04),
47.99%

1060.84
(6888.63),
42.58%

893.83
(6376.22),
39.59%

2313.98 (9832.35),
54.48%

713.86
(5329.28),
36.50%

659.11
(5220.99),
35.14%

1580.03
(6758.47),
49.06%

Emergency
medical
costs; mean
(SD), % of
total cost

87.55
(404.14),
2.89%

39.82 (236.79),
2.28%

122.45 (488.72),
3.08%

74.53
(353.11),
2.99%

66.99 (333.00),
2.97%

131.14 (473.90),
3.09%

58.45
(306.27),
2.99%

54.48 (295.16),
2.90%

121.26
(441.86),
3.77%

Other medical
costs; mean
(SD), % of
total cost

950.62
(2821.84),
31.35%

651.03
(2174.72),
37.21%

1169.60 (3195.73),
29.47%

888.97
(2618.74),
35.68%

837.99
(2511.32),
37.12%

1271.48 (3290.43),
29.94%

725.18
(2189.93),
37.08%

713.92
(2179.85),
38.06%

903.36
(2336.41),
28.05%

Pharmacy costs;
mean (SD), %
of total cost

743.08
(3109.43),
24.51%

703.03
(3260.67),
40.18%

772.35 (2993.71),
19.46%

467.26
(1669.59),
18.75%

458.79
(1653.76),
20.32%

530.79 (1782.61),
12.50%

458.15
(1637.77),
23.43%

448.18
(1637.13),
23.89%

615.82
(1639.89),
19.12%

Note: The paneled table shows the total, medical, and pharmacy costs for patients with cirrhosis, HF, and COPD. Supplemental Table S1, http://links.lww.com/HEP/J672, also shows these same costs for compensated and
decompensated cirrhosis patient-months, compensated and decompensated HF patient-months, and finally non-exacerbated and exacerbated COPD patient-months.
Abbreviations: COPD, chronic obstructive pulmonary disease; HF, heart failure.
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lww.com/HEP/J672). By etiology, patients with HCV had
the highest total cost ($3352.70). By complication, patients
who were diagnosed with spontaneous bacterial peritonitis
incurred the highest total cost ($5266.10) (Table 3).

For HF, the total cost was $2491.60 (medical:
$2024.30 and pharmaceutical: $467.30), and for COPD,
the total cost was $1955.60 (medical: $1497.50 and
pharmaceutical: $458.20) per patient-month. Compared
to patients with HF, patients with cirrhosis had 21.7%
higher overall costs by $540.40 per patient-month,
13.1% higher medical costs by $264.50 per patient-
month, and 59.0% higher pharmaceutical costs by
$275.80 per patient-month. Compared to patients with
COPD, patients with cirrhosis had 55.0% higher costs
overall by $1076.30 per patient-month, with 52.8%
higher medical costs by $791.40 per patient-month, and
62.2% higher pharmaceutical costs by $284.90 per
patient-month. Across all patients with cirrhosis and HF,
inpatient costs contributed the most toward total cost.
Other costs contributed the most toward the total cost
for COPD ($725.2, 37.1%); however, this was followed
closely by inpatient costs ($713.9, 36.5%) (Table 2).

For patients with cirrhosis (stratified by compensated
patient-months and decompensated patient-months),
HF, and COPD, average monthly total (Figure 1A),
medical (Figure 1B), inpatient (Figure 1C), and pharma-
ceutical (Figure 1D) costs were graphed by year. These
graphs include patients only diagnosed in those same
years. Total, medical (including inpatient), and pharma-
ceutical costs were highest for decompensated patient-
months for every year between 2011 and 2020,
followed by all patients with cirrhosis and compensated
patient-months (Figures 1A–D). Medical costs were
consistently lowest for COPD and compensated

cirrhosis patient-months (Figures 1B, C). Costs gener-
ally increased from 2011 to 2020, with the total cost of
cirrhosis, HF, and COPD rising by 29.9%, 25.2%, and
27.9%, respectively. Notably, decompensated patient-
months had the greatest increase, rising by 35.4%.
Pharmacy costs rose 78.0% for cirrhosis, 69.4% for HF,
and 71.5% for COPD. Inpatient medical costs increased
for all conditions from 2011 to 2012 and continued to
rise for decompensated cirrhosis patient-months. Inpa-
tient medical costs were relatively stable from 2012 to
2020 for other subgroups. Between 2011 and 2020,
total costs for MASH and HCV were the highest, with
biliary cirrhosis consistently being the least costly
(Figure 2A). Notably, pharmaceutical costs for all
patients with cirrhosis increased substantially from
2013 to 2015 (Figure 1D). A similar pattern is seen for
HCV patient total and pharmaceutical costs (Figures
2A, B). After the year of diagnosis, costs decreased
across all conditions (Figure 3). Over follow-up time, the
cost for cirrhosis decreased by $897 (32.5%), compen-
sated cirrhosis decreased by $670 (44.1%), and
decompensated cirrhosis by $1067 (31.4%). While the
costs for HF and COPD decreased by $412 (18.8%)
and $298 (16.2%), respectively, cirrhosis was still the
most costly condition after 8 years of follow-up
(Figure 3).

Annualized costs for cirrhosis, HF, and COPD are
shown in Figure 4. The percentage of patient-months
contributing to these groups is shown, with more
patient-months attributed to decompensated cirrhosis
(57.8%) than compensated (42.2%). A small proportion
of patient-months contributed to costs for decompen-
sated HF (11.8%) and exacerbated COPD (6.0%).
Similarly, there was a small proportion of patient-

TABLE 3 Costs of cirrhosis by etiology and decompensation event per patient-month

Total cirrhosis Compensated patient-months Decompensated patient-months

Etiology

HCV; mean (SD) 3352.68 (9282.67) 2249.79 (6845.82) 4351.07 (10938.42)

Other; mean (SD) 3215.78 (9559.23) 1560.82 (4304.69) 4210.76 (11512.61)

MASH; mean (SD) 3116.08 (8985.56) 1738.99 (4600.45) 4104.12 (11006.77)

ETOH; mean (SD) 2744.58 (8147.67) 1454.15 (4184.15) 3398.51 (9480.62)

Biliary disease; mean (SD) 1720.25 (5225.48) 1210.42 (3445.68) 2911.46 (7831.95)

Complications of cirrhosis

SBP; mean (SD) 5266.06 (14,682.96) — 5682.78 (15,415.83)

HRS; mean (SD) 4946.13 (12,821.75) — 5631.07 (13,843.80)

TIPS; mean (SD) 4662.32 (11,015.16) 1485.07 (4554.62) 5123.90 (11,587.43)

HPS; mean (SD) 4494.59 (10,428.81) — 4948.17 (11,053.28)

HE; mean (SD) 4246.66 (11,128.67) — 4661.27 (11,895.96)

Ascites; mean (SD) 4020.89 (10,897.75) — 4401.86 (11,637.70)

HCC; mean (SD) 3936.16 (9376.50) 2609.26 (6952.43) 4697.32 (10,442.02)

VB; mean (SD) 3695.95 (10,202.73) — 3978.45 (10,788.09)

Note: Mean total cost for cirrhosis per patient-month by etiology and decompensating events and complications/interventions.
Abbreviations: ETOH, alcohol-associated cirrhosis; HPS, hepatopulmonary syndrome; HRS, hepatorenal syndrome; MASH, metabolic dysfunction–associated
steatohepatitis; SBP, spontaneous bacterial peritonitis; VB, variceal bleeding.
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months pertaining to patients hospitalized for cirrhosis.
The annualized cost for cirrhosis per patient was
$36,384 (inpatient medical $15,009, emergency:
$1051, and pharmaceutical: $8917). Compared to all
patients with cirrhosis, the annualized cost was 42%
lower for patients with compensated cirrhosis ($20,996)
and 31% higher for patients with decompensated
cirrhosis ($47,631). By comparison to patients with
cirrhosis, annualized costs were 18% lower for patients
with HF ($29,899 vs. $36,384) and 35% lower for
patients with COPD ($23,469 vs. $36,384) (Figure 4).
While patient-months pertaining to decompensated HF
($50,969) and exacerbated COPD ($38,646) were more
costly than decompensated cirrhosis ($47,631), the
costliest subgroup was patients with cirrhosis who were
hospitalized ($63,992) (Figure 4).

Multivariable linear regression analysis

While peptic ulcer disease and uncomplicated diabetes
were not associated with a significant difference in total
cost, the presence of any other comorbidity did increase
cost. While adjusting for other covariates, AIDS was
associated with the greatest increase in total cost
($2282.80), followed by decompensation ($1609.50)
(Figure 5A). Of note, comorbid HF was associated with
a greater increase in cost ($888.50) than COPD
($255.30) (Figure 5A). Decompensation was associated
with the greatest increase in medical cost ($1583.20),
followed by the presence of a metastatic solid tumor
($1089.40) and HF ($791.90) (Figure 5B). For phar-
macy costs, AIDS ($2110.3) and HCV were associated
with the greatest increases ($663.80) (Figure 5C).
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DISCUSSION

The cost of care of non-HMO MA-covered patients with
decompensated cirrhosis was $3969.3 per patient-month
($47,631 per patient-year), with compensated cirrhosis
was $1749.6 per patient-month ($20,996 per patient-
year), and for all patients with cirrhosis was $3032.00 per
patient-month ($36,384 per patient-year) (Table 2,
Figure 4). This is significantly higher than the per-patient
cost of care for HF or COPD, surpassing them by 21.7%
and 55.0%, respectively. As anticipated, decompensated
cirrhosis patient-months had a high cost of care,
exceeding HF by 45.5% and COPD by 85.3%. This
study not only highlights the high costs associated with
medical care ($27,467 per patient-year) for cirrhosis, but
also the high cost associated with medications ($8917
per patient-year) (Figure 4). Of note, patients with
cirrhosis had a higher Charlson comorbidity index than
patients with HF or COPD (Table 1). The linear
regression analysis demonstrated that a greater number
of comorbid conditions were associated with increased
costs (Figure 5). This highlights the need for more
complex and specialized care for patients with cirrhosis.

Importantly, our study takes into account all aspects
of care—inpatient, outpatient, and costs of
pharmaceuticals.[43] Our findings also support recently
published work by Kanwal and colleagues, which
reported the adjusted cost of care for patients with

cirrhosis within the VHA. This is of particular interest, as
the VHA is a closed system that serves patients with a
different demographic profile, pattern of disease, and
access to specialized care than privately insured, non-
VHA patients. Yet, the reported annual costs were very
similar, namely $36,383.50 per patient-year in this study
and $35,029 following the first year after cirrhosis
diagnosis within the VHA.[21] The fact that both studies
have reached similar findings, despite significant
differences in the cirrhosis cohorts studied and the
manner in which cost is computed, emphasizes the
magnitude of costs associated with cirrhosis.

In characterizing the cost of cirrhosis, the costs of HF
and COPD were characterized for comparison. To
provide balanced comparisons for decompensated
cirrhosis, costs were also calculated for decompen-
sated HF and exacerbated COPD (Figure 4). The
annualized costs for patients with decompensated HF
($50,969) and exacerbated COPD ($38,646) were high,
with decompensated HF exceeding the costs for
patients with decompensated cirrhosis ($47,631). This
was likely due to decompensated HF and COPD
exacerbations being defined and identified based on
inpatient admissions, which contribute considerably
toward total cost. To provide a more direct comparison,
the annualized costs for patients hospitalized for
cirrhosis were calculated. It was found that the cost
for patients with cirrhosis who were hospitalized was
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$63,992 per patient-year, even greater than decom-
pensated HF or exacerbated COPD.

Decompensated patient-months accounted for over
twice the cost compared to compensated patient-months
($3969.30 versus $1749.60). The greatest proportion of
the total cost for decompensated patient-months stems
from inpatient medical costs ($1904.90, 48.0%), repre-
senting longer, more medically complex hospitalizations
for patients who are decompensated (Table 2) (Supple-
mental Table S2, http://links.lww.com/HEP/J672, Sup-
plemental Table S3, http://links.lww.com/HEP/J672).
These findings corroborate those of other studies
focusing only on costs of hospitalization.[44–46] Using
the National Inpatient Sample (NIS) cohort, annual costs
for patients with compensated and decompensated
cirrhosis were reported to be $2.80 billion and $4.57
billion, respectively.[44] Similarly, Gordon et al[45,46] found
that patients with decompensated cirrhosis had more
than a 3-fold increase in cost compared to those with mild
disease. Hence, early diagnosis and optimal care early in
the course of disease are likely to reduce associated
costs. An example of improved disease management is
bariatric surgery for patients with compensated MASH
cirrhosis. This has shown to have an incremental cost-
effectiveness ratio of $66,119 per quality-adjusted life-

year by slowing the rate of progression to decompen-
sated cirrhosis.[26,47]

Pharmaceutical costs contribute significantly to the
total cost (24.5%). In 2014, direct-acting antivirals were
approved for the treatment of chronic HCV, which
reduced likelihood of decompensation by 64% and
development of HCC by 27%.[48] This appears to be
represented by the increase in total and pharmaceutical
costs for HCV starting in 2013 and peaking in 2015,
which has since resolved (Figure 2B). Because
decompensation is very costly, interventions, such as
direct-acting antivirals that prevent disease progression
may represent substantial cost-saving measures.[49,50]

The 2-fold cost difference between compensated and
decompensated cirrhosis should serve as an incentive
to optimize care for patients with compensated cirrho-
sis, in particular, to prevent the progression of cirrhosis.

When examining costs by calendar year, some
abrupt changes can be seen from 2015 to 2016
(Figures 1A–D). It is not possible to precisely determine,
using these study data, the reason for the abrupt
changes. However, starting in 2016, ICD-10 codes were
available for identifying patients by diagnosis in this,
and a number of other studies.[36,40] It is well reported
that changes to ICD codes used for diagnosis result in
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Covariate β
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changes to the cohort identified and the cost
estimates.[39,51,52] Based on the literature, abrupt
changes in cost across the years 2015 and 2016 are
expected. This change in case mix is reflected as a
discontinuity shown in Figures 1A–D and 2A, B. Except
for decompensated cirrhosis, the cost after 2016
remained flat. This is in part due to the fact that in
recent years (2016–2020), patients were hospitalized at
a lower rate. This is likely due to policy changes that
incentivize the reduction of hospitalization.[53,54] Also,
our study captures actual payments rather than
charges, and changes to the Centers for Medicare
and Medicaid reimbursement formula have reduced
reimbursement.[53,55,56]

In this study, we demonstrate the financial magnitude
of cirrhosis care, especially for patients with decom-
pensated cirrhosis. Our work, and that of others, also
shows the growing burden of cirrhosis.[1] Yet, public
health interventions to reduce costs and improve
outcomes, such as the HRRP, have paid cirrhosis little
attention.[15,22] Given that cirrhosis affects 2–7 million
adults in the United States and is more costly than HF
and COPD, the findings in this study emphasize the
need to address cirrhosis from a public health perspec-
tive. Public health interventions to prevent diseases that
lead to cirrhosis and to promote guideline-adherent care
for those who have developed cirrhosis, such as cancer
screening and annual specialty care, will be important in
reducing the cost of cirrhosis.[57–60]

LIMITATIONS

There are a few limitations to this study. The analyses
focus on non-HMO Medicare Advantage plan–enrolled
patients by one, large, national insurer in the United
States. Hence, the results may differ from those insured
by other payors or with traditional Medicare fee-for-
service coverage only. Also, the retrospective nature of
the study necessitates reliance upon the accuracy of
ICD-9, -10, and CPT codes for the diagnosis of
cirrhosis. This can affect the identification of conditions
such as MASH, which needed to be identified using the
published algorithm of a nonspecific cirrhosis etiology
plus obesity, dyslipidemia, diabetes, and/or hyper-
tension. However, only codes and methods that have
been validated in the literature to capture patients with
cirrhosis were used, to optimize the validity of the
results.[24–26,29,30,41]

Furthermore, the study examined the cost of all care
received. Thus, the data and methods used do not allow
us to differentiate which costs were specific only to the
particular condition. Importantly, the cost of premature
death due to cirrhosis based on the statistical value of
life adjusted for ages 55–62, which is not part of these
cost analyses, is estimated at $3.43 million per
person.[61,62] These costs are important to consider
also when calculating the cost of this chronic disease.
Lastly, while the database used may include claims
denied by the insurer, no denied services were included
in the cost calculation. Their omission may result in an
underestimation of cost.[63] This is an inherent limitation
of claims data and is further discussed within the
Supplemental Appendix, http://links.lww.com/HEP/
J672.

CONCLUSIONS

The cost of care of non-HMO MA-covered patients with
decompensated cirrhosis was $3969.3 per patient-
month ($47,631 per patient-year), $1749.6 per patient-
month for compensated cirrhosis ($20,996 per patient-
year), and $3032.00 per patient-month for all patients
with cirrhosis ($36,384 per patient-year) (Table 2,
Figure 4). This is significantly higher than the per-
patient cost of care for HF or COPD, surpassing them
by 21.7% and 55.0%, respectively (p < 0.001). Of note,
patients with cirrhosis had a higher Charlson comorbid-
ity index than patients with HF or COPD (Table 1). The
linear regression analysis demonstrated that a greater
number of comorbid conditions were associated with
increased costs. As anticipated, decompensated cir-
rhosis patient-months had a high cost of care, exceed-
ing HF by 45.5% and COPD by 85.3%. This study
highlights the high costs for cirrhosis associated with
medical care ($27,467 per patient-year), and the high
cost associated with medications ($8917 per patient-
year) (Figure 4). Focusing public health interventions on
the reduction of progression to cirrhosis and progres-
sion of cirrhosis to decompensation will not only
significantly improve health outcomes but also signifi-
cantly decrease the financial burden of cirrhosis.

DATA AVAILABILITY STATEMENT
The data is deposited in a secure database. The link to
the repository is: https://prism.northwestern.edu/com-
munities/ladnerlab-cost-paper-hepatology

F IGURE 5 (A) Multivariable linear regression of the total cost of cirrhosis. (B) Multivariable linear regression of the medical cost of cirrhosis.
(C) Multivariable linear regression of the pharmaceutical cost of cirrhosis. (A–C) The paneled figure shows 3 forest plots demonstrating the results
of the multivariable linear regression analysis. They show the effects of included covariates on the total (A), medical (B), and pharmacy (C) costs.
The average change in cost (β) per patient-month when adjusting for other covariates is shown for the corresponding covariates. The reference
patient is one with ETOH and without any comorbidities or complications. Abbreviations: β, linear regression coefficient; COPD, chronic obstructive
pulmonary disease; ETOH, alcohol-associated cirrhosis; HF, heart failure; ICD, International Classification of Diseases; MASH, metabolic
dysfunction–associated steatohepatitis; N, number of patient-months; PM, patient-months.
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