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claims for NASH (ICD-10-CM K75.81) were identified
f    O    ’  d -identified Clinformatics® Data Mart
Database (CDM; 10/2015-12/2022) (Figure 1).

• Detailed inclusion and exclusion criteria are outlined
in Figure 2.

• Patient demographics and baseline comorbidity
burden were summarized categorically and
continuously using summary statistics.

• Mean annual total costs per person were
summarized, along with components including
inpatient admission, outpatient visits, and
medication, descriptively and compared using
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users, for procedures and visits of particular interest
to the NASH population, were also estimated. All
costs were adjusted to 2022 US dollars (USD).

• Total medical costs of care of NASH in the US are substantially
higher among patients with cirrhosis than without ($110,403 vs.
$28,340 per patient, p <0.01), with adjusted annual costs being
twice as high among NASH patients with cirrhosis.

• This is consistent with a US database study from 2006-2016
that similarly reported high costs among NAFLD/NASH
patients; and that patients with advanced liver events had
higher annual medical costs compared to those without
($29,078-$197,392 vs. $23,860).6

• In the current study, while patients without cirrhosis had lower
costs overall, the longitudinal analyses suggest they would
experience greater increases in costs over time.

• The generalizability of the findings is restricted to the population
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million patients and it is a widely-used and validated research 
environment.7,8

• Findings from this study show that the costs of caring for NASH
are substantial, and significantly greater among NASH patients
with cirrhosis. Therapies that slow progression to cirrhosis may
help alleviate the financial burden of managing NASH.
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• Nonalcoholic steatohepatitis (NASH) is characterized by an accumulation of fat in the liver accompanied by
inflammation.1 The prolonged inflammation and liver damage of NASH can result in scarring of the liver and
progress to cirrhosis.2

‒ Cirrhosis includes both an asymptomatic phase (compensated cirrhosis [CC]), followed by decompensated
cirrhosis (DCC), which is defined by the development of symptoms and complications.3

‒ Based on the clinical literature, it is estimated that 20% of patients with NASH are expected to progress to 
CC within two years of diagnosis; and 20% of patients with CC progress to DCC over the same time period4

• Previous studies have highlighted high healthcare costs among those with NASH, and increasing direct
medical costs with advancing stages of NASH;5,6 however, how costs differ among NASH patients with versus
without cirrhosis in the United States (US) is unclear.
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Results

Methods

• Total annual costs per patient were significantly higher among patients
with cirrhosis ($110,403 vs. $28,340; p<0.01) and this trend persisted
across age stratifications (Figure 3)

‒ Among patients with at least one resource use, costs of specialists and
procedures related to NASH were estimated (Table 2)

Figure 1: Study design overview

*All patients were followed up until the end of enrollment or the beginning of a gap of >30
days in enrollment, death, or end of study period, whichever occurs first.

• Generalized linear models (GLM) with a gamma distribution were used to compare annual costs per patient
between those with vs. without cirrhosis. Annual costs per patient over each year of follow-up were modeled
using gamma generalized linear mixed models (GLMM), accounting for within-patient time correlations and
adjusting for death during follow-up.

‒ Both models adjusted for sex, age (categorical), race, region, comorbidities of cardiovascular diseases, type
2 diabetes mellitus, and obesity, and baseline costs per person.

• All analyses were performed within the Optum De-identified Data Workspace using the Jupyter Notebook.

Objective
• To compare health-care related annual costs among NASH patients with versus without

cirrhosis in the US.

Figure 4: GLM estimates of total annual costs per patient, based on the final NASH cohort of 28,576 patients

Cirrhosis cohort Non-cirrhosis cohort

Variable Estimate 95% CI P-value Estimate 95%CI P-value

Intercept 19,510.71 (16,673.94, 

22,830.09)

<0.01 4,533.95 (4,159.08, 

4,942.61)

<0.01

Years since index (vs. Year 1)

Year 2 1.03 (1.00, 1.06) 0.08 1.01 (0.99, 1.04) 0.15

Year 3 1.12 (1.07, 1.16) <0.01 1.06 (1.04, 1.09) <0.01

Year 4 1.17 (1.11, 1.24) <0.01 1.12 (1.08, 1.15) <0.01

Year 5 1.14 (1.06, 1.23) <0.01 1.24 (1.20, 1.30) <0.01

Year 6 1.21 (1.07, 1.37) <0.01 1.34 (1.25, 1.42) <0.01

Death 4.17 (3.95, 4.40) <0.01 4.80 (4.42, 5.21) <0.01

Age 1.00 (1.00, 1.00) 0.10 1.01 (1.01, 1.01) <0.01

Sex (Male vs. 

Female)

0.92 (0.88, 0.97) <0.01 0.76 (0.73, 0.78) <0.01

Race (vs. 

White)

Asian 0.94 (0.80, 1.10) 0.43 0.68 (0.63, 0.73) <0.01

Black 0.94 (0.87, 1.03) 0.17 1.04 (0.98, 1.11) 0.18

Hispanic 0.88 (0.83, 0.94) <0.01 0.86 (0.82, 0.89) <0.01

Baseline CVD 1.38 (1.30, 1.47) <0.01 1.35 (1.30, 1.39) <0.01

Baseline T2D 1.22 (1.17, 1.28) <0.01 1.25 (1.21, 1.30) <0.01

Baseline 

obesity

1.21 (1.15, 1.27) <0.01 1.11 (1.07, 1.15) <0.01

Table 3: GLMM estimates of total annual cost per 
patient, over the first six years of follow-up

Note: region, Elixhauser index, and costs per person per year were also adjusted in the model but not presented due to 
space limitations  Abbreviations: CI, confidence interval; CVD, cardiovascular disease; T2D, type 2 diabetes mellitus; 
GLMM, generalized linear mixed model. Note: green highlighting signifies variables with a significant association with 
decreasing annual costs and orange for increasing. 
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#K20

*ED/observational unit. Notes costs are presented as mean (SD) 2022 USD.
Abbreviations: ED, emergency department; SD, standard deviation; USD, United Stated dollars.

No cirrhosis Cirrhosis No cirrhosis Cirrhosis No cirrhosis Cirrhosis No cirrhosis Cirrhosis
(n= 19,419) (n=9,157) (n=2,185) (n=350) (n=7,813) (n=2,616) (n=8,791) (n=6,191)

Total
$28,340 
(61,472)

$110,403 
(226,037)

$18,619 
(50,819)

$63,079 
(167,490)

$27,979 
(59,262)

$100,663 
(236,924)

$31,773 
(66,012)

$117,194 
(223,755)

Inpatient
$7,307 

(36,026)
$57,466 

(179,954)
$2,924 

(22,625)
$26,262 

(147,177)
$5,505 

(29,475)
$47,975 

(190,629)
$10,312 
(43,738)

$63,240 
(176,638)

ED* $1,247 (4,131) $6,045 (29,273) $1,103 (3,607) $5,150 (13,947) $1,200 (4,411) $5,063 (16,418) $1,336 (4,027) $6,511 (33,793)

Outpatient
$13,376 
(30,729)

$36,148 
(82,903)

$9,071 
(26,881)

$22,197 
(37,413)

$13,213 
(31,377)

$33,176 
(91,981)

$14,900 
(31,168)

$38,192 
(80,585)

Pharmacy
$6,409 

(17,640)
$10,744 
(22,812)

$5,521 
(22,141)

$9,469 
(21,714)

$8,060 
(19,233)

$14,449 
(26,547)

$5,225
 (14,059)

$9,251 
(20,912)

Figure 3: Mean annual costs per patient with and without 
cirrhosis, stratified by age at index

• Compared to year 1, total annual costs/person increased
by 3% in year 2 and 21% in year 6 among those with
cirrhosis; and by 1% and 34% among those without
cirrhosis over the same time period (Table 3)

• Patients with cirrhosis were older at baseline (mean [SD] age,
67.1 [10.8] years) and had a shorter mean follow-up (2.5
years) compared to those without cirrhosis (age: 59.8 [13.4]
years; follow-up: 3.2 years; Table 1)

Measured within the baseline covariate 

assessment window

With cirrhosis Without cirrhosis

(n= 9,157) (n= 19,419)

Total follow-up per person, years, mean (SD) 2.5 (1.6) 3.2 (1.5)*

Age at index, years, mean (SD) 67.1 (10.8) 59.8 (13.4)*

Male sex, n (%) 3,158 (34.5) 7,982 (41.1)*

Race, n (%) - -

Asian 171 (1.9) 871 (4.5)*

Black 654 (7.1) 1,380 (7.1)*

Hispanic 1,376 (15.0) 3,648 (18.8)*

White 6,447 (70.4) 12,647 (65.1)*

Unknown 509 (5.6) 873 (4.5)*

Insurance, n (%)

MAPD dual (Medicaid/Medicare) 393 (11.1) 418 (8.6)*

MAPD LIS 455 (12.9) 523 (10.8)*

Other 2,379 (67.4) 3,445 (70.8)*

Unknown 304 (8.6) 477 (9.8)*

Comorbidities, n (%)

Cardiovascular disease 7,798 (85.2) 13,141 (67.7)*

Type 2 diabetes mellitus 5,203 (56.8) 5,893 (30.3)*

Obesity 3,725 (40.7) 5,753 (29.6)*

Cost, 2022 USD PPPY, mean (SD) 87,239 (121,782) 26,581 (52,976)

Figure 2: Two NASH cohorts were defined: those with 
(n=9,157) and without (n=19,419) cirrhosis

Table 1: Baseline demographics

Abbreviations: Q1, first quantile; Q3, third quantile; PPPY, per-person per-year, SD, standard deviation, USD, United Staes dollars. 
*P<0.01 when using two-     d    d   ’   -Test to compare the means between the cohorts with vs. without cirrhosis cohorts. 

• Total annual costs remained significantly higher (risk ratio=1.99 [95% confidence interval=1.88-2.09]) when adjusted for
demographics, and baseline comorbidities and costs (Figure 4)

Category, annual costs among users (patients with 

≥1 resour e use in e  h    egory)

With cirrhosis Without cirrhosis

(n= 9,157) (n= 19,419)

Gastroenterologists*, n(%) 6,165 (67.3) 9,833 (50.6)

Mean (SD) $665 ($1,445) $383 ($1,943)

Fibrosis staging related procedures, all, n(%) 7,588 (82.9) 10,856 (55.9)

Mean (SD) 403 (1,277) 260 (804)
Liver biopsies, n(%) 545 (6.0) 998 (5.1)

Mean (SD) $1,903 ($4,105) $1,654 ($2,036)
FibroScans, n(%) 656 (7.2) 1,922 (9.9)

Mean (SD) $87 ($105) $79 ($105)
Abdominal ultrasounds, n(%) 5,729 (62.6) 6,371 (32.8)

Mean (SD) $342 ($464) $161 ($157)
CT's, n(%) 5,243 (57.3) 6,424 (33.1)

Mean (SD) $1,037 ($2,668) $582 ($952)
MRI's, n(%) 1,887 (20.6) 1,337 (6.9)

Mean (SD) $1,082 ($1,370) $519 ($563)
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Table 2: Mean annual costs per patient, among users

*Including hepatologists. Abbreviations: CT, computerized tomography; MRI, magnetic resonance imaging; SD, standard deviation.

Note: region, Elixhauser index, and costs per person per year were also adjusted in the model but not presented due to space limitations 
*Relative to an intercept of $7,059.58 (6,258.61, 7,963.06) per patient.
Abbreviations: CI, confidence interval; CVD, cardiovascular disease; T2D, type 2 diabetes mellitus; GLM, generalized linear model.

Cost source: Inpatient ED/observational unit Outpatient Pharmacy
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