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Abstract
Background: Demographic, healthcare resource utilization (HCRU), and healthcare costs of non-alcoholic
fatty liver disease (NAFLD), non-alcoholic steatohepatitis (NASH) patients, and those progressed to liver
cirrhosis (LC) and hepatocellular carcinoma (HCC) was assessed from Japan Medical Data Center
(JMDC) claims database.

Methods: 185,012 NAFLD or NASH patients between 1st January 2006 and 31st July 2018 were identi�ed
from JMDC database. Mean annual all-cause HCRU and costs were reported pre- and post-index date of
the initial diagnosis of NAFLD/NASH, LC and HCC. Age, gender, and comorbidity in�uence on post-index
cost was assessed with a multivariable analysis.

Results: 123,379 NAFLD/NASH, 205 LC, and 96 HCC patients were selected into 3 liver severity cohorts
based on the study inclusion/exclusion criteria. Majority of patients were male (70.0% to 71.7%) with
comorbid hyperlipidaemia (50.2% to 61.5%), diabetes mellitus (40.0% to 60.4%), and hypertension (27.9 %
to 42.7%) most prevalent across the 3 liver disease states. The mean all-cause healthcare annual cost
signi�cantly increased with liver disease severity, at ¥146,096, ¥399,425 and ¥842,875 for NAFLD/NASH,
LC and HCC patients, respectively. Comorbid cardiovascular disease (CVD), following by type 2 diabetes
mellitus (T2DM) had the highest in�uence on all-cause cost with a cost ratio of 1.77 and 1.45,
respectively.

Conclusions: NAFLD/NASH patients with LC or HCC have increased comorbidity burden, high HCRU, and
healthcare costs, which further highlights the importance and need of timely identi�cation and
management for NAFLD and NASH patients in Japan.

Background
Non-alcoholic fatty liver disease (NAFLD) is a disease burden rapidly growing and has become the most
common cause of chronic liver disease globally [1]. Its histological spectrum starts from the simple
steatosis and leads to the severe form of non-alcoholic steatohepatitis (NASH) in which hepatocellular
damage and in�ammation also exists besides steatosis [2]. The worldwide NAFLD prevalence is
estimated at 25.2%, and that of NASH between 1.5% and 6.5% [3, 4]. In Japan, increase of NAFLD has
also been considered as a developing pandemic and its prevalence is estimated to be between the ranges
of 30% and 35% [5–7], and the prevalence of NASH estimated between 1% and 9% [6].

NASH can further lead to �brosis that results in liver cirrhosis (LC), hepatocellular carcinoma (HCC), as
well as liver related mortality [8–10]. NASH patients is typically associated type 2 diabetes (T2DM),
cardiovascular disease (CVD), and other metabolic disorders [11–13]. Currently there is no marketed
product available for the treatment of NASH, and most of the non-pharmacological treatments such as
lifestyle modi�cations, and pharmacological treatments including insulin sensitizing agents, lipid-
lowering agents, and antioxidants are interventions recommended by clinical practice guidelines, but
focused on managing the underlying disease rather than NASH itself [14–16].
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NASH and its advanced liver forms are also linked to a signi�cant economic burden, prompting research
to quantify their associated costs. One study generated a Markov model approximating the annual
healthcare cost burden linked to NAFLD in the United States (US), France, the United Kingdom, Italy, and
Germany reporting the total burden was approximated to be $103 billion ($1,163/ patient) and €35 billion
(between €354 and €1163/ patient) in the US and 4 European nations respectively [17]. Reports in other
studies have displayed a high healthcare burden associated with NAFLD, especially for advanced liver
diseases [18–20] nevertheless, information focusing on healthcare costs of NAFLD and NASH patients in
Japan is limited. The objective of this analysis was to assess the real-world demographics, HCRU, and
cost burden of NAFLD/NASH patients in Japan.

Methods

Data source
Data was retrieved from the Japan Medical Data Center (JMDC) claims database which includes the
accumulated the recipients of outpatient, inpatient and pharmacy administrative claims data, composed
approximately 4% of the total Japanese population from January 2005 [21]. The JMDC declares that the
database contains data of de-identi�ed organizational claims for the bene�ciaries of health care
insurance system of Kenpo that are employees of large-to-middle size �rms in Japan as well as their
dependents.

NAFLD/NASH patient selection
The JMDC database includes the standard disease code inputs that are Japan-speci�c and which are
mapped to the International Classi�cation of Disease Version 10 (ICD-10) codes [22]. In order to be
eligible for this study, patients required at least one claim for NAFLD (standard disease code: 5718008,
“hepatic steatosis”, mapped to ICD-10 code: K76.0) or NASH (standard disease code: 8843497, “non-
alcoholic steatohepatitis”, mapped to ICD-10 code: K75.8) NAFLD between 1st January 2006 and 31st
July 2018 inclusive. The index date was de�ned as the �rst day of the month of the patient’s �rst visit for
NAFLD or NASH, whichever came �rst. Eligible patients required to be ≥ 18 years of age at index date,
with minimum JMDC coverage of 12 months before index date (pre-index) and a minimum of 12 months
after index date (post-index). Patients with any evidence of alcoholism, alcoholic liver disease or other
causes of liver diseases were excluded from the analysis. Standard disease and ICD-10 codes to identify
patient inclusion and exclusion are listed in Table S1 and Table S2 of the Supplementary Materials �le
respectively.

Study cohorts
Among the NAFLD/NASH cohort that progressed to LC or HCC during the study period, the initial
diagnosis of LC or HCC was considered the new index date. Each LC or HCC cohort required a minimum
of 12 months of follow-up post-index date. Table S1 of the Supplementary Materials �le provides the
standard disease and ICD-10 codes for each LC and HCC diagnosis. The 12 months before index date
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was considered the baseline pre-index period. The period between index date to end of JMDC coverage,
end of the study period, 12 months post-index date, or the index date for the next disease state death,
whichever was earliest was de�ned as the follow up period. The 12 months before index date was
considered as the baseline pre-index period. All patients were followed for a variable post-index period
de�ned as minimum of 12 months, until evidence of inpatient death, end of enrolment, progression to
more severe stage, end of the study period, or end of 12 months, whichever was earliest. Claims
databases do not capture comprehensive mortality information from all settings, hence only inpatient
death could be considered here.

Study outcomes
Demographics and clinical characteristics were reported at the index date for each NAFLD/NASH, LC, and
HCC. In addition, the body mass index (BMI) among those patients with the available information from
the database. The total HCRU and all-cause healthcare costs, which both includes inpatient
hospitalizations, outpatient services, and prescription �lls, was assessed during the 12 months pre-index
and post-index period for each index diagnosis of NAFLD/NASH, LC and HCC cohorts. Adjusted total all-
cause healthcare costs during the 12 months post-index period was also reported using multivariable
models. All the variables in this study was descriptively summarized for each NAFLD/NASH, LC, and HCC
stage, with the categorical variables stated percentages and counts, and the continuous variables stated
as a mean average with standard deviations. χ2 tests used when measuring categorical variables as
statistical signi�cance, and the student t tests used when measuring continuous variables as statistical
signi�cance. All statistical comparisons of HCRU and cost between pre-index and post-index was
performed via paired t test and student t test, respectively. Multivariate analysis used a generalized linear
model with gamma distribution and a log link function when measuring associations of the post-index
costs and disease severity groups, with all demographic and background comorbidities adjusted. We also
analysed the hazard ratios assessed for time-to-event from NAFLD/NASH to LC or HCC diagnosis using
the Cox regression model, and the P values were calculated with the strati�ed log-rank test. All results
were considered statistically signi�cant at p < 0.05, and SAS software version 9.4 (SAS, Carey, NC, US)
was used.

Results
185,012 patients with a diagnostic code for NAFLD or NASH between 1st January 2006 and 31st July
2018 were eligible for study inclusion. Of these, each NAFLD, LC, and HCC cohort included 123,379, 205,
and 96 patients, respectively (Fig. 1).

The mean age of patients across all the severity stages ranged between 46 and 50 years (Table 1).
Majority of patients were male (70.0–71.7%). The mean follow-up time were 1,192 ± 915.2 days, 895 ± 
690.0 days and 967 ± 728.4 days for the NAFLD/NASH, LC and HCC patients respectfully. Patients who
were diagnosed by specialist ranged from 32.0% with NAFLD/NASH to 64.6% with HCC. The comorbidity
burden was high across all liver disease severity stages, with signi�cantly higher prevalence of comorbid
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conditions in each increasing severity stage compared to NAFLD/NASH. The most prevalent
comorbidities included hyperlipidaemia (50.2–61.5%), diabetes mellitus (40.0–60.4%), and hypertension
(27.9 % to 42.7%). T2DM was also statistically signi�cantly higher for LC (33.2%) and HCC (35.4%)
compared to that in NAFLD/NASH (10.6%), whereas renal impairment was only signi�cantly higher in LC
patients (26.3%) compared to NAFLD/NASH (18.1%). All types of infections were similar across all 3 liver
diseases severities ranging from 27.4–30.2%. More than two-thirds of the patients across all severity
stages including those with NAFLD/NASH had at least 1 comorbidity out of hypertension,
hyperlipidaemia, and T2DM. In addition, the proportion of patients with all 3 of these conditions was
signi�cantly higher among patients with advanced liver diseases (13.1–20.8%) compared with
NAFLD/NASH (3.9%) (all p < 0.0001).
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Table 1
Demographic and clinical characteristics of NAFLD/NASH, LC, and HCC patients.

  NAFLD/NASH LC HCC

  (n = 123,379) (n = 205) (n = 96)

Age in years at index date; (Mean ± SD) 46 ± 11.5 46 ± 12.2 50 ± 11.5*

Age group in years at index date, n (%)      

18–34 years 20,531 (16.6%) 39 (19.0%) 9 (9.4%)*

35–44 years 32,084 (26.0%) 47 (22.9%) 23 (24.0%)

45–54 years 38,225 (31.0%) 69 (33.7%) 25 (26.0%)

55–64 years 26,569 (21.5%) 35 (17.1%) 30 (31.3%)

≥ 65 years 5,969 (4.8%) 15 (7.3%) 9 (9.4%)

Length of follow-up, days; (Mean ± SD) 1,192 ± 915.2 895 ± 690.0*** 967 ± 728.4*

Gender: Males (%) 86,365 (70.0%) 147 (71.7%) 68 (70.8%)

Comorbidity at baseline, n (%)

Diabetes mellitus 49,391 (40.0%) 145 (70.7%)* 58 (60.4%)***

T2DM 13,016 (10.6%) 68 (33.2%)*** 34 (35.4%)***

Hyperlipidaemia 61,882 (50.2%) 121 (59.0%)* 59 (61.5%)*

Hypertension 34,456 (27.9%) 80 (39.0%)** 41 (42.7%)**

CVD 14,040 (11.4%) 45 (22.0%)*** 24 (25.0%)***

Renal impairment 22,283 (18.1%) 54 (26.3%)** 16 (16.7%)

Anaemia 13,674 (11.1%) 86 (42.0%)*** 25 (26.0%)***

Abdominal pain 6,685 (5.4%) 7 (3.4%) 10 (10.4%)*

Infection 33,834 (27.4%) 61 (29.8%) 29 (30.2%)

Combination of “Type 2 diabetes mellitus” or “Hypertension” or “Hyperlipidaemia”

3 comorbidities, n (%) 4,853 (3.9%) 27 (13.1%)*** 20 (20.8%)***

2 comorbidities, n (%) 24,522 (19.9%) 53 (25.7%) 20 (20.8%)

NAFLD: non-alcoholic fatty liver disease; NASH: non-alcoholic steatohepatitis; LC: liver cirrhosis; HCC:
hepatocellular carcinoma; SD: standard deviation; T2DM: type 2 diabetes mellitus; CVD:
cardiovascular disease. *p < 0.05 for comparison of LC or HCC cohort versus NAFLD/NASH; **p < 0.01
for comparison of LC or HCC cohort versus NAFLD/NASH; ***p < 0.0001 for comparison of LC or HCC
cohort versus NAFLD/NASH.
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  NAFLD/NASH LC HCC

1 comorbidity, n (%) 45,917 (37.2%) 82 (39.8%) 35 (36.5%)

No comorbidities, n (%) 48,086 (39.0%) 44 (21,4%) 21 (21.9%)

NAFLD: non-alcoholic fatty liver disease; NASH: non-alcoholic steatohepatitis; LC: liver cirrhosis; HCC:
hepatocellular carcinoma; SD: standard deviation; T2DM: type 2 diabetes mellitus; CVD:
cardiovascular disease. *p < 0.05 for comparison of LC or HCC cohort versus NAFLD/NASH; **p < 0.01
for comparison of LC or HCC cohort versus NAFLD/NASH; ***p < 0.0001 for comparison of LC or HCC
cohort versus NAFLD/NASH.

Overall, the mean annual number of HCRU across all service categories (inpatient admission, outpatient
services, and prescription �lls) increased from pre-index to post-index period (all p < 0.0001), (Table 2).
The mean annual admissions per patient increased from pre-index to post-index periods (all p < 0.0001).
Post-index HCRU across all service categories was signi�cantly higher among patients with advanced
liver diseases compared with NAFLD/NASH. The percentage of patients with an inpatient admission was
signi�cantly higher among HCC patients versus NAFLD/NASH patients (all p < 0.0001). Mean annual
number of admissions per patient were signi�cantly higher among advanced liver diseases compared
with NAFLD/NASH (all p < 0.0001). This trend held when comparing mean annual outpatient services and
prescription �lls. patients, respectively (p < 0.0001).
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Table 2
Annual all-cause healthcare resource utilization among NAFLD/NASH, LC, and HCC patients.

  NAFLD/NASH LC HCC

  (n = 123,379) (n = 205) (n = 96)

Healthcare Resource Utilization
Parameters

Pre-
Index

Post-
Index

Pre-
Index

Post-
Index

Pre-
Index

Post-
Index

Inpatient hospitalizations            

Patients with hospitalization [n
(%)]

3,393
(3%)

8,391
(7%)*

18
(9%)

35
(17%)

6 (6%) 34
(35%)*

Annual admissions per patient
[mean (SD)]

0.04
(0.27)

0.10
(0.42)*

0.17
(0.70)

0.31
(0.79)

0.10 0.68*

% change from pre-index to
post-index period

150% 82% 580%

Length of stay [mean (SD)] 0.34
(2.38)

0.83
(3.48)*

1.66
(4.85)

2.88
(6.12)*

0.83
(2.80)

6.00
(7.89)*

Outpatient services            

Patients with service [n (%)] 99,125
(80%)

123,329
(99%)

179
(87%)

205
(100%)*

88
(92%)

96
(100%)*

Annual services per patient
[mean (SD)]

5.7 (8.1) 8.4 (8.6)* 10.8
(14.3)

13.2
(14.4)

10.4
(11.8)

13.1
(9.8)

% change from pre-index to
post-index period

46% 22% 26%

Prescription �lls            

Patients with �lls [n (%)] 76,738
(62%)

91,642
(74%)*

151
(74%)

166
(81%)

70
(73%)

79
(83%)

Annual prescriptions per patient
[mean (SD)]

2.4 (3.0) 3.1 (3.2)* 4.0
(5.0)

4.6
(4.8)

3.54
(3.3)

3.84
(3.0)

% change from pre-index to
post-index period

30% 17% 8%

NAFLD: non-alcoholic fatty liver disease; NASH: non-alcoholic steatohepatitis; LC: liver cirrhosis; HCC:
hepatocellular carcinoma; SD: standard deviation. *P < 0.05 for comparison of pre-index versus post-
index period.

The mean total all-cause healthcare annual cost after diagnosis was signi�cantly lower in patients with
NAFLD/NASH at ¥146,096 compared to those with more advanced liver diseases at ¥399,425 for LC
patients, and ¥842,875 for HCC patients (Fig. 2). Overall, the mean total annual healthcare cost increased
at the post-index from pre-index (p < 0.0001), with an increase of 75% in NAFLD/NASH, 50% in LC, and
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312% in HCC patients from pre-index to post-index. Inpatient costs were the largest contributor in both LC
and HCC patients, whereas outpatient costs were the major contributor among NAFLD/NASH patients.

After adjusting for potential confounders, the adjusted annual all-cause post-index costs increased with
liver disease severity (Table 3). Compared to NAFLD/NASH patients, the increased cost ratio was 1.61
and 3.01 for LC and HCC respectively (all p < 0.0001). Age group cost ratio values increased with age, with
the 65 years and over group having the highest cost ratio of 1.16 (p < 0.0001) compared to the 18–
34 years group. All comorbidities had an increased cost ratio except hyperlipidemia which had a cost
ratio of 0.91 (p < 0.0001). Patients with CVD had the highest cost ratio value of 1.77 (p < 0.0001), which
was followed by T2DM, abdominal pain, anemia and hypertension, with cost ratios of 1.45, 1.43, 1.42,
and 1.32 respectfully (all p < 0.0001). Signi�cantly high risk of disease progression within the
NAFLD/NASH cohort were those of ≥ 65 years (HR: 2.65, p = 0.0198) and comorbid T2DM (HR: 1.74, p = 
0.0353), while those associated with signi�cantly slower disease progression with comorbid
hyperlipidemia (HR: 0.65, p < 0.05) (Fig. 3).
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Table 3
Total annual all-cause healthcare post- index costs adjusted by demographics and clinical characteristics

– Multivariable analysis
Independent Variables Cost Ratio 95% CI

(Lower-Upper)

Liver disease severity stage    

NAFLD/NASH Reference ----

LC 1.61* (1.46, 1.76)

HCC 3.01* (2.99, 3.04)

Age groups    

18–34 years Reference ----

35–44 years 1.02* (0.95, 1.09)

45–54 years 1.05* (0.98, 1.12)

55–64 years 1.09* (1.02, 1.16)

≥65 years 1.16* (1.09, 1.24)

Comorbidities    

Diabetes mellitus 1.27* (1.24, 1.30)

T2DM 1.45* (1.43, 1.46)

Hyperlipidaemia 0.91* (0.89, 0.93)

Hypertension 1.32* (1.30, 1.35)

CVD 1.77* (1.75, 1.78)

Renal impairment 1.16* (1.14, 1.18)

Abdominal pain 1.43* (1.41, 1.45)

Anaemia 1.41* (1.38, 1.44)

Infections 1.25* (1.22, 1.27)

CI: con�dence interval; NAFLD: non-alcoholic fatty liver disease; NASH: non-alcoholic steatohepatitis;
LC: liver cirrhosis; HCC: hepatocellular carcinoma; T2DM: type 2 diabetes mellitus; CVD:
cardiovascular disease. *p < 0.05 for comparison of independent variable versus reference
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Discussion
High rates of comorbidities were seen in NAFLD/NASH patients, however this increased with those of LC
and HCC. 20.8% and 13.1% of patients with HCC and LC respectively had all 3 comorbid conditions of
T2DM, hypertension, and hyperlipidaemia, compared to only 3.9% in NAFLD/NASH patients. The high
rate of comorbidities reported in this study are consistent with other studies of non-Japanese patients
with NAFLD/NASH [19, 23, 24].

Greater HCRU seemed to have in�uenced the high costs, which was evident with the increase with LC then
further increased with HCC. The increased all-cause annual healthcare cost from NAFLD, to LC, to HCC
was ¥146,096, ¥399,425, and ¥842,875, respectively, and from the multivariant analysis reported an
adjusted speci�c cost ratio increase of 1.61 and 3.01 for LC and HCC, respectively, compared with
patients with NAFLD/NASH. This was similar to NAFLD/NASH and subsequent advanced liver diseases
for patients within the US Medicare database, which Wong et al. reported an annual all-cause healthcare
cost of $23,860 in NAFLD/NASH without advanced liver diseases, with an increase to $29,078 and
$97,563 for compensated cirrhosis and HCC patients respectively [25].

Comorbidities are common in NAFLD/NASH patients and associated with increased utilization and cost
estimates [26]. Our multivariate analysis con�rmed that CVD was the most signi�cant contributor,
followed by T2DM, towards post-index cost regardless of advanced liver diseases severity. This
observation is in concert with those by Sayiner et al. which reported CVD as an independent predictor of
costs in the US [19], and Younossi et al. reported the strong association of T2DM with high costs among
NAFLD/NASH patients [27]. An unexpected �nding was the association of hyperlipidaemia with reduced
costs and lower rate of disease progression, which may be due to the exposure statins for
hyperlipidaemia treatment resulting in reduced risk of LC and HCC progression [28, 29].

Limitations

The lack of biopsy data in the JMDC database meant we depended on diagnosis codes to de�ne the
NASH patients. Also, as the JMDC database includes a primarily working and employed population, the
older population is likely underrepresented. However, this study provides real-world novel proof of NAFLD
and NASH adult patients in Japan and highlights need for early diagnosis and treatment to improve the
healthcare economic burden. Future studies to incorporate the treatment duration, effect on disease
progression and price of currently developing NAFLD/NASH targeted pharmacological therapies once
approved in Japan.

Conclusions
The results from this study suggest that NAFLD/NASH patients with advanced liver diseases have
increased comorbidity burden, high HCRU, and healthcare costs. This further highlights the importance
and need of early identi�cation and effective management in order to minimize the clinical and economic
burden for NAFLD/NASH patients in Japan.
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Tables
Table 1. Demographic and clinical characteristics of NAFLD/NASH, LC, and HCC patients.
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  NAFLD/NASH LC HCC

  (n = 123,379) (n = 205) (n = 96)

Age in years at index date; (Mean ± SD) 46 ± 11.5 46 ± 12.2 50 ± 11.5*

Age group in years at index date, n (%)      

18-34 years 20,531 (16.6%) 39 (19.0%) 9 (9.4%)* 

35-44 years 32,084 (26.0%) 47 (22.9%) 23 (24.0%)

45-54 years 38,225 (31.0%) 69 (33.7%) 25 (26.0%)

55-64 years 26,569 (21.5%) 35 (17.1%) 30 (31.3%)

≥65 years 5,969 (4.8%) 15 (7.3%) 9 (9.4%)

Length of follow-up, days; (Mean ± SD) 1,192 ± 915.2 895 ± 690.0*** 967 ± 728.4* 

Gender: Males (%) 86,365 (70.0%) 147 (71.7%) 68 (70.8%)

Comorbidity at baseline, n (%)

Diabetes mellitus 49,391 (40.0%) 145 (70.7%)* 58 (60.4%)***

T2DM 13,016 (10.6%) 68 (33.2%)*** 34 (35.4%)***

Hyperlipidaemia 61,882 (50.2%) 121 (59.0%)* 59 (61.5%)*

Hypertension 34,456 (27.9%) 80 (39.0%)** 41 (42.7%)**

CVD 14,040 (11.4%) 45 (22.0%)*** 24 (25.0%)***

Renal impairment 22,283 (18.1%) 54 (26.3%)** 16 (16.7%)

Anaemia 13,674 (11.1%) 86 (42.0%)*** 25 (26.0%)***

Abdominal pain 6,685 (5.4%) 7 (3.4%) 10 (10.4%)*

Infection 33,834 (27.4%) 61 (29.8%) 29 (30.2%)

Combination of “Type 2 diabetes mellitus” or “Hypertension” or “Hyperlipidaemia”

3 comorbidities, n (%) 4,853 (3.9%) 27 (13.1%)*** 20 (20.8%)*** 

2 comorbidities, n (%) 24,522 (19.9%) 53 (25.7%) 20 (20.8%)

1 comorbidity, n (%) 45,917 (37.2%) 82 (39.8%) 35 (36.5%)

No comorbidities, n (%) 48,086 (39.0%) 44 (21,4%) 21 (21.9%)

NAFLD: non-alcoholic fatty liver disease; NASH: non-alcoholic steatohepatitis; LC: liver cirrhosis; HCC:
hepatocellular carcinoma; SD: standard deviation; T2DM: type 2 diabetes mellitus; CVD: cardiovascular
disease. *p < 0.05 for comparison of LC or HCC cohort versus NAFLD/NASH; **p < 0.01 for comparison of
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LC or HCC cohort versus NAFLD/NASH; ***p < 0.0001 for comparison of LC or HCC cohort versus
NAFLD/NASH.

Table 2. Annual all-cause healthcare resource utilization among NAFLD/NASH, LC, and HCC patients.

  NAFLD/NASH LC HCC

  (n = 123,379) (n = 205) (n = 96)

Healthcare Resource Utilization
Parameters

Pre-
Index

Post-
Index

Pre-
Index

Post-
Index

Pre-
Index

Post-
Index

             

Inpatient hospitalizations            

Patients with hospitalization [n
(%)]

3,393
(3%)

8,391
(7%)*

18
(9%)

35
(17%)

6 (6%) 34
(35%)*

Annual admissions per patient
[mean (SD)]

0.04
(0.27)

0.10
(0.42)*

0.17
(0.70)

0.31
(0.79)

0.10 0.68*

% change from pre-index to
post-index period

150% 82% 580%

Length of stay [mean (SD)] 0.34
(2.38)

0.83
(3.48)*

1.66
(4.85)

2.88
(6.12)*

0.83
(2.80)

6.00
(7.89)*

             

Outpatient services            

Patients with service [n (%)] 99,125
(80%)

123,329
(99%)

179
(87%)

205
(100%)*

88
(92%)

96
(100%)*

Annual services per patient
[mean (SD)]

5.7 (8.1) 8.4 (8.6)* 10.8
(14.3)

13.2
(14.4)

10.4
(11.8)

13.1
(9.8)

% change from pre-index to
post-index period

46% 22% 26%

       

Prescription �lls            

Patients with �lls [n (%)] 76,738
(62%)

91,642
(74%)*

151
(74%)

166
(81%)

70
(73%)

79
(83%)

Annual prescriptions per patient
[mean (SD)]

2.4 (3.0) 3.1 (3.2)* 4.0
(5.0)

4.6 (4.8) 3.54
(3.3)

3.84
(3.0)

% change from pre-index to
post-index period

30% 17% 8%
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NAFLD: non-alcoholic fatty liver disease; NASH: non-alcoholic steatohepatitis; LC: liver cirrhosis; HCC:
hepatocellular carcinoma; SD: standard deviation. *P < 0.05 for comparison of pre-index versus post-
index period.

Table 3. Total annual all-cause healthcare post- index costs adjusted by demographics and clinical
characteristics – Multivariable analysis
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Independent Variables Cost Ratio 95% CI

(Lower-Upper)

     

 Liver disease severity stage    

  NAFLD/NASH Reference ----

  LC 1.61* (1.46, 1.76)

  HCC 3.01* (2.99, 3.04)

 Age groups    

  18-34 years Reference ----

  35-44 years 1.02* (0.95, 1.09)

  45-54 years 1.05* (0.98, 1.12)

  55-64 years 1.09* (1.02, 1.16)

  ≥65 years 1.16* (1.09, 1.24)

 Comorbidities    

  Diabetes mellitus 1.27* (1.24, 1.30)

  T2DM 1.45* (1.43, 1.46)

  Hyperlipidaemia 0.91* (0.89, 0.93)

  Hypertension 1.32* (1.30, 1.35)

  CVD 1.77* (1.75, 1.78)

  Renal impairment 1.16* (1.14, 1.18)

  Abdominal pain 1.43* (1.41, 1.45)

  Anaemia 1.41* (1.38, 1.44)

  Infections 1.25* (1.22, 1.27)

CI: con�dence interval; NAFLD: non-alcoholic fatty liver disease; NASH: non-alcoholic steatohepatitis; LC:
liver cirrhosis; HCC: hepatocellular carcinoma; T2DM: type 2 diabetes mellitus; CVD: cardiovascular
disease. *p < 0.05 for comparison of independent variable versus reference
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Figures

Figure 1

Patient selection �owchart for identi�cation of the study cohorts. NAFLD: non-alcoholic fatty liver
disease; NASH: non-alcoholic steatohepatitis; LC: liver cirrhosis; HCC: hepatocellular carcinoma

Figure 2
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Annual all-cause health care costs among NAFLD/NASH, LC, and HCC patients. NAFLD: non-alcoholic
fatty liver disease; NASH: non-alcoholic steatohepatitis; LC: liver cirrhosis; HCC: hepatocellular carcinoma.
*p < 0.05 for comparison of pre-index versus post-index period for each disease state; †p < 0.05 for
comparison of LC (post-index) versus NAFLD/NASH (post-index); ‡p < 0.05 for comparison of HCC (post-
index) versus LC (post-index).

Figure 3

Strati�ed hazard ratio comparison of NAFLD/NASH time-to-event of disease progression. CI: con�dence
interval.
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