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Background: Patients with nonalcoholic fatty liver disease (NAFLD) and nonalcoholic steatohepatitis
(NASH) are associated with progression to advanced liver diseases that include compensated cirrhosis,
decompensated cirrhosis, liver transplantation, and hepatocellular carcinoma (HCC). This study
characterized comorbidities, healthcare resource utilization (HRU), and associated costs among NAFLD
patients in Germany.

Methods: German healthcare claims data between 2011 and 2016 were analyzed retrospectively. Adult
patients diagnosed with NAFLD and/or NASH were categorized as NAFLD, NAFLD non-progressors,
compensated cirrhosis, decompensated cirrhosis, liver transplant, or HCC. Within each stage, annual all-
cause HRU and costs were measured during the pre- and post-index periods.

Results: Among 4,580,434 patients in the database, proportion of NAFLD was 4.7% (n=215,655). Of
them, 36.8% were non-progressors, 0.2% compensated cirrhosis, 9.6% decompensated cirrhosis, 0.0005%
liver transplant, and 0.2% HCC. Comorbidity rates were significantly higher in compensated cirrhosis,
decompensated cirrhosis, and HCC compared with non-progressors (52.07%, 56.46%, 57.58% wvs. 27.49%
for cardiovascular disease; 77.13%, 76.61%, 83.47% vs. 54.89% for hypertension; 47.20%, 53.81%,
52.89% wvs. 35.21% for hyperlipidemia; 49.88%, 36.67%, 48.21% wvs. 20.38% for type 2 diabetes mellitus).
The mean annual numbers of post-index outpatient visits and inpatient hospitalizations were significantly
higher in patients with advanced liver diseases versus non-progressors. Mean annual costs were significantly
higher among patients with advanced liver diseases (compensated cirrhosis, €10,291; decompensated
cirrhosis, €22,561; liver transplant, €34,089; HCC, €35,910) than non-progressors (€3,818, P<0.001, except
liver transplant cohort). This trend remained consistent after adjusting for baseline demographics and
comorbidities.

Conclusions: NAFLD patients in Germany are grossly underdiagnosed and exert substantial healthcare
resource use and economic burden, particularly those with advanced liver diseases. Optimal strategies for

early identification and management are needed to prevent disease progression and limit the rising costs.
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Introduction

Chronic liver diseases are a worldwide epidemic with
potentially dramatic consequences for both quality of
life and the economy. Nonalcoholic fatty liver disease
(NAFLD) is the leading cause of chronic liver diseases
worldwide, mirroring the increasing prevalence of obesity.
The estimated global prevalence of NAFLD is currently
24% (1,2); in Europe, it is estimated to be 20-30% (3) and
in Germany ~30% when diagnosed by ultrasonography (4).
Nonalcoholic steatohepatitis (NASH), the progressive
phenotype of NAFLD characterized by ballooning of
hepatocytes and liver inflammation, can potentially progress
in severity to advanced liver diseases, including compensated
cirrhosis, decompensated cirrhosis, and hepatocellular
carcinoma (HCC), and liver transplantation (5).
Patients with NAFLD-associated fibrosis may also have
increased risk of morbidity and mortality (5,6), along with
impaired health-related quality of life (7). Approximately
5-20% of NAFLD patients develop NASH globally (8).

Despite its high prevalence and clinical burden, there
are no targeted pharmacotherapies for the treatment of
NAFLD. The current management strategies include
non-pharmacologic (diet, exercise, weight loss) and
pharmacologic interventions (pioglitazone, statins, vitamin
E supplementation) (9,10).

In itself, the economic burdens of NAFLD and NASH
are estimated to be enormous. A previous modeling study
for NAFLD estimated the annual direct costs to be €354
per patient in Germany, totaling up to $4.3 billion direct
medical costs per year (11). Other studies have reported
cost data for patients with NASH. However, these studies
used cost estimates for managing other liver diseases as
a proxy for disease management costs in NASH patients
(12-14). Despite the mounting evidence regarding
the clinical and economic implications, there are no
robust real-world claims studies in Germany that have
comprehensively evaluated the comorbidities, healthcare
resource utilization (HRU) and costs among patients
with NAFLD or have assessed the economic burden of
NAFLD-associated comorbidities. Thus, the aims of this
study were to (I) identify and characterize patients with

NAFLD, and (IT) evaluate their comorbidity burden, HRU,
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and associated costs, using real-world German healthcare
claims data.

The findings from this study can be used to understand
the unmet needs of NAFLD patients, thereby allowing
more informed decision-making on healthcare resource
allocation. Understanding the full disease burden will also
help the providers, payers, and policy makers develop future
NAFLD identification algorithms, including the high-risk
NASH patients, and implement a multifaceted health policy
to manage this significant chronic liver disease. We present
the following article/case in accordance with the STROBE
reporting checklist (available at http://dx.doi.org/10.21037/
atm-20-7179).

Methods
Study design and data source

A retrospective longitudinal cohort study was conducted
using anonymized claims data from the German Institut
fiir angewandte Gesundheitsforschung (InGef) research
database from January 1, 2011 through December 31,
2016 (15-17). The InGef database contains longitudinal
information about the demographic characteristics, HRU,
mortality, and prescription rates for approximately eight
million insured persons residing in Germany, and has good
external validity with the German population for morbidity,
mortality, and use of prescription drugs (15). An age- and
sex-adjusted sample of the InGef database that included
approximately four million covered lives, representing 4.8%
of the German population, was used in this study (15,17).
The data were obtained from 60 of 109 statutory health
insurances in Germany (18). All patient-level data in the
InGef database are de-identified to comply with German
data protection regulations and German Federal Law,
and therefore the study did not require approval from an
institutional review board or ethics committee. The study
conformed to the Declaration of Helsinki (as revised in
2013), since no research on humans was performed.

Study sample selection

Patients aged >18 years with >1 inpatient or verified
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outpatient claim for diagnosis of NAFLD and/or NASH
between January 1, 2011 and December 31, 2016
were included. The study relied only on International
Classification of Diseases, Tenth Edition, German
Modification (ICD-10-GM) codes for identification
of NAFLD and/or NASH (due to the unavailability of
laboratory/biopsy data in claims database), using K76.0
[fatty (change of) liver, not elsewhere classified applicable
to NAFLD] and K75.8 [other specified liver diseases
(including NASH and other specified inflammatory liver
diseases)]. NASH is accurately diagnosed only through
liver biopsy, which in clinical practice is extremely limited
by its invasiveness, high cost, and potential for sampling
errors (19), resulting in a high likelihood of NASH being
severly underdiagnosed in real-world healthcare claims
data. Since NASH is a progressive subtype of NAFLD, this
study was performed with NAFLD and/or NASH patients
combined into a single cohort of NAFLD. Patients with any
evidence of other liver etiologies [including viral hepatitis
(hepatitis A, B, C, D, E), toxic liver disease, autoimmune
hepatitis, Wilson’s disease, Gaucher disease, lysosomal acid
lipase deficiency, alcoholism including alcoholic liver disease,
primary biliary/sclerosing cholangitis, or hemochromatosis]
and human immunodeficiency virus infection at any time
during the study period were excluded.

Advanced liver diseases were defined as compensated
cirrhosis, decompensated cirrhosis, liver transplant
and HCC or a sequential development of any of these
conditions. The first diagnosis of NAFLD marked the
NAFLD index quarter. Following from the NAFLD
index quarter, patients were grouped into six groups of
liver severity stages as shown in Supplementary Material
(Figure S1)—(I) NAFLD; (II) NAFLD non-progressors;
(III) NAFLD progressing to compensated cirrhosis; (IV)
NAFLD progressing to decompensated cirrhosis; (V)
NAFLD progressing to liver transplant; and (VI) NAFLD
progressing to HCC. Patients progressing to multiple liver
severity stages were included in >1 group; thus, the patient
groups were not mutually exclusive. Because HRU/cost
estimates were allocated by liver severity stages, any kind
of over-estimation or double-calculation of HRU/costs for
patients in >1 group was prevented owing to the patient
being censored at disease progression. The pre-index period
was defined as the baseline duration of four quarters (1 year)
prior to the index quarter, whereas post-index follow-up was
defined as starting from their index quarter of diagnosis to
the earliest of end of follow-up (1 year), disease progression,
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death, or the end of the study period (December 31, 2016),
when the patient was censored.

Study outcomes

Baseline demographics and comorbidities were assessed
during the pre-index period. Annual all-cause HRU and
annual all-cause healthcare cost data were measured in the
l-year pre-index and post-index periods across all liver
severity stages. Annual estimates were obtained from per-
patient per-quarter values during the pre-index and post-
index periods. All-cause HRU data covered outpatient visits,
inpatient hospitalizations, and emergency department visits.
All-cause healthcare cost data included costs of inpatient
care, outpatient care, outpatient pharmacotherapy, devices
and aids, and total costs.

Statistical analysis

Descriptive statistics were calculated for all variables,
including frequency and percent responses for categorical
variables, and mean, median, and standard deviation
for continuous variables. The Student’s z-test and the
asymptotic Pearson chi-squared test were used for the
comparison of continuous and categorical variables,
respectively. A two-tailed P<0.05 was considered,  priori, to
be statistically significant.

Multivariable analysis was performed using generalized
estimating equation (GEE) models with log-link function
and gamma distribution to evaluate the post-index total
annual healthcare costs (primary dependent variable)
associated with liver severity stages including NAFLD
non-progressors, compensated cirrhosis, decompensated
cirrhosis, liver transplant, HCC (primary independent
variable), adjusted for covariates including patients’
baseline demographics (age, sex, region) and baseline
comorbidities (abdominal pain, anemia, apnea, bariatric
surgery, cardiovascular diseases, dyspepsia, hyperlipidemia,
hypertension, insomnia, obesity, renal disease, smoking,
type 2 diabetes mellitus, thyroid disease, vitamin D
deficiency). GEE models can accommodate auto-correlated
and non-normal data, thereby enabling analysis of
longitudinal data (participants are repeatedly measured at
different timepoints), or clustered data (measurements are
taken for participants sharing a common characteristic). All
statistical analyses were performed using SAS version 9.4

(SAS Institute, Cary, NC, USA).
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All patients in the InGef research database with =1 day of enroliment from 01/01/2011 to 12/31/2016
n=4,580,434

v

All patients with =1 ICD-10-GM code (inpatient or verified outpatient) for NAFLD and/or NASH
from 01/01/2011 to 12/31/2016 (first diagnosis marked the NAFLD index quarter)
n=265,761

v

Prevalent NAFLD patients aged >18 years having no evidence of exclusionary diagnoses®
n=215,655

Patients without continuous
enrollment during 1 year before

A

and 1 year after the respective
index quarters for NAFLD,
CC, DCC, LT and HCC

v ¥ v

Y Y v

NAFLD® NAFLD NAFLD
n=89,698 non-progressors® progressing
n=79,245 to CC®
n=411

NAFLD NAFLD NAFLD
progressing progressing progressing
to DCC® to LT® to HCC®

n=20,614 n=11 n=363

Figure 1 Patient attrition. "Exclusionary diagnoses include other liver etiologies [viral hepatitis (hepatitis A, B, C, D, E), toxic liver disease,

autoimmune hepatitis, Wilson’s disease, Gaucher disease, lysosomal acid lipase deficiency, alcoholism including alcoholic liver disease,

primary biliary/sclerosing cholangitis, or hemochromatosis] and human immunodeficiency virus infection. "Non-mutually exclusive groups

of liver severity stages (since patients progressing to multiple liver severity stages were included in >1 group). CC, compensated cirrhosis;

DCC, decompensated cirrhosis; HCC, hepatocellular carcinoma; ICD-10-GM, International Classification of Diseases, Tenth Edition,

German Modification; InGef, Institut fiir angewandte Gesundheitsforschung; L'T; liver transplant; NAFLD, nonalcoholic fatty liver disease;

NASH, nonalcoholic steatohepatitis.

Results
Study sample selection

Of the 4,580,434 individuals with >1 day of enrollment
in the InGef database from 1 January 2011 through 31
December 2016, the study identified 215,655 patients with
prevalent NAFLD (4.71% of the total sample; Figure I).
The proportion of patients with ICD code K75.8 (definite
NASH diagnosis) was 1.9% (4,022 patients). After applying
the predefined inclusion/exclusion criteria, an analytical
cohort of 89,698 NAFLD patients was identified with no
evidence of NAFLD or advanced liver diseases in the year
preceding the NAFLD index quarter; further analysis was
performed on these incident NAFLD cases. This was done
in order to avoid the prevalence bias, that could result
in overestimation of HRU or cost estimates due to self-
selection of sicker patients who may have had the disease
for a longer duration. Subsequent follow-up resulted in
identification of 79,245 NAFLD non-progressors (36.75%
of prevalent NAFLD) who had no evidence of progression
from NAFLD to compensated cirrhosis, decompensated
cirrhosis, liver transplant, or HCC, while 411 patients
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with compensated cirrhosis (0.19% of prevalent NAFLD),
20,614 with decompensated cirrhosis (9.56% of prevalent
NAFLD), 11 with liver transplant (0.005% of prevalent
NAFLD), and 363 with HCC (0.17% of prevalent NAFLD)
patients (Figure I). A detailed patient attrition flowchart
that explains the various exclusion criteria at each stage is
shown in Supplementary Material (Figure S2).

Baseline demographics and comorbidities

The demographics and comorbidities of the liver severity
stages are summarized in Tizble 1. The mean age of NAFLD
patients at index diagnosis was 58.03 years and ranged from
48.82 years (liver transplant) to 71.26 years (HCC) across
all stages of liver severity; the majority of patients were
male [54.20% (decompensated cirrhosis) to 72.73% (liver
transplant)]. In general, patients had a high comorbidity
burden, with high rates of comorbid conditions reported
for patients with NAFLD (29.41% cardiovascular diseases,
21.35% type 2 diabetes mellitus, 35.96% hyperlipidemia,
56.31% hypertension, 12.50% renal disease; Table 1). Of
patients with advanced liver diseases, 88.92-94.21% were
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Table 1 Baseline demographics and comorbidities

Severity of liver disease

Variables NAFLD NAFLD non-pro- Compensated Decompensated Liver Hepatocellular
(n=89,698) gressors Cirrhosis Cirrhosis Transplant Carcinoma
(n=79,245) (n=411) (n=20,614) (n=11) (n=363)
Baseline demographics
Age, years
Mean (SD) 58.03 (14.50) 57.24 (14.29)  66.90 (12.56)*  67.74 (13.76)* 48.82 (23.07)" 71.26 (10.88)*"
Median 58.00 57.00 68.00 70.00 48.00 73.00
Age group, years, n (%)
18-64 59,421 (66.25) 54,341 (68.57) 160 (38.93) 7,740 (37.55)* 8 (72.79)" 84 (23.14)*"
65-69 9,100 (10.15) 7,937 (10.02) 63 (15.33)* 2,343 (11.37)"" 0 (0.00) 53 (14.60)*
70-74 8,668 (9.66) 7,249 (9.15) 56 (13.63)* 2,940 (14.26)* NR 62 (17.08)*
75-79 7,072 (7.88) 5,660 (7.14) 73 (17.76)* 3,490 (16.93)* NR 82 (22.59)*
>80 5,437 (6.06) 4,058 (5.12) 59 (14.36)* 4,101 (19.89)* NR 82 (22.59)*"
Sex, n (%)
Female 39,710 (44.27) 34,777 (43.89) 174 (42.34) 9,441 (45.80)* NR 125 (34.44)
Male 49,988 (55.73) 44,468 (56.11) 237 (57.66) 11,173 (54.20) 8 (72.73) 238 (65.56)*"
Baseline comorbidities, n (%)
Abdominal pain 11,552 (12.88) 10,063 (12.70) 69 (16.79)* 3,551(17.23)* NR 76 (20.94)*
Anemia 4,825 (5.38) 3,865 (4.88) 62 (15.09)* 3,256 (15.80)* NR 64 (17.63)*
Apnea 4,917 (5.48) 4,214 (5.32) 49 (11.92)* 1,753 (8.50)* 0 (0.00) 37 (10.19)*
Bariatric surgery 81 (0.09) 63 (0.08) NR 76 (0.37)* 0 (0.00) NR
Cardiovascular disease 26,380 (29.41) 21,784 (27.49) 214 (52.07)* 11,639 (56.46)* 5 (45.45) 209 (57.58)*
Dyspepsia 15,982 (17.82) 13,696 (17.28) 103 (25.06)* 5,842 (28.34)* NR 104 (28.65)*
Hyperlipidemia 32,253 (35.96) 27,903 (35.21) 194 (47.20) 11,092 (53.81)* NR 192 (52.89)*
Hypertension 50,510 (56.31) 43,500 (54.89) 317 (77.13)* 15,793 (76.61)* 9(81.82) 303 (83.47)
Insomnia 2,354 (2.62) 1,978 (2.50) 17 (4.14)* 924 (4.48)* 0 (0.00) 14 (3.86)
Obesity 22,010 (24.54) 19,326 (24.39) 155 (37.71)* 6,603 (32.03)*" 5 (45.45) 115 (31.68)*
Renal disease 11,213 (12.50) 9,213 (11.63) 117 (28.47)" 6,574 (31.89)* 7 (63.64)"" 127 (34.99)
Smoking 5,843 (6.51) 5,135 (6.48) 24 (5.84) 1,626 (7.89) 0 (0.00) 26 (7.16)
Type 2 diabetes mellitus 19,154 (21.35) 16,153 (20.38) 205 (49.88)* 7,560 (36.67)*" NR 175 (48.21)*
Thyroid disease 22,101 (24.64) 19,328 (24.39) 135 (32.85)" 6,814 (33.06)" NR 110 (30.30)"
Vitamin D deficiency 1,556 (1.73) 1,335 (1.68) 10 (2.43) 679 (3.29)* 0 (0.00) 5(1.38)
Renal disease & type 2 diabetes 3,348 (3.73) 2,564 (3.24) 52 (12.65)* 2,967 (14.39) NR 55 (15.15)*
mellitus & cardiovascular disease
Renal disease or type 2 diabetes 39,016 (43.50) 32,992 (41.63) 305 (74.21)* 14,547 (70.57)* 8 (72.73) 286 (78.79)*
mellitus or cardiovascular disease
>1 condition® 62,846 (70.06) 54,562 (68.85) 369 (89.78) 18,330 (88.92)* 10 (90.91) 342 (94.21)*"
=2 conditions® 41,668 (46.45) 35,434 (44.71) 310 (75.43) 15,056 (73.04) 8 (72.73) 294 (80.99)
>3 conditions® 23,148 (25.81) 19,162 (24.18) 210 (51.09)* 10,919 (52.97) 6 (54.55) 217 (59.78)"

#Out of cardiovascular disease, hypertension, hyperlipidemia, renal disease, type 2 diabetes mellitus. *P<0.05 for comparison with NAFLD
non-progressors. 'P<0.05 for comparison with compensated cirrhosis. NAFLD, nonalcoholic fatty liver disease; NR, not reported (owing to
small sample size); SD, standard deviation.
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35%*
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Figure 2 Selected baseline comorbidities. *P<0.05 for comparison with NAFLD non-progressors. 'P<0.05 for comparison with compensated

cirrhosis. CC, compensated cirrhosis; DCC, decompensated cirrhosis; HCC, hepatocellular carcinoma; LT, liver transplant; NAFLD,

nonalcoholic fatty liver disease; NR, not reported (owing to small sample size).

identified with >1 of these conditions. Compared with non-
progressors (3.24%), patients diagnosed with compensated
cirrhosis (12.65%), decompensated cirrhosis (14.39%), or
HCC (15.15%) were significantly more likely (P<0.0001) to
have all three comorbidities: renal disease, type 2 diabetes
mellitus, and cardiovascular diseases.

Generally, there was a trend of increasing comorbidity
burden among patients with NAFLD and advanced liver
diseases compared with non-progressors (1able 1, Figure 2).
Patients with compensated cirrhosis, decompensated
cirrhosis, or HCC had significantly higher rates of
comorbidities compared with non-progressors (P<0.05),
and patients with decompensated cirrhosis generally had
significantly higher rates of certain comorbidities (such
as type 2 diabetes mellitus, obesity, and hyperlipidemia)
compared with those with compensated cirrhosis (P<0.05).

Annual all-cause HRU

In general, the mean HRU increased in most of the
healthcare service categories from the pre-index period to
the post-index period (Table 2).

The calculated mean annual numbers of post-index
outpatient visits for patients with >1 visit were significantly
higher in patients with advanced liver disease (compensated
cirrhosis, 31.11; decompensated cirrhosis, 32.01; liver
transplant, 36.00; HCC, 40.26) when compared with the
non-progressors (21.77) (P<0.05; Tuble 2).

© Annals of Translational Medicine. All rights reserved.

A similar trend was observed among patients in the
inpatient setting; 28.46% of the non-progressors were
hospitalized after the index date, compared with 58.64%
of patients with compensated cirrhosis (P<0.0001) and up
to 84.85% of those with HCC (P<0.0001). Mean annual
number of admissions, among those patients with >1
inpatient hospitalization, were significantly higher for
patients with advanced liver diseases (compensated cirrhosis,
2.51; decompensated cirrhosis, 3.49; liver transplant, 2.38;
HCC, 4.95) than for non-progressors (1.75) (P<0.001,
except for the liver transplant cohort, owing to the small
sample size; Table 2).

Among patients with >1 inpatient hospitalization, the
mean length of stay per patient in the post-index period
was also significantly higher for patients with advanced liver
diseases (compensated cirrhosis, 23.97 days; decompensated
cirrhosis, 44.51 days; liver transplant, 23.63 days; HCC,
53.38 days) than in non-progressors (13.72 days) (P<0.0001,
except for liver transplant).

In accordance with the trend observed for outpatient and
inpatient visits, the proportion of patients with emergency
department visits in the post-index period was significantly
higher among patients with advanced liver diseases
(compensated cirrhosis, 29.68%; decompensated cirrhosis,
45.07%; liver transplant, 45.45%; HCC, 52.07%) than
among non-progressors (14.79%, P<0.05).

All-cause HRU stratified by type 2 diabetes mellitus,
cardiovascular diseases, and renal disease, are presented in
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Figure 3 Annual all-cause healthcare costs. *P<0.05 for pre-index vs. post-index. "P<0.05 for comparison with NAFLD non-progressors

post-index. *P<0.05 for comparison with compensated cirrhosis post-index. CC, compensated cirrhosis; DCC, decompensated cirrhosis;

HCC, hepatocellular carcinoma; LT; liver transplant; NAFLD, nonalcoholic fatty liver disease.

Tables S1-S3.

Annual all-cause healthcare costs

Following the diagnosis of liver severity stages, the
calculated mean annual total healthcare costs increased
significantly in all liver severity stages (except for liver
transplant) and across most of the healthcare service
components (except for outpatient and devices costs in
compensated cirrhosis) when compared with the year before
the index diagnosis (P<0.05) (Figure 3).

The healthcare cost increases in the compensated
cirrhosis, decompensated cirrhosis, and HCC cohorts were
substantial, at 94.47%, 239.55%, and 264.82%, respectively
(P<0.0001). The total mean annual post-index costs for
NAFLD patients and patients with advanced liver diseases
were several times higher than for non-progressors, at
€10,291 (compensated cirrhosis), €22,561 (decompensated
cirrhosis), €34,089 (liver transplant), and €35,910 (HCC),
compared with €3,818, per patient (P<0.001, except for

© Annals of Translational Medicine. All rights reserved.

the liver transplant cohort, owing to the small sample size
(Figure 3).

Inpatient costs were found to be the major contributor
to total healthcare costs, ranging from 48.04% for non-
progressors to 79.72% for patients with decompensated
cirrhosis. Additionally, inpatient costs were found to be the
primary drivers of the total cost increment from pre-index
to post-index.

All-cause healthcare costs, stratified by type 2 diabetes
mellitus, cardiovascular diseases, and renal disease, are
presented in Tables S4-S6.

The applied GEE model confirmed significantly
increasing post-index costs with increasing liver severity
stages (Table 3). Compared with non-progressors, the costs
for patients with compensated cirrhosis, decompensated
cirrhosis, liver transplant, and HCC were 1.81, 3.68, 16.35,
and 7.42 tmes higher, respectively (P<0.001), with all other
covariates held constant. Other significant predictors for
higher healthcare costs included demographic characteristics
(age, female sex) and certain comorbidities. Comorbidities
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Table 3 GEE model for adjusted total annual all-cause healthcare costs (post-index)

Independent variables Cost ratio 95% Cl P value Predicted annual costs®

Severity of liver disease

NAFLD non-progressors Reference - - €3,816

Compensated cirrhosis 1.81 1.56-2.10 0.0000 €11,271*
Decompensated cirrhosis 3.68 3.53-3.84 0.0000 €23,145*
Liver transplant 16.35 4.47-59.86 0.0000 €79,454*
Hepatocellular carcinoma 7.42 4.64-11.86 0.0000 €50,239*

Demographics

Age 1.02 1.02-1.02 0.0000
Sex (male) Reference
Sex (female) 1.05 1.01-1.09 0.0109
Region® (urban) Reference
Region® (rural) 0.92 0.88-0.96 0.0004
Region® (urbanization approach) 0.99 0.94-1.03 0.5496

Comorbidities®

Abdominal pain 1.07 1.03-1.11 0.0017
Anemia 1.67 1.58-1.77 0.0000
Apnea 1.26 1.18-1.34 0.0000
Bariatric surgery 1.28 1.06-1.56 0.0119
Cardiovascular diseases 1.31 1.26-1.36 0.0000
Dyspepsia 1.01 0.97-1.04 0.7573
Hyperlipidemia 0.91 0.88-0.95 0.0000
Hypertension 1.13 1.06-1.20 0.0001
Insomnia 1.21 1.12-1.31 0.0000
Obesity 1.20 1.14-1.27 0.0000
Renal disease 1.27 1.22-1.32 0.0000
Smoking 1.32 1.22-1.42 0.0000
Type 2 diabetes mellitus 1.28 1.23-1.33 0.0000
Thyroid disease 0.98 0.95-1.01 0.2127
Vitamin D deficiency 1.29 1.20-1.39 0.0000

“Costs are adjusted for age, sex, region, and comorbidities. "The difference in regions is based on the ‘Kreisgemeindeschliissel (KGS)’
available in the InGef database—The Official Municipality Key is a number sequence for the identification of politically independent
municipalities or municipality-free regions in Germany. Therefore, regions can be classified as rural, approaching urbanization, and urban.
°Reference group for each comorbidity is patients without the comorbidity. *All comparisons with NAFLD non-progressors were significant
at P<0.001. Cl, confidence interval; GEE, generalized estimating equation; NAFLD, nonalcoholic fatty liver disease.
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such as anemia (cost ratio, 1.67), bariatric surgery (1.28),
cardiovascular diseases (1.31), type 2 diabetes mellitus (1.28),
hypertension (1.13), obesity (1.20), and renal disease (1.27)
were associated with increased healthcare costs. However,
the presence of hyperlipidemia was associated with reduced
healthcare costs (0.91). The annual mean predicted costs
were estimated at €3,816 for non-progressors, €11,271 for
patients with compensated cirrhosis, €23,145 for patients
with decompensated cirrhosis, €79,454 for patients with
liver transplant, and €50,239 for patients with HCC.

Discussion

To the authors’ knowledge, this is the first study that
provides comprehensive real-world data on the clinical and
economic burden of NAFLD patients in Germany using
a large population-based cohort. Overall, patients with
NAFLD had high and increasing comorbidity burden across
progressing liver severity stages. The German patients also
incurred high all-cause HRU and costs to the healthcare
system, which increased with progressing liver severity
stages. After adjusting for baseline demographics and
comorbidities, higher all-cause healthcare costs for patients
with compensated cirrhosis, decompensated cirrhosis, liver
transplant, or HCC versus non-progressors were observed.
Furthermore, costs attributable to NAFLD alone were also
significant, highlighting the need for targeted interventions
in this area.

Our study reported NAFLD prevalence as 4.7%
(n=215,655). When compared against estimates from
prior literature (4), this indicates severe underdiagnosis
of NAFLD in the real-world medical community of
Germany. These findings imply that NAFLD (including
NASH) remains largely underdiagnosed until the disease
progresses to advanced stages. Previous research has shown
an association of NAFLD (including NASH) with various
comorbidities, including cardiovascular diseases, obesity,
type 2 diabetes mellitus, insulin resistance and metabolic
syndrome, and chronic kidney disease (20-22). Consistent
with these findings, our study reported high comorbidity
burden in NAFLD patients. The burden was significantly
higher for patients with advanced liver diseases compared
with non-progressors. This is not a surprising finding, given
the association of metabolic comorbidities with fibrosis
progression as evidenced by previous researches (23). Recent
real-world studies based on US Medicare claims data (24)
or Italian local health units (25) further corroborate the
study findings. The presence of concomitant comorbidities

© Annals of Translational Medicine. All rights reserved.
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may potentially serve as an opportunity to identify patients
with NAFLD (including NASH) and associated advanced
liver diseases, especially after excluding patients with other
etiologies of liver disease.

The economic consequences of untreated German
NAFLD patients with advanced liver diseases were also
sizeable: a 62-265% increase in total healthcare costs from
pre-index to post-index periods across all liver severity
stages, plus the significantly rising costs with progressing
liver severity stages. These trends were found to be
consistent with findings from previously conducted real-
world studies in Europe—in France, hospitalization costs for
advanced liver diseases were 1.3-10.7 times higher than for
NAFLD (26); in Italy, post-index total healthcare costs in
patients with advanced liver diseases were >86% higher than
in non-progressors, primarily driven by inpatient stays (25);
in Spain, post-index total healthcare costs for hospitalized
patients with advanced liver disease were 28-168% higher
than for non-progressors (27); in Sweden, total costs
incurred by stage 3—4 fibrosis patients were higher than for
those with stage 0-2 fibrosis (mean annual costs, $4,397
vs. $629) (28). Moreover, real-world data from the USA
were also found to be consistent with these study findings
(24,29). A retrospective, single-center study conducted on
hepatitis B patients in Germany reported the per-patient
annual total costs to be €3,509. While direct comparison
of costs associated with NAFLD or with hepatitis B (or
other liver diseases) may not be completely accurate, it is
suggestive of NAFLD (including NASH) being potentially
more economically burdensome for the healthcare
system, especially in the absence of targeted therapies for
treatment (30).

Furthermore, the adjusted analysis estimates from the
GEE model revealed similar trends to the unadjusted
analysis. The fact that the adjusted costs were found
to be greater than the unadjusted costs may suggest
that most of the total healthcare costs among German
patients with NAFLD were primarily driven by the
liver-related complications of this disease. As discussed
previously, NAFLD patients have a high comorbidity
burden. Consequently, the multivariable model reported
that most of the comorbid conditions were associated
with significantly increased costs. This may be due to the
additional management needed to treat the extrahepatic
manifestations among patients with NAFLD. In contrast,
lower costs associated with hyperlipidemia and thyroid
disease may reflect better management strategies for
NAFLD (including NASH) patients via statin therapy or
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thyroxin treatment. Hypothyroidism has been associated
with various components of the metabolic syndrome,
particularly insulin resistance, dyslipidemia, and obesity,
and hence may be associated with NAFLD (31). One of
the notable findings in this study was that majority of the
patients (~98%) already had decompensated cirrhosis
at the first diagnosis of cirrhosis (compensated plus
decompensated). Not only is this finding highly consistent
with previous real-world studies (24,25,29), it is also of
significant interest as it indicates gross underdiagnosis
of compensated cirrhosis. There could be a missed
opportunity to identify these patients during the early
stages of disease progression. Yet again, this highlights the
absence of accurate screening methods or reliable indicators
for NAFLD (including NASH) and the need for effective
therapeutic intervention.

Although this is the first real-world study on NAFLD
patients in Germany that analyzes a large, population-
based cohort with longitudinal data, allowing adequate time
to assess disease progression, there are certain limitations
that should be considered while interpreting the study
results. The analyses were restricted to the InGef research
database, which may not be representative of the whole
German population. However, this database is extensive and
includes approximately two-thirds of all statutory health
insurances in Germany. The identification of patients with
NAFLD (including NASH) and advanced liver diseases
(particularly compensated cirrhosis) was limited to the use
of ICD-10-GM codes owing to lack of laboratory data or
other measures of fibrosis in the InGef claims database,
which may have caused an underestimation of the true
number of patients with NAFLD or those with disease
progression, especially if asymptomatic (i.e., progressing
from compensated cirrhosis to HCC).

The identified patients in the advanced liver disease
stages could have had a more severe diagnosis in the time
before the NAFLD index quarter; this could not be ruled
out owing to patient flow and sample size limitations.
The NAFLD non-progressor group might have included
patients with stage FO-F3 disease, as well as those with
undiagnosed stage F4 (CC), owing to under-coding and
the lack of ICD codes for stages FO-F3. Patients with a
diagnosis ICD-10-GM codes) of alcoholism were excluded
from the study; however, a lack of information on the
level of alcohol consumption/blood alcohol levels may
not have excluded these patients accurately. Adjustment of
characteristics in the multivariable analyses was limited to
those that could be measured using the available data. This

© Annals of Translational Medicine. All rights reserved.
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may have led to residual confounding. The study focused
on direct costs only. The analysis did not assess indirect
costs associated with NAFLD such as lost productivity or
diminished quality of life, that should be accounted for in
future studies. Lastly, any interpretation of results from
subgroups with small number of cases (i.e., liver transplant
recipients; n=11) should be treated with caution.

Conclusions

This study highlighted that NAFLD patients in Germany
are profoundly underdiagnosed, associated with substantial
comorbidity burden and incur a significant economic
burden on the healthcare system. Results suggest a pressing
need for early identification methods and effective therapies
among NAFLD, including the high-risk NASH patients,
which could reduce the risk of disease progression as well as
limit the burgeoning costs in Germany.
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