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AIM
To understand the prevalence, burden and progression of liver disease in patients
with APPM including alpha-1 antitrypsin deficiency.

METHODS

We conducted a retrospective analysis of anonymized patient-level claims data
from a German health insurance provider (AOK PLUS). The APPM cohort
comprised patients with APPM (identified using the German Modification of the
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International Classification of Diseases-10* Revision [ICD-10-GM] code E88.0 between 01/01/2010-30/09/2020)
and incident liver disease (ICD-10-GM codes K74, K70.2-3 and K71.7 between 01/01/2012-30/09/2020). The
control cohort comprised patients without APPM but with incident liver disease. Outcomes were inci-
dence/prevalence of liver disease in patients with APPM, demographics/baseline characteristics, diagnostic
procedures, progression-free survival (PFS), disease progression and mortality.

RESULTS

Overall, 2680 and 26299 patients were included in the APPM (fibrosis, 96; cirrhosis, 2584) and control (fibrosis,
1444; cirrhosis, 24855) cohorts, respectively. Per 100000 individuals, annual incidence and prevalence of APPM and
liver disease was 10-15 and 36-51, respectively. In the APPM cohort, median survival was 4.7 years [95% confidence
interval (CI): 3.5-7.0] and 2.5 years (95%CI: 2.3-2.8) in patients with fibrosis and cirrhosis, respectively. A higher
proportion of patients in the APPM cohort experienced disease progression (92.0%) compared with the control
cohort (67.2%). Median PFS was shorter in the APPM cohort (0.9 years, 95%CI: 0.7-1.1) compared with the control
cohort (3.7 years, 95%ClI: 3.6-3.8; P < 0.001). Patients with cirrhosis in the control cohort had longer event-free
survival for ascites, hepatic encephalopathy, hepatic failure and esophageal/gastric varices than patients with
cirrhosis in the APPM cohort (P < 0.001). Patients with fibrosis in the control cohort had longer event-free survival
for ascites, cirrhosis, hepatic failure and esophageal/ gastric varices than patients with fibrosis in the APPM cohort (
P <0.001). In the APPM cohort, the most common diagnostic procedures within 12 mo after the first diagnosis of
liver disease were imaging procedures (66.3%) and laboratory tests (51.0%).

CONCLUSION
Among patients with liver disease, those with APPM experience substantial burden and earlier liver disease
progression than patients without APPM.

Key Words: Alpha-1 antitrypsin deficiency; Epidemiology; Germany; Liver diseases; Retrospective study

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: This was a retrospective analysis of anonymized, patient-level, insurance claims data from a German health
insurance provider (AOK PLUS), which demonstrated that a diagnosis of alterations in plasma protein metabolism (APPM)
(E88.0) in patients with liver disease was associated with a substantial burden and higher rate of liver disease progression
compared with patients with liver disease but without APPM. To enable accurate diagnosis and inform disease management,
it is important to have specific diagnostic codes that differentiate between genetic liver disease and liver manifestations from
other causes.

Citation: Picker N, Hagiwara M, Baumann S, Marins EG, Wilke T, Ren K, Maywald U, Karki C, Strnad P. Liver disease
epidemiology and burden in patients with alterations in plasma protein metabolism: German retrospective insurance claims analysis.
World J Hepatol 2023; 15(10): 1127-1139

URL: https://www.wjgnet.com/1948-5182/full/v15/i10/1127.htm

DOI: https://dx.doi.org/10.4254/wjh.v15.i10.1127

INTRODUCTION

Alterations in plasma protein metabolism (APPM) can either be inherited or acquired[1]. As hepatocytes are responsible
for the majority of protein production (approximately 10-20 g/d)[2], liver disease is frequently observed among patients
with APPM[1].

Alpha-1 antitrypsin (AAT) deficiency (AATD) is the most common form of inherited APPM and is caused by
mutations in serpin family A member 1 (SERPINAT), which encodes AAT, a serum protein produced primarily by
hepatocytes that protects the lungs from protease-mediated degradation[3]. A homozygous mutation (Glu342Lys) in
SERPINA1, named protease inhibitor (Pi) ZZ, is estimated to affect approximately 1 in 2000-5000 newborn infants in
Europe and North America[4]. Mutations in SERPINAI cause a reduction in serum AAT levels and promote the
development of respiratory diseases, such as emphysema or chronic obstructive pulmonary disease[5]. In addition,
AATD can result in liver diseases such as liver cirrhosis or hepatocellular carcinoma (HCC) due to the accumulation of
hepatic AAT, which can trigger proteotoxic stress and lead to hepatocyte death and liver injury[6,7]. Approximately 20%-
36% of patients with a PiZZ genotype develop significant fibrosis and approximately 10%-15% develop advanced fibrosis
[8]. The only available curative treatment for end-stage liver disease in patients with AATD is liver transplantation[9].
Liver transplants in Germany have been allocated based on urgency according to the model for end-stage liver disease
scoring system[10].
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Given the lack of information on the natural history and epidemiology of AATD, we conducted a retrospective analysis
of insurance claims data from Germany to better understand overall prevalence, burden and progression of liver disease
in patients with APPM, including AATD. To improve our understanding of the natural history of APPM and liver
disease, we compared patients with APPM and liver disease with a control cohort of patients with liver disease but
without APPM.

MATERIALS AND METHODS

Data source and sample selection

This retrospective study used anonymized, patient-level, insurance claims data from 01 January 2010 to 30 September
2020, provided by the German regional health insurance provider, AOK PLUS. This data set covers approximately 3.3
million individuals from the federal states of Saxony and Thuringia, accounting for approximately 4.5% of the German
statutory health insured (SHI) population in 2020. The age and comorbidity characteristics of patients insured by AOK
PLUS are similar to those in the general German population who are insured by sickness funds[11-14].

The cohort of patients with APPM and incident liver disease was identified using the German Modification of the
International Classification of Diseases-10* Revision (ICD-10-GM) code E88.0 for disorders of plasma protein metabolism
(which includes AATD and other metabolic disorders such as plasminogen deficiency and bisalbuminaemia), and codes
K74, K70.2-3 and K71.7 for liver disease.

Patients were included in the APPM cohort if they had APPM (diagnosed between 01 January 2010 and the end of the
study) and incident liver disease (diagnosed between 01 January 2012 and the end of the study; Supplementary Figure 1).
Patients were excluded if their liver disease was diagnosed in 2010 or 2011, to guarantee a liver disease-free period of 2
years. Continuous insurance coverage (no interruption of insurance for > 30 d) in 2010 and/or 2011 was required.
Patients were observed from the date of the first diagnosis of liver disease (index date) until death, loss to follow-up due
to end of insurance or end of the study. In patients with incident fibrosis who developed cirrhosis after 01 January 2012,
the index date was defined as the date of the first diagnosis of cirrhosis for analyses of the subgroup of patients with
cirrhosis. Patients were included in the control cohort if they did not have a diagnosis of APPM, but had incident liver
disease. All patients with incident liver disease in both cohorts were further divided into two sub-cohorts: (1) Those with
fibrosis at index date (ICD-10-GM codes: K74.0-2 and K70.2); and (2) those with cirrhosis at index date or those with
fibrosis who developed cirrhosis during the study period (ICD-10-GM codes: K74.3-7, K70.3 and K71.7).

Outcomes

The study evaluated point prevalence and cumulative incidence of patients with APPM and liver disease, stratified by
sex. In addition, demographics and baseline disease characteristics, including the Charlson Comorbidity Index, were
measured at index date, with comorbidities identified during the previous 12 mo. Comorbidities were identified based on
three-digit ICD-10-GM codes and evidence of confirmatory diagnosis/diagnoses (at least one inpatient or at least two
outpatient diagnoses). Diagnostic procedures (liver biopsy, imaging, laboratory tests, AAT phenotyping and liver
function tests) in the 12 mo after the index date were identified based on German procedure codes (Operationen-und
Prozedurenschliissel and einheitlicher Bewertungsmafistab). A composite endpoint of progression-free survival (PFS)
was defined as the time from index date until the first date with selected liver disease-related clinical events (acute
peritonitis, ascites, cirrhosis, only among patients with fibrosis), esophageal/gastric varices, HCC, hepatic enceph-
alopathy, hepatic failure, liver transplantation or all-cause death (used to assess mortality). Disease progression events
were also analyzed separately, and comprised the following (one inpatient or one confirmed outpatient diagnosis):
Ascites, esophageal/ gastric varices, acute peritonitis, hepatic encephalopathies, gastrointestinal bleeding (e.g., melaena or
hematemesis), hepatic failure, malignant neoplasm of the liver and intrahepatic bile ducts and HCC. Procedure-related
events were analyzed, which comprised liver incision, liver resection, other operations on the liver, failure or rejection of
transplant, and infection due to prosthesis, implant or graft.

Statistical analysis

To calculate the point prevalence of liver disease in patients with APPM, the denominator was the number of individuals
insured by AOK PLUS on 01 January of the respective calendar year (2011-2020) and during the preceding 12 mo. The
numerator was the number of patients alive on the 1* January of each year, with evidence of confirmatory diagnosis/
diagnoses of APPM (made in two different quarters within the same year) and a diagnosis of liver disease during the
previous year, and with continuous insurance coverage during that year.

The cumulative incidence of liver disease in patients with APPM was estimated for 2012-2019 by dividing the number
of new cases in a calendar year by the total number of insured patients at risk of liver disease (i.e., those with no current
evidence of liver disease) at the beginning of the same year. The numerator was the number of patients with APPM
diagnosed at any point and with liver disease diagnosed during the year of the index date, but without any liver disease
diagnosis within the previous 2 years and with continuous insurance coverage during this period. The denominator was
the number of patients alive at the beginning of the respective calendar year for whom no liver disease diagnosis was
documented in the 24 mo before index date, and with continuous insurance over this period.

Point prevalence and cumulative incidence were adjusted for age and sex differences compared with the German SHI
population.
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Patient demographics and baseline characteristics were analyzed using summary statistics (mean, standard deviation,
median and interquartile range) for continuous variables and frequency statistics for categorical variables.

Time to disease progression was estimated using the Kaplan-Meier method. Patients were censored if they were lost to
follow-up or had reached the end of the study. In addition to the number of patients with a progression event, the
following Kaplan-Meier estimates were reported: median follow-up time in patients without an event, the 25", 50* and
75" percentiles of time without an event, and event rates at years 1, 3 and 5 post-baseline. All time to event analyses were
compared via a log-rank test.

Time from index date to all-cause death was estimated for patients with APPM and incident fibrosis or cirrhosis, and
separately for patients with APPM and cirrhosis with and without a previous documented diagnosis of fibrosis.

RESULTS

Overview of analyzed patients
In total, 45503 patients had confirmatory diagnosis(es) of liver disease between 01 January 2012 and the end of the study
(Figure 1). Of these, 2680 fulfilled the criteria to be included in the APPM cohort. In total, 96 of these patients had fibrosis
and 2584 had cirrhosis at their index date (between 01 January 2012 and the end of the study).

In total, 26299 patients were included in the corresponding control cohort with no diagnosis of APPM. Of these, 1444
had fibrosis and 24855 had cirrhosis at their index date (Figure 1).

Epidemiology

Between 2012 and 2019, the annual cumulative incidence of liver disease per 100000 individuals with APPM was 10-15,
and was higher in males (15-22) than females (5-9; Supplementary Figure 2). When adjusted for age and sex differences vs
the SHI population, the cumulative incidence was 8-13 per 100000 individuals. Between 2011 and 2020, the point
prevalence of liver disease per 100000 individuals with APPM was 36-51 and was again higher in males (52-74) than
females (22-32; Supplementary Figure 3). When adjusted for age and sex differences compared with the SHI population,
the point prevalence was 33-47 per 100000 individuals.

Demographics and baseline characteristics

Demographics and baseline characteristics were similar between cohorts (Table 1). In the APPM and control cohorts,
respectively, 840 patients (31.3%) and 8595 patients (32.7%) were female (P = 0.159 between cohorts). Patients in the
APPM cohort were significantly younger than in the control cohort, with a median age (interquartile range) of 63 years
(54-73) and 65 years (56-76; P < 0.001), respectively. The most common liver-related comorbidities in the APPM and
control cohorts, respectively, were “other liver disease” [679 (25.3%) and 6298 (23.9%)], non-alcoholic steatohepatitis [17
(0.6%) and 150 (0.6%)] and chronic hepatitis [12 (0.5%) and 163 (0.6%)]. The proportion of patients with respiratory
system-related comorbidities was similar between the APPM [827 (30.9%)] and control [8333 (31.7%)] cohorts.

Minor differences in demographics and baseline characteristics were observed when the APPM cohort was stratified
by the presence of fibrosis or cirrhosis. There was a higher proportion of females with fibrosis [41 (42.7%)] compared with
cirrhosis [815 (31.0%)] and alcohol-related disorders were more common in patients with cirrhosis [649 (24.7%)]
compared with fibrosis [17 (17.7%)].

Diagnostic procedures
The most common diagnostic procedures within 12 mo after the index date in the APPM cohort were imaging procedures
[1778 (66.3%)] and laboratory tests [1366 (51.0%); Table 2]. Only 55 patients (2.1%) underwent AAT phenotyping.

Disease progression and mortality

A higher proportion of patients in the APPM cohort experienced disease progression [2465 (92.0%)] compared with the
control cohort [17682 (67.2%)]. Median PFS (composite endpoint) was significantly shorter in the APPM cohort [0.9 years
(95%CI: 0.7-1.1)] compared with the control cohort [3.7 years (95%ClI: 3.6-3.8); P < 0.001; Supplementary Figure 4]. The
most common disease progression events were ascites, hepatic failure, esophageal/ gastric varices, and hepatic encephalo-
pathies (Figure 2). Patients with cirrhosis but without APPM had significantly longer event-free survival for ascites,
hepatic failure, esophageal/ gastric varices, and hepatic encephalopathy compared with those with APPM and cirrhosis
(all P < 0.001; Figure 3). Similarly, patients with fibrosis but without APPM had significantly longer event-free survival
for ascites, cirrhosis, hepatic failure and esophageal/ gastric varices compared with those with APPM and fibrosis (all P <
0.001; Supplementary Figure 5). In the subgroup of 96 patients in the APPM cohort with fibrosis, median time from
fibrosis to cirrhosis was 2.9 years (95%CI: 1.2-not reached; Supplementary Figure 5B). In the control cohort, median time
from fibrosis to cirrhosis was not reached.

The most common procedures and procedure-related events indicating disease progression were liver resection, liver
transplantation, failure and rejection of liver transplant and other operations on the liver (Supplementary Figure 6). A
significantly higher proportion of patients with APPM and fibrosis had a liver resection [15 (15.6%) vs 93 (6.4%); P =
0.025] and a liver transplantation [6 (6.3%) vs 3 (0.2%); P < 0.001] compared with patients without APPM but with fibrosis
(Table 3). Similarly, a significantly higher proportion of patients with APPM and cirrhosis had a liver resection [87 (3.3%)
vs 488 (1.9%); P < 0.001] and a liver transplantation [78 (3.0%) vs 31 (0.1%); P < 0.001] indicating greater disease
progression compared with patients without APPM but with cirrhosis (Table 3; Supplementary Figure 6).
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Table 1 Demographics and baseline characteristics, n (%)

Patients with APPM and liver disease: APPM cohort, n = 2680 Patients without APPM and with
All patients, n= Patients with fibrosis, Patients with cirrhosis, liver disease: Control cohort, n =
2680 n =96 n = 2626’ 26299
Total observed patient-years 6118 283 5944 70261
Median follow-up, yr (IQR) 1.5 (0.4-3.7) 23 (0.8-4.7) 1.5 (0.4-3.7) 2.0 (0.5-4.4)
Female sex” 840 (31.3) 41 (42.7) 815 (31.0) 8595 (32.7)
Median age, yr (IQR)’ 63.0 (54.0-73.0) 64.5 (53.0-76.5) 63.0 (54.0-73.0) 65.0 (56.0-76.0)
0-14 yr 14 (0.5) 6 (6.3) 10 (0.4) 49 (0.2)
15-29 yr 10 (0.4) 0 10 (0.4) 156 (0.6)
30-44 yr 183 (6.8) 10 (10.4) 177 (6.7) 1420 (5.4)
45-59 yr 818 (30.5) 21 (21.9) 814 (31.0) 7516 (28.6)
60-74 yr 1046 (39.0) 31 (32.3) 1029 (39.2) 9564 (36.4)
75-89 yr 577 (21.5) 25 (26.0) 557 (21.2) 7090 (27.0)
>90 yr 32(1.2) 3(31) 29 (1.1) 504 (1.9)
With care needs 547 (20.4) 33 (34.3) 528 (20.1) 4934 (18.8)
Median CCI° (IQR) 3.0 (1.0-5.0) 4.0 (1.5-6.0) 3.0 (1.0-5.0) 3.0 (1.0-5.0)
Most common liver-related
comorbidities
“Other” liver disease” 679 (25.3) 26 (27.1) 669 (25.5) 6298 (23.9)
Non-alcoholic steatohepatitis 17 (0.6) 1(1.0) 16 (0.6) 150 (0.6)
Chronic hepatitis 12 (0.5) 0 12 (0.5) 163 (0.6)
Respiratory system-related 827 (30.9) 41 (42.7) 806 (30.7) 8333 (31.7)
comorbidities
Most common comorbidities
Hypertension 1751 (65.3) 64 (66.7) 1710 (65.1) 17278 (65.7)
Type 2 diabetes mellitus 1103 (41.2) 40 (41.7) 1082 (41.2) 10766 (40.9)
Dyslipidaemia 832 (31.0) 35 (36.5) 813 (31.0) 8932 (34.0)
Alcohol-related disorders’ 650 (24.3) 17 (17.7) 649 (24.7) 6127 (23.3)
Heart failure 605 (22.6) 21 (21.9) 591 (22.5) 6071 (23.1)

Data are n (%) unless otherwise indicated.

!In total, 42 patients with fibrosis progressed to cirrhosis during follow-up and are included in both fibrosis and cirrhosis subgroups.

“Patients in the alterations in plasma protein metabolism (AAPM) cohort were significantly younger than patients in the control cohort (Wilcoxon rank-
sum test: P < 0.001).

3There was no statistically significant difference in the proportion of females between cohorts (Wilcoxon rank-sum test: P = 0.159).

*Dummy variable for patients who were classified in any of the five care levels which determine the benefits from long-term care insurance in Germany.
®Assessed based on diagnoses observed in the 12 mo before the index date.

®Captured using the K76 code in the German Modification of the International Classification of Diseases-10™ Revision, and includes central hemorrhagic
necrosis of the liver, chronic congestive liver, fatty liver (not otherwise classified), hepatorenal syndrome, liver infarction, peliosis hepatis, portal
hypertension, veno-occlusive liver disease and other/unspecified liver disease.

“Patients with alcohol-related disorders diagnosed before [1172 (43.7%)] and after [1042 (38.9%)] diagnosis of APPM were detected in the cohort with
APPM and liver disease.

CCI: Charlson comorbidity index; IQR: Interquartile range.

Median survival was shorter in the APPM cohort [2.6 years (95%CI: 2.3-2.8)] than in the control cohort [4.3 years
(95%ClI: 4.2-4.5)]. Median survival was 4.7 years (95%CI: 3.5-7.0) in patients with APPM and fibrosis and 2.5 years (95%ClI:
2.3-2.8) in patients with APPM and cirrhosis (Figure 4). In the 42 patients in the APPM cohort with fibrosis who
developed cirrhosis during the follow-up period, median survival was 4.1 years (95%Cl: 2.2-7.1). In the 2584 patients in
the APPM cohort with cirrhosis and without previous fibrosis, the median survival was 2.5 years (95%CI: 2.2-2.7).
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Table 2 Diagnostic procedures within 12 mo after the index date, n (%)

Diagnostic procedure Patients with APPM and liver disease: APPM cohort, n = 2680
Imaging procedure’ 1778 (66.3)

Laboratory test” 1366 (51.0)

Liver biopsy 207 (7.7)

AAT phenotyping 55 (2.1)

Liver function test’ 13 (0.5)

Data are 1 (%).

"Included sonographies, computed tomography scans, magnetic resonance imaging procedures, angiographies of the abdomen and magnetic resonance
elastographies.

?Included albumin and bilirubin measurements.

3Liver function test with intravenous application of a *C-labeled substrate.

AAT: Alpha-1 antitrypsin; APPM: Alterations in plasma protein metabolism.

Table 3 Procedures indicating disease progression stratified by fibrosis or cirrhosis

Patients with fibrosis Patients with cirrhosis

Liver resection Liver transplantation Liver resection Liver transplantation
Parameter Patients :::;ZT: Patients :I?tt;;r:ts Patients :::;ZT: Patients :I?tt;;r:ts

‘r"'"fhg';‘PPM’ APPM, n = :"fhg‘:PPM’ APPM, n = :'fhzgepm’ APPM, n = ‘:'fhzz‘: 6P M. ApPM, n=

1445 1445 25134 25134

Patients with event 15 (15.6) 93 (6.4) 6 (6.3) 3(0.2) 87 (3.3) 488 (1.9) 78 (3.0) 31 (0.1)
during follow-up
Patients included in 85 (88.5) 1373 (95.0) 94 (97.9) 1442 (99.8) 2606 (99.2) 24849 (98.9) 2621 (99.8) 25034 (99.6)

the KM analysis'

Median follow-upin 2.3 (0.7-5.0) 3.0 (1.2-5.2) 23(0.7-47)  28(1.2-5.1) 1.5 (0.4-3.7) 1.9 (0.5-4.4) 1.5 (0.4-3.7) 1.9 (0.5-4.4)
patients without an
event, yr (IQR)

Failure rate

After 1yr 3(4.2) 15 (1.2) 1(1.2) 1(0.1) 40 (2.0) 198 (1.0) 26 (1.4) 8(<0.1)
After 3 yr 342 18 (1.5) 3 (4.8) 1(0.1) 56 (3.4) 258 (1.5) 53 (3.6) 23 (0.2)
After 5 yr 3(4.2) 20 (1.9) 4(7.3) 1(0.1) 64 (4.7) 289 (1.9) 66 (5.6) 25 (0.2)
P value (log-rank 0.025 <0.001 <0.001 <0.001

test)

Data are n (%) unless otherwise indicated.

Patients with the event on the index date were excluded from the Kaplan-Meier (KM) analysis. As there were no patients with liver incision in the
alterations in plasma protein metabolism cohort, and only one patient in the control cohort, this outcome is not reported.

There were no patients with fibrosis who had an infection/inflammatory reaction due to prothesis/implant/graft. For one patient in the control cohort,
the index date and end date were the same; this patient was automatically excluded from the KM analysis. Median follow-up in patients without the event
was estimated via the reverse KM method.

IQR: Interquartile range; APPM: Alterations in plasma protein metabolism.

DISCUSSION

This retrospective insurance claims-based study demonstrated that, per 100000 individuals, the annual incidence (2012-
2019) and point prevalence (2011-2020) of APPM was 10-15 and 36-51, respectively, with higher rates in males than in
females. Patients in the APPM cohort experienced shorter PFS, higher mortality and a higher rate of liver decompensation
events compared with patients in the control cohort. In addition, patients with fibrosis in the APPM cohort had
significantly shorter cirrhosis-free survival compared with patients with fibrosis in the control cohort (P < 0.001). This
may have been because APPM is indicative of a more advanced stage of fibrosis that is more likely to decompensate, or
alternatively may reflect how the E88.0 code is used in clinical practice. Liver cirrhosis is often associated with decreased
plasma levels of hepatocyte-derived proteins[15]. Some of these proteins, such as albumin and transferrin, are well-
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Patients with APPM and liver disease Patients without APPM and with liver disease
(APPM cohort) (control cohort)

At least one inpatient diagnosis or at least two outpatient diagnoses of liver disease 45503
(ICD-10-GM K74, K70.2-3, K71.7) between 01 January 2012 and 30 September 2020
¥ v
At least one inpatient diagnosis or No diagnosis of APPM
at least two outpatient diagnoses of 3977 (ICD-10-GM E88.0) between 41391
APPM (ICD-10-GM E88.0) between 01 January 2010 and
01 January 2010 and 30 September 2020 30 September 2020
¥ ¥
No prior diagnosis of liver disease No prior diagnosis of liver disease
(ICD-10-GM K74, K70.2-3, K71.7) 2905 (ICD-10-GM K74, K70.2-3, K71.7) 29004
in @ minimum pre-index period of in @ minimum pre-index period of
24 months 24 months
L ¥
Continuously insured by AOK PLUS Continuously insured by AOK PLUS
during the minimum pre-index period 2680 during the minimum pre-index period 26299
of 24 months of 24 months
| |
v v v v
Fibrosis? 96 Cirrhosis 2584 Fibrosis® 1444 Cirrhosis 24855

DOI: 10.4254/wjh.v15.i10.1127 Copyright ©The Author(s) 2023.

Figure 1 Selection of patient cohorts. 'In total, 135 patients had only one outpatient alterations in plasma protein metabolism (APPM) diagnosis and therefore
did not meet these criteria; 2In total, 42 patients with fibrosis in the APPM cohort progressed to cirrhosis during follow-up; and *In total, 280 patients with fibrosis in the
control cohort progressed to cirrhosis during follow-up. ICD-10-GM: German Modification of the International Classification of Diseases-10" Revision.

80 - m Patients with APPM and liver disease: APPM cohort (n = 2680)
m Patients with APPM and fibrosis: APPM cohort subgroup (n = 96) 733
m Patients with APPM and cirrhosis: APPM cohort subgroup (n = 2626)

741
70 1

60 4
9 50 -
2 40-
0
@ 30
20
104
Malignant Acute Gastrointestinal Hepatic Oesophageal/  Hepatic failure Ascites
neoplasm of liver  peritonitis bleeding encephalopathies gastric varices
and intrahepatic
bile ducts Disease progression event (diagnosis)

DOI: 10.4254/wjh.v15.i10.1127 Copyright ©The Author(s) 2023.

Figure 2 Disease progression events. Disease progression events that occurred after the index date until the end of the study. APPM: Alterations in plasma
protein metabolism.

established indicators of poor prognosis[1]. Previous studies have demonstrated that patients with cirrhosis and a hetero-
zygous Pi mutation, PiMZ, in SERPINA1 decompensate faster than patients with cirrhosis but without AATD[16,17].
However, only 2.1% of patients in the APPM cohort underwent AAT phenotyping in our study, and therefore we were
unable to further evaluate the association between decompensation and AATD genotype. The median age of patients in
the APPM cohort was 2 years younger than in the control cohort, yet the APPM cohort had a higher risk of liver disease-
related clinical events. This supports that patients with APPM are at a higher risk of liver disease-related clinical events
than patients without APPM irrespective of age.

As AATD is also associated with the development of respiratory system comorbidities such as chronic obstructive
pulmonary disease[18], it was anticipated that the APPM cohort would have a higher incidence of such comorbidities
compared with the control cohort. However, we observed a similar incidence in the APPM and control cohorts (30.9%
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Figure 3 Event-free survival for disease progression events in patients with cirrhosis with and without alterations in plasma protein
metabolism. A: Ascites; B: Hepatic failure; C: Esophageal and gastric varices; D: Hepatic encephalopathy. APPM: Alterations in plasma protein metabolism; CI:
Confidence interval; NR: Not reached.
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Figure 4 Survival in patients with fibrosis and cirrhosis. A: Fibrosis; B: Cirrhosis. APPM: Alterations in plasma protein metabolism; CI: Confidence interval;
NR: Not reached.

and 31.7%), which might indicate that the APPM cohort included a substantial number of patients without AATD. The
E88.0 code we used to identify patients with APPM cannot be equated with AATD as the code includes a broad range of
acquired and inherited APPM disorders, such as plasminogen deficiency. The European Commission Expert Group on
Rare Diseases currently recommends the Orphanet nomenclature of rare diseases (ORPHA) codes to identify rare
disorders[19]. The adoption of ORPHA codes is expected to facilitate the transition to ICD-11 codes, which include an
expanded set of rare disorder codes compared with ICD-10[19]. In addition, developments of the ICD coding system,
such as the addition of the E88.0A code for AATD, could improve the identification of patients with AATD in future
administrative insurance claims analyses. In a recent registry-based cohort study of the prevalence, incidence and
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mortality associated with AATD in Denmark using the E88.0A code, a sensitivity analysis demonstrated a predominance
of AATD in the E88.0 category for APPM and a near complete shift to the more specific E88.0A code for AATD between
2000 and 2018[20]. The adoption of diagnosis codes specific to patients with AATD may facilitate earlier diagnosis and
improved patient management, which may, in turn, contribute to slowing disease progression and decreasing the burden
of disease in these patients with a rare, chronic disease.

The limitations of this study are typical of those seen in other insurance claims-based analyses. As noted previously,
we were unable to determine the proportion of patients included in the study who had AATD due to the limitations of
the ICD-10-GM coding system. In addition, as AATD is a highly underdiagnosed disease[21], we cannot exclude the
possibility that some cases may have been included in the control cohort. The general lack of laboratory test results, direct
clinical measures and biomarkers in the database confounded our ability to analyze the AATD genotype distribution.
Only 96 patients in the APPM cohort and 1444 in the control cohort were recorded as having fibrosis, which was lower
than anticipated, likely owing to underdiagnosis (patients are often asymptomatic in the early stages of fibrosis) and/or
underreporting[22]. Furthermore, a substantial number of patients with fibrosis developed cirrhosis and liver decom-
pensation events, which suggests that these patients were more likely to be at an advanced stage of fibrosis. Therefore,
the development and implementation of structured early screening programs may be useful to increase the early
detection of fibrosis in the general population[23]. Fibrosis stage data were not available in the database, which together
with the low number of patients in this category constitutes a significant limitation as survival prognosis is thought to be
highly linked to fibrosis stage[24]. In addition, regional differences in morbidity and mortality may exist, and our data
may not be representative of geographic regions outside of Germany. However, in Germany, approximately 73.3 million
people were insured by an SHI fund in 2020, which equates to approximately 88% of the general population. Owing to
the uniform structure of SHI funds in all regions of Germany, we consider the data to be representative of the German
population[25]. Lastly, as this was a retrospective insurance claims-based study that collected data using ICD-10-GM
codes, we were unable to assess body weight/body mass index, which are known risk factors for early progression to
advanced liver disease[26], and unable to determine the exact procedures involved in the diagnosis of liver disease.

CONCLUSION

Among patients with liver disease in Germany, those with APPM experience substantial burden and a higher rate of liver
disease progression than patients without APPM. To enable accurate diagnosis and inform disease management, it is
important to have specific diagnostic codes that differentiate between genetic liver disease and liver manifestations from
other causes.

ARTICLE HIGHLIGHTS

Research background
Alpha-1 antitrypsin deficiency (AATD) is a rare genetic disease that can result in the development of liver and/or lung
disease, and is a leading cause of inherited alterations in plasma protein metabolism (APPM).

Research motivation
Currently, there is a lack of information on the natural history and epidemiology of AATD.

Research objectives
To understand the prevalence, burden and progression of liver disease in patients with APPM, which includes patients
diagnosed with AATD, in Germany.

Research methods

A retrospective analysis of anonymized, patient-level, insurance claims data from a German health insurance provider
(AOK PLUS) was conducted. The APPM cohort comprised patients with APPM (01/01/2010-30/09/2020) and incident
liver disease (01/01/2012-30/09/2020) and the control cohort comprised patients without APPM but with incident liver
disease. Outcomes were incidence/prevalence of liver disease in patients with APPM, demographics/baseline character-
istics, disease progression, progression-free survival, mortality, and diagnostic procedures.

Research results

Overall, 2680 and 26299 patients were included in the APPM [fibrosis (96); cirrhosis (2584)] and control [fibrosis (1444);
cirrhosis (24855)] cohorts, respectively. The annual incidence and prevalence of APPM and liver disease was 10-15/
100000 and 36-51/100000, respectively. Median survival was shorter in the APPM cohort (2.6 years) than in the control
cohort (4.3 years). In patients in the APPM cohort with fibrosis and cirrhosis, respectively, median survival was 4.7 years
and 2.5 years. More patients in the APPM cohort (92.0%) experienced liver disease progression than in the control cohort
(67.2%). Median progression-free survival was shorter in the APPM cohort [0.9 years (95%CI: 0.7-1.1)] compared with the
control cohort [3.7 years (95%CI: 3.6-3.8); P < 0.001]. In patients with cirrhosis, event-free survival for ascites, hepatic
encephalopathy, hepatic failure, and esophageal/ gastric varices was longer in the control cohort than in the APPM cohort
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(P < 0.001). In patients with fibrosis, event-free survival for ascites, cirrhosis, hepatic failure, and esophageal/gastric
varices was longer in the control cohort than in the APPM cohort (P < 0.001). The most common diagnostic procedures
within 12 mo after the first diagnosis of liver disease in the APPM cohort were imaging procedures (66.3%) and
laboratory tests (51.0%).

Research conclusions
In Germany, patients with APPM and liver disease experience substantial burden and a higher rate of and earlier liver
disease progression than patients without APPM.

Research perspectives

The adoption of diagnosis codes specific to AATD should enable differentiation of this disease from other APPM
disorders and facilitate earlier diagnosis and patient management. This should contribute to slowing disease progression
and decreasing the burden of disease in patients with this rare, chronic disease.
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