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ABSTRACT  oy-Antitrypsin deficiency (AATD) is a genetically determined disorder that is associated
with different clinical manifestations. We aimed to assess the prevalence of diagnosed AATD and its
comorbidities using a large healthcare database.

In this retrospective longitudinal observational study, we analysed data from 4 million insurants. Using
International Classification of Diseases revision 10 (ICD-10) codes, we assessed the prevalence,
comorbidities and healthcare utilisation of AATD patients (E88.0 repeatedly coded) relative to non-AATD
patients with chronic obstructive pulmonary disease (COPD), emphysema or asthma.

In our study population, we identified 673 AATD patients (590 aged >30 years), corresponding to a
prevalence of 23.73 per 100000 in all age groups and 29.36 per 100000 in those >30 years. Based on the
number of AATD cases detected in the sample size (673 out of 2836585), we extrapolated that there were
19162 AATD cases in Germany during the years studied. AATD patients had a higher prevalence of
arterial hypertension, chronic kidney disease and diabetes relative to non-AATD asthma or emphysema
patients. When compared to non-AATD COPD patients, AATD patients had significantly more
consultations and more frequent and longer hospitalisations.

Our data strengthen the assumption that AATD is associated with a variety of other diseases. Healthcare
utilisation appears to be higher among AATD patients as compared to patients with non-AATD-related
obstructive lung diseases.
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Introduction

o, -Antitrypsin deficiency (AATD) is a genetically determined condition that can affect different organs,
leading to various clinical manifestations, including pulmonary emphysema, liver cirrhosis, cytoplasmic
anti-neutrophil cytoplasmic antibody (c-ANCA)-positive vasculitis and the inflaimmatory skin disease
panniculitis [1]. The most common clinically relevant AATD alleles are Pi*Z (Glu342Lys) and Pi*S
(Glu264Val). In the European population the frequency of homozygous AATD is estimated to be at
0.01-0.02% [2, 3]. However, owing to the lack of large-scale population-based studies, the exact prevalence
in most European countries remains unknown.

The predominant disease manifestation is AATD-related emphysema, which is considered a specific
phenotype of chronic obstructive pulmonary disease (COPD) [4]. Our understanding of general COPD
has improved over the past decade. In this context, large epidemiological studies and clinical trials have
helped us to understand the importance of comorbidities. Among the most frequent COPD-associated
comorbidities are cardiovascular disease (CVD), osteoporosis and osteopenia, diabetes, cancer, depression/
anxiety, chronic kidney diseases (CKD), and anaemia [5-9]. In contrast, systematically gathered data on
comorbidities of AATD are missing.

Our objective was to assess the prevalence of diagnosed AATD and its association with comorbidities
using “real world” data from a large health insurance system in Europe.

Methods

Study population

We conducted a longitudinal cohort study using health insurance data from Germany. German statutory
health insurance covers 69.9 million people (87% of the total population, which is approximately 81
million people). Of those, 11.6 million are covered by a company health insurance fund [10]. Anonymous
health claims data from a research sample of this cohort with 6.5 million insurants were obtained and
adjusted for age and sex according to the distribution within the German population [10]. Validation of
health risks associated with morbidity was performed according to annually published morbidity
prevalence data as provided by the Federal Insurance Authority. This authority is responsible for the
implementation of a risk structure compensation scheme [11, 12]. The methodology has been widely used
before [13-15]. For our study, a representative 5% sample of the general German population, consisting of
approximately 4 million individuals, was randomly obtained for every available year between 2008 and
2013. Longitudinal data for these individuals were derived from a 2-year inclusion period in 2012 and
2013 and a retrospective 4-year observation period between 2008 and 2011. Individuals with missing
insurance status in one of the relevant years, e.g. owing to a change of health insurance fund, were
excluded. Finally, a set of 2836585 insurants was evaluated in this study (figure 1).

Case definition

A patient was defined as having AATD by the presence of an inpatient or outpatient International
Classification of Diseases revision 10 (ICD-10) diagnosis code E88.0 in both 2012 and 2013 (repeatedly
coded). It is important to note that ICD-10 code E88.0 does not differentiate between homozygous and
heterozygous AATD patients and includes bisalbuminaemia. The AATD patient group was compared to
groups of non-AATD patients who had COPD (ratio 1:10), emphysema (ratio 1:5) or asthma (ratio 1:10).
Each of the three reference groups was demographically adjusted to the prevalent AATD patients using
frequency matching for gender and age (5-year intervals).

A patient was defined as having COPD by the presence of an inpatient or outpatient ICD-10 diagnosis code
J44 in 2012 and 2013. The emphysema and asthma patients were identified by inpatient or outpatient
ICD-10 diagnosis codes J43 and J45, respectively. To exclude patients with overlapping diagnoses, we did not
include patients if more than one of the diagnoses (J43, J44, J45) had been coded. Patients younger than
30 years were also excluded from analysis in all patient groups. To describe lung function in AATD-related
and non-AATD-related COPD, we used data from ICD-10 subgroups (j44.x0-j44.x3). ICD diagnostic codes
that were used for the definitions of comorbidities can be found in supplementary table S1.

Statistical analysis

Data are presented as mean+sp or percentage values unless stated otherwise. To compare the frequencies
of comorbidities for two patient groups (AATD versus others), the Chi-squared test was used. All
probability values reported are two-sided, and a probability value of p<0.05 was considered to indicate
statistical significance.

The software packages GraphPad Prism Version 6.03 (GraphPad Software, La Jolla, CA, USA), SPSS
Version 20 (SPSS Inc., Chicago, IL, USA) and SAS Version 9.3 (SAS Institute Inc., Cary, NC, USA) were
used for all statistical analyses.
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FIGURE 1 Flow chart demonstrating the restrictions used for the primary dataset in order to obtain the final
dataset, used for further analyses. *: E88.0 had to be repeatedly coded (at least once in 2012 and at least once
in 2013). HRI: Health Risk Institute; Morbi-RSA: Morbidity Risk Adjustment Scheme; SHI: statutory health
insurance.

Results

Study population

After restricting the primary dataset to patients with a complete insurance status between 2008 and 2013,
2836585 patients remained in the analysis. The prevalent AATD group included 673 individuals (mean
age 55.5+20.2 years), of whom 590 had a minimum age of 30 years (figure 1, table 1). We utilised this
group for further analysis (51.51% male, mean age 61.01+14.57 years, range 30-91 years). The prevalence
of AATD in our population (representative for the German population) was 23.73 per 100000 in all age
groups and 29.36 per 100000 in those individuals aged >30 years (table 1).

TABLE 1 Number of individuals in the study population, number of AATD cases (E88.0 repeatedly coded] and corresponding
prevalence in certain age- and gender-matched groups

Age groups years Individuals in study population E88.0 cases (repeatedly coded) Prevalence per 100000
Females Males All Females Males All Females Males ALl

0-29 403070 423878 826948 30 53 83 7.44 12.50 10.04
30+ 1032486 977151 2009637 292 298 590 28.28 30.50 29.36
0-29 403070 423878 826948 30 53 83 7.44 12.50 10.04
30-44 262129 267641 529771 37 49 86 14.12 18.31 16.23
45-59 339947 349476 689423 96 98 194 28.24 28.04 28.14
60-74 253422 238323 491745 85 106 191 33.54 44.48 38.84
75+ 176988 121710 298698 74 45 119 41.81 36.97 39.84
All ages 1435556 1401029 2836585 322 351 673 22.43 25.05 23.73
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Based on the number of AATD patients (repeatedly coded in 2012 and 2013) and on the German
population data from the Federal Statistical Office (80767500 inhabitants in 2013), the estimated number
of individuals with AATD, independent from the genotype or health status, was 19162. Using the same
ratio (2836585:80767500), the estimated number of patients with an additional diagnosis of any
pulmonary disease was 8684.

Burden of comorbidity in AATD compared to age- and gender-matched populations of obstructive
lung diseases

To assess the relative impact of AATD on obstructive lung diseases, we compared the prevalence of
comorbidities in AATD patients with the prevalence in matched reference population datasets of patients
with COPD, emphysema and asthma. The burden of comorbidities in AATD and COPD was similar for
the majority of comorbidities, although ischaemic heart disease and depression were more frequent within
the COPD group and osteoporosis was more frequent in the AATD group. When compared to
emphysema patients, AATD patients had a significantly higher prevalence of arterial hypertension, CKD
and diabetes, but lung cancer was more prevalent in patients with emphysema than with AATD.
Compared to asthma patients, AATD patients also more frequently had arterial hypertension, congestive
heart failure, CKD, diabetes and osteoporosis (table 2).

According to previous reports, liver diseases, vasculitis and panniculitis are “typical” clinical manifestations
of AATD [1]. Therefore, we investigated the prevalence of these diseases in COPD and AATD patient
groups. Our results confirmed that liver diseases are more frequent among AATD patients than among
COPD patients. However, the prevalence of vasculitis and panniculitis did not differ significantly between
these groups (figure 2).

An analysis of patient subgroups with reported data regarding the severity of obstructive lung disease
(ICD-10 subgroups) showed that patients with AATD-related COPD had more severe disease relative to
those without AATD (figure 3).

Utilisation of healthcare system resources
Analysing the utilisation of the healthcare system, we found that AATD patients had more consultations
than their age- and gender-matched reference groups with obstructive lung diseases (figure 4).

In concordance with these data, hospitalisation rates were higher for AATD patients than for their age-
and gender-matched groups with obstructive lung diseases (figure 5).

Discussion

To our knowledge, this is the first report to provide the frequency of diagnosed AATD and the burden of
AATD-related comorbidities based on a very large sample of health insurance data, which was retrieved
for 2836585 individuals. When compared to non-AATD COPD patients, AATD patients had more
comorbidities, more physician contacts and were more frequently hospitalised.

TABLE 2 Prevalence of comorbidities in prevalent AATD patients compared to age- and gender-matched reference populations
of COPD (1:10), emphysema (1:5) and asthma (1:10).

AATD COPD p-value (AATD Emphysema p-value Asthma p-value (AATD
(prevalent)  (matched) versus COPD) (matched) (AATD versus  (matched)  versus asthma)
emphysema)
Subjects n 590 5900 1770 5900
Age years 61.01£14.57  61.1£14.55 1.000 61.13+14.53 1.000 61.0£14.57 1.000
Male/female n 298/292 2980/2920 1.000 894/876 1.000 2980/2920 1.000
Arterial HTN 63.39 65.47 0.174 58.14 0.014 59.47 0.035
Congestive heart failure 22.03 23.86 0.172 20.90 0.301 18.39 0.035
Ischaemic heart disease 20.85 24.98 0.030 23.73 0.158 19.15 0.325
Chronic kidney disease 12.54 10.22 0.053 9.49 0.026 8.05 <0.001
Depression 31.36 35.14 0.036 33.79 0.150 31.24 0.507
Diabetes 27.29 26.41 0.357 21.13 0.002 21.54 0.001
Osteoporosis 16.27 13.12 0.032 17.23 0.591 12.8 0.017
GORD 23.1 24.4 0.481 24.3 0.578 23.6 0.799
Lung cancer 2.03 2.32 0.395 3.79 0.024 1.25 0.082

Data are presented as percentage values, unless otherwise stated. All p-values are calculated with the Chi-squared test for two groups.
AATD: a4-antitrypsin deficiency; COPD: chronic obstructive pulmonary disease; HTN: hypertension; GORD: gastro-oesophageal reflux disease.
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FIGURE 2 Prevalence of comorbidities in o4-antitrypsin deficiency (AATD) patients compared to age- and
gender-matched chronic obstructive pulmonary disease (COPD) patients. Data are presented as percentage
values. All p-values are calculated with the Chi-squared test for two groups. Ns: not significant. **: p<0.01;
*kk

: p<0.001.

In order to sharpen the ICD-10 definition of AATD, we used the restriction “repeatedly coded within two
years”. The idea behind this approach was that any misclassification would be corrected within 2 years.
The ICD-10 code E88.0 also includes bisalbuminaemia. This rarely encountered inherited or acquired
serum protein anomaly is characterised by the condition of having two types of serum albumin that differ
in mobility during electrophoresis, resulting in a bicuspid electrophoretic pattern in the albumin fraction
detected on serum electrophoresis [16]. Because the condition is very rare and does not have clinical
implications [17], we assumed that E88.0 is reflecting AATD rather than bisalbuminaemia. This
assumption is further supported by the analyses presented in figures 2 and 3, which confirm earlier
reports about comorbidities and lung function in AATD that would not be true for bisalbuminaemia.

Based on the ICD-10 codes, which combine data for homozygous and heterozygous AATD patients, the
prevalence of AATD in our population (representative of the German population) was 23.73 per 100000 in
all age groups and 29.36 per 100000 in those individuals aged >30 years. Because we had adjusted the
health insurance database population for age, gender, regional differences and morbidity to match the total
population in Germany, we were able to estimate the number of AATD patients in Germany. We estimated
the number of diagnosed AATD patients in Germany to be 19162, of whom an estimated 8684 patients
would have had an additional pulmonary diagnosis. The prevalence of COPD and emphysema in AATD
was 32% and 21%, respectively. The prevalence of diagnosed AATD increased with age (table 1). The data
confirm reports that the majority of patients are diagnosed at the age of 45 or over, although symptoms

[ FEV1 270% Bl FEVi 35-50%
[ FEV1 50-70% Bl FEVi <35%
100
=
50-
0_

AATD COPD

FIGURE 3 Lung function of aq-antitrypsin deficiency (AATD) patients (n=183) compared to chronic obstructive
pulmonary disease (COPD) patients (n=3454). FEV1: forced expiratory volume in 1 s.
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FIGURE 4 Number of ambulatory claims per patient and year for oy-antitrypsin deficiency (AATD) patients (n=590)
and age- and gender-matched chronic obstructive pulmonary disease (COPD) patients (n=5900), emphysema
patients (n=1770) and asthma patients (n=5900). The displayed p-values are comparisons versus AATD after an
initial multiple group comparison (ANOVA with Dunn’s correction). ***: p<0.001.

usually start 5-10 years earlier [18-20]. Our estimate of the number of diagnosed AATD patients exceeds
earlier estimates, i.e. 8003 homozygous individuals, given for Germany by BLaNcCo et al., but is smaller than
the number of heterozygous individuals expected for Germany [21]. However, one cannot directly compare
these numbers because the previous estimates were based on healthy controls only.

In addition to the “classic manifestations” of AATD (lung disease [22, 23], hepatic disease [24, 25], vasculitis
[26, 27] and necrotising panniculitis [28, 29]), co-occurrence of AATD with other diseases has been
described, including rheumatoid arthritis [30], sinusitis associated with nasal polyps [31], inflammatory bowel
diseases [32], peptic ulcer [33], arterial aneurysm [34], diabetes [35, 36] and more. The majority of these
reports are based on small case series and thus may be subject to reporting bias. The lack of mechanistic
explanation also prohibits certainty as to whether reported associations go beyond the coincidence of AATD
and specific disease in the same person. In spite of that, our results support the assumption that AATD might
be associated with clinical manifestations other than lung and liver disease. Comparing AATD patients to an
age- and gender-matched random sample population (1:10), we found that all analysed comorbidities were
more frequent in AATD (supplementary table S2). However, because screening for AATD is performed
almost only in subjects with illness, these results should be viewed with caution.

In general, it is assumed that o;-antitrypsin (AAT) is responsible for protecting tissues against proteolytic
damage by enzymes like neutrophil elastase and proteinase 3 [37]. Recent data support a notion that AAT
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FIGURE 5 Analysis of hospitalisations of oq-antitrypsin deficiency (AATD) patients (n=590) and age- and
gender-matched chronic obstructive pulmonary disease (COPD) patients (n=5900), emphysema patients
(n=1770) and asthma patients (n=5900). Displayed is the percentage of patients who were hospitalised at least
once in a period of 1year and 4years, respectively. The four-group comparison (Chi-squared test) was
significant (p=0.022); further comparisons were calculated with the Chi-squared test for two groups. *: p<0.05;
**: p<0.01; ***: p<0.001.
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performs broader anti-inflammatory and/or immunoregulatory functions [38-43]. Moreover, AAT purified
from human blood modulates and/or prevents tissue injury in experimental animal models of human
diseases, including graft-versus-host-disease, inflammatory bowel disease, rheumatoid arthritis, acute liver
failure, autoimmune diabetes, gouty arthritis and ischaemia-reperfusion injuries [44]. Because AAT is
more than just an inhibitor of serine proteases, it is reasonable to believe that a pathophysiological link
may exist between AATD and various comorbidities [45]. Interestingly, CKD was more frequent in the
AATD group than in the emphysema group. One possible explanation for this may be that the
polymerisation and dysfunction of Z AAT protein induces the formation of circulating immune complexes
or may act as an antigen, impacting on CKD development [46, 47].

Our data highlight the more frequent outpatient consultations and hospitalisations among AATD patients
compared to those with non-AAT COPD and emphysema. Moreover, AATD patients required longer
hospitalisation (AATD: 10.28 days versus non-AATD COPD: 8.52 days). The cost of a hospital stay in Germany
is approximately €600 per day [48]. These calculations allow us to conclude that the higher frequency and
longer duration of hospitalisations for AATD patients have a substantially higher cost and resource burden on
healthcare systems than those of non-AATD COPD patients. We think that further analyses regarding COPD-
and AATD-associated hospitalisations and their resulting costs in this database would be beneficial [49, 50].

The higher frequency of outpatient consultations, at least in part, may be explained by the application of
specific augmentation therapy in a small subgroup of AATD patients; however, this does not apply to the
hospitalisations. To the best of our knowledge, there are no studies directly comparing the hospitalisation
rates of AATD patients to those of patients with other obstructive lung diseases, but exacerbations in
AATD-related COPD seem to be more frequent than in non-AATD COPD. A few observational studies
and randomised clinical trials reported that AATD patients receiving augmentation therapy have around
two moderate or severe exacerbations per year [51, 52]; a similar exacerbation rate has also been reported
for AATD patients not on augmentation therapy [53]. According to COPD landmark trials, patients
with comparable GOLD stages but without reported AATD experienced around one exacerbation per year
[54, 55]. This is of high clinical relevance given that hospitalised exacerbations are associated with
decreased lung function [56], decreased quality of live [57] and an increased risk of death [58, 59]. Taken
together, our findings support the assumption that healthcare utilisation of AATD patients is higher
compared to that of non-AATD COPD and emphysema patients.

Our study has strengths and limitations. The most prominent strength of the study is that it for the first
time uses a very large dataset to provide “real life” data on AATD. The critical limitation of our analysis is
that it depends on the quality of ICD-10 diagnostic codes. The process of ICD coding is subject to
numerous potential errors [60], and a validation study is lacking for AATD. In COPD, one validation study
(n=442) was undertaken in Ontario, Canada, and demonstrated a sensitivity of 85.0% and a specificity of
78.4% [61]. A second study was performed in two Veterans Affairs medical centres in the USA (n=9573)
and demonstrated a sensitivity of 76% and a specificity of 67% [62]. However, these COPD data may not
necessarily reflect the situation in AATD. AATD testing rates are in general low and many subjects in the
emphysema and COPD groups could also have had AATD. This may also provide a possible explanation
for why panniculitis was shown to occur in the COPD group and not in the AATD group.

Secondly, the ICD-10 code does not differentiate between homozygous and heterozygous AATD. Furthermore,
AAT serum level or individual data about disease severity (except ICD-10 code-derived) were not available,
thus the E88.0 group could not be described in more clinical detail. On the other hand, the heterogeneity of
our study population may even strengthen the importance of our findings regarding healthcare utilisation if
applied to homozygous patients only, because any effect would have been “diluted” by heterozygous patients. A
third limitation is that robust data on lung function, computed tomography data and smoking status are
completely lacking in our analysis. Because these latter data were not available, we were not able to determine
the number of patients that “could” or “should” receive augmentation therapy (according to current
recommendations [63-65]) or to analyse the “impact” of augmentation therapy [66, 67].

We conclude that analyses of large healthcare databases provide important information, especially for
orphan diseases. We show that AATD individuals have more physician contacts and are hospitalised more
frequently than non-AATD COPD patients. Our findings highlight the benefits of large databases for
studying the prevalence of orphan diseases and comorbidities, and encourage further investigations.
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