Walscher et al. Respiratory Research (2020) 21:73

https://doi.org/10.1186/512931-020-01335-x Respi ratory Resea rCh

RESEARCH Open Access

Check for
updates

Hospitalisation patterns of patients with
interstitial lung disease in the light of
comorbidities and medical treatment - a
German claims data analysis

Julia Walscher', Sabine Witt?", Larissa Schwarzkopf? and Michael Kreuter'”

Abstract

Background: Interstitial lung disease (ILD) is a heterogeneous group of mainly chronic lung diseases differing in
disease course and prognosis. For most subtypes, evidence on relevance and outcomes of hospitalisations is
lacking.

Methods: Using German claims data we investigated number of hospitalisations (zero-inflated-negative-binomial
models providing rate ratios (RR)) and time to first hospitalisation (Cox proportional-hazard models providing
hazard ratios (RR)) for nine ILD-subtypes. Models were stratified by ILD-related and non-ILD-related hospitalisations.
We adjusted for age, gender, ILD-subtype, ILD-relevant comorbidities and ILD-medication (immunosuppressive
drugs, steroids, anti-fibrotic drugs).

Results: Among 36,816 ILD-patients (mean age 64.7 years, 56.2% male, mean observation period 9.3 quarters),
71.2% had non-ILD-related and 56.6% ILD-related hospitalisations. We observed more and earlier non-ILD-related
hospitalisations in ILD patients other than sarcoidosis. Medical ILD-treatment was associated with increased
frequency and in case of late initiation, earlier (non-)ILD-related hospitalisations. Comorbidities were associated with
generally increased hospitalisation frequency except for COPD (RR=0.90) and PH (RR=0.94) in non-ILD-related and
for lung cancer in ILD-related hospitalisations (RR = 0.89). Coronary heart disease was linked with earlier (ILD-related:
HR = 1.17, non-ILD-related HR = 1.19), but most other conditions with delayed hospitalisations.

Conclusion: Hospitalisations are frequent across all ILD-subtypes. The hospitalisation risk might be reduced
independently of the subtype by improved management of comorbidities and improved pharmacological and
non-pharmacological ILD therapy.
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Introduction

Interstitial lung diseases (ILD) represent a heteroge-
neous, rare group of disorders resulting from damage to
the lung parenchyma by varying patterns and causes of
inflammation and fibrosis. Owing to their heterogeneous
clinical course, the various ILD-subtypes require indivi-
dualised management strategies [1].

Hospitalisations play a crucial role in disease manage-
ment — at least for idiopathic pulmonary fibrosis (IPF),
the most frequent fibrosing ILD subtype. In IPF, an asso-
ciation between hospitalisations with mortality [2-5],
poor clinical outcomes [6] and increased economic bur-
den has been reported. Although some data is available
on the impact of hospitalisations in IPF, little is known
about the hospitalisation patterns in patients with other
ILD subtypes. Moreover, the factors underlying time to
and frequency of hospitalisation are poorly understood.
This information is paramount to identify patients at
risk of hospitalisation and to optimise patient care.

Against this background, this German claims data
study provides insight into the pattern and type of hospi-
talisations for several ILD subtypes. Moreover, it investi-
gates influencing factors for frequency of hospitalisations
and time to first hospitalisation for both, ILD-related
and non-ILD-related hospitalisations.

Methods

Data sample and study population

We performed a retrospective analysis of anonymized
patient-level insurance claims data from 2009 to 2014
provided by the Scientific Institute of AOK Statutory
Health Insurance funds. The AOK health insurance is
one of the largest in Germany insuring about 1/3 of the
German population which is judged representative of
the German population [7]. Such analyses do not require
consultation of an ethics committee [8, 9].

Data included in- and out-patient diagnoses based on
ICD-10-codes and procedures undertaken based on
International Classification of Procedures in Medicine,
respectively, using item codes from the schedule of fees
for the outpatient sector. Information on age and gender
was also collected.

Study sample of incident ILD patients was detected
with a sophisticated process described elsewhere [10]
and considered:

a) Idiopathic Interstitial Pneumonia (IIP) [J84.1],

b) Other Fibrosing ILDs [J84.0, J84.9. D48.1],

¢) Sarcoidosis [D86.0-D86.9],

d) Drug-Associated ILDs [J70.2-]70.4],

e) Pneumoconiosis []62.0-]62.8, ]63.0-J63.8 excl. J63.2],
f) Radiation-Associated Pneumonitis [J70.1],

g) Eosinophilic Pneumonia [J82],

h) Hypersensitivity Pneumonitis (HP) [J67.9] and.
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i) Connective Tissue-associated ILD (CTD) [J99.1].

Within the German health care system outpatient
diagnoses are not reported with their exact date but per
quarter of the year. Thus, all analyses used quarters as
the unit of time.

Comorbidity burden

Comorbidity burden was assessed by Charlson Index
(CI) [11] and the ILD-relevant conditions gastroesopha-
geal reflux disease (GERD), obstructive sleep apnoea syn-
drome (OSAS), coronary heart disease (CHD), lung
cancer, depression, diabetes, chronic obstructive pulmon-
ary disease (COPD), diabetes and pulmonary hypertension
(PH) [12-15]. These comorbidities were excluded from
Cl-categories due to overlap. Comorbidity burden was
evaluated by summing the conditions of CI combined
with a dummy-coded assessment of the ILD-relevant con-
ditions. Comorbidities (ILD-relevant and sum of CI cat-
egories) were defined as present at baseline, if they were
documented in the quarter of diagnosis (QDiag). Late
onset comorbidity was assumed if a condition was first
documented within a follow-up quarter.

Hospitalisations

Total number of hospitalisations stratified in ILD-related
and non-ILD-related hospitalisations was collected quar-
terly. The following discharge codes were considered
ILD-related:

1. ILD (same codes as used for defining the study
sample)

2. respiratory infection (A481, B250, J09-]22, J40),

3. pneumothorax (J93),

4. pulmonary embolism (I26),

5. pulmonary hypertension and right heart disease
(150, 1270, 1272, 1278, 1279),

6. respiratory insufficiency (J96),

7. other chronic and acute lung diseases (J40-J47).

Hospitalisations with other discharge diagnoses were
classified as non-ILD-related.

Pharmacological and other forms of ILD treatment
Anatomical Therapeutic Chemical (ATC) codes were
used to detect the following ILD-related medication: a)
systemic steroids, b) immunosuppressants, and c) antifi-
brotic agents (nintedanib, pirfenidone). Onset of pharma-
ceutical treatment was classified as “immediate” in case of
first prescription within QDiag or the following quarter,
“late” in case of first prescription after the first follow up
quarter but before the first hospitalisation, and “never” in
case of no treatment initiation before the first hospitalisa-
tion. Treatment discontinuation was disregarded.
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Lung-transplant, invasive ventilation and palliative care
during hospitalisations were also assessed.

Statistical analysis

We assessed baseline characteristics, medication profiles,
comorbidity burden, inpatient palliative care, inpatient
ventilation, and hospitalisations for the total population
and stratified by subtype (Table 1).

Number of hospitalisations was analysed with zero-
inflated negative binomial regression to consider possible
over-dispersion and excess zeros [16]. The covariates of
subtype (reference: sarcoidosis), sex (reference: male),
number of comorbidities at baseline combined with
presence of distinct conditions (yes/no), lung transplant
(yes/no), ILD-related medication subtypes (yes/no), age
(in years), and number of completely observed follow up
quarters were included. Based on Akaike information
criterion (AIC) we included age, age?, time under observa-
tion, and time under observation® for all models, except
for the excess zero part of the ILD-related hospitalisation
which accounted for time under observation only.

Only individuals surviving QDiag were included in
time to first hospitalisation analyses, as we assumed that
hospitalisation during QDiag often occurred for diagnostic
reasons. We applied Cox regression models adjusted for
subtype, age (in years), sex, ILD-related medication sub-
types (reference: immediate beginning), number of comor-
bid conditions and presence of distinct comorbidities as
time-dependent variables [17]. Kaplan-Meier Curves,
stratified by ILD-subtype, were used to visualise differ-
ences in time to hospitalisation.

To evaluate the impact of the several variables, we
calculated rate ratios (RR) for number of hospitalisations
and hazard ratios (HR) for time to first hospitalisation.
All analyses were performed at a significance level of 5%
using the software packages SAS, version 9.4.

Results

Data sample and study population

We analysed 342,406 completed quarters (mean obser-
vation time 9 quarters) in a sample of 36,816 individuals
(56.2% male, mean age 64.7 years). The most common
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diagnosis was IIP (39.3%), followed by sarcoidosis
(24.7%), and ‘other fibrosing ILDs (19.5%). 20,172
(54.8%) patients received systemic steroids, 2750 (7.5%),
immunosuppressants and 399 (1.1%) anti-fibrotic drugs
(Table 2).

We observed subtype-specific baseline and longitudinal
comorbidity profiles (Fig. 1). CHD (31.6%), diabetes
(31.0%) and depression (16.1%) were the most prevalent
comorbidities. Until end of follow-up, the prevalence de-
pression increased the most (+ 86.2%), whereas diabetes
prevalence increased the lowest (+ 24.7%).

Types of hospitalisation

A minority of patients were never hospitalised during
the observation period (14.0%) while a majority (41.8%)
were hospitalised for both, ILD-related and non-ILD-
related reasons. Non-ILD related hospitalisations were
found in 29.4% and ILD-related hospitalisations in 14.8%
(Supplement Table 1).

Longitudinal hospitalisation pattern
37,304 (24.2%) of the 154,109 hospitalisations occurred
in QDiag with similar rates of ILD-related and non-ILD
related hospitalisations (49.6% vs. 50.4%). During follow
up, the portion of non-ILD-related hospitalisations
increased to 79.4%. A detailed quarterwise display of
hospitalization frequency is found in Table 3. Reasons
for ILD-related hospitalisations varied over time and by
subtype (appendix Figure 1). In QDiag, main reasons for
hospitalisation was related to ILD itself, followed by
respiratory infection (0.3 vs. 0.08 hospitalisations per
observed quarter). During follow up, the frequency of
hospitalisation resulting from ILD itself and ILD-related
respiratory infection were comparable (0.02 vs 0.01).
Across ILD subtypes, the most common reason for
non-ILD-related hospitalisations were lung cancer, atrial
fibrillation, and CHD (myocardial infarction, angina
pectoris, chronic ischaemic heart disease) with a broad
subtype-specific variation (Supplement Table 2).

Table 1 Characterists of hospitalisations at quarter of diagnosis versus follow up period

Qdiag >Qdiag
ILD-related non-ILD related ILD-related non-ILD-related
n n/mean  %/SD  n/mean %/SD n n/mean  %/SD  n/mean % /SD
Number of observed individuals 36.816 34527
Number of hospitalisations including palliativ care 36 0,2% 118 0,6% 122 05% 572 0,6%
Number of hospitalisations with invasive ventilation 1218 6,6% 1177 6,3% 2.063 86% 2143 2,3%
In-hospital mortality 883 48% 936 5,0% 2291 95% 3303 3,6%

stratified for ILD and non-ILD related reasons
SD standard deviation, ILD interstitial lung disease
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Table 2 Baseline characteristics of the study population
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Influencing factors on frequency of hospitalisations

Sample size

Observed quarters

Mean (SD) follow up in completed quarters

Male, n (%) gender

Mean (SD) age at diagnosis in years

ILD subtype

1P

OFI

SARC

DAI

PNE

RAP

EPP

HSP

CTD

Quarters between suspected ILD and
confirmed ILD, mean (SD)

36816 For non-ILD-related hospitalisations, frequency was
342406 increased in ILDs other than sarcoidosis (RR not significant
93 (57) for hypersensitivity pneumonitis). Presence of comorbid
conditions was generally associated with more frequent
20,703 (562) hospitalisation, while COPD and PH were associated with
647 (146) less frequent hospitalisations. Antifibrotic treatment was as-
sociated with fewer hospitalisations while steroids and im-
14453 393)  munosuppressive drugs were associated with an increased
7186 (19.5) frequency of non-ILD-related hospitalisations.
9106 (247) Compared to sarcoidosis patients, patients with
pneumoconiosis and hypersensitivity pneumonitis had a
407(1.1) similar ILD-related hospitalisation frequency, whereas
1575 (43) CTD-patients were hospitalized less frequently. For all
464 (1.3) other subtypes we observed increased frequencies.
1518 (4.1) Comorbidity burden was generally associated with more
967 (26) ILD-related hospitalisations. Only for lung cancer
1140 3.1) significantly less ILD-related hospitalisations were
21 46 observed. All types of medical ILD-treatment were

associated with more frequent hospitalisations.

DAI Drug-Associated ILDs, CTD Connective Tissue-associated ILD, EPP

Eosinophilic Pneumonia, HSP Hypersensitivity Pneumonitis, /IP Idiopathic
Interstitial Pneumonia, ILD interstitial lung disease, OF/ Other Fibrosing ILDs,
PNE Pneumoconiosis, RAP Radiation-Associated Pneumonitis, SARC Sarcoidosis

Influencing factors on time to first hospitalisation during
follow up

Compared with sarcoidosis, non-ILD-related hospita-
lisations occurred earlier in all other subtypes (not

CTD individual end

Fig. 1 Distribution of comorbidities at baseline vs. individual end of observation period by entity (in percent). IIP Idiopathic Interstitial Pneumonia,
OFI Other Fibrosing ILDs, SARC Sarcoidosis, DAl Drug-Associated ILDs, PNE Pneumoconiosis, RAP Radiation-Associated Pneumonitis, EPP
Eosinophilic Pneumonia, HSP Hypersensitivity Pneumonitis, CTD Connective Tissue-associated ILD, GERD Gastroesophageal Reflux Disease, CVD
coronary vascular disease, PH pulmonary hypertension, OSAS Obstructive Sleep Apnea Syndrome

significant for pneumoconiosis) (Tables 4). All
<
Total baseline | SHNINNSORANNN07) % EENNTCA TR
Total individual end | EGH N 7500 5%
1P baseline |GG 7N o2 B
I1P individual end |G T 7 5% s Y =R
OFI baseline | EGHNNINSRANG71 72 EE T
OFl individual end | IRCN N a7 0%
SARC baseline | SEANINESaN SRS
SARCindividual end | RGN G7%s S 7R
DAl baseline | ESECNINTi07 72 S R
DAlindividual end | S ES S G700 0% S Y "7
PNE baseline | ESH 07 5% I Y7
PNE individual end | GRS e 4%
RAP baseline | EERNINSS N7 66%
RAP individual end |G s 69%
EPP baseline | ESHANNNINNSORIINSGT 14%
EPP individual end | EGHC 07 21%
HSP baseline | IEHANIRSANNE" AV
HsP individual end | S S 7o S 7R
CTD baseline | OISR A7

7 = B A 35% ]

B GERD mCVD mPH Lung Cancer M OSAS M Depression M Diabetes
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Table 3 Results of the zero-inflated negative binomial regression of frequency of hospitalisations stratified in ILD-related and non-

ILD-related
Non-ILD related ILD-related
Rate ratio p-value Rate ratio p-value
Negative binomial model
Sex Male Reference Reference
Female 0.96 0.0009 0.91 <.0001
Entity SARC Reference Reference
IIP 1.23 <.0001 1.31 <.0001
OFI 1.36 <.0001 1.29 <.0001
DAl 1.43 <0001 1.26 0.0002
PNE 1.25 <.0001 1.06 0.0945
RAP 1.63 <0001 1.20 0.0036
EPP 1.43 <0001 1.13 0.0007
HSP 1.08 0.0535 1.07 0.1265
CTD 217 <.0001 0.63 <.0001
OSAS If present in quarter of diagnosis 1.11 <.0001 1.09 0.0007
Depression If present in quarter of diagnosis 1.09 <0001 1.04 0.0248
Diabetes If present in quarter of diagnosis 1.07 <.0001 1.16 <0001
GERD If present in quarter of diagnosis 1.10 <.0001 1.00 0.7957
COPD If present in quarter of diagnosis 0.90 <0001 1.27 <.0001
CHD If present in quarter of diagnosis 1.15 <.0001 1.19 <0001
Lung cancer If present in quarter of diagnosis 2.04 <.0001 0.89 <0001
Pulmonary hypertension If present in quarter of diagnosis 0.94 0.001 1.68 <.0001
Number of comorbidities If present in quarter of diagnosis 1.23 <.0001 1.07 <0001
Lung transplantation If occured during observation period 1.83 <.0001 2.36 <.0001
Immunosuppressive drugs If treated during observation period 1.24 <0001 1.24 <.0001
Anti-fibrotic drugs If treated during observation period 0.77 <.0001 2.12 <.0001
Steroids If treated during observation period 1.28 <0001 1.95 <.0001
Age (in years) 1.02 <.0001 1.00 0.2924
Age square (in year) 1.00 <.0001 1.00 0.0055
Time under observation (in quarters) 1.17 <.0001 1.09 <.0001
Time under observation squared (in quarters) 1.00 <.0001 1.00 <.0001
Logistic model
Age (in years) 1.06 <.0001
Age square (in year) 1.00 <.0001
Time under observation (in quarters) 1.07 0.0005 1.28 0.0404
Time under observation squared (in quarters) 1.00 0.0008

Significant estimates are printed in bold

DAI Drug-Associated ILDs, CHD coronary heart disease, COPD chronic obstructive pulmonary disease, CTD Connective Tissue-associated ILD, EPP Eosinophilic
Pneumonia, GERD Gastroesophageal Reflux Disease, HSP Hypersensitivity Pneumonitis, /IP Idiopathic Interstitial Pneumonia, ILD interstitial lung disease, OFI Other
Fibrosing ILDs, PNE Pneumoconiosis, RAP Radiation-Associated Pneumonitis, SARC Sarcoidosis

comorbid conditions were associated with earlier
hospitalisation. Late onset treatment with immuno-
suppressive drugs and steroids was associated with
earlier non-ILD-related hospitalisation, whereas ab-
sence of steroid treatment was associated with
delayed hospitalisation.

In eosinophilic pneumonia, other fibrosing pneumonias,
radiation-associated pneumonias and IIP ILD-related hos-
pitalisations occurred earlier than in sarcoidosis. CHD and
COPD were associated with earlier hospitalisation but all
other conditions were associated with later hospitalisation,
with the exception of GERD for which no association was



Walscher et al. Respiratory Research (2020) 21:73

Page 6 of 9

Table 4 Results of the Cox regression of time to first hospitalisation stratified in ILD-related and non-ILD-related

Non-ILD related ILD-related

Hazard ratio P-value Hazard ratio P-value
Sex Male Reference Reference
Female 0.97 0.0215 0.86 <.0001
Age (in years) 1.01 <.0001 1.02 <.0001
Entity SARC Reference Reference
1P 1.18 <.0001 1.43 <.0001
OFl 1.25 <0001 1.37 <0001
DAI 1.47 <0001 1.17 0.1034
PNE 1.07 0.0556 1.07 0.2349
RAP 1.57 <0001 1.39 0.0002
EPP 1.28 <0001 1.16 0.0073
HSP 1.15 0.0011 1.06 0.3537
(@) 1.91 <.0001 1.02 0.7829
OSAS If present or occuring before event 0.91 <0001 0.96 0.0165
Depression If present or occuring before event 0.95 <.0001 0.97 0.0259
Diabetes If present or occuring before event 0.96 <0001 0.93 <0001
GERD If present or occuring before event 0.96 <0001 1.00 0.9959
COPD If present or occuring before event 098 0.1147 1.35 <.0001
CHD If present or occuring before event 1.17 <0001 1.19 <0001
Lung cancer If present or occuring before event 0.79 <.0001 0.95 0.0068
Pulmonary hypertension If present or occuring before event 0.97 0.0042 0.76 <.0001
Number of comorbidities 1.18 <0001 1.1 <0001
Immunosuppressive drugs Immediate onset Reference Reference
Late onset 1.27 0.0002 1.42 <.0001
Never 0.98 0.5684 0.85 0.0002
Anti-fibrotic drugs Immediate onset Reference Reference
Late onset 0.92 04798 2.27 <.0001
Never 1.07 0.226 1.03 07111
Steroids Immediate onset Reference Reference
Late onset 1.24 <.0001 1.64 <.0001
Never 0.91 <.0001 0.71 <.0001

Significant estimates are printed in bold

DAI Drug-Associated ILDs, CHD coronary heart disease, COPD chronic obstructive pulmonary disease, CTD Connective Tissue-associated ILD, EPP Eosinophilic
Pneumonia, GERD Gastroesophageal Reflux Disease, HSP Hypersensitivity Pneumonitis, /IP Idiopathic Interstitial Pneumonia, ILD interstitial lung disease, OF/ Other
Fibrosing ILDs, PNE Pneumoconiosis, RAP Radiation-Associated Pneumonitis, SARC Sarcoidosis

found. Late onset of any ILD-related medication was asso-
ciated with earlier hospitalisation, in absence of treatment
with steroids and immunosuppressive drugs, hospitalisa-
tions occurred later.

Kaplan-Meier Curves of time to first non-ILD and
ILD-hospitalisation stratified by subtype can be found in
the Appendix.

Discussion
To our knowledge, this is the first study to provide data
on hospitalisations in patients with a wide range of ILDs.

Data from this large database of patients treated in
Germany show that hospitalisation is remarkably frequent,
and associated with a wide range of reasons, which, vary
by ILD subtype.

Over the 5 years observation period of our study, the
majority of patients (86%) were hospitalised, even
though not predominately because of ILD-related rea-
sons. These rates substantially exceed those reported for
IPF-patients in the United States (23% [6]) and other re-
ports from Germany (50% [18]), but are in line with data
from a study conducted in France (87% [19]). An explan-
ation might be that the different rates observed can be
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explained by the different patient populations in each
study and by different hospitalisation patterns. Previous
studies with lower rates of hospitalisation were con-
ducted in patients with idiopathic pulmonary fibrosis. In
these patients, inpatient admission is not required for
diagnosis, as some radiological patterns do not require
histological proof [20]. Conversely, a differential diagno-
sis of another ILD subtype is often performed based on
histological examination stemming from transbronchial
biopsy in many countries, including Germany and this
requires inpatient admission.

Our hypothesis of the impact of inpatient ILD diag-
nostics on hospitalisation rates is supported by an equal
share of ILD-related and non-ILD-related hospitaliza-
tions during the QDiag followed by a declining propor-
tion of ILD-related hospitalisations during follow up.
This profile might be explained by good outpatient
management of ILDs, and/or potential curative success
in some ILD subtypes such as sarcoidosis. Thus the
frequency of non-ILD-related hospitalisation increases
artificially. Furthermore, death of severely diseased indi-
viduals who are per se hospitalized more often than less
advanced patients, should be taken into account.

Subtype-specific hospitalisation profiles mirror the
course of the underlying ILD. For example, in line with
the comparably good prognosis and the low comorbidity
burden related to the younger age of patients with
sarcoidosis [21], a quarter of these patients were never
hospitalised and half of them had no ILD-related
hospitalisations. In contrast, radiation-associated and
drug-associated ILDs, which reflect sequelae of e.g.
tumour-directed therapy, presented the highest percentage
of patients with ILD-related plus non-ILD-related hospital-
isation. In these patients, non-ILD-related hospitalisation
were mainly cancer-related (lung cancer, Morbus Hodkin,
secondary malignant neoplasms, follow up examinations
after tumour-directed therapy), underpinning that in these
cases ILD adds to an already substantial morbidity burden.
Finally, just over a third of CTD patients had ILD-related
hospitalisations, but almost all had non-ILD-related ones.
This might reflect that either the lung-component of CTD
is well managed via outpatient drug therapy, whereas the
systemic dimension of the disease results in severe compli-
cations — in our cases mainly ‘necrotizing vasculopathies’,
‘systemic sclerosis’ and ‘systemic lupus erythematosus’- that
require frequent inpatient treatment.

A possible limitation of this work is that the ICD-10
coding does not reflect the actual disease.

Comorbidity burden increased hospitalisation frequency
and the likelihood of earlier hospitalisation. This effect
was more pronounced in non-ILD-related hospitalisations.
Unexpectedly, OSAS, depression, diabetes and, to lesser
extent GERD, were associated with more frequent but
later hospitalisations. We hypothesise that patients with
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these comorbidities have a high outpatient treatment
pattern not require the need for hospitalisation. Thus,
complications that could result in hospitalisation might be
detected earlier and/or prevented. However, management
of complications might be complicated by the patients’
more severe morbidity profile resulting in more frequent
hospitalisations.

Lung cancer was associated with less frequent ILD-
related but more frequent non-ILD-related hospitalisa-
tions, both of which were delayed. We consider this
observation a reimbursement-related artefact. A primary
diagnosis of lung cancer generally results in a higher re-
imbursement than a primary diagnosis of ILD, which po-
tentially biases a coding of lung cancer as the primary
diagnosis. For PH and COPD the pattern of hospitalisa-
tion was reversed; these conditions were associated with
more frequent ILD-related hospitalisations but less fre-
quent non-ILD-related hospitalisations. Regarding PH
our decision to classify hospitalisations in context of PH
and right-heart disease as ILD-related (to account for
ILD-sequelae potential misclassification) is the most
plausible explanation. Thus, hospitalisations owing to
PH contribute to ILD-related rather than non-ILD-
related stays. A similar effect is likely to have occurred
for COPD, since acute and chronic respiratory condi-
tions were also classified as ILD-related.

Focussing on medical ILD treatment, anti-fibrotic
drugs were associated with fewer non-ILD-related but
more ILD-related hospitalisations, as previously de-
scribed for IPF [9]. However, in our sample only 1% of
patients received anti-fibrotic therapy, because pirfeni-
done was only licensed for use by the German Statutory
Health Insurance during our observation period and nin-
tedanib became available even later. It is possible that
physicians’ lack of experience with antifibrotic agents at
that time might have biased prescription only to patients
with a better performance status — which therefore led
to a low non-ILD-related hospitalisation rate.

Regarding treatment onset, later initiation was linked
to earlier hospitalisations This might mirror insufficient
(outpatient) management of ILDs in non-specialised
centres resulting in acute respiratory deterioration as
medical treatment was potentially initiated too late to
prevent hospitalisation. In line with this hypothesis, ab-
sence of ILD-related medication — which was associated
with delayed hospitalisation — might reflect a subgroup
with a mild symptom profile. Unfortunately, due to the
nature of this research, we were not able to assess the
severity of ILD in our analysis and therefore cannot
verify our hypothesis.

The findings of our analyses have to be interpreted
against some limitations, inherent to retrospective obser-
vational claims data based studies. Firstly, the current
ICD-10 coding system is not sufficiently differentiated to
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precisely distinct fibrosing ILDs; as such, patients in these
groups may be substantially heterogeneous. Secondly,
claims data do not include information on lifestyle factors
such as smoking and physical activity that are known to
influence outcomes in patients with respiratory disorders.
Thirdly, our analysis of ILD-relevant conditions did not
consider potential interactions between comorbidity and
subtype, owing to issues of model convergence. Thus, we
cannot exclude that some conditions affect some subtypes
more detrimentally than others.

Despite these drawbacks, this is the first analysis to
investigate hospitalisation and its influencing factors for
a broad population of patients with various ILDs. The
patients included can be considered representative of the
German population [22]. Moreover, we separated ILD-
related and non-ILD-related hospitalisations, whilst most
previous studies either focussed on ILD-related or all-
cause hospitalization [18, 19] which could potentially
mask the impact of comorbidity and medical treatment.
Furthermore, we included analysis of time to hospitalization
and hospitalization frequency, to elucidate potential influ-
ences in opposite directions.

Conclusion

Our analyses suggest that hospitalisations are frequent
across all ILD-subtypes. Irrespective of subtype, ad-
vanced comorbidity-management and stringent pharma-
ceutical ILD therapy reduce hospitalisation risk [9].
These findings warrant further prospective confirmation
and might be used to better understand, and optimise,
the care of patients with ILDs.
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Supplementary information accompanies this paper at https://doi.org/10.
1186/512931-020-01335-x.
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