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Abstract
Background: The overall incidence of interstitial lung dis-
ease and disease-associated mortality have been found on 
the rise. Hospitalizations for interstitial lung disease are typ-
ically caused by airway infection or the acute exacerbation 
of the underlying disease. Seasonal variance in ambient air 
pollution has recently been linked to exacerbation and mor-
tality. We sought to examine the seasonal pattern of hospi-
talizations in Germany, use of mechanical ventilation, and 
in-hospital mortality on a year-by-year basis to identify their 
overall trend and to characterize seasonal patterns. Meth-
ods: The national in-patient database of the federal statisti-
cal office of Germany was searched for cases of interstitial 
lung disease. Results: A total of 130,366 hospitalizations for 
ILD occurred from 2005 to 2015. Time series data were exam-
ined for seasonality using X-11 statistics. The incidence of 
hospitalizations, mechanical ventilation, and in-hospital 
mortality show clear seasonal peaks in the cold season. The 
observed seasonality cannot be attributed to the variance of 

selected comorbidities. Also, there is a significant overall up-
ward trend regarding hospitalization counts, especially in 
the use of non-invasive ventilation. Conclusion: Time series 
analysis of in-hospital data shows an ILD-related rise of hos-
pitalizations, in-hospital mortality, and non-invasive ventila-
tion. This emphasizes a growing importance of interstitial 
lung diseases for health-care systems. Strong seasonality is 
seen in these variables. Data therefore support previous 
studies of ILD exacerbation. More research on infectious 
causes and environmental factors is warranted.

© 2021 The Author(s)
Published by S. Karger AG, Basel

Introduction

Interstitial lung disease (ILD) is a term comprising nu-
merous chronic lung diseases which primarily involve the 
lung parenchyma [1]. Among these are non-infectious in-
flammatory (e.g., sarcoidosis and connective tissue dis-
ease) and non-inflammatory entities (e.g. idiopathic pul-
monary fibrosis) [2]. All ILDs bear, to a different extent, 
the risk of permanent tissue scarring with the end-result of 
pulmonary fibrosis [2, 3]. Shortness of breath, poor physi-
ologic performance, and premature mortality are the con-
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sequences [1, 3–9]. ILDs are increasingly diagnosed in the 
recent years. Therefore, their incidence and prevalence are 
on the rise [10, 11]. This may have an impact on hospital-
ization counts and thereby be of importance to health-care 
utilization [4]. Prognoses and treatment options of certain 
ILDs vary substantially [4, 12]. Yet, it is increasingly recog-
nized that a so-called acute exacerbation of ILD is a poten-
tially life-threatening worsening of disease, irrespective of 
the initial trigger or the underlying disease entity [2, 3, 5, 
6, 9, 13–19]. Environmental factors and airway infections 
are established triggers of exacerbations in other chronic 
lung diseases, such as asthma and chronic obstructive lung 
disease [20, 21]. Since infectious agents are regarded one 
major cause of acute exacerbations in many ILDs, and re-
spiratory infections exhibit a seasonal variation, it is rea-
sonable to assume that a seasonal pattern of exacerbations 
can be anticipated [13, 14, 18–20, 22, 23]. Environmental 
factors, such as ambient air pollution, have recently been 
linked to acute exacerbations of certain ILDs and increased 
mortality [24–26]. Particulate matter (PM10, PM2.5), ni-
tric dioxide (NO2), and ozone (O3) have been named as 
culprit pollutants, and the clear seasonal variation of these 
factors is well documented [24–26]. To date, review of 
death certificates from the USA suggests that mortality 
from pulmonary fibrosis is greatest in winter [23]. In this 
study, we want to prove whether seasonal triggers also con-
tribute to the variation of hospitalizations throughout the 
year. We therefore analysed the entire inpatient sample of 
Europe’s largest economy using the DRG database of the 
federal statistics office of Germany.

Materials and Methods

Database
As previously described, nationwide health insurance claims of 

the entire inpatient sample were obtained from the Federal Statis-
tical Office of Germany (DeStatis) (Source: DOI:10.21242/23141.
2005.00.00.1.1.0 to 10.21242/23141.2015.00.00.1.1.0, own calcula-
tions) [27]. DeStatis holds data according to the international clas-
sification of diseases, version 10 (ICD-10) data (German modifica-
tion of the diagnosis related groups, G-DRG) [28, 29]. Data were 
aggregated and analysed using SAS 9.4 (SAS Institute, Cary, USA).

Case Selection
The G-DRG classification of diseases parallels the WHO-ICD 

10 definitions. The G-DRG database was searched for ICD code 
J84.1 comprising cases of interstitial lung disease and pulmonary 
fibrosis. Importantly, the definition includes IPF, but it is not ex-
clusive (i.e., Hamman-Rich syndrome). Pulmonary fibrosis due to 
inhalation of chemicals, gases, fumes, or vapours or following ra-
diation are excluded by definition. We further tried to estimate the 
specificity of the diagnosis by evaluating the prevalence of other 

conditions associated with pulmonary fibrosis. These include 
pneumoconiosis (J60–J65), hypersensitivity pneumonitis (HP) 
(J66–J67), rheumatoid arthritis (M06), and systemic connective 
tissue disorders (M30–36). In 11,002 cases (8.4%), either of these 
conditions occurred as a co-diagnosis. For the purpose of com-
parison and control, cases of lung cancer (ICD code C34.x) were 
searched and analysed accordingly. Patient characteristics regard-
ing age and gender distribution, use of non-invasive and mechan-
ical ventilation, and mortality were extracted. To evaluate different 
severity levels of the primary outcome of hospitalizations, we de-
fined firstly prolonged duration (>5 days) and/or fatal cases, sec-
ondly cases with mechanical ventilation, and thirdly fatal cases.

Statistical Analysis
Serial quarterly hospitalization counts from 2005 to 2015 were 

analysed for seasonal variance using the X11 procedure as pro-
vided by SAS 9.4 [30]. PROC X11 is an adaptation of the US Bureau 
of the Census X-11 Seasonal Adjustment program and seasonally 
adjusts monthly or quarterly time series [30]. The output data sets 
contain the adjusted time series and statistical measures of season-
ality [30]. Seasonal data (i.e., winter = January – March; spring = 
April – June; summer = July – September; and autumn = October 
– December) were analysed for the presence of seasonality. Upon 
comparison of high- and low-incidence seasons, the variances in 
quarter lengths were considered, and normalization to 90-day 
quarters (Q90) was performed. Generalized linear models (PROC 
GENMOD, using a Poisson regression) were used to confirm the 
significance of peak versus minimum seasons. Temporal trends 
were analysed using generalized linear models as provided by 
PROC GLM. Descriptive data regarding the use of non-invasive 
and/or mechanical ventilation, age and gender composition of the 
cohort are given as absolute and relative numbers and as mean and 
median ± standard deviation (SD), where applicable. Unless stated 
otherwise, the t test was used to compare continuous patient vari-
ables. Odds ratios including confidence intervals and p values were 
calculated, as previously described [31, 32].

Results

Hospitalizations and Patient Characteristics
A total of 130,366 hospitalizations for ILD were found 

from 2005 to 2015. According to these, the hospitaliza-
tion rate for interstitial lung disease is 14.75 per 100,000 
per year. Female and male patients do not differ regarding 
their age (mean age 67.64 and 68.18 years). Yet, descrip-
tive statistics suggest that male patients are more fre-
quently hospitalized for ILDs than female patients (hos-
pitalization rates: 17.67 vs. 11.97, OR 1.48) (Table  1). 
Hospitalization rates increase with age and are highest 
among patients aged 71–80 (55.96; OR 5.46) years (Ta-
ble 1). The lowest hospitalization rate (2.25) is found in 
patients 0–50 years (OR 0.066) (Table 1). The hospitaliza-
tions show an average annual increase of 3.81% per year. 
A total of 932,144 hospitalizations for lung cancer were 
recorded from 2005 to 2015.
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Table 1. Hospitalizations and fatal cases

Hospitalizations Fatal

N rate per 
100,000

OR CI p value N rate, 
%

OR CI p value

Age group, years
0–50 12,002 2.25 0.066 0.065 0.068 <0.0001 298 2.48 0.020 0.018 0.022 <0.0001
51–60 17,911 14.20 0.956 0.941 0.971 <0.0001 770 4.30 0.490 0.454 0.528 <0.0001
61–70 34,541 35.67 2.936 2.900 2.973 <0.0001 2,440 7.06 2.551 2.433 2.674 <0.0001
71–80 48,282 55.96 5.463 5.402 5.525 <0.0001 4,401 9.12 7.001 6.721 7.293 <0.0001
>80 17,630 42.69 3.200 3.150 3.252 <0.0001 2,304 13.07 5.945 5.659 6.246 <0.0001

Gender
Female 54,102 11.97 0.677 0.669 0,684 <0.0001 3,642 6.73 0.529 0.507 0.552 <0.0001
Male 76,264 17.67 1.478 1.461 1.494 <0.0001 6,571 8.62 1.890 1.813 1.971 <0.0001
All 130,366 14.75 10,213 7.83

Numbers are given as absolute counts (N) and as rate per 100,000 by age group, gender, and in total. ORs of subgroups are in com-
parison to the total cohort of hospitalized and fatal cases, respectively. OR, odds ratio.
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Fig. 1. Seasonality of hospitalizations for interstitial lung disease and lung cancer. Upper panels highlight sea-
sonal differences as percent increase versus summer. Lower panels show seasonal variance throughout the study 
period (2005–2015) (***p < 0.001).
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In-Hospital Mortality
ILD-related in-hospital mortality is high (7.83%) and 

can be even higher in advanced age (i.e., up to 13.07% in 
patients >80 year (Table 1). The mortality of younger pa-
tients (<50 year) is lower but still considerable (2.48%) 
(Table 1). As compared to female patients, male patients 
have a higher mortality rate (OR 1.89, p < 0.0001) (Ta-
ble 1).

Seasonal Variation of Hospitalizations
Hospitalizations for ILD exhibit an obvious seasonal 

pattern, with highest adjusted counts in winter (3,227 in 
winter vs. 2,787 in summer). Likewise, hospitalizations for 
lung cancer follow a seasonal pattern, with highest average 
adjusted hospitalization counts in winter (21,882 in winter 
vs. 19,502 in autumn). In both cases, X-11 statistics can 
confirm the presence of seasonality (Fig. 1). Yet, important 
differences are noted. In the case of ILD, the season with 

the lowest average counts is summer, while autumn shows 
the lowest hospitalization count for lung cancer hospital-
izations. Also, the magnitude of seasonality is greatly high-
er in ILD patients than in lung cancer patients (ILD, winter 
vs. summer: 15.8%, p < 0.0001; lung cancer, winter vs. sum-
mer: −2.6%, p < 0.0001) (Fig. 1). We hypothesized that cas-
es with a more severe course (prolonged duration, cases 
with mechanical ventilation and fatal cases) are related to 
an increasing degree of seasonality. Likewise, the increase 
was more pronounced in cases with prolonged hospitaliza-
tion (>5 days and/or fatal) in comparison to all cases 
(22.78% winter vs. summer p < 0.0001) (Fig. 2). The rela-
tion of winter versus summer in cases with the use of me-
chanical ventilation was slightly higher (23.62% winter vs. 
summer p < 0.001) (Fig. 2) and highest in fatal cases (32.77% 
winter vs. summer p < 0.0001) (Fig. 3). In contrast, lung 
cancer mortality was not related to season (1.06% winter 
vs. summer p = 0.0927) (Fig. 3).
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Fig. 2. Seasonality of in-hospital prolonged and/or fatal cases and cases of mechanical ventilation in patients hos-
pitalized for ILD. Upper panels highlight seasonal differences as percent increase summer. Lower panels show 
seasonal variance throughout the study period (2005–2015) (*p < 0.05, ***p < 0.001).
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Fig. 3. Seasonality of fatal cases among patients hospitalized for ILD and lung cancer. Upper panels highlight 
seasonal differences as percent increase versus summer. Lower panels show seasonal variance throughout the 
study period (2005–2015) (***p < 0.001).

Table 2. Cases of mechanical ventilation and non-invasive ventilation

Mechanical ventilation NIV

N rate, % OR CI p value N rate, % OR CI p value

Age group, years
0–50 596 4.97 1.358 1.244 1.482 <0.0001 505 4.21 0.869 0.792 0.954 0.002
51–60 905 5.05 1.415 1.314 1.523 <0.0001 865 4.83 1.019 0.947 1.097 0.305
61–70 1,435 4.15 1.128 1.059 1.200 <0.0001 1,738 5.03 1.085 1.025 1.149 0.002
71–80 1,617 3.35 0.811 0.763 0.861 <0.0001 2,374 4.92 1.058 1.004 1.115 0.017
>80 429 2.43 0.593 0.536 0.655 <0.0001 716 4.06 0.828 0.765 0.897 <0.0001

Gender
Female 1,855 3.43 0.830 0.783 0.880 <0.0001 2,336 4.32 0.846 0.803 0.892 <0.0001
Male 3,127 4.10 1.204 1.136 1.277 <0.0001 3,862 5.06 1.182 1.122 1.246 <0.0001
All 4,982 3.82 6,198 4.75

Numbers are given as absolute counts (N) and rate per hospitalized cases by age groups, by gender, and in total. Odds ratios are to 
compare individual subgroups to all cases of mechanical ventilation and non-invasive ventilation, respectively.
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Mechanical and Non-Invasive Ventilation
Descriptive statistics show that the use of mechanical 

and non-invasive ventilation is higher in male patients than 
in female patients (ORs 1.204 and 1.182, both p < 0.0001) 
(Table 2). Differences in the age of patients needing me-
chanical ventilation are seen (Table 2). Mechanical ventila-
tion is more likely in younger individuals than in older pa-
tients. Very old patients (>80 years) are least likely to receive 
mechanical ventilation (Table 2). Non-invasive ventilation 
is preferably used in all age groups, except young patients 
(<50 years) and old patients (>80 years) (Table 2). As in 
mechanically ventilated cases in total, invasive and NIV 
show a comparable seasonal pattern (21.2% and 16.3%, re-
spectively, winter vs. summer p < 0.001, data not shown).

Impact of Comorbidities on Seasonality of Fibrosis
Table 3 gives a summary of the absolute and relative 

frequencies of important comorbidities and comorbid 
conditions to be found in ILD patients. High-prevalence 
co-diagnoses are coronary artery disease (33.9%), chron-
ic obstructive lung disease (12.6%) and pneumonia 
(10.2%). However, these do not explain the overall sea-

sonality of hospitalizations as the odds ratio for winter 
hospitalizations are 1.02, 0.99, and 1.10. As expected, in-
fluenza as a secondary diagnosis, shows a clear winter 
peak. Yet the prevalence of this ICD code as a co-diagno-
sis is not high in patients with ILD (maximum 0.22% in 
winter). Likewise, pulmonary embolism shows a winter 
peak, but also has a low prevalence (maximum 1.21%, OR 
1.17). Thus, influenza and pulmonary embolism do not 
explain the aforementioned seasonality in ILD. Other co-
diagnoses (HP, pneumoconiosis, systemic disease, rheu-
matoid disease) do not reveal high prevalence and/or 
winter peaks.

Discussion

We hereby demonstrate for the first time seasonality 
of hospital admissions, use of ventilation, and in-hospital 
mortality in the context of ILD on a population-based 
level. This phenomenon has been described for overall 
mortality in 2009 by Olson et al. as they showed seasonal 
variation of mortality from ILD in the USA [23]. Their 

Table 3. Absolute count and rate of comorbidities and comorbid conditions among patients with interstitial lung disease across seasons

Season

winter spring summer autumn

N (%) N (%) N (%) N (%)

Comorbidity
COPD 3,224 (12.83) 2,813 (12.48) 2,620 (12.80) 2,630 (12.61)
Lung cancer 204 (0.81) 209 (0.93) 209 (1.02) 215 (1.03)
Pneumoconiosis 280 (1.11) 268 (1.19) 273 (1.33) 236 (1.13)
HP 417 (1.66) 385 (1.71) 329 (1.61) 355 (1.70)
RA 648 (2.58) 651 (2.89) 616 (3.01) 578 (2.77)
Systemic disease 678 (2.70) 530 (2.35) 548 (2.68) 583 (2.79)
CAD 8,459 (33.66) 7,590 (33.68) 6,906 (33.74) 7,233 (34.67)
MI 179 (0.71) 157 (0.70) 161 (0.79) 143 (0.69)
PE 305 (1.21) 233 (1.03) 213 (1.04) 237 (1.14)
Influenza 55 (0.22) 5 (0.02) 3 (0.01) 14 (0.07)
Pneumonia 2,641 (10.51) 2,281 (10.12) 1,994 (9.74) 2,192 (10.51)
Sarcoidosis 228 (0.91) 172 (0.84) 171 (0.92) 179 (0.93)
Current smoker 722 (2.87) 585 (2.85) 688 (3.68) 641 (3.34)

Patient residential area
Urban 10,586 (45.85) 9,280 (45.16) 8,571 (45.88) 8,949 (46.56)
Suburban 8,021 (34.74) 7,222 (35.15) 6,492 (34.75) 6,524 (33.94)
Rural 4,483 (19.42) 4,047 (19.69) 3,620 (19.38) 3,747 (19.50)

Absolute counts (N) and rates (%; i.e., cases with respective comorbidities as percentage of all cases). Information on patient residential 
area, according to the definition of the Federal Institute for Research on Building, Urban Affairs, and Spatial Development, was available 
for 91.6% of all patient datasets. HP, hypersensitivity pneumonitis; RA, rheumatoid arthritis; CAD, coronary artery disease; MI, myocardial 
infarction; PE, pulmonary embolism; COPD, chronic obstructive lung disease.
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study spanned from 1992 to 2003 and identified 170,984 
decedents with ILD [23]. They were able to provide evi-
dence that mortality is greatest during the colder seasons 
(winter > spring > autumn > summer) [23]. The investi-
gators attributed the higher winter death toll at least in 
part to influenza epidemics, which recur in a yearly man-
ner (December through March), and ensuing superim-
posed bacterial infections [23, 27]. Yet, when excluding 
patient records with pneumonia, seasonal variation was 
consistently shown [23]. Clinically recognized airway in-
fections may thus not be the only underlying cause lead-
ing to the death of PF patients [33]. This is in line with 
our own data, demonstrating that hospital admissions for 
interstitial lung disease and pulmonary fibrosis, use of 
mechanical ventilation, and in-hospital mortality follow 
a remarkably similar distinct pattern. This observation 
suggests a seasonal of variation not only mortality but 
also morbidity. Olson et al. [23] and Nakaji et al. [34] only 
found trivial increases (2.7 and 4.0%) of cancer mortality 
in winter as compared with summer. This is in accor-
dance with our study as we found variation of mortality 
at the same magnitude.

It is meanwhile widely recognized that there are infec-
tious and (partly unknown) non-infectious triggers lead-
ing to the acute exacerbation of interstitial lung disease 
[3, 5, 6, 14, 22]. Ambient air pollutants (O3 and PM) have 
recently been described to be closely correlated to exacer-
bations of IPF [24–26]. While O3 concentrations are usu-
ally higher in summer, higher particulate matter load is 
generally associated with winter weather [24–26]. Indi-
vidual biological and behavioural aspects vary substan-
tially between winter and summer [33]. While tempera-
ture as such has been linked to excess mortality, lack of 
daylight alters vitamin D levels and immunological host 
constitution via, for example, hormonal changes [33, 35]. 
Cold temperatures are a motive for people to gather in-
doors, which readily facilitates pathogen spread from 
person to person [36]. These facts may contribute to the 
seasonal variation of ILD hospitalizations [36]. A trend 
towards more ILD-related hospitalizations and more fa-
tal cases can be derived from our data set. GLM analyses 
of the above 11-year period conclusively show that an up-
ward trend is superimposed on the seasonal pattern. As 
for US mortality data, a strong trend has been identified 
from 1992 to 2003, with an average age- and sex-adjusted 
increase of 28.3% in men and 41.3% in women [10, 23]. 
ILDs are still considered rare orphan diseases, many of 
which are difficult to consider for randomized trials of 
pharmacological agents [1]. These findings are sign of a 
growing burden of and greater awareness for interstitial 

lung diseases and related mortality, which exceeds that of 
several malignancies [10, 11]. A rise of hospitalization 
counts would directly impact health-care expenditure. A 
number of comorbidities in patients with certain intersti-
tial lung diseases have been identified in the past, and 
their impact on morbidity and mortality has been char-
acterized [37]. In ILD, comorbidities have the potential to 
impair quality of life and to reduce life expectancy [37]. It 
is reasonable to assume that co-morbidities and co-diag-
noses may be driving factors for hospital admissions and 
thereby be one important underlying cause for the ob-
served seasonality. Yet, the data, as compiled in Table 3, 
do not point in this direction. The prevalence of diagno-
ses with high seasonality and/or winter predominance is 
considerably low in patients with ILD. On the other hand, 
high-prevalence diagnoses do not show a relevant vari-
ance over the course of the seasons. Overall, these factors 
do not conclusively explain the observed seasonality of 
fibrotic ILD. There are certain limitations to this study. 
One important limitation arises from the fact that retro-
spective data are extracted from a database which has the 
primary purpose to facilitate health-care insurance pro-
cessing [27–29]. We cannot directly ensure coding qual-
ity as such. Yet, coding accuracy is monitored by the pro-
fessional medical service to the statutory health insur-
ance, which reviews about 10% of all insurance claims 
[28, 29]. Another limitation comes from the DRG system 
itself, which does not allow for a detailed resolution of 
ILDs regarding their aetiology since the ICD code J84.1 
comprises diverse entities most prominently but not ex-
clusively IPF. This phenomenon is consistently found in 
studies of ILD hospitalizations on a population-based lev-
el [11, 38]. We therefore tried to classify cases with other 
specific causes of pulmonary fibrosis such as pneumoco-
niosis, HP, rheumatoid arthritis, and systemic connective 
tissue disorders. These were identified in a minority 
(8.3%) of all hospitalizations. This study does also not 
provide a direct insight into the underlying mechanisms 
that lead to hospitalization and mortality, although, con-
sidering the recent research in this field, it is very reason-
able to assume that acute exacerbations, regardless of the 
trigger, account for much of the seasonal variation seen 
in ILD hospitalizations [6, 18, 22–25]. However, pneu-
monia is only moderately more frequent in winter than 
during the rest of the year, and influenza with a strong 
seasonality is only present in a minuscule portion of over-
all cases (0.22% in winter). Influenza exhibits a strong 
seasonal distribution and marked winter peaks in our 
hemisphere [27, 39]. Other authors have suggested influ-
enza infection as one underlying cause of seasonality in 
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ILD and other chronic lung disease [16, 23]. While a di-
rect explanation for this cannot be derived from our da-
taset, it is reasonable to assume that influenza vaccination 
is applied to ILD patients on a regular basis since these 
patients are seen by health-care providers on a frequent 
basis, and flu vaccination of patients with lung disease is 
officially recommended by the German Standing Com-
mittee on Vaccination (STIKO) [40].

Conclusion

Taken together, our data indicate that ILD-related 
hospitalizations show a strong seasonal variation, which 
is more pronounced in cases with prolonged hospitaliza-
tion, mechanical ventilation, and fatal outcome. This is 
not common with other less seasonal lung diseases, such 
as lung cancer. Frequent comorbidities do not contribute 
to the observed seasonality. There is reason to believe that 
these findings are related to the activity of the disease and 
complications such as acute exacerbation of ILD.
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