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A B S T R A C T   

Introduction: Comorbidities are common in patients with idiopathic pulmonary fibrosis (IPF) and negatively 
impact health-related quality of life, health-care costs and mortality. Retrospective studies have focused on in-
dividual comorbidities, but clusters of multiple comorbidities have rarely been analysed. This study aimed to 
comprehensively and prospectively assess comorbidities in a multicentre, real-world cohort of patients with IPF, 
including prespecified conditions of special interest and to analyse clusters of comorbidities and examine 
characteristics, disease course and mortality of the clusters. 
Methods: Several measurements, questionnaires, medications and medical history were combined to assess 
comorbidities. Using self-organizing maps, clusters of comorbidities were identified and phenotypes character-
ized. Disease course was assessed using mixed effects models and mortality using Cox regression. 
Results: One-hundred and fifty IPF patients were included prospectively. All except one patient suffered from at 
least one comorbidity and multimorbidity was common. Arterial hypertension, gastro-oesophageal reflux dis-
ease, hypercholesterolemia, emphysema and obstructive sleep apnea were most prevalent. Four comorbidity 
clusters were identified. Each cluster had distinct comorbidity profiles, patient characteristics, symptom burden 
and disease severity. Patients with fewer comorbidities had better exercise capacity and less dyspnea at baseline, 
but a trend towards faster deterioration was observed. Mortality analyses showed no significant differences 
between clusters. 
Conclusions: Multimorbidity is prevalent in patients with IPF. Four specific clusters of comorbidities may 
represent phenotypes in IPF. A trend towards faster decline in exercise capacity and dyspnea was observed in 
patients with fewer comorbidities. Increased knowledge of comorbidities facilitates prevention and treatment of 
comorbidities in patients with IPF.   

1. Introduction 

Idiopathic pulmonary fibrosis (IPF) is a severe, progressive and 
fibrotic interstitial lung disease (ILD) leading to a shortened median life 
expectancy of 3–5 years from diagnosis [1]. Unfortunately, the diagnosis 
is often delayed for years, thus prolonging the period without treatment 
[2]. IPF is generally diagnosed in elderly and predominantly male 
ever-smokers [3]. Following disease progression with increasing symp-
toms such as dyspnoea and cough, declining pulmonary function, 
increasing social isolation and loss of mental well-being, patients with 

IPF experience worsening in health-related quality of life (HRQL) [4]. 
The disease itself is the main cause of death in 60–70% of patients 

with IPF [1,5], whereas comorbidities account for the majority of the 
remaining deaths. Comorbidities have been reported in up to 89% of 
patients with IPF [6] and more commonly in patients with IPF compared 
with matched controls [7]. Comorbidities broadly impact negatively on 
patients with IPF due to increased mortality [6,8,9], diminished 
health-related quality of life [10], and growing health-care costs [7]. 

Antifibrotic treatment is available for IPF, and these treatments have 
proven to reduce pulmonary function decline compared with placebo 
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[11] [–] [13]. Unfortunately, patients with major comorbidities were 
excluded from the trial populations; therefore, studies are necessary to 
quantify comorbidities in real-world populations of patients with IPF. 

Previous studies on comorbidities have primarily assessed individual 
or the total number of comorbidities [6,10,14]. Chronic obstructive 
pulmonary disease, lung cancer, obstructive sleep apnoea, pulmonary 
hypertension, cardiovascular disease, gastro-oesophageal reflux disease, 
anxiety and depression are among the most important comorbidities in 
IPF [14,15]. No previous prospective studies have explored the combi-
nation of comorbidities in IPF, which may represent specific phenotypes 
in IPF, as for example in the case of combined pulmonary fibrosis and 
emphysema representing a specific phenotype or even a distinct entity 
[16]. Potentially, these phenotypes could have different disease courses 
and prognoses, urge for special attention from health-care providers, 
cause differences in HRQL or respond differently to antifibrotic or other 
treatments. 

The aim of this study was to prospectively and comprehensively 
assess comorbidities and to identify and characterize potential pheno-
types based on comorbidity clusters in a prospective, multicentre, real- 
world cohort of patients with IPF. 

2. Methods 

2.1. Study subjects 

A cohort of patients with IPF was recruited from the three tertiary 
Danish ILD referral centres in Aarhus, Odense and Gentofte (Copenha-
gen) from August 2016 to March 2018. Eligible patients were >18 years 
with a IPF diagnosis based on international guidelines and multidisci-
plinary discussion [17,18]. Exclusion criteria were intellectual or lin-
guistic barriers preventing the completion of questionnaires. 
ILD-specific HRQL questionnaires have been validated in the same 
cohort [19–21]. 

Written informed consent was obtained from all patients. Before 
initiation, the study was registered at clinicaltrials.org (NCT02818712) 
and approved by the Central Denmark Region Committee on Health 
Research Ethics (case no. 1-10-72-87-16). 

2.2. Study design 

A prospective cohort study was conducted. At inclusion, de-
mographics, medications, medical history, smoking history and use of 
long-term oxygen were registered. Furthermore, a comprehensive 
evaluation of the following pre-specified conditions of special interest 
was performed: Pulmonary status, cardiovascular status, obstructive 
sleep apnoea, exercise capacity, endocrine status, urinary incontinence, 
gastro-oesophageal reflux disease, psychological status, and HRQL. 
Blood samples were collected to test renal, endocrine, hematologic, in-
flammatory and liver status (see supplementary material for further 
information on tests and measurements). The gender, age and physi-
ology (GAP) index was calculated to assess disease severity [22]. 
Assessment of comorbidities was based on the comprehensive mea-
surements, indications for medications and review of the patients’ 
medical history. Predefined cut-offs for measurements were based on 
disease-specific guidelines (see supplementary material for details). 
Patients were followed up at 6, 12, 24 and 36 months with pulmonary 
function tests, 6-min walk test and HRQL instruments. 

2.3. Statistical analysis 

Using Viscovery SOMine 7.2 (Viscovery Software GmbH, Vienna, 
Austria), self-organizing maps (SOMs, also known as Kohonen maps) 
were computed to create an ordered representation of comorbidity data. 
SOMs are created by non-parametric regression analyses converting 
multidimensional data spaces into lower dimensional abstractions. In a 
SOM, a non-linear representation of the data distribution is computed. 

This allows for visual identification of homogenous data groups, which 
can be analysed statistically [23]. The colour of the nodes in a SOM 
represents the average value of a comorbidity on a fitted colour scale. 

The most prevalent (>15%) comorbidities were included in the SOM 
model to incorporate relevant and common comorbidities in IPF. Pa-
tients were categorized according to their overall similarity with regard 
to comorbidities and when available, also according to the degree of 
comorbidities (e.g. impairment of kidney function for chronic kidney 
disease). Clusters were generated in the computed SOM model using the 
SOM-Ward Cluster algorithm. In this algorithm, Ward’s classical hier-
archical clustering method is superimposed on the SOM model. A cluster 
indicator is incorporated in the software providing an indication of the 
most natural number of clusters. Viscovery SOMine identified comor-
bidities and clinical characteristics in each cluster, which differed 
significantly from the rest of the cohort using the integrated two-sided t- 
test with 95% confidence. 

Questionnaires with more than 15% missing answers were excluded 
from analyses. Imputation was not performed. Descriptive statistics are 
presented as frequencies for categorical variables and means with 
standard deviations or medians with interquartile ranges for continuous 
variables as appropriate. Mortality data were analysed using Kaplan- 
Meier curves and Cox regression analyses. A mixed effects model was 
applied to assess changes in HRQL and physiological parameters during 
follow-up. 

3. Results 

3.1. Patient characteristics 

At baseline, 150 patients with IPF were included in the study 
(Table 1). Participants were mainly ever-smoking males and the ma-
jority received antifibrotic treatment. Pulmonary function measured by 
forced vital capacity (FVC) was well preserved, whereas diffusing ca-
pacity of the lung for carbon monoxide (DLCO) was moderately reduced. 
HRQL was moderately impaired in the cohort. Follow-up was completed 
at 12 months by 124 patients (83%) and at 24 months by 104 patients 
(69%). Withdrawals from the study were caused by death (n = 29), 
patients’ wish to withdraw (n = 10), no longer attending outpatient 
visits due to advanced IPF (n = 5), and other causes (n = 2). 

FVC: Forced vital capacity, DLCO: diffusion capacity of the lung for 
carbon monoxide, 6MWD: distance walked during the 6-min walk test, 
K-BILD: King’s Brief Interstitial Lung Disease questionnaire, SOBQ: 
University of California, San Diego Shortness of Breath Questionnaire, 
GAP: Gender, age and physiology. 

3.2. Number of comorbidities 

All except one patient suffered from at least one and more than half 
of the patients suffered from six or more comorbidities (Fig. 1). Fre-
quencies of the registered comorbidities ranged from 1 to 62%. The most 
prevalent comorbidities at baseline (>15%) are presented in Fig. 2 (see 
Table E1 in the supplementary materials for all comorbidities). 

3.3. Clusters of comorbidities 

Four clusters with significantly different comorbidity profiles were 
identified (Fig. 3, Table 2). Patients in cluster 1 suffered from signifi-
cantly fewer comorbidities than patients in the rest of the cohort. Pa-
tients in cluster 2 more often suffered from ischemic heart disease and 
associated diseases such as arterial hypertension, hypercholesterolemia, 
diabetes mellitus, chronic kidney disease and obstructive sleep apnea. 
The total number of comorbidities was higher in these patients 
compared to the rest of the cohort. In cluster 3, a higher proportion of 
patients suffered from emphysema, airway obstruction and pain disor-
ders. Patients in cluster 4 more frequently suffered from anxiety, 
depression, pain disorders, gastro-oesophageal reflux disease, 
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emphysema and had a higher total number of comorbidities compared 
to the rest of the cohort. 

3.4. Specific patient characteristics of each comorbidity cluster 

Cluster 1 included more never-smokers, fewer patients on long-term 
oxygen therapy and with a lower BMI (Table 1). These patients also had 
less advanced IPF with higher DLCO, higher exercise capacity, a higher 
percentage of patients in GAP stage I, and better HRQL in terms of less 
dyspnea (higher K-BILD breathlessness and activities score and lower 
SOBQ score). Patients in cluster 2 were older than average in the rest of 
the cohort and were almost exclusively males. In cluster 3, patients had 
the best HRQL in terms of less psychological distress (higher K-BILD 
psychological score). Cluster 4 consisted primarily of former smokers 
and included no never-smokers. The disease severity was higher in terms 
of lower DLCO, lower exercise capacity and a higher percentage of pa-
tients in GAP stage III. Patients in this cluster had more dyspnea and 
other symptoms, higher psychological distress and overall impaired 
HRQL (lower scores in K-BILD total and all three domains and a higher 
SOBQ score). 

The number of active smokers, patients on antifibrotic treatment, 
FVC% predicted and patients in GAP stage II did not differ significantly 
in any cluster. 

3.5. Longitudinal analyses 

Mortality analyses showed no significant differences between clus-
ters (Fig. 4, Table 3). After adjustment for GAP index, pack years and 
antifibrotic treatment at baseline, there was a minimal difference in 
mortality between clusters. 

Patients in all execpt cluster 4 experienced an annual decrease in 
HRQL (Table 3). The only significant difference between clusters was a 
larger increase in dyspnea in cluster 1 (p = 0.04) and cluster 3 (p = 0.03) 
compared with cluster 2. 

The physiological parameters showed a significant annual decline in 
most clusters (Table 3). The decline in FVC was significantly larger in 
cluster 1 compared with cluster 3 (p = 0.03). The decline in DLCO was 
significantly larger in cluster 1 compared with cluster 3 (p = 0.02) and 
cluster 4 (p = 0.03), and the decline in 6 MWD was significantly larger in 
cluster 1 compared with the cluster 2 (p = 0.04) and cluster 3 (p =
0.003). 

Table 1 
Baseline and cluster specific demographics for participants [19,20]. Data are 
presented as frequencies for categorical variables and means with standard de-
viations for continuous variables.  

Clinical 
characteristics 

All 
subjects 
(n = 150) 

Cluster 1 
(n = 43) 

Cluster 2 
(n = 50) 

Cluster 3 
(n = 38) 

Cluster 4 
(n = 19) 

Age, years 72.9 (6.3) 71.4 
(6.2) 

74.4 
(5.7)a 

73.7 
(6.1) 

71.0 
(7.1) 

Male, % 81.3 72.1 94.0a 76.3 78.9 
Smoking status, % 

Never 26.7 39.5a 22.0 31.6 0.0b 

Former 67.3 55.8 74.0 60.5 89.5a 

Active 6.0 4.7 4.0 7.9 10.5 
Pack years 31.6 

(20.5) 
27.5 
(17.5) 

32.4 
(18.1) 

32.5 
(22.4) 

34.2 
(26.5) 

Antifibrotic 
treatment, % 

56.7 55.8 58.0 57.9 52.6 

Long-term 
oxygen 
therapy, % 

12.7 2.3b 14.0 15.8 26.3 

Body mass index 26.6 (4.1) 25.6 
(3.4)b 

27.4 
(3.5) 

27.2 
(4.7) 

28.0 
(5.9) 

FVC, % predicted 87.2 
(23.1) 

88.0 
(23.0) 

87.4 
(22.5) 

90.7 
(22.3) 

77.8 
(25.4) 

DLCO, % 
predicted 

48.4 
(14.1) 

53.4 
(12.6)a 

48.6 
(13.7) 

47.4 
(14.1) 

39.0 
(14.1)b 

6 MWD, m 451.7 
(113.3) 

495.2 
(101.6)a 

456.2 
(86.9) 

451.9 
(107.7) 

335.9 
(143.4)b 

K-BILD 
psychological 

59.4 
(17.7) 

60.6 
(18.6) 

60.6 
(14.9) 

64.2 
(15.9)a 

43.7 
(18.6)b 

K-BILD 
breathlessness 
and activities 

46.0 
(19.6) 

52.7 
(19.3)a 

46.4 
(19.4) 

46.5 
(16.3) 

28.4 
(17.4)b 

K-BILD chest 
symptoms 

72.9 
(20.2) 

76.9 
(17.8) 

73.4 
(19.5) 

77.6 
(16.1) 

52.8 
(23.7)b 

K-BILD total 58.3 
(12.4) 

60.9 
(13.0) 

58.9 
(10.7) 

60.7 
(10.7) 

46.2 
(12.3)b 

SOBQ 34.6 
(25.3) 

25.3 
(20.8)b 

35.2 
(25.5) 

29.4 
(19.3) 

64.2 
(23.4)a 

GAP index, %      
1 38.0 53.5a 34.0 34.2 21.1 
2 50.7 39.5 56.0 55.3 52.6 
3 11.3 7.0 10.0 10.5 26.3a  

a Significantly higher compared with the rest of the cohort (p < 0.05).  

b Significantly lower compared with the rest of the cohort (p < 0.05).  

Fig. 1. Total number of comorbidities per patient.  
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4. Discussion 

To our knowledge, this is the first study to prospectively assess a 
wide range of comorbidities, including a number of pre-specified con-
ditions of special interest, using extensive investigations and measure-
ments in a real-world cohort of patients with IPF. All except one patient 

suffered from at least one comorbidity and multimorbidity was com-
mon. Four distinct comorbidity clusters were identified. The clusters had 
different comorbidity profiles, patient characteristics, symptom burden 
and disease severity. 

Many other studies assessing comorbidities in IPF have been retro-
spective studies or clinical trials with other aims than to study 

Fig. 2. Comorbidities present in >15% of patients at baseline.  

Fig. 3. Clusters of comorbidities in patients with idiopathic pulmonary fibrosis (IPF). Patients were placed on a specific position on the map by the self-organizing 
map (SOM) model according to their comorbidity profile. Patients with related comorbidity profiles are close together in the map, whereas patients with different 
profiles are located further apart. Red colours represent high frequencies of a given comorbidity and blue colours represent absence of the comorbidity in the maps. 
The scales below the maps indicate the prevalence of the comorbidities in the cohort. The SOM model identified four unique clusters with different comorbidity 
profiles, designated by the lines in the maps. C1: Cluster 1, C2: Cluster 2, C3: Cluster 3, C4: Cluster 4, GERD: Gastro-oesophageal reflux disease. (For interpretation of 
the references to colour in this figure legend, the reader is referred to the Web version of this article.) 
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comorbidities, and only limited or incomplete data are available from 
medical records and medication use, self-reports from patients or 
administrative datasets [6,7,9,24] [–] [26]. Thus, these studies might 
suffer from information bias due to undiagnosed comorbidities or 
comorbidities not properly registered leading to underestimation [14]. 
Consequently, to achieve a better assessment of the comorbidity burden 
in IPF, prospective and comprehensive studies aimed at diagnosing the 
most prevalent and important comorbidities are needed as it is antici-
pated that a timely diagnosis and treatment can improve long-term 
prognosis. 

Our study has expanded the diagnostic workup by including tests for 

pre-specified comorbidities of special interest, including both common 
comorbidities [14,15] and less well-described comorbidities such as 
urinary incontinence and osteoporosis. The prospective and thorough 
investigations for comorbidities have undoubtedly unveiled more 
comorbidities for individual patients in our study than in previous 
studies. Furthermore, HRQL was assessed using disease-specific ques-
tionnaires validated in IPF providing more reliable results [19,20, 
27-29]. 

As patients with IPF are often elderly, multimorbidity is common as 
also in our study and is related to an increased mortality risk in these 
patients [30]. Kreuter et al. retrospectively registered comorbidities in 
patients with IPF and reported increasing mortality with growing 
number of comorbidities [6]. Another study showed a trend towards an 
association between the presence of comorbidities and impaired HRQL 
[31]. However, results were inconsistent across increasing number of 

Table 2 
Prevalence of comorbidities in each cluster. Data are presented as frequencies 
for categorical variables and means with standard deviations for continuous 
variables.  

Comorbidities Cluster 1: 
(n = 43) 

Cluster 2: 
(n = 50) 

Cluster 3: 
(n = 38) 

Cluster 4: 
(n = 19) 

Total number of 
comorbidities, per patient 

6.4 (3.4)b 13.7 
(4.4)a 

10.6 (4.2) 17.7 
(5.3)a 

Emphysema, % 2.3b 36.0 86.8a 68.4a 

Airway obstruction, % 0.0b 10.0 36.8a 21.1 
Ischemic heart disease, % 4.7b 54.0a 2.6b 36.8 
Arterial hypertension, % 44.2b 78.0a 55.3 73.7 
Pain disorders, % 9.3b 14.0 36.8a 52.6a 

Obesity, % 9.3 22.0 19.4 31.6 
Hypercholesterolemia, % 4.7b 96.0a 15.8b 63.2 
Diabetes mellitus, % 7.0b 40.0a 7.9b 21.1 
Osteoporosis, % 20.9 20.0 7.9 15.8 
Vitamin D deficiency, % 25.6 20.0 34.2 10.5 
Chronic kidney disease, % 4.7b 28.0a 23.7 10.5 
Urinary incontinence, % 20.9 14.0 18.4 21.1 
Gastro-oesophageal reflux 

disease, % 
34.9 46.0 44.7 78.9a 

Anxiety, % 7.0b 6.0b 7.9 84.2a 

Depression, % 9.3b 12.0b 10.5 94.7a 

Obstructive sleep apnoea, 
% 

46.5 56.0a 18.4b 42.1  

a Significantly more frequent compared with the rest of the cohort (p < 0.05).  

b Significantly less frequent compared with the rest of the cohort (p < 0.05).  

Fig. 4. Kaplan-Meier curves showing survival in the four clusters.  

Table 3 
Mortality analyses and changes in health-related quality of life, pulmonary 
function and physical performance during follow-up. Data are presented as 
hazard ratios or slopes with 95% confidence intervals. Multivariate mortality 
analyses are adjusted for GAP index, pack years and antifibrotic treatment at 
baseline. Δ: Change per year, FVC: Forced vital capacity, DLCO: diffusion ca-
pacity of the lung for carbon monoxide, 6MWD: distance walked during the 6- 
min walk test, K-BILD: King’s Brief Interstitial Lung Disease questionnaire, 
SOBQ: University of California, San Diego Shortness of Breath Questionnaire.   

Cluster 1: Cluster 2: Cluster 3: Cluster 4: 

Mortality, 
univariate 

reference 1.1 (0.6–2.1) 1.1 (0.5–2.0) 1.9 (0.9–3.9) 

Mortality, 
multivariate 

reference 0.8 (0.4–1.8) 0.8 (0.4–1.9) 1.0 (0.4–2.4) 

ΔK-BILD total − 2.0 (− 3.2 to 
− 0.7) 

− 1.2 (− 2.3 
to − 0.1) 

− 2.1 (− 3.4 
to − 0.9) 

− 1.2 (− 3.1 
to 0.8) 

ΔSOBQ 5.7 (3.7–7.6) 3.0 (1.3–4.7) 5.8 (3.9–7.8) 2.3 (− 0.8 to 
5.3) 

ΔFVC, % 
predicted 

− 2.6 (− 3.6 to 
− 1.7) 

− 2.2 (− 3.2 
to − 1.2) 

− 1.0 (− 2.1 
to 0.0) 

− 1.8 (− 3.6 
to − 0.0) 

ΔDLCO, % 
predicted 

− 3.2 (− 4.0 to 
− 2.3) 

− 2.6 (− 3.5 
to − 1.8) 

− 1.6 (− 2.6 
to − 0.6) 

− 1.2 (− 2.7 
to 0.4) 

Δ6MWD, m − 24.4 (− 32.2 
to − 16.7) 

− 13.5 
(− 20.7 to 
− 6.4) 

− 7.9 (− 15.5 
to − 0.3) 

− 19.4 
(− 31.2 to 
− 7.7)  
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comorbidities. This could be due to underreporting of comorbidities or 
the simple count of comorbidities in these studies instead of analysing 
clusters of coexisting comorbidities in specific groups of patients as we 
did in our study. 

The fewer comorbidities in cluster 1 could be explained by a higher 
number of never-smokers, leading to higher DLCO, better exercise ca-
pacity as well as lower dyspnoea and GAP score. Thus, smoking may be a 
central cause of comorbidities in patients with IPF. However, exercise 
capacity decreased more rapidly and dyspnea increased faster in this 
cluster. A dismal diagnosis such as IPF probably has a larger impact on 
symptoms and perceptions of prognosis in patients who were mostly 
healthy beforehand compared with patients suffering from a large 
number of other conditions. This should be kept in mind when treating 
IPF patients with fewer comorbidities and attention to symptom man-
agement, rehabilitation and regular exercise is also important in these 
patients. 

The high frequency of former or active smokers in cluster 4 may 
explain the frequent presence of emphysema, lower DLCO, worse exer-
cise capacity and higher GAP index in this cluster [32]. These results 
could explain the impaired HRQL and higher degree of dyspnoea [19, 
20]. Also, the higher mortality in cluster 4 seen in the univariate ana-
lyses was no longer present after adjustment for primarily GAP index. 
This may reflect that patients in this cluster suffer from more advanced 
disease. Similar to patients without IPF, both pain disorders and 
gastro-oesophageal reflux disease are associated to anxiety and depres-
sion, all common comorbidities in this cluster [33,34]. 

As opposed to cluster 4, there were a number of never-smokers in 
cluster 3. Even though smoking is a very common cause of emphysema, 
inhalation of other noxious substances as well as genetic factors also 
contribute to the development of emphysema (and IPF) [32]. Combined 
pulmonary fibrosis and emphysema has been described as a unique 
phenotype in IPF, or even a distinct entity, with relatively preserved 
total lung capacity and FVC, but reduced DLCO [16]. Our findings 
support this phenotype with similar lung volume and gas exchange 
parameters in cluster 3. However, this cluster was not associated with 
increased mortality, a finding suggested by other studies [35], yet still 
controversial [36]. 

Patients in cluster 2 were older and more often male in accordance 
with a previous study that also found an increased prevalence of car-
diovascular disease in male patients with IPF [37]. Even though the 
patients in cluster 2 were also predominantly smokers and cardiovas-
cular diseases are associated to smoking [38], smoking habits did not 
significantly differ from the rest of the cohort. Despite the high number 
of comorbidities, these patients less commonly suffered from anxiety 
and depression. 

Few other studies have used cluster analyses in IPF to describe 
phenotypes. Marks-Garber et al. performed a retrospective review of 96 
patients with IPF and described four clusters [39]. The number of 
different comorbidities was considerably lower than in our study. Three 
of the clusters had similar characteristics to our study, namely cluster 1, 
2 and 3. The last cluster consisted solely of female patients with a higher 
prevalence of hypothyroidism. These findings support the robustness of 
our results. Aoshima et al. performed cluster analyses on a variety of 
idiopathic interstitial pneumonias, including 94 IPF patients, and 
described four clusters [40]. Clustering was based on age, gender, 
smoking, FVC and laboratory data, but only included a single comor-
bidity (emphysema). Another study used factor analyses to cluster pa-
tients with IPF based on symptoms and HRQL and found three symptom 
factors [41]. Comparison of clusters are confined by choice of variables; 
we based the analyses solely on comorbidities, whereas a variety of 
other variables were included the other studies. Discrepancies between 
clusters in the studies could also be explained by differences in data 
collection, cohort characteristics and statistical methods. The cluster 
analysis methods differed between the studies. The advantage of using 
SOMs for cluster analyses compared to other methods is the visual 
output presenting the data distribution in a compact manner, which 

results in a good overview of data dependency. The highest values in the 
cluster indicator were observed at three to five clusters. We choose to 
present 4 clusters and explored the results of three and five clusters but 
this did not change the overall cluster presentation. Higher numbers of 
clusters resulted in a single comorbidity defining the entire cluster. This 
was not suitable for the present analyses of clustering of multiple 
comorbidities. 

One of the strengths of our study is the prospective and compre-
hensive data collection of comorbidities and the broad, real-world 
sample of patients with IPF from all three tertiary referral ILD centres 
in Denmark. Previous studies of comorbidities in large randomized 
clinical trials often have narrow inclusion and exclusion criteria applied 
and retrospective and register studies often suffer inherently from 
incomplete data collection. Our study allows for a comprehensive and 
more representative sample of the entire IPF population, and minimizes 
the risk of selection bias. The diagnosis was based on multidisciplinary 
discussions, enhancing the reliability of the IPF diagnosis. Furthermore, 
a wide range of methods were used to assess comorbidities, including an 
array of prospective tests and measurements for prespecified conditions 
of special interest. SOMs were used to visualize data dependency among 
the comorbidities in the cluster analyses, facilitating interpretation of 
the results. A limitation to our study is that some of the comorbidities 
were patient-reported. This may also result in an underestimation of 
comorbidities as patients do not always report chronic diseases without 
symptoms, e.g. arterial hypertension. To partly compensate for this 
problem, we included medication use in our study as proxies for unre-
ported comorbidities. Another limitation is the limited number of pa-
tients in individual clusters. Larger patient cohorts might be able to 
show survival differences. Our findings should be confirmed in other 
studies, preferably in larger cohorts with the possibility of larger 
numbers in each cluster or the addition of a confirmatory cohort. This 
was not possible in our study, as the numbers in the four clusters would 
become too small. It has yet to be confirmed that a comprehensive 
diagnostic work-up of comorbidities and timely treatment will affect the 
long-term prognosis of patients with IPF. 

In conclusion, our study found multimorbidity to be frequent in a 
multicentre, real-world cohort of patients with IPF. Cardiovascular, 
pulmonary, endocrine and psychological diseases were frequent 
comorbidities. Four clusters of comorbidities were identified and could 
represent phenotypes in IPF having distinct comorbidity profiles and 
patient characteristics. Even though patients with fewer comorbidities 
had better exercise capacity and less dyspnea at baseline, there was a 
trend towards a more rapid deterioration in these parameters. Increased 
knowledge of comorbidities will facilitate interventions aimed at pre-
vention and treatment of comorbidities in patients with IPF. 
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