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Abstract

Background: Comorbidities are common in interstitial lung diseases (ILD) and have an important association with
survival, but the frequency and prognostic impact of comorbidities in unclassifiable interstitial lung disease (ulLD)
remains elusive. We aimed to describe the prevalence of comorbidities and assess the impact on survival in patients
with ulLD. Furthermore, we aimed to identify and characterize potential phenotypes based on clusters of comorbidi-
ties and examine their association with disease progression and survival.

Methods: Incident patients diagnosed with ulLD were identified at two ILD referral centers in Denmark and Germany
from 2003 to 2018. The diagnosis ulLD was based on multidisciplinary team meetings. Clinical characteristics and
comorbidities were extracted from ILD registries and patient case files. Survival analyses were performed using Cox
regression analyses, disease progression was analyzed by linear mixed effects models, and clusters of comorbidities
were analyzed using self-organizing maps.

Results: A total of 249 patients with ulLD were identified. The cohort was dominated by males (60%), former (49%)

or current (15%) smokers, median age was 70 years, mean FVC was 75.9% predicted, and mean DLCO was 49.9%
predicted. One-year survival was 89% and three-year survival was 73%. Eighty-five percent of the patients had > 1
comorbidities, 33% had > 3 comorbidities and 9% had > 5 comorbidities. The only comorbidity associated with excess
mortality was dyslipidemia. No association between survival and number of comorbidities or the Charlson comorbid-
ity index was observed. Three clusters with different comorbidities profiles and clinical characteristics were identified.
A significant annual decline in FVC and DLCO % predicted was observed in cluster 1 and 2, but not in cluster 3. No
difference in mortality was observed between the clusters.

Conclusions: The comorbidity burden in ulLD is lower than reported in other types of ILD and the impact of comor-
bidities on mortality needs further clarification. Three clusters with distinct comorbidity profiles were identified and
could represent specific phenotypes. No difference in mortality was observed between clusters, but slower disease
progression was observed in cluster 3. Better understanding of disease behavior and mortality will require further
studies of subgroups of ulLD with longer observation time.
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In the current classification of ILDs, ulLD is acknowl-
edged as a specific disease entity [5]. Cohort studies have
previously shown that ulLDs are frequently encountered
and comprise 10-20% of all ILDs [6-8]. The diagnosis
is based on a comprehensive clinical work-up taking all
available information into consideration [5, 9]. Manage-
ment and treatment of this group of patients is challeng-
ing, and clinicians have to manage the clinical problems
according to the most likely diagnosis. No evidence-
based guidelines or treatment recommendations exist,
although recent studies described the potential of antifi-
brotic drugs in patients with progressive ulLD [10, 11].

Coexisting comorbidities may further complicate the
diagnosis by disallowing cryobiopsies and/or surgical
lung biopsies or by simultaneous presentation of over-
lapping diseases and risk factors such as emphysema and
smoking. Furthermore, comorbidities may impact the
prognosis and potential treatments, e.g., renal or hepatic
disease and ischemic heart disease.

The burden of comorbidities and their association with
survival has been characterized in patients with IPF, but
there is only limited information about the frequency
and type of comorbidities and the impact on survival in
patients with uILD [1, 2, 4, 12]. No previous studies have
explored combinations of comorbidities and whether
they may represent specific phenotypes in ulLD. Spe-
cific phenotypes may potentially result in different dis-
ease courses and prognosis, urge for special attention
from health-care providers, cause differences in health-
related quality of life (HRQL) or respond differently to
treatments.

The aim of the present study was to describe comor-
bidity patterns in a large cohort of patients with ulLD
from two expert centers and to assess the impact of the
total number and specific type of comorbidities on sur-
vival. Furthermore, we aimed to identify and characterize
potential phenotypes based on clusters of comorbidities,
and to study the association between these clusters and
disease progression and survival.

Methods
We identified incident patients diagnosed with uILD at
two ILD referral centers: the Thoraxklinik, Heidelberg
University Hospital, Germany and Center for Rare Lung
Diseases, Aarhus University Hospital, Denmark during
a 16-year period from 2003 to 2018. Clinical character-
istics at the time of diagnosis and during follow-up were
extracted from the ILD registries at the centers and from
patient case files.

We extracted information about age, gender, smok-
ing history including pack years, forced vital capac-
ity (FVC) and forced expiratory volume in 1 s (FEV1)
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(absolute value and percent predicted), FEV1/FVC ratio
and diffusing capacity of the lung for carbon monoxide
(DLCO), 6-min walk test distance (6MWD), high-res-
olution computed tomography (HRCT), bronchoscopy
with bronchoalveolar lavage, lung biopsy and comor-
bidities at the time of diagnosis from patients’ medical
records or from the ILD registries at the centers [6].
Each case was reviewed by experts and discussed at
multidisciplinary team meetings at the treating center
based on the available clinical information to ensure
that the inclusion criterion unclassifiable ILD was met.
Patients were considered having unclassifiable ILD
when a specific diagnosis could not be reached based
on all available clinical information and test results [9].
The clinical characteristics and disease trajectories
of patients registered from 2003 to 2009 in Aarhus has
been described in a previous publication [6].
Assessment of comorbidities was based on review of
the patients’ medical history and medication at base-
line. A standardized questionnaire was also included
in the assessment of the Heidelberg cohort [13]. Con-
ditions of special interest were pre-specified: emphy-
sema, ischemic heart disease, pulmonary hypertension,
diabetes, and gastro-esophageal reflux disease.

Statistics

Categorical data are presented as frequencies, and con-
tinuous data are presented as mean with standard devi-
ation (SD) or median with interquartile range (IQR). To
estimate survival, Kaplan—Meier estimates, log-rank
test, and univariate and multivariate Cox regression
analyses were performed. Adjustments were made for
age, gender and FVC in the Cox regression analyses. A
linear mixed effects model was used to assess changes
in FVC and DLCO in comorbidity clusters during fol-
low-up. Data were analyzed using STATA 14.2 (Stata-
Corp, College Station, Texas).

Clusters of comorbidities were analyzed by com-
puting self-organizing maps (SOMs), also known as
Kohonen maps, using Viscovery SOMine 7.2 (Viscovery
Software GmbH, Vienna, Austria). Multidimensional
data spaces were transformed into lower dimensional
abstractions using non-parametric regression analy-
ses. Homogenous data groups were then visualized and
analyzed statistically [14] . In a SOM, each color reflects
the average frequency of a comorbidity on a fitted color
scale. The SOM-Ward Cluster algorithm was applied in
the analyses. Data in each cluster were compared to the
rest of the cohort (the other clusters combined) using a
two-sided t-test with 95% confidence for normally dis-
tributed data and the Wilcoxon Mann—Whitney U test
otherwise.
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Results

Patient characteristics

We identified 249 patients with uILD diagnosed between
2003 and 2018; 143 patients were included in Aarhus
from 2003-2009 and 2012-2018, and 106 patients in
Heidelberg from 2012-2018. Histopathological samples
(surgical or cryo lung biopsy) was obtained in 77 (31%)
of patients and bronchoalveolar lavage in 173 (69%) of
patients. In the remaining cases, no biopsy was per-
formed due to patients’ request, too high risk of biopsy
or mild/stable disease. No patients were re-classified to
another ILD diagnosis during follow-up. The major-
ity of the patients were males with a smoking history
(Table 1). The median follow-up time was 2.0 years; 57
patients (23%) died during follow-up. At baseline, FVC%
predicted was mildly reduced whereas DLCO% predicted
was moderately reduced. More patients from Aarhus had
a smoking history compared to patients from Heidelberg
(p=0.004). In the Aarhus cohort, DLCO%, FVC%, and
6MWD was higher, but only the difference in DLCO%
reached statistical significance (p<0.001, p=0.1 and
p=0.08, respectively). Baseline characteristics are shown
in Table 1.

Number of comorbidities

Eighty-five percent of the patients had one or more
comorbidities (Fig. 1a). The median number of comor-
bidities was two (IQR 1-3), and the median Charlson
comorbidity index was zero (IQR 0-1). The frequency
of the registered comorbidities ranged from 1 to 39%.
Arterial hypertension (39%), emphysema (30%), diabetes

Table 1 Baseline characteristics of the ulLD patients
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(19%), gastro-esophageal reflux (18%) and coronary
artery disease (17%) were most common. Some slight
differences between centers were seen in specific comor-
bidities, potentially due to different smoking prevalences.
The baseline prevalence of all comorbidities is presented
in Fig. 1b.

Survival analysis

The only comorbidity associated with excess mortal-
ity was dyslipidemia in both univariate and multivariate
analyses (Table 2). None of the five pre-specified comor-
bidities of special interest (emphysema, ischemic heart
disease, pulmonary hypertension, diabetes, and gastro-
esophageal reflux disease) were associated with excess
mortality. No survival difference was seen in patients
with zero comorbidities vs. 1-3 or zero vs. 4 or more
comorbidities, nor in analyses of patients stratified by
the median number of comorbidities or median Charlson
comorbidity index (Table 3).

Clusters of comorbidities

Three clusters with different comorbidity profiles were
identified (Fig. 2, Table 4). Patients in cluster 1 had sig-
nificantly fewer comorbidities than the entire cohort.
Cluster 2 was dominated by patients with a larger total
number of comorbidities, primarily cardiovascular and
associated diseases, a higher body mass index (BMI)
and more severely impaired pulmonary function and
exercise capacity based on six-minute walk test Emphy-
sema, cancer and depression were more prevalent
in cluster 3, and these patients had a lower BMI and

All patients,
n=249

Aarhus cohort, Heidelberg cohort,
n=143 n=106

Age, years (IQR) 70.0 (60.0-75.0)

69.0 (60.0-75.0) 70.5 (58.0-77.0)

Male gender, % 60.2

Never smokers, % 345

Current smokers, % 14.9

Former smokers, % 49.0
Missing, % 16

Pack years (IQR) 25.0 (10.0-40.0)
Charlson comorbidity index (IQR) 0(0-1)

FVC, % pred (SD) 759 (24.6)
DLCO, % pred (SD) 49.9 (20.3)
6MWD, m (SD) 3574(136.2)
Follow up, years (IQR) 2.0(0.8-3.3)

1-year survival (95% Cl)
3-year survival (95% Cl)

0.89 (0.84-0.92)
0.73 (0.66-0.79)

587 62.3

273 443

189 94

524 443

14 1.9

30.0 (15.0-40.0) 20.0 (10.0-40.0)
0(0-1) 0(0-1)
78.1(24.9) 73.0(239)
54.1 (20.8) 446 (18.3)
3723 (1425) 338.1(125.6)
1.8(0.9-2.9) 2.5(0.7-3.6)

0.88(0.81-0.92)
0.67 (0.56-0.76)

0.91 (0.82-0.95)
0.81(0.70-0.88)

Data are presented as frequencies, mean with standard deviation (SD), median with interquartile range (IQR) or survival with 95% confidence intervals (Cl). FVC: Forced
vital capacity, DLCO: diffusion capacity of the lung for carbon monoxide, 6MWD: distance walked during the 6-min walk test
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Fig. 1 Total and specific comorbidities in the cohort. Data are presented as a percentage of all patients. A Total number of comorbidities per
patient. B Spectrum of comorbidities in the ulLD cohort. Multiple comorbidities could be reported

better exercise capacity. No difference in mortality was  Discussion

observed between the clusters (Fig. 3, Table 4). A sig-  Unclassifiable ILDs are associated with a severe prognosis
nificant annual decline in FVC and DLCO % predicted = compared to most other ILDs, approaching the prognosis
was observed in cluster 1 and 2, but not in cluster 3  of IPF [9]. However, beside the characteristics describ-
(Table 5). ing progressive pulmonary fibrosis in this cohort, other
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Table 2 Survival analyses for specific comorbidities
Comorbidities Univariate analysis (95% Cl) Multivariate

analysis (95%
Cl)

Diabetes (n=47)

Pulmonary hypertension (n=20)
Lung cancer (h=2)

Emphysema (n=74)
Gastro-esophageal reflux disease (n=46)
Arterial hypertension (n=98)
Depression (n=19)

Valve disease (n=12)

Atrial fibrillation (n=21)
Dyslipidemia (n=31)

Coronary artery disease (n=42)
Cancer (non-lung) (n=16)
Osteoporosis (n=21)
Cerebrovascular disease (n=17)
Venous thromboembolism (n=17)
Thyroid disease (n=16)

Sleep apnea (n=12)

Chronic heart failure (n=9)
Chronic renal failure (n=9)

Liver failure (n=2)

1.20 (0.63-2.29)
1.66 (0.75-3.68)

3.19(0.44-23.40)

(
(
(
1.04 (0.56-1.91)
0.92 (0.46-1.83)
1.25(0.74-2.11)
1.75(0.79-3.86)
1. 18(0 37-3.80)
66 (0.75-3.69)
2.16(1.18-3.96)
1.35(0.71-2.56)
1.75 (0.69-4.40)
1.14 (0.49-2.65)
1.85(0.79-4.32)
0.80 (0.25-2.58)
0.64 (0.20-2.05)
*
1.97 (0.84-4.61)
0.83(0.20-3.41)

*

0.93 (048-1.83)
1.52(0.67-343)
232(031-17.32)
1.24 (0.65-2.37)
0.95 (0.46-1.96)
1.02 (0.58-1.79)
1.75(0.74-4.13)
0.85(0.26-2.77)
0.90 (0.38-2.16)
2.25(1.19-4.24)
1.06 (0.53-2.10)
1.16 (0.44-3.06)
1.20 (0.50-2.87)
1.64 (0.68-3.97)
0.48(0.12-2.01)
0.74 (0.17-3.20)
%

141 (0.58-342)
0.58 (0.14-2.42)

*

Data are presented as hazard ratios with 95% confidence intervals (Cl). Hazard ratios > 1 indicate an association with increased mortality. Multivariate analyses are
adjusted for gender, age, and FVC% predicted. *: Number of deaths too low for analysis

Table 3 Survival analyses for number of comorbidities and Charlson comorbidity index

Parameter Univariate analysis Multivariate analysis 1-year survival (95% Cl) 3-year survival (95% Cl)
(95% CI) (95% ClI)

Number of comorbidities

0 Ref Ref 091 (0.74-0.97) 0.80 (0.56-0.92)

1-3 1.07 (047-2.41) 0.78 (0.34-1.81) 0.90 (O 83-0.94) 0.74 (0.65-0.82)

4 or more 1.40 (0.56-3.50) 0.90 (0.35-2.31) 0.86 (0.71-0.93) 0.64 (0.46-0.78)

<median (0-2) Ref Ref 0.89 (0 83-0.93) 0.79 (0.70-0.86)

>median (3 or more) 1.46 (0.86-2.49) 1.12 (0.64-1.95) 0.88 (0.78-0.94) 0.63 (0.49-0.74)

Charlson comorbidity index

<median (0) Ref Ref 0.88 (0.79-0.93) 0.77 (0.64-0.85)

>median (1 or more)

1.17 (0.68-2.03)

0.75(0.42-1.35)

0.90 (0.83-0.94)

0.71 (0.61-0.79)

Data are presented as hazard ratios or percent survivors with 95% confidence intervals (Cl). Hazard ratios > 1 indicate an association with increased mortality.
Multivariate analyses are adjusted for gender, age, and FVC% predicted. Ref.: Reference group

factors contributing to mortality are not well understood.
As patients with ulLD are mainly elderly, comorbidi-
ties could have an important impact on outcomes. The
present study shows that comorbidities are common in
patients with uILD, but the burden and impact of comor-
bidities were less pronounced in ulLD than in other
fibrotic ILDs [1-4]. We found a median number of two
comorbidities, whereas Prior et al. reported a median of

six comorbidities in IPF [4] and Wilscher et al., reported
a median number of three in chronic hypersensitivity
pneumonitis (cHP) [3]. These differences were observed
even though our ulLD patients were older (median age
70 years) than patients with cHP (mean age 63 years),
or the same age as patients with IPF (67.4 to 72.9 years).
A larger proportion of our patients (34.5%) were never
smokers compared to IPF (19.0-26.7%), which may
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Fig. 2 Comorbidity clusters and heat maps of each comorbidity. Cluster borders are indicated by the black lines. Each patient is placed in the same
area on all maps. Red colors indicate a high frequency of the specific comorbidity, while blue colors indicate absence of the comorbidity. CT: Cluster
1, C2: Cluster 2; C3: Cluster 3; GERD: Gastro-esophageal reflux disease; CAD: Coronary artery disease; VTE: Venous thromboembolism

partly explain the difference in the comorbidity burden
[4, 6]. Krauss et al. reported 38.6% never smokers in their
ulLD cohort, which was similar to our findings in the
present study, but lower than in cHP (50.2%) [3, 12]. The
spectrum of comorbidities included and differences in
the approach to registration may also influence the total
number of comorbidities. Overall, patients with ulLD
seem to have fever comorbidities compared with other
ILDs. Our data support the most recent ILD classifica-
tion characterizing ulLD as a specific diagnostic entity
[5].

The most prevalent comorbidities were the same as
reported in other comorbidity studies in fibrotic ILD.
Two studies have compared the prevalence of comorbidi-
ties in patients with ILD with age- and gender matched
controls in the general population and showed a higher
comorbidity burden in ILD in general [15, 16]. Arte-
rial hypertension is consistently reported as the most
common comorbidity in fibrotic ILD [1-4, 12, 17]. Gas-
tro-esophageal reflux disease (GERD) was among the
five most common comorbidities, similar to what was
observed in IPF and ulLD [1, 2, 4, 12, 17]. The influence
of GERD on disease progression in IPF has been repeat-
edly discussed and data on anti-acid treatment and surgi-
cal fundoplication are conflicting [18, 19].

Similarly, emphysema and coronary artery disease
were common in our ulLD cohort and percentages

varied only little compared to other uILD, IPF and cHP
cohorts, despite a large number of never-smokers. It still
remains to be seen whether smoking and environmental
and genetic risk factors or the underlying ILD disease is
the most significant contributor to emphysema. Diabe-
tes is a frequent comorbidity in IPF and other ILDs and
was observed in almost 20% of our cohort [3, 4, 12, 20].
The relationship between diabetes and fibrotic and/or
inflammatory ILD has previously been described, but it
is unclear whether diabetes is a potential risk factor for
disease development or disease progression [21].

In IPF and cHP, several studies have shown an asso-
ciation between mortality and the burden of comor-
bidities, expressed either as numbers, frequencies, or
using the Charlson comorbidity index [2, 3, 22]. This
was not the case in our study. The only comorbidity
associated with increased mortality was dyslipidemia,
whereas related diseases such as coronary artery dis-
ease, chronic heart failure, chronic renal disease and
cerebrovascular disease showed no clear association
with mortality. These dissimilarities may be caused by
lack of power due to the limited number of patients
included in the present study or differences in age,
gender and smoking characteristics compared to IPF
and cHP, or they may be related to other factors such
as physical (in-) activity, diet, social background, and
educational level [23]. Unfortunately, these factors
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Table 4 Clinical characteristics and prevalence of comorbidities in the three comorbidity clusters

Cluster 1: Cluster 2: Cluster 3:

(Few comorbidities) (Cardiovascular) (Emphysema)

n=77 n=85 n=87

Age, years (IQR)

Male, %

Never smokers, %

Current smokers, %

Former smokers, %

Missing, %

Pack years (IQR)

Body mass index (SD)

FVC, % predicted (SD)
DLCO, % predicted (SD)
6MWD, m (SD)

Total number of comorbidities, n (SD)
Emphysema, %

Pulmonary hypertension, %
Venous thromboembolism, %
Sleep apnea, %

Coronary artery disease, %
Dyslipidemia, %

Arterial hypertension, %
Atrial fibrillation, %

Chronic heart failure, %
Heart valve disease, %
Cerebrovascular disease, %
Chronic renal failure, %
Diabetes, %

Osteoporosis, %
Gastro-esophageal reflux disease, %
Thyroid disease, %

Liver failure, %

Lung cancer, %

Cancer, %

Depression, %

68.0(57.0~75.0), p=022
59.7,p=091
364,p=0.78
13.0,p=053
50.6,p=0.86

0.0

20.0 (15.0-30.0), p=0.1
272(53),p=0.14
774(213),p=052
53.8(20.5), p=0.06
377.7(1236),p=0.19
0.9 (1.1), p<0.0001*
5.7,p<0.0001*
39,p=0.11
39,p=022
26,p=028
221,p=014
6.5,p=0.06

0.0, p<0.0001*
104, p=0.46
78,p=056

39, p=065
78,p=069
13,p=0.19
0.0,p<0.0001*
52,p=022

0.0, p<0.0001*
78,p=056
13,p=056
0.0,p=034
13,p=003*
13,p=001*

69.0 (58.0-75.0), p=0.99

710(61.0-77.0), p=023

63.5,p=045 57.5,p=051
378,p=0.53 314,p=037
122,p=037 19.8,p=0.13
50.0,p=0.96 4838,p=083
35 12

25.5 (13.0-40.0), p= 047
298(49) p=0001"
1(264), p=003*
445 (19.7), p=0.006*
304.2 (139.5), p<0.0001*

35.0 (10.0-43.0), p=0.56
26.8 (4.8), p=003*
793 (24.8), p=0.11
516(19.8), p=036
394.6 (127.2), p=0.005"

34 (2.0), p<0.00017 20(1.1), p=041
257,p=001* 70.3,p<0.0001"
41,p=001" 57,p=033
11.8,p=003" 46,p=0231
8.2,p=007 34,p=046
28.2, p=0.0005" 1.1,p<0.0001*
200, p=0.009" 10.3, p=046
63.5,p<0.0001" 50.6, p=0.008"
7.1,p=058 80,p=087
8.2,p=040 34,p=0.16
82,p=007 23,p=017
35 p=0.14 92,p=028
8.2, p=0.005" 1.1,p=0.13
553,p<00001" 0.0, p<0.0001*
8.2, p=094 115,p=020
51.8,p<0.0001" 2.3,p<0.0001%
94,p=0.17 2.3,p=005
0.0, p=0.31 1.1,p=066
24,p=0.049" 0.0,p=030
47,0=043 126, p=0003t
7.1,p=081 13.8,p=0.0071

Data are presented as means with standard deviations (SD) or interquartile range (IQR) for continuous variables and frequencies for categorical variables. Significance
levels for the comorbidities was based on comparison between the result in one cluster and the rest of the cohort (the two other clusters combined) using the t-test

or Wilcoxon Mann-Whitney U test

*Significantly lower or less frequent in this cluster compared with the rest of the cohort (the two other clusters combined). *Significantly higher or more frequent
in this cluster compared with the rest of the cohort (the two other clusters combined). FVC: Forced vital capacity, DLCO: diffusion capacity of the lung for carbon
monoxide, 6MWD: distance walked during the 6-min walk test

cannot be characterized based on the available data in
this study. Furthermore, the effect on survival might
be mediated by the use of statins, as these have anti-
oxidant and anti-inflammatory properties [24, 25], and
may limit fibrosis by inhibiting lung fibroblasts [26, 27].
The survival observed in our cohort of patients with
ulLD was better compared with IPF. Due to the better
prognosis, longer follow-up may be needed to see the
impact of comorbidities in ulLD.

Three distinct clusters were identified based on overall
similarities in comorbidity patterns and revealed inter-
esting associations between comorbidities and clinical
parameters, possibly representing phenotypes in ulLD.
Cluster 1 consisted of patients with fewer comorbidities
than the rest of the cohort, whereas patients in cluster
2 had the largest number of comorbidities per patient,
mainly cardiovascular and associated diseases. Their
lower pulmonary function and exercise capacity could be
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due to more advanced ulLD and the higher prevalence of
pulmonary hypertension, which could be caused by car-
diac disease. Cluster 3 had a high prevalence of emphy-
sema. Pulmonary hypertension was not frequent in this
cluster, and we did not observe the association between
combined pulmonary fibrosis and emphysema and PH
that has been described in other studies [28]. Patients
in cluster 1 experienced an annual decline in FVC%
predicted, as did patients in cluster 2. The insignificant
decline in FVC% predicted in cluster 3 may be explained
by the high prevalence of emphysema, as ulLD and
emphysema have inverse impacts on FVC. No difference
in mortality was observed between the clusters. It would
probably require longer follow-up due to the low number
of patients in each cluster and the relatively low mortal-
ity. Similar comorbidity clusters have been observed in
patients with IPF [4]. Four cluster were identified, and the
comorbidity profiles of the first three cluster were com-
parable to our findings in ulLD: a cluster of patients with
few comorbidities, a second cluster of patients with more
comorbidities dominated by cardiovascular diseases, a
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third cluster predominantly consisting of patients with
emphysema, and a fourth cluster of patients with a high
prevalence of anxiety and depression and more comor-
bidities than the rest of the cohort. Likewise, a significant
decline in pulmonary function was observed in the fewer
comorbidities and cardiovascular clusters, and the IPF
study also showed similar survival across the four clus-
ters. Contrary to our results, there was an association
between smoking history and number of comorbidities in
IPE. The similarities between the clusters in IPF and ulLD
support the robustness of this stratification. Future stud-
ies should investigate the clinical implications of comor-
bidity clusters to further characterize these potential
phenotypes.

Our study and other studies of ulLD have shown that
this entity is much more heterogeneous than IPF. A study
by Hyldgaard et al. showed that disease behavior was able
to predict mortality [9], but further studies on disease
behavior in subgroups of ulLD are needed. The increas-
ing knowledge of non-IPF ILD overall, and especially the
subgroup of patients with progressive fibrosing ILDs, will
also contribute to knowledge of ulLD, which is especially
needed for patients with severe and progressive ulLD.

Strengths and limitations

The strengths of our study are the large cohort of patients
and the inclusion of data from two expert centers. Both
centers have implemented a standardized collection of
comorbidity data, which increases the probability of
identifying the most important comorbidities. Our study
has a number of limitations. As the study is retrospective,
there is always an inherent risk of bias due to incomplete
data collection and may therefore not be as generalizable
as a prospective study aimed at registering all comor-
bidities. We did not register co-medication and cannot
account for their impact on other comorbidities or long-
term clinical outcomes. Also, disease-specific treatments

Table 5 Survival analyses and changes in pulmonary function during follow-up

Parameter Cluster 1 Cluster 2 Cluster 3

n=77 n=85 n=87
Survival analyses
Number of deaths (%) 17 (22%) 22 (26%) 18 (21%)
Univariate analysis (95% Cl) Ref 1.07 (0.56 t0 2.03) 0.93 (048 t0 1.81)
Multivariate analysis (95% Cl) Ref 0.82(042to 1.61) 0.84 (042 to 1.67)

Pulmonary function
AFVC, % predicted
ADLCO, % predicted

—259(—344t0—1.74)
— 162 (—260to —0.64)

—217(=3.06t0—1.27)
—137(-236t0—037)

—0.54(—154t0047)
—095(=205t00.16)

Data are presented as frequencies, hazard ratios (Cox regression analyses), or change pr. Year (linear mixed effects models) with 95% confidence intervals. Multivariate
analyses are adjusted for gender, age, and FVC% predicted. A: Change per year. FVC: Forced vital capacity, DLCO: diffusion capacity of the lung for carbon monoxide.

Ref.: Reference group
Patients were followed for a median time of 2 years
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such as corticosteroid treatment may have affected the
prevalence and severity of comorbidities such as osteo-
porosis and diabetes. The limited follow-up time and
sample size could influence the mortality analyses. A
larger study with longer follow-up time would be able to
further elucidate the association between comorbidities
and mortality.

Conclusion

The comorbidity burden in ulLD is lower than reported
in other types of ILD and the impact of comorbidities on
mortality needs further clarification. Three clusters with
distinct comorbidity profiles were identified and could
represent specific phenotypes. No difference in mortal-
ity was observed between clusters, but slower disease
progression was observed in patients in cluster 3. Bet-
ter understanding of disease behavior and mortality will
require further studies of subgroups of ulLD with longer
observation time.
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