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Abstract

Background Interstitial lung diseases (ILD) include a wide range of diseases impacting lung parenchyma and leading
to fibrosis and architectural distortion. Chronic cough and dyspnea are common symptoms which affect the quality
of life (Qol) in ILD patients. The mechanisms of cough in ILD patients are still unknown. The aim of this study was

to prospectively investigate histological, radiological, and physiological determinants of cough-related QoL in ILD
patients who underwent transbronchial lung cryobiopsy (TBLC).

Methods All patients (n=111) filled in The Leicester Cough Questionnaire (LCQ) and The St George’s Respiratory
Questionnaire (SGRQ). They underwent lung function tests, forced vital capacity (FVC), forced vital expiratory volume
in 1 s (FEV1), diffusion capacity to carbon monoxide (DLCO), high-resolution computed tomography (HRCT), and
blood samples before diagnostic TBLC. Two experienced radiologists assessed the extents of following HRCT patterns:
ground-glass opacities (GGO), honeycombing, reticulation, traction bronchiectasis, and emphysema. Histology of
TBLC were re-analyzed by two experienced pulmonary pathologists and the presence of fibroblast foci, fibrosis, giant
cells, granulomas, and honeycombing were recorded.

Results In the median multivariate regression analysis, BMI (-0.19; 95% Cl -0.37- -0.014; p 0.035), GGO (-0.38; 95% Cl
-0.61--0.15; p 0.001), granulomas (-3.21; 95% Cl -6.12- -0.30; p 0.031), and current smoking (2.49; 95% C| 0.12-4.86; p
0.040) showed independent associations with LCQ total score. BMI (1.3; 95% Cl 0.20-2.42; p 0.021) and DLCO (-0.51;
95% Cl1-0.85 - -0.16; p 0.004) showed independent association with SGRQ total score.

Conclusion Determinants of cough-related QoL in ILD patients are multifactorial including physiological, radiological
and histological parameters.
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Background

Interstitial lung diseases (ILD) include a wide range of
diseases impacting lung parenchyma and leading to fibro-
sis and architectural distortion [1, 2]. Chronic cough and
dyspnea are common symptoms which affect the quality
of life (QoL) in ILD patients [3]. Chronic cough in ILD
has been most extensively studied in IPF, pulmonary sar-
coidosis and connective tissue disease associated intersti-
tial lung disease (CTD-ILD) patients. Cough prevalence
has varied in IPF between 68 and 88% [4—6], in pulmo-
nary sarcoidosis between 51 and 64% [7, 8] and in other
ILD patients between 66 and 71% [9, 10]. Chronic symp-
toms such as cough, dyspnea and fatigue together with
the clinical course of disease progression such as lung
function decline, comorbidities, and hospitalizations
decrease the QoL of ILD patients [11-13]. The level of
impairment in the cough-related quality of life (C-QoL)
has been shown to predict respiratory hospitalization,
death, and time to lung transplantation in ILD [14].

It has been shown that chronic cough in ILD patients
correlate with low spirometry values [9]. In IPF, cough
has been assumed to be increased by architectural dis-
tortion of the airways resulting from fibrosis [15], as well
as by cough reflex sensitivity [16], and overexpression of
neurotrophins [17]. Mucin 5B (MUC5B) polymorphism
has been shown to correlate with chronic cough in IPF
patients [18]. However, the mechanisms of cough among
ILD patients are still obscure and need further studies, as
suggested in the previous review articles [14, 19, 20]. The
aim of this study is to investigate histological, radiological
and physiological determinants of C-QoL in ILD patients
who have underwent transbronchial lung cryobiopsy
(TBLC) for diagnostic purposes.

Study design and methods
The patients of this study were prospectively recruited
from Kuopio University Hospital (KUH) and Tam-
pere University Hospital (TAUH) pulmonology clinics
between January 2015 and December 2021. Inclusion
criteria included a referral to a tertiary university hospi-
tal (KUH or TAUH) for a suspected ILD and TBLC was
suggested by multidisciplinary discussions (MDD) from
consecutive patients to confirm the diagnosis. The exclu-
sion criteria of the TBLC included forced vital expiratory
volume in 1 s (FEV1)<50%, total lung capacity<50%,
diffusion capacity to carbon monoxide (DLCO)<50%,
mean pulmonary artery pressure>55 mmHg in echocar-
diogram (ECHO), body mass index (BMI)>30 kg/m?® if
the mean pulmonary artery pressure in ECHO was >55
mmHg. The rest of the exclusion criteria are described in
more detail in an earlier publication [21].

All patients (n=111) underwent forced vital capac-
ity (FVC), FEV1, and DLCO tests, high-resolution com-
puted tomography (HRCT), and blood samples before

Page 2 of 8

the TBLC. Leicester Cough Questionnaire (LCQ), and
The St George’s Respiratory Questionnaire (SGRQ) were
filled in at baseline before the TBLC. A bronchoalveolar
lavage (BAL) was performed to all patients at the time of
the TBLC. After the analysis of the TBLC, the diagnosis
of ILD was set in MDD, as recommended by the current
international guidelines at that time [22, 23]. A written
informed consent was obtained from all participants.
This study protocol was approved by the Research Ethics
Committee of the Northern Savo Hospital district (state-
ment 80/2014) and the Tampere University Hospital
(R15149). This study was conducted in compliance with
the Declaration of Helsinki. The collection of the data is
described in detail in the earlier publication [21].

For this study, age was calculated at the time when
the questionnaires were filled in. Smoking status was
recorded in the first visit. Chronic cough comorbidi-
ties were recorded in the first appointment or from the
patients records. Gender-Age-Physiology (GAP) index is
a widely utilized tool to predict the risk of death in IPF.
In the present study, we used a modification of GAP in
which the MDD-assessed diagnosis of ILD was added
to the traditional variables gender, age, and lung physi-
ological variables [24].The extents of several specific
HRCT patterns were assessed separately in three zones
of each lung by two experienced radiologists. Ground-
glass opacities (GGO), honeycombing, and reticulation
were graded from 0 to 4 with a maximum score of 24
as follows: 0=finding absent, 1=minor peripheral scat-
tered changes, 2=uniform peripheral or minor central
changes, 3=substantial peripheral changes that pene-
trated deeply to the lung parenchyma, 4=very abundant
peripheral and central changes. Traction bronchiectasis,
and emphysema were graded from 0 to 3 with a maxi-
mum score of 18 as follows: O=absent, 1=single scat-
tered changes, 2=Ilarge single changes or several minor
changes, 3=uniform or substantial changes. The interob-
server mean score was calculated as a mean score by the
sum of six zones for two radiologists. Histology of the
TBLC samples were re-analyzed by two experienced pul-
monary pathologists, and the presence of fibroblast foci,
fibrosis, giant cells, granulomas, and honeycombing were
recorded.

Questionnaires
The LCQ is a validated, reproducible, C-QoL question-
naire. It contains 19 questions of which each is scored
from 1 to 7 with one indicating the most severe impair-
ment. The LCQ total score ranges from 3 to 21, repre-
senting the sum of the three different domains: physical,
psychological, and social impacts of cough [25].

The SGRQ is a validated, reproducible, 50-item QoL
questionnaire originally developed to measure the over-
all QoL in obstructive airway diseases [26] and later
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Table 1 Characteristics of patients with interstitial lung diseases
(n=111)
Measured variable

Age (years) 67.0 (61.0-73.0)
Gender (male) 68 (61.3%)
BMI (kg/m2) 28.1(26.4-31.1)
Current smoker 13 (11.7%)
Ever smoker 67 (60.4%)

FVC (% predicted) 80.0 (72.0-89.0)
FEV1 (% predicted) 83.0(73.0-91.0)
DLCO (% predicted) (n=110) 63.0(51.4-73.0)
BAL total cell count (n=83) 98.0 (66.0-160.0)
LCQ total score (n=110) 16.8 (13.3-18.7)
SGRQ total score (n=99) 314 (16.4-44.0)
Radiological findings
Ground-glass opacity* 3.0 (0.5-6.0)
Honeycombing* 0.0 (0.0-1.0)
Reticulation*® 9.5 (7.0-11.0)
Traction bronchiectasis* 0 (0-0.5)
Emphysema* 3.0(1.5-5.0)
Precense of histological findings
Fibroblast foci 84 (75.7%)
Granulomas 8 (7.2%)
Giant cells 13(11.7%)
Fibrosis 105 (94.6%)
Honeycombing 31 (27.9%)
Diagnoses of multidisciplinary discussion
Idiopathic pulmonary fibrosis 70 (63.1%)
Non-specific interstitial pneumonia 14 (12.6%)
Hypersensitivity pneumonitis 11 (9.9%)
Sarcoidosis 3(2.7%)
CTD-ILD 1
Asbestosis 1
RB-ILD 1
cop 1
Unclassified fibrosis 7 (6.3%)
Other 2
Patient reported chronic cough comorbidities
Asthma 17 (15.3%)
GERD 11 (9.9%)
Chronic rhinosinusitis 1
ACE inhibitor use (n=110) 14 (12.7%)
ILD-GAP index (n=110)
0-1 37 (33.6%)
2-3 58 (52.7%)
4-5 15 (13.6%)

>5 0
Values are given as medians with interquartile ranges

BMI, body mass index, FVC, forced vital capacity, FEV1, forced expiratory volume
in 15, DLCO, diffusion capacity for carbon monoxide, LCQ, The Leicester Cough
Questionnaire, SGRQ, The St George's Respiratory Questionnaire, CTD-ILD,
connective tissue disease associated interstitial lung disease, RB-ILD, respiratory
bronchiolitis interstitial lung disease, COP, cryptogenic organizing pneumonia,
GERD, gastro-esophageal reflux disease, ACE, angiotensin converting enzyme,
ILD-GAP index, interstitial lung disease Gender-Age -Physiology index, other:
eosinophilic pneumonia, breast cancer, *Interobserver mean score

Other: eosinophilic pneumonia, breast cancer, *Interobserver mean score
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validated and utilized also in ILDs [27, 28]. It includes
questions about respiratory symptoms frequency and
severity, activities that cause or are limited by breath-
lessness and social functions, and psychological distur-
bances. SGRQ also includes questions about cough. The
total score ranges from 0 to 100, the higher score indicat-
ing the lower QoL.

Statistical analysis

The LCQ total score was the primary end point of the
study and the SGRQ the secondary end point. These
parameters were not normally distributed (Kolmogorov-
Smirnov test) and non-parametric tests were used. The
data is presented as frequencies with percentages or
medians and interquartile ranges. Bivariate associa-
tions were investigated utilizing Spearman correlation
coefficient or Mann-Whitney-U test when appropriate.
The independent variables for the multivariable models
were selected on two grounds. First, by previous knowl-
edge about the association between a variable and the
end points, and second, by the documented statistically
significant bivariate association in the present mate-
rial. Median multivariate regression analysis was used
because parameters were not normally distributed.
P<0.05 was accepted as a level for statistical significance.
All data was analyzed using IBM SPSS Statistics version
29.0.1.0.

Results

The characteristics of the patients are presented in
Table 1. The study population (#=111) was male domi-
nant, slightly overweight, and with mildly impaired FVC
and DLCO. Most of the patients suffered from IPF (63%),
and belonged to ILD-GAP index stages 1-2, while only
15% of patients were in stage 3, and no patients in stage
4 (Table 1). In the bivariate analyses, the LCQ total score
showed an inverse association with BMI, histological
presence of granulomas, and radiological GGO mean
score. The LCQ total score was higher in ever smokers
than in never smokers. The SGRQ total score correlated
with BMI, DLCO, and radiological GGO mean score
(Table 2). Other variables, as revealed in the Table 1,
showed no statistically significant associations with the
end points. The LCQ total score and the SGRQ total
score correlated statistically significantly (Spearman’s
correlation coefficient —0.645, p<0.001).

In the median multivariate regression analyses, GGO,
BMI, granulomas and current smoking showed indepen-
dent associations with the LCQ total score (Table 3a)
(Figs. 1 and 2, and 3). BMI and DLCO showed indepen-
dent associations with the SGRQ total score, whereas
GGO, and angiotensin converting enzyme (ACE) inhibi-
tor use did not quite reach the statistical significance
(Table 3b). The presence of granulomas was seen in eight
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Table 2 Bivariate associations between the independent variables and the LCQ and the SGRQ questionnaire results. (Spearman

correlation coefficient (rs) or Mann-Whitney-U test)

Characteristics of ILD patients

LCQ total score (n=110) SGRQ total score (n=99)

Age (years) Rs
Gender: male (n=68)
female (n=43)

BMI (kg/m2) Rs
Current smoking: yes (n=13)
no (n=98)

Ever smoking: yes (n=67)
no (n=44)

FVC (% predicted) Rs
FEV1 (% predicted) Rs
DLCO (% predicted) Rs
Ground glass opacities Rs

Granulomas: yes (n=8)
no (n=103)

Presence of any chronic cough comorbidities: yes (n=26)
no (n=85)

ACE inhibitor use: yes (n=14)
no (n=96)

009 (p=033) 0.13 (p=0.20)
17.0 (13.4-186) 31.1 (14.1-49.1)
16.1 (12.0-19.0) 31.5(17.9-31.5)
(p=081) (p=0.79)

-0.28 (p=0.004)
18.5(13.4-19.6)
16.7 (13.1-18.5)
(p=0.19)
17.5(13.4-19.0)
159 (12.0-184)
(p=031)

0.048 (p=0.62)
0.09 (p=0.33)
0.51 (P=0.60)
-0.21 (p=0.03)
12.7 (7.8-15.5)
16.9 (13.4-19.0)
(p=0.009)
15.0(12.7-18.0)
17.0 (13.4-19.0)
(p=0.20)
16.3(12.5-182)
16.8 (13.2-18.9)
(p=0.83)

0.32 (p=0.001)
23.8(23.8-37.8)
31.5(16.6-48.7)
(p=0.35)

266 (14.3-42.0)
33.5(18.0-48.7)
(p=0.30)

-0.20 (p=0.051)
-0.14 (p=0.17)

-0.27 (p=0.007)
0.27 (p=0.008)

34.8 (29.8-56.7)
31.2(149-436)
(p=021)

34.8 (26.5-46.3)
26.8 (14.1-46.3)
(p=0.10)

37.7 (23.9-69.1)
293 (15.1-43.1)
(p=0.09)

ILD, interstitial lung diseases, BMI, body mass index, FVC, forced vital capacity, FEV1, forced expiratory volume in 1 s, DLCO, diffusion capacity for carbon monoxide,
LCQ, The Leicester Cough Questionnaire, SGRQ, The St George’s Respiratory Questionnaire, ACE, angiotensin converting enzyme

Table 3 (a) the LCQ median multivariate regression analysis. (b)
the SGRQ median multivariate regression analysis

Characteristics Coefficient (95% Cl) p-value
a

BMI -0.19 (-0.37--0.014) 0.035
Groung glass opacities -0.38 (-0.61--0.15) 0.001
Granulomas -3.21 (-6.12--0.30) 0.031
Current smoking 249 (0.12-4.86) 0.040
b

BMI 1.31(0.20-242) 0.021
Groung glass opacities 1.26 (-0.23-2.75) 0.096
DLCO -0.51 (-0.85--0.16) 0.004
ACE inhibitor use 14.35(-0.17-28.87) 0.053

Cl, confidence interval, ACE, angiotensin converting enzyme, BMI, body mass
index, DLCO, diffusion capacity for carbon monoxide, LCQ, The Leicester Cough
Questionnaire, SGRQ, The St George's Respiratory Questionnaire

ILD patients with the following MDD diagnosis: chronic
hypersensitivity pneumonitis (CHP) (N=4), unclassified
ILD (N=2), sarcoidosis (N=1), and NSIP (N=1).

Table 3a and 3b. The median multivariate regression
analyses about the determinants of the LCQ (3a) and the
SGRQ (3b).

In each analysis, the independent variables were age,
gender, BMI, current smoking, FVC, DLCO, ground glass
opacities, presence of granulomas, presence of comorbid-
ities and the use of ACE inhibitors. The tables present the
final steps of the backward-directed analyses indicating

LCQ total score
o

27
o

<26.1 26.41-28.1 28.11-31.1 >31.11
BMI

Fig.1 LCQtotal score median with interquartile range and BMlin quartiles

LCQ total score
@

No Yes

Granulomas

Fig. 2 LCQ total score median with interquartile range and presence of
granulomas in histological samples



Saari et al. BMC Pulmonary Medicine (2024) 24:427

LCQ total score
[

54 96
)

0-0.50 051-3.00 3.1-6.0 6.1-240

Ground glass opacity

Fig. 3 LCQ total score median with interquartile range and ground-glass
opacity in quartiles

the variables showing at least suggestive (p<0.1) inde-
pendent associations.

Discussion

In the present study, we prospectively investigated his-
tological, radiological and physiological determinants of
C-QoL in ILD patients who underwent TBLC. For the
first time, C-QoL was associated with radiological GGO
and presence of granulomas. C-QoL was also associated
with BMI and current smoking status. The LCQ did not
show any relationship with lung functions or BAL total
cell count in this study population. Furthermore, the QoL
measured by the SGRQ was associated with BMI, and
DLCO.

The LCQ total score was associated with BMI in the
bivariate and in the median multivariate regression anal-
ysis. The impact of BMI was clinically significant since
the difference in the median LCQ total score between
the fourth quartile (BMI>31.11) and the second quar-
tile (BMI 26.41-28.1) was over 4 points and the minimal
important difference measured by the LCQ is 1.3 points
[29]. In our study, overweight in ILD patients increased
the risk of having poorer C-QoL and overall QoL. Our
results are in line with an earlier study showing that the
risk of chronic cough is two to three times higher in
obese individuals in general population [30]. Further-
more, in the earlier studies on ILD a suggestive positive
association between BMI and cough have been shown
[9], as well as, overweight (BMI 25-29.9), and obesity
(BMI 30-34.9) have been associated with lower pulmo-
nary function, worse dyspnea and poorer QoL compared
to subjects with normal weight [31]. Also, in sarcoidosis
patients’ lower QoL, measured by the LCQ, were associ-
ated with higher BMI [32].

A recent study suggested a potential association
between obesity and ILD revealing that greater amount
of pericardial and abdominal visceral adipose tissue were
associated with CT measures of early lung injury and
lower FVC which may represent a modifiable risk fac-
tor for ILD [33]. Kim et al. showed that overweight and
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obese individuals have lower circulating levels of serum
adiponectin and higher circulating levels of proinflam-
matory adipokines compared with normal weight adults
[34]. These mediators are associated with higher attenu-
ation areas and fibrosis in CT scans and with lower lung
functions. Individuals with lower circulating adiponectin
may be more vulnerable to other mechanisms of repeti-
tive lung injury (e.g., acid reflux, infection, smoking),
leading to recurrent injury and abnormal remodelling
[34]. GERD in ILD population is a common comorbidity
which might be one reason behind the cough. According
to the recent study, 51-73% of the ILD patients suffered
from GERD [35, 36]. In ILD, higher transdiaphragmatic
pressure and low esophagogastric junction pressure and
also dissociation between the pressure’s temporal rela-
tionship, may explain the high relationship with GERD
in ILD [36]. Although, weight loss and lower BMI were
associated with mortality in ILD population [37].

For the best of our knowledge, we were able to show
that GGO was associated with C-QoL for the first time.
We believe that the impact of GGO is clinically signifi-
cant, since the median LCQ in the fourth quartile was
over 4 points lower than that in the first and second
quartiles (Fig. 3) perceiving that the minimum clinically
important difference of the LCQ total score is 1.3 [29].
Ground-glass refers to an area of increased attenuation
that does not completely obscure the underlying struc-
tures [38]. The finding is nonspecific, as ground-glass can
be caused by any abnormal process that replaces alveolar
air by fluid or cells, for example, edema, inflammation, an
increase in capillary blood volume, histologic fibrosis, a
lepidic pattern of adenocarcinoma, or a combination the
above (38). Therefore, we cannot suggest the exact mech-
anisms linking the GGO with poor C-QoL.

In our study we showed for the first time, that histo-
logical presence of granulomas was associated with the
impairment of C-QoL. The difference between patients
with and without granulomas was over 4 points mea-
sured by the LCQ total score median, which made it a
clinically significant result (Fig. 2) [29]. There was also
bivariate association between the SGRQ and granulo-
mas, probably because the SGRQ included cough ques-
tions, although statistical correlation was not seen in the
median multivariate regression analysis. Granulomas are
unspecific lesions whose appearance do not reveal the
etiology or disease unless the inciting agent can be identi-
fied within the granuloma [39], and MDD approach plays
the key role when diagnosing granulomatous diseases
especially in the field of ILD [39]. In a study including 103
patients with HP, 97% reported cough [40]. 52 patients
underwent transbronchial lung biopsy or endobronchial
lung biopsy and of them, 30 patients had ill-defined gran-
ulomas in histological specimen [40]. In sarcoidosis, it
has been shown that neurotrophins and their receptors
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are stained in granulomas and alveolar macrophages
[41]. Still, association between cough and neurotrophins
remains unproven [42]. In our study histological findings
causing architectural distortion (honeycombing or fibro-
sis) did not correlate with C-QoL. Granulomas in the
lung tissue are usually seen in several processes such as
sarcoidosis, pulmonary lymphoid lesions as lymphoma-
toid granulomatosis (LYG), granulomatous lymphocytic
interstitial lung disease (GLILD), aspiration, exposure
associated diseases as HP, vasculitis and in collagen vas-
cular disorders [43]. In our study population, granulomas
were found in sarcoidosis, chronic hypersensitivity pneu-
monitis, NSIP, and unclassified ILD patients.

Current smokers seemed to have better C-QoL than
ever smokers. This finding is probably explained by the
“healthy smoker effect” and it has been described in vari-
ous lung disorders [44] including IPF [45]. In these stud-
ies, current smokers had milder disease than former
smokers. This effect indicates that patients continue the
smoking habits, because they do not get serious symp-
toms from smoking and their lungs are relatively resis-
tant to it.

This study did not show association with C-QoL and
lung function tests or BAL findings. Chronic cough
patients with ILD have shown positive association with
lung function decline, severity of the lung disease and
6 min walking test in the earlier study with a large study
population [9]. However, there is also a large study on
ILD-patients in which C-QoL showed no correlation
with lung function indices [46]. Another large study with
the population of 1447 ILD patients showed correlation
between lung functions and C-QoL in baseline but not
in 12 months follow up [14]. Also, in pulmonary sarcoid-
osis lung functions showed no correlation to cough [47].
To our knowledge, association between C-QoL and BAL
findings have not been studied earlier.

Our study has several limitations. We used LCQ as a
measure of C-QoL in ILD population. LCQ is well vali-
dated cough specific quality of life questionnaire, and it is
validated in COPD [48], non-cystic fibrosis bronchiecta-
sis [49], and non-tuberculous mycobacterial lung-disease
[50], but not in IPF or ILD. However, the LCQ has been
used in ILD and IPF patients [14]. Secondly, our study
population was quite small, 62% of the population were
IPF patients, and the patient material was at early stage
of the disease. The mechanisms of the impairment in the
C-QoL may be different in more advanced ILDs. Thirdly,
there were only eight patients with granulomatous dis-
ease which was associated with C-QoL.

Conclusion

Among patients with early stage ILD, the impairment in
C-QoL was mainly associated with the presence of gran-
ulomas in TBLC samples, GGO in HRCT and high BML
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Impairment of the overall QoL, measured by the SGRQ,
was mainly associated with high BMI, age and GGO
seen in HRCT. This was the first study to find association
between granulomas and C-QoL in ILD population. In
the future, these results should be controlled in a larger
population, surgical lung biopsies and more advanced
disease.
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