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Abstract

Introduction Lung transplantation (LTx) aims to improve the health-related quality of life (HRQoL). We applied the
GR-Scale for the first time in patients after LTx due to interstitial lung diseases (ILDs), compared it longitudinally with
non-transplanted patients, and evaluated the impact of chronic allograft dysfunction (CLAD) on the HRQoL.

Methods In this prospective longitudinal cohort pilot study, we compared HRQoL by utilizing the GR-Scale between
non-transplanted patients (n=32) and transplanted patients (n=26). In a second step, we compared HRQol between
transplanted patients with (n=11) and without CLAD (n=42). A follow-up assessment was conducted after 3to 6
months.

Results Statistically significant differences in HRQoL were observed between patients after LTx and non-transplanted
patients, with worse HRQoL in non-transplanted patients, at both baseline (p <0.001) and follow up (p <0.001).
Furthermore, the GR-Scale found statistically significant worse HRQoL in transplanted patients with CLAD compared
to those without, both at baseline (p=0.014) and follow-up (p=0.011). Additionally, significant differences were
found in the individual items of the GR-Scale, with physical symptoms showing a more pronounced difference than
psychological symptoms in both analyses. No significant differences were observed between the groups regarding
age and sex.

Conclusion Our pilot study suggests that the GR-Scale is an easy-to-use and valuable tool to assess HRQoL in lung
transplant recipients providing important additional information for clinical evaluation of this patient population, also
longitudinally.

Trial registration Our study was retrospectively registered in the German Clinical Trial Register (DRKS) on 02.11.2022
(DRKS-ID: DRKS00030599).
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Introduction

Interstitial lung diseases (ILDs) often lead to a limited
health-related quality of life (HRQoL) as they cause a
major burden for patients and affect their lives in many
ways [1-4]. Usually, ILD symptoms begin insidiously and
increase over time. The most common symptoms include
shortness of breath, cough, and fatigue [5, 6]. Particu-
larly as the disease progresses, the HRQoL is increasingly
negatively affected. This is caused by the symptoms of the
disease, but also factors such as therapy-related aspects,
reduced social participation, dependence on other peo-
ple, the prognosis and mental health restrictions play an
important role [1].

The respective therapy of ILD varies depending on the
specific type of disease and its severity [5, 7]. In selected
patients with very severe and advanced disease, lung
transplantation (LTx) is an important and the only poten-
tially curative treatment option [5, 8]. The main goals of
LTx are to prolong patients’ lives and improve their qual-
ity of life [9-13]. Prior studies have shown a significant
improvement in HRQoL at 3 to 6 months after LTx [13,
14].

Over time, however, the improved HRQoL may decline
again due to various causes, such as medication-related
side effects, comorbidities, infection, and depression.
Another important factor is the occurrence of chronic
lung allograft dysfunction (CLAD) [13, 14]. CLAD is
often regarded as chronic rejection which is defined by
a substantial and persistent decline (> 20%) in measured
forced expiratory volume in one second (FEV1) from
the reference (best-FEV1 after LTx) value. The staging
of CLAD (into stages O to 4) is also based on the FEV1
value [15, 16]. The probability of the occurrence of
CLAD increases with time after LTx. After 2 years 22%,
after 5 years 50%, and after 10 years 77% of lung trans-
plant recipients are affected [17, 18]. CLAD has two main
clinical presentations, bronchiolitis obliterans syndrome
(BOS) and restrictive allograft syndrome (RAS), which
can overlap, leading to mixed or undefined phenotypes.
The most common phenotype is BOS (with up to 80%),
while RAS accounts for approximately 30% and the phe-
notypes mixed and undefined are rather rare [15, 16, 19,
20]. Symptoms include cough, shortness of breath, and
fatigue, with RAS progressing more rapidly and severely
than BOS [21]. Treatment options are limited, and
median survival is around 2.5 years, with RAS having a
poorer prognosis than BOS [15, 16, 19, 20].

HRQoL has become increasingly relevant as a patient-
reported outcome and endpoint in clinical trials for both
non-transplanted ILD patients and those after LTx [14,
22]. It can be assessed using patient-reported outcome
measures (PROMs), usually questionnaires, which cap-
ture the patient’s perspective on their symptoms and
daily life with the disease, without the interpretation by
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another person. Compared to other routine measures,
such as lung function parameters or chest imaging,
PROMs can capture how patients “feel and function” in
their lives, offering a more complete understanding of
the disease’s impact. These other routine measures are
clearly important but may not fully capture the patient
experience and can differ from patient’s perceptions [2,
13, 23, 24]. This underlines the fact that relying solely on
these objective measurements can lead to misinterpreta-
tions and emphasises the importance of PROMs and the
assessment of HRQoL.

Due to length and complexity of existing question-
naires, Scallan et al. designed the Raghu scale for pulmo-
nary fibrosis (R-Scale-PF), which is originally intended to
assess the HRQoL in patients with idiopathic pulmonary
fibrosis (IPF). This simple numerical rating scale assesses
the severity of five symptoms (cough, shortness of breath,
fatigue, depressed mood, overall sense of wellbeing) in
the last two weeks. Scallan et al. have evaluated the ques-
tionnaire in 100 patients with IPF and comparable results
to the established questionnaires (K-BILD) questionnaire
and the EuroQol Five-Dimensional Five-Level question-
naire (EQ-5D-5 L) where found [25]. In a previous study
we have developed a German version of the R-Scale-PF
(GR-Scale) and have evaluated its validity in various ILD
entities [26].

The aim of our prospective longitudinal cohort pilot
study was to apply the GR-Scale for the first time in
patients who had undergone LTx due to ILD. We used
the GR-Scale to compare the HRQoL between patients
after LTx and non-transplanted patients with ILDs, and
subsequently assessed the impact of the occurrence of
CLAD on the HRQoL in patients after LTx.

Methods

Study design and population

The study populations were recruited at the LMU Univer-
sity Hospital Munich, Germany. We included consecutive
patients, age 18 years or older, with a consensus diagnosis
of ILD, including IPE, chronic hypersensitivity pneumo-
nitis (cHP), non-specific interstitial pneumonia (NSIP)
and unclassifiable interstitial lung disease (uILD) and
those who have received double-LTx due to these diagno-
ses. All diagnoses were made in accordance with current
international criteria [27]. Patients with an acute exacer-
bation of their underlying ILD or any other acute medical
event at the time of assessment were excluded. Our study
comprises two separate analyses to assess the impact of
LTx on the HRQoL in patients with ILDs based on four
independent patient cohorts: the first analysis compared
the HRQoL between non-transplanted and transplanted
patients with ILDs, while the second compared the
HRQoL between transplanted patients with and without
CLAD. To assess the HRQoL, we used the GR-Scale, as
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previously published [25, 26]. In brief, the GR-Scale is a
questionnaire consisting of 5 items (cough, shortness of
breath, fatigue, depressed mood, overall sense of well-
being), with scores range from 0 to 10 for each item and
from 0 to 50 for the total score, where higher scores indi-
cate greater limitations [25, 26]. The patients were inter-
viewed twice with the GR-Scale. The follow-up interview
took place after 3 to 6 months, consistent with guideline
recommended intervals for ILD patients and the routine
follow-up practice at our hospital, and was included to
capture potential changes in HRQoL and to evaluate the
consistency across repeated measurements. All patients
completed the questionnaire as self-assessment, without
the help of health care professionals. Pulmonary function
data and comorbidities were reported to characterize
the study population but were not part of the analyses.
The comorbidities were systematically recorded from the
patients’ medical records. All clinically documented diag-
noses were considered.

Comparison of HRQoL in ILD patients with and without lung
transplantation

For this comparison, we included consecutive patients
with the above-mentioned diagnoses and those who
received double-LTx due to these ILD diagnoses. Trans-
planted patients were included in the study if the trans-
plantation had been performed more than 3 months but
no longer than 3 years prior to the baseline examination.
We used this time frame assuming that the benefit from
LTx is maximized in this period, as acute problems have
been solved and long-term sequalae are not yet domi-
nant. In order to substantiate this assumption and iden-
tify any potential influence of the chosen time frame,
we conducted a correlation analysis between time since
transplantation and the GR-Scale total scores, at base-
line and follow-up. For non-transplanted patients, status
on the lung transplant waiting list was not considered an
inclusion or exclusion criterion, as the study focused on
the clinical comparison between transplanted and non-
transplanted ILD patients and not on pre-transplant
evaluation characteristics. To identify potential con-
founders, we analyzed group differences in terms of age
and sex. We then compared the GR-Scale results of the
two groups with each other. Both at baseline and at fol-
low-up, we compared the 5 individual items and the total
score.

Comparison of HRQol in lung transplant patients with and
without CLAD

For this analysis, we included consecutive patients who
had undergone double-LTx due to one of the above-
mentioned diagnoses. The time since transplantation was
not an inclusion or exclusion criterion for this analysis.
The included transplanted patients were divided into two
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groups based on the presence or absence of CLAD, which
is defined by a substantial and persistent decline (> 20%)
in measured FEV1 from the reference (best-FEV1 after
LTx) value and exclusion of other causes [15]. Again, we
analyzed differences between the groups in terms of age
and sex, to identify potential confounders and we then
compared the GR-Scale results (5 items and total score)
at baseline and at follow-up.

Statistical analysis

Descriptive statistics were calculated for all groups and
for both baseline and follow-up variables, using mean
and standard deviation to describe continuous variables
and absolute frequencies and percentages for categorical
variables.

To compare variables between two groups, we chose
the independent two-sample t-test for continuous vari-
ables, reporting the effect size as Cohens’ d. These effect
sizes (Cohen’s d) were calculated using the point esti-
mate, based on the pooled standard deviation of the two
compared groups and interpreted following Cohen’s
guidelines with 0.2 = small, 0.5 = medium and > 0.8 =
large [28]. For categorical variables, we applied the chi-
square-test, reporting the effect size as Cramér’s V.

To analyze potential correlations, we used the Pearson
correlation coefficient (r) for continuous variables and
reported both r-values and corresponding p-values.

For statistical analysis IMB SPSS statistics, version 29
(IBM, Armonk, NY, USA) was used, with p <0.05 consid-
ered statistically significant.

Ethical approval

This study was approved by the ethics committee of
the medical faculty of LMU Munich (project number
22-0651). Written informed consent was obtained from
all patients prior to enrolment.

Results

HRQol in ILD patients with and without lung
transplantation

Baseline characteristics

Between October 2022 and December 2022, the GR-
Scale was completed by 32 patients with a multidisci-
plinary discussion (MDD) based diagnosis of ILD (group
1) and by 26 patients who had previously received a LTx
due to a MDD-based diagnosis of ILD (group 2), all of
whom presented for routine clinical check at our tertiary
hospital. All patients completed the GR-Scale question-
naire without missing information.

The patients’ demographics and baseline charac-
teristics are shown in Table 1. In group 1, 27 (84.38%)
patients completed the questionnaire a second time after
4.36 £1.21 months. In group 2, 26 (100%) patients com-
pleted the questionnaire again after 4.41 +1.14 months.
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Table 1 Baseline characteristics and GR-Scale results of groups
Tand?2

Characteristics Group 1 Group 2 p-
(non-trans- (transplanted) value
planted ILD)

Patients n 32 26

Male: female n 19:13 20:6 0.16

Age, year 6544+11.14 61.23+648 0.09

Time since LTx (years) - 131+0.72

ILD subtype n (%)

cHP 10 (31.25) 7(26.92) 0.719

IPF 9(28.13) 11(4231) 0.258

NSIP 8(25.00) 5(19.23) 0.6

ulLD 5(15.62) 3(11.54) 0.654

ILD subtype 0.726

distribution

Comorbidities 328+22 504+2.18 0.004

Lung function at baseline

TLC, % predicted 66.02+18.02 75.23+16.06 0.059

FVC, % predicted 70.56+18.5 79.16+19.21 0.093

FEV1, % predicted 72.28+20.82 81.89+22.78 0.103

Lung function at follow-up

TLC, % predicted 67.62+18.1 76.19+£16.31 0.076

FVC, % predicted 69.62+20.6 80.04+19.53 0.065

FEV1, % predicted 71.96+21.94 81.87+22.34 0.11

GR-Scale results at baseline

Cough 3.69+2.89 1.71+1.84 0.004

Shortness of breath 534+2.66 269+191 <0.001

Fatigue 448+249 2.73+1.96 0.005

Depressed mood 2444235 144+2 0.092

Overall sense of 434231 3+2.01 0.028

wellbeing

Total Score 20.25+92 11.58+£7.12 <0.001

GR-Scale results at follow-up

Cough 3.69+2.77 2.08+1.83 0.016

Shortness of breath 535+27 2.77+246 <0.001

Fatigue 465+2.83 275221 0.009

Depressed mood 2.98+2.45 133+1.86 0.008

Overall sense of 42+2.1 252+1.83 0.003

wellbeing

Total score 20.87+10.56 11441797 <0.001

Data are presented as mean+SD, unless otherwise stated

Definition of abbreviationsILD interstitial lung  disease, cHP chronic

hypersensitivity pneumonitis, IPF idiopathic pulmonary  fibrosis,

NSIP nonspecific interstitial pneumonitis, ulLD unclassifiable interstitial

lung disease, TLC total lung capacity, FVC forced vital capacity, FEV1 forced
expiratory volume in one second

Group 1=non-transplanted patients with ILD, group 2=transplanted patients
duetoILD

The GR-Scale results of the two groups at follow-up are
also shown in Table 1.

Comparison of age and sex

The independent two-sample t-test showed no signifi-
cant difference between the two groups in terms of age
(p=0.09). The mean age in group 1 was 65.44+11.14
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years and in group 2 61.23 + 6.48 years. The mean differ-
ence was 4.21 years (95% CI [-0.74, 9.15]) and the effect
size, Cohen's d, was 0.45.

Also for sex, no significant difference between the
groups could be determined using the chi-square-test
(x*(1)=2.01, p=0.16). In group 1 40.63% were females
and in group 2 23.08% were females. The effect size, Cra-
mér’s V, was 0.19.

These results indicate comparability between the
groups regarding age and sex distribution.

Comparison of the GR-Scale results at baseline and follow-up
At baseline, significant differences were found for the
items “cough’, “shortness of breath’, “fatigue” and “overall
sense of wellbeing’, as well as for the total score between
the two groups. All these mentioned values were statis-
tically significant higher in group 1, indicating a higher
burden of disease. Only the item “depressed mood”
showed no statistically significant differences between
the two groups. However, the value was numerically
higher in group 1.

At follow-up, differences were found for all 5 items
(cough, shortness of breath, fatigue, depressed mood and
overall sense of wellbeing) as well as in the total scores.
All values were statistically significant higher in group 1.

No statistically significant correlation was found
between time since transplantation and the GR-Scale
total score, neither at baseline (»=0.275, p=0.174) nor at
follow-up (r=0.096, p=0.642). Indicating that the time
since transplantation has not significantly influenced the
GR-Scale results of the transplanted patients (Table 2).

HRQol in lung transplant patients with and without CLAD
Baseline characteristics

Between October 2022 and December 2022, the GR-
Scale was completed by 42 patients who had undergone
LTx due to a MDD based diagnosis of ILD without CLAD
(group 3) and by 11 patients with CLAD (group 4). All
patients have undergone routine clinical care at our ter-
tiary hospital and all of them completed the GR-Scale
without missing information.

The patients’ demographics and baseline charac-
teristics are shown in Table 3. In group 3, 41 (97.62%)
patients completed the questionnaire a second time after
4.57 £1.08 months. In group 4, 11 (100%) patients com-
pleted the questionnaire again after 4.9+ 0.8 months. The
GR-Scale results of the two groups at follow-up are also
shown in Table 3.

Comparison of age and sex

The independent two-sample t-test showed no signifi-
cant difference between the two groups in terms of age
(p=0.885). The mean age in group 3 was 60.52+8.25
years and in group 4 60.09+10.65 years. The mean
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Table 2 Comparison of the GR-Scale results at baseline and
follow-up between groups 1 (non-transplanted ILD) and 2
(transplanted)

Group Mean+SD  Mean p-value ES
GR-Scale difference
total score (95% ClI)
GR-Scale results at baseline
Cough 1 3.69+2.89 1.98 0.004 0.8
(0.66-3.29)
2 1.71+1.85
Shortness of 1 5.34+266 2.65 <0.001 113
breath (14-39)
2 269+191
Fatigue 1 448+249 1.75 0.005 0.77
(0.55-2.95)
2 2.73+1.96
Depressed 1 244+235 1.0 0.092 045
mood (-0.17-2.16)
2 144+20
Overall 1 434231 13 0.028 06
sense of (0.14-2.45)
wellbeing
2 3.0+201
Total score 1 20.25+9.2 8.67 <0.001 1.04
(4.26-13.08)
2 11.58+7.12
GR-Scale results at follow-up
Cough 1 369+277 161 0.016 0.68
(031-2.91)
2 2.08+1.83
Shortness of 1 535+27 2.58 <0.001 1.0
breath (1.16-4.01)
2 2.77+246
Fatigue 1 4.65+2.83 19 0.009 0.75
(0.49-3.3)
2 2.75+2.23
Depressed 1 2.98+245 1.65 0.008 0.76
mood (0.45-2.86)
2 133+£1.86
Overall 1 42421 1.68 0.003 0.85
sense of (06-2.77)
wellbeing
2 252+1.83
Total score 1 20.87+10.56 943 <0.001 1.0
(4.25-14.6)
2 11.44+797

Definition of abbreviations SD=Standard deviation, Cl Confidence interval,
ES effect size (Cohen’s d)

Group 1=non-transplanted patients with ILD, group 2=transplanted patients
duetoILD

difference was 0.433 years (95% CI [-5.53, 6.4]) and the
effect size, Cohen's d, was 0.05.

Also for sex, no significant difference between the
groups could be determined using the chi-square-test
(x*(1)=2.01, p=0.16). In group 3 23.81% were females
and in group 4 45.5% were females. The effect size, Cra-
mér’s V, was 0.19.
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Table 3 Baseline characteristics and GR-Scale results of groups
3and 4

Characteristics Group 3 Group 4 p-values
(no CLAD) (CLAD)

Patients n 42 1

Male: female n 32:10 6:5 0.16

Age, year 60.52+8.25 60.09+10.65  0.885

Time since LTx (years) 40+3.73 8.34+641 0.005

ILD subtype n (%)

cHP 14 (33.33) 3(27.27) 0.701

IPF 18 (42.86) 6 (54.55) 0.488

NSIP 6(14.29) 2(18.18) 0.748

ulLD 4(9.52) 0(0) 0.287

ILD subtype distribution 0.683

Comorbidities 49420 4914295 0.995

Lung function at baseline

TLC, % predicted 7473+19.1 68.53+8.11 035

FVC, % predicted 84.71£23.19  7042+17.19  0.062

FEV1, % predicted 8493+£2503 6595+1663 0022

Lung function at follow-up

TLC, % predicted 78.16+18.1 64.67+1147  0.038

FVC, % predicted 83.65+2211 66.03+14.82 0027

FEV1, % predicted 8296+2471  63.79+£1766  0.032

CLAD phenotype n (%)

BOS - 8(72.73)

RAS - 1(9.09)

Mixed - 1(9.09)

Undefined - 1(9.09)

CLAD stage at baseline n (%)

1 - 9(81.82)

2 - 2(18.18)

CLAD stage at follow up n (%)

1 - 7 (63.64)

2 - 4(36.36)

GR-Scale results at baseline

Cough 1.6+1.66 1.36+145 0.676

Shortness of breath 257+226 432+3.04 0.039

Fatigue 244+21 509+£2.52 <0.001

Depressed mood 13+1.79 2.14+187 0.182

Overall sense of wellbeing  2.92+2.12 4.18+£1.93 0.079

Total Score 10.83+£7.52 17.09+£6.18 0014

GR-Scale results at follow-up

Cough 19+1.74 2.27+2.68 0.58

Shortness of breath 243+236 496+3.09 0.005

Fatigue 259+23 514+2.78 0.003

Depressed mood 137+1.68 15+147 0811

Overall sense of wellbeing  2.61+1.97 423£2.16 0.022

Total score 10.89+8.13 18.09+7.75 0.011

Data are presented as mean +SD, unless otherwise stated

Definition of abbreviationsLTx lung transplantation, ILD interstitial lung disease,
cHP chronic hypersensitivity pneumonitis, IPF idiopathic pulmonary fibrosis,
NSIP nonspecific interstitial pneumonitis, ulLD unclassifiable interstitial
lung disease, TLC total lung capacity, FVC forced vital capacity, FEV1 forced
expiratory volume in one second, CLAD chronic lung allograft dysfunction,
BOS bronchiolitis obliterans syndrome, RAS restrictive allograft syndrome

Group 3=transplanted patients without CLAD, group 4=transplanted patients
with CLAD
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These results indicate comparability between the
groups regarding age and sex distribution.

Comparison of the GR-Scale results at baseline and follow-up
At baseline, statistically significant differences were found
for the items “shortness of breath” and “fatigue’, as well as
for the total score. All these values were higher in group
4. The items “cough’, “depressed mood” and “overall sense
of wellbeing” showed no statistically significant differ-
ence between the two groups. However, the values for the
items “depressed mood” and “overall sense of wellbeing”
were numerically higher in group 4. Only the value for
the item “cough” was numerically higher in group 3.

At follow-up, statistically significant differences were
found for the items “shortness of breath’, “fatigue” and
“overall sense of wellbeing’, as well as for the total score.
The values were higher in group 4. The items “cough” and
“depressed mood” showed no statistically significant dif-
ference between the groups. Both values were numeri-
cally higher in group 4 (Table 4).

Discussion

In our pilot study we applied the GR-Scale for the first
time in patients who had undergone LTx due to ILD. We
used the GR-Scale in age and sex comparable cohorts
to investigate the HRQoL in ILD patients after LTx and
non-transplanted ILD patients. We also used the GR-
Scale to assess the impact of the occurrence of CLAD on
the HRQoL in patients after LTx.

The GR-Scale successfully assessed expected differ-
ences in the HRQoL between non-transplanted patients
and patients after LTx, both at baseline and at follow-
up, whereby the non-transplanted patients showed
higher values in the total score and thus a more severely
impaired HRQoL. Statistically significant differences
were also found in the individual items, except for the
item “depressed mood” at baseline. The group of non-
transplant patients also showed higher values for the
individual items, indicating a greater burden of symp-
toms. Furthermore, the GR-Scale was also able to assess
the expected difference in HRQoL between transplanted
patients with and without CLAD, with statistically sig-
nificant differences in the total scores as well as in “short-
ness of breath’, “fatigue” and, at follow-up, “overall sense
of wellbeing” Patients with CLAD had higher values
in the overall score and the individual items and thus a
more impaired HRQoL and higher individual symptom
burden.

Our results comparing patients with and without LTx
(group 1 and 2) are in line with the findings of previous
studies, in which an improvement in HRQoL was also
observed after LTx, although different methodologies
were used [13, 14]. Other studies have also shown that,
in particular, physical symptoms tend to improve more
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Table 4 Comparison of the GR-Scale results at baseline and
follow-up between groups 3 (no CLAD) and 4 (CLAD)

Group Mean+SD Mean differ- p-value ES
GR-Scale ence (95% Cl)
total score
GR-Scale results at baseline
Cough 3 1.6+1.66 0.23(-0.87-1.34) 0676 0.14
4 136145
Shortness 3 2574226 -1.75 0.039 0.72
of breath (-3.4-(-0.09))
432+304
Fatigue 3 244421 265 <0.001 121
(-4.14-(-1.16))
509+252
Depressed 3 13+£1.79 -0.83 (-2.05-04) 0.182 0.46
mood
4 2144187
Overall 3 292+212 -1.27(-268-0.15) 0.079 061
sense of
wellbeing
418+193
Total score 3 10.83+7.52 -6.26 0.014 0.86
(-11.2-(-1.31))
4 17.09+6.18
GR-Scale results at follow-up
Cough 3 19+1.74 -037(-1.7-097) 0.8 0.18
4 227+2.68
Shortness 3 243+236 -253 0.005 1.0
of breath (-4.25-(-0.81))
4 496+3.09
Fatigue 3 259+23  -255 0.003 1.06
(-4.19-(-0.91))
514+2.78
Depressed 3 137168 -0.13(-1.25-0.98) 0.811 0.08
mood
4 1.5+147
Overall 3 2614197 -162 0.022 0.81
sense of (-2.99-(-0.25))
wellbeing
4 423+2.16
Total score 3 10.89£8.13 -7.2 0.011 0.89
(-12.69-(-1.71))
4 18.09+7.75

Definition of abbreviationsSD Standard deviation, Cl Confidence interval,
ES effect size (Cohen’s d)

Group 3=transplanted patients without CLAD, group 4=transplanted patients
with CLAD

after LTx [29, 30]. Since the GR-Scale reflected these dif-
ferences both at baseline and at follow-up, this indicates
that the GR-Scale can consistently capture the improve-
ment in HRQoL across repeated measurements.

The only item without a statistically significant differ-
ence at baseline was “depressed mood” An explanation
for this could be the existing psychosocial burden after
LTx, including constant need for medical monitoring,
the fear of rejection and repeated hospitalizations, which
in turn worsens HRQoL [14]. Our baseline results are
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consistent with previous studies, which found no statisti-
cally significant improvement in psychological symptoms
compared to physical ones after LTx [29, 30]. However,
some studies do report improvement across all domains,
including psychological symptoms [31]. In summary,
differences in psychological symptoms between non-
transplanted and transplanted patients tend to be less
pronounced than physical items and overall HRQoL.
More sophisticated psychological questionnaires are
probably needed to address this difference in more detail.

Various factors, especially the occurrence of CLAD
with increasing symptoms like shortness of breath,
fatigue and cough, can lead to a renewed decrease in
HRQoL after LTx [13, 14, 21]. The GR-Scale was able to
detect this decrease in HRQoL both at baseline and at fol-
low-up, with statistically significant higher values in the
group with CLAD (group 4) than without CLAD (group
3), indicating a more severely impaired HRQoL. This
observation suggests that the GR-Scale may be applicable
for sequential assessments of changes in HRQoL.

The symptoms “shortness of breath” and “fatigue” are
typical symptoms of CLAD [21]. It was, therefore, antici-
pated that the GR-Scale would be able to identify dif-
ferences here. This has been achieved consistently over
repeated measurements. The item “overall sense of well-
being” was statistically significant higher (worse) in the
CLAD group at follow-up, whereas only numerically
higher values were found at baseline. This suggests that
there is a difference between the groups, which was not
as pronounced at baseline as it was at follow-up. One
possible explanation is that 2 patients progressed from
CLAD stage 1 to stage 2 between the interviews, which
likely contributed to an increase in their symptoms and
could already result in a statistically significant change in
a small group of 11 patients.

Cough is another typical symptom of CLAD where we
found no statistically significant difference between the
two groups. At follow-up, however, numerically higher
values in the CLAD group were found, possibly driven
by two patients who progressed from CLAD stage 1 to 2
between the interviews, which coincided with an increase
in symptoms. The limited number of patients included
do not allow more detailed analyses. Therefore, larger
studies with more homogeneous populations regarding
CLAD stage and phenotype are necessary to investigate
the item “cough” in more detail.

HRQoL has become increasingly important in recent
years and has been shown to be an important adjunct to
routine measurements, some of which do not always cor-
respond with the patients’ perceptions [2, 13, 14, 22-24].
Improving HRQoL is a main goal of LTx [11-13] and
should be recorded regularly in lung transplant recipi-
ents to assess how patients “feel and function” in their
daily lives after LTx. In our study all patients completed
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the questionnaire, unsupported by a health care profes-
sional, in a complete and evaluable way, same as in our
previous study on the applicability of the questionnaire in
different ILD entities [26]. Thus, in our hands the ques-
tionnaire is easy to understand and to apply and could
be a simple and quick tool for everyday clinical practice.
The GR-Scale could also be used in patients after LTx
as both a screening tool to identify patients who need
further evaluation and a longitudinal tool to track the
patient’s health status over time [25, 26]. When applied
longitudinally, it could offer a consistent assessment of
the patient’s HRQoL and potentially improve monitor-
ing of disease dynamics, including the onset and progres-
sion of CLAD in lung transplanted patients. Based on our
current data, no conclusions can be made regarding the
utility of the GR-Scale for the early detection of CLAD.
Nevertheless, applying the GR-Scale in this context might
be an interesting approach for future investigations and
further studies are required to determine whether longi-
tudinal GR-Scale assessments could contribute to early
recognition of CLAD.

Our study has several limitations. First, the study pop-
ulations were relatively small, enrolled in a single cen-
ter, and the interval between the two interviews varied
among patients, ranging from 3 to 6 months. Since the
study was performed at a tertiary hospital and a trans-
plant center, the inclusion of more complex cases or
patients who received more intensive follow-up may have
generated a selection bias in the ILD cohort. Second,
there is no validation of the questionnaire in patients
after LTx. This is an important aspect to consider and
to address in further studies. In addition, we included
all CLAD phenotypes and stages. Furthermore, between
the groups with and without CLAD there was a rela-
tively large variability in size as well as in the time since
transplantation, potentially impacting our results. Lastly,
when comparing HRQoL before and after LTx, we ana-
lyzed two different populations rather than following a
single cohort longitudinally. As a result, we were unable
to measure individual changes in HRQoL over time and
could only assess differences between groups. A similar
limitation applies to our analysis of the impact of CLAD,
where we did not assess the same patients before and
after the occurrence of CLAD but instead compared two
separate groups.

Conclusion

HRQoL is an essential aspect in the care for non-trans-
planted patients with ILD as well as for transplanted
patients and it should be recorded regularly in clinical
practice. In our pilot study, we used the GR-Scale for the
first time in patients who had undergone LTx due to ILD
and in a matched group of non-transplanted ILD patients.
We were able to determine statistically significant higher
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values (worse condition) in the GR-Scale in the non-
transplanted compared to the transplanted patients, as
well as higher values in transplanted patients with CLAD
than without CLAD. In conclusion, our data suggests
that the GR-Scale is an easy-to-use and valuable tool to
assess HRQoL in lung transplant recipients providing
important additional information for clinical evaluation
of this patient population, also longitudinally.

Abbreviations

BOS Bronchiolitis obliterans syndrome
cHP Chronic hypersensitivity pneumonitis
cl Confidence interval

CLAD Chronic lung allograft dysfunction

EQ-5D-5L EuroQol Five-Dimensional Five-Level questionnaire
ES Effect size

FEV1 Forced expiratory volumein 1s

FVC Forced vital capacity

GR-Scale German version of the R-Scale

HRQoL Health related quality of life

ILD Interstitial lung disease

IPF Idiopathic pulmonary fibrosis

K-BILD King's Brief Interstitial Lung Disease questionnaire
LTx Lung transplantation

MDD Multidisciplinary discussion

NSIP Non-specific interstitial pneumonia

PROM Patient reported outcome measures

RAS Restrictive allograft syndrome

R-Scale-PF  Raghu scale for pulmonary fibrosis

SD Standard deviation

TLC Total lung capacity

ulLD Unclassifiable interstitial lung disease
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