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Abstract 

Background: Idiopathic pulmonary fibrosis (IPF) is a chronic and progressive lung condition. Currently, care models 
predominantly focus on acute medical and pharmacological needs. As a step towards holistic care, the aim of this 
prospective study was to investigate the psychological and behavioural needs of IPF patients treated with pirfenidone 
from diagnosis until two years of follow-up.

Methods: The following variables were selected from the literature on patients’ needs and the COM-B model, a theo-
retical model explaining behaviour: medication adherence, barriers to adherence, importance and intentions of medi-
cation adherence, anxiety, depression, health literacy, knowledge, reported side effects, adherence to sun protection 
recommendations, alcohol use, physical activity, quality of life and health status. Linear and generalised linear models 
for longitudinal data were used to evaluate the evolution since treatment initiation.

Results: We included 66 outpatients: 72.7% men, mean age of 70.3 years (range 50–87), predicted mean forced vital 
capacity of 85.8% (SD 17.4) and predicted mean diffusing capacity for monoxide of 56.9% (SD 15.7). The participants 
placed considerable importance on following the treatment recommendations. We noticed difficulties regarding 
health literacy, alcohol use, pirfenidone adherence (decline over time) and adherence to sun protection recommen-
dations (early in follow-up care). There were low levels of physical activity (no effect of time), high body mass indices 
(decline over time) and moderate levels of depression and anxiety.

Conclusion: When providing care to IPF patients, behavioural issues, health literacy and psychological well-being 
should be taken into consideration. There is a need to further explore interventions and care models to tackle these 
difficulties.

Trial registration This study was registered in the ClinicalTrials.gov database (identifier NCT03567785) on May 9th, 2018
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Background
Idiopathic pulmonary fibrosis (IPF) is a lung disease 
characterized by progressive lung fibrosis and results 
in a prognosis of 2–5  years postdiagnosis [1, 2]. IPF 
patients experience physical symptoms including cough, 
fatigue, and exertional dyspnoea as well as an overall 
decrease in health-related quality of life (HRQoL) [3, 4]. 
The provision of care for patients has changed because a 
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pharmacological antifibrotic treatment is now available. 
These drugs slow disease progression and have a benefi-
cial effect on prognosis but do not cure the disease [1]. 
Moreover, they do not seem to have a positive impact on 
patients’ HRQoL or symptoms and require long-term 
medication adherence [5]. Patients may also face burden-
some treatment side effects, depressive feelings, and a 
decrease in daily activities, among other problems [6].

Altogether, these medical and nonmedical needs 
should be targeted when delivering holistic care, yet the 
IPF literature and European IPF charter highlight several 
unmet needs patients experience across their disease tra-
jectory [6, 7]. Available evidence focuses on medical and 
pharmacological points of view and HRQoL as a general 
term. Additionally, most evidence stems from patient 
registries or secondary analyses of clinical trials. Most 
studies use a cross-sectional design, thereby limiting 
the understanding of the dynamic evolution of persons’ 
needs for support over time. Building upon this limited 
available evidence, we conducted a prospective cohort 
study with follow-up up to two years after treatment ini-
tiation to understand the psychological and behavioural 
needs of IPF patients.

Methods
Study design and sample
This prospective cohort study followed the principles laid 
down in the Declaration of Helsinki and was conducted 
at the ILD/IPF Centre of the University Hospitals Leuven 
(Belgium), where approximately 50 patients start pirfeni-
done treatment each year [8].

Between July 2018 and March 2020, we invited par-
ticipants who were 18 years or older, Dutch- or French-
speaking and diagnosed with IPF. Patients had to start 
pirfenidone, remain in follow-up at UZ Leuven and be 
able and willing to provide written informed consent. 

Patients not managing their medications independently 
(e.g., patients living in a nursing home) were excluded 
unless they received help from informal caregivers (i.e., 
family).

UZ Leuven collaborates with six district general hos-
pitals. Initially, IPF patients being followed-up at a col-
laborating hospital were not included, but to increase the 
sample size, an amendment was submitted and approved 
by the Ethical Committee in July 2019, allowing us to 
enrol these patients also.

Figure 1 provides an overview of the collected variables 
and the study visits that took place during a scheduled 
outpatient clinic visit. In routine care, patients received 
a face-to-face group information session at treatment ini-
tiation, after which we enrolled eligible patients (Visit 1). 
All patients were then followed up every three months, 
with an additional consultation six weeks after treatment 
initiation. If a face-to-face study follow-up visit was not 
possible (e.g., during the COVID-19 pandemic) or when 
patients were followed-up by a collaborating hospital, 
we sent the questionnaires by post to the patient’s home 
at the time of the planned data collection points. Due 
to the COVID-19 pandemic, data collection was paused 
between March 2020 and May 2020. Data collection was 
ended in February 2021; hence, not all enrolled patients 
reached the two-year follow-up time point.

Variables and measurements
Variables were selected based on the existing IPF lit-
erature and the COM-B model, a theoretical framework 
explaining behaviour. The COM-B model states that 
behaviour (e.g., taking medication, applying sun protec-
tion measures) is the result of capability, opportunity 
and motivation [9]. The questionnaire bundle consisted 
of following variables and their measurement instru-
ment (Additional file 1: Table S2): medication adherence 
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(BAASIS [10]); barriers to medication adherence 
(IMAB); importance and intentions of adherence behav-
iour (questionnaire based on the manual for health ser-
vices researchers and the stages of change theory [11]); 
anxiety (GAD7 [12]); depression (PHQ9 [13]); health lit-
eracy (Subjective Health Literacy Screener [14]); adher-
ence to sun protection recommendations (questionnaire 
from the BRIGHT-study [15, 16]); at-risk drinking behav-
iour (AUDIT-C [17]); self-reported side effects (investiga-
tor-developed); knowledge about the disease/treatment 
(investigator-developed); adherence to physical activ-
ity recommendations (Brief physical activity assessment 
tool [18]); and quality of life/health status (K-BILD, EQ-
5D-5L, SGRQ [19–21]).

Data analysis
We report the mean (standard deviation), median (inter-
quartile range) and range of continuous variables. Cate-
gorical variables are described as counts and percentages.

For the continuous variables, we used a multivariate 
linear model with an unstructured or a heterogeneous 
compound symmetric covariance matrix to compare the 
mean values between each time point. In the latter case, 
robust standard errors were used to correct for misspeci-
fication of the covariance structure. Given that the total 
scores of the depression (PHQ9) and the anxiety variable 
(GAD7) included zero values, an inverse hyperbolic sine 
transformation was used to obtain a more symmetric dis-
tribution of the model residuals.

For the binary variable, ordinal variable, and count, 
we used generalized linear mixed models with a random 
subject effect. A logit and a cumulative logit link were 
used for the binary and ordinal variables, respectively. A 
log link and a negative binomial distribution were used in 
the models for counts. We assumed proportional odds for 
the ordinal outcome. For the EQ-5D, we combined the 

levels ‘severe’ and ‘extreme’ into one category. A p value 
smaller than 0.05 was considered significant. We used 
Tukey adjustments and Bonferroni-Holm corrections 
for the pairwise comparisons between the time points. 
Analyses were performed using IBM SPSS Statistics ver-
sion 27 and SAS software version 9.4 of the SAS system 
for Windows. Note that in all statistical models, subjects 
with one or more missing visits were still included in the 
analysis. Since estimation of the models was likelihood-
based, the results were valid under the missing at random 
(MAR) assumption, i.e., subjects with a missing value at 
a specific timepoint were assumed to be well represented 
by other subjects not having a missing value at that time-
point and having the same observed values at the other 
timepoints.

Results
Study and sociodemographic characteristics
During the 20-month inclusion period, we invited 104 
eligible patients, of whom 66 (63%) agreed to participate. 
Figure  2 shows the number of patients who completed 
each study visit and the reasons for study discontinua-
tion. During follow-up, six patients passed away, of whom 
one was because of COVID-19 complications. Sociode-
mographic variables can be found in Table 1. Participants 
(n = 66) were all Caucasian, were mainly men (72.7%) and 
had a mean age of 70.3 years (range 50–87).

Clinical characteristics
Table 2 and the supplementary material (S) contain more 
detailed information on the clinical characteristics. Over 
time there was a significant decline in DLco- (p < 0.0001) 
and FVC- predicted values (p = 0.0007). The estimated 
mean (95% CI) DLco- and FVC- predicted values were 
56.9% (53.0; 60.7) and 85.8% (81.5; 90.1) at baseline and 
53.2% (49.1; 57.3) and 86.1% (80.6; 91.5) at the 1-year 
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Fig. 2 Study Flowchart. ‘Study discontinuation’ refers to the patients who had a data collection point planned but discontinued the study (e.g., 
deceased, medication switch). ‘No data collection’ refers to the patients who did not have a new data collection point planned and thus ended the 
study as anticipated (e.g., due to the prospective inclusion and design of the study)
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follow-up point, respectively. A significant decline in 
DLco was observed between baseline and the one-year 
timepoint, the 1.5-year timepoint and the two-year time-
point. For the pairwise comparisons of the FVC mean 
values, no significant differences between time points 
were noted (see Additional file 1: Table S4).

There was a significant decrease in mean BMI over 
time (p = 0.006) from baseline to year one, as well as from 
year one to year two. A total of 80.3% of the participants 
(n = 53) were overweight at baseline, of which 40.9% 
(n = 27) were considered obese. At the one-year follow-
up, 17 out of 45 participants (37.8%) were considered 
obese, and 19 (42.2%) were considered overweight. None 
of our participants were underweight during the study 
period. The BMI category did not change significantly 
over time (p = 0.099).

Patient‑reported variables
Table  3 and the supplementary material (S) provide 
additional information on the patient-reported char-
acteristics. The total depression score did not change 

significantly over time (p = 0.379). Eight out of 50 partici-
pants (16%) had a moderate level of depression, of whom 
three were moderately severely depressed at the six-week 
timepoint. Three months and one year after treatment 
initiation, we observed moderate levels of depression in 
16.3% (n = 8/49) and 8.8% (n = 3/34) of the participants, 
respectively.

For the total anxiety score, a significant decline over 
time was observed (p < 0.0001). Between the six-week 
and one-year follow-up points, the difference was not sig-
nificant, but a significant decline in anxiety was observed 
between the six-week and two-year follow-up points 
(p < 0.0001). We observed moderate levels of anxiety in 
17.6% (n = 9/51) and 8.6% (n = 3/35) of the participants at 
the six-week and one-year follow-ups, respectively.

No overall significant effects of time on the EQ-5D sub-
domains or the SGRQ domains were observed. An over-
all significant effect of time (i.e., increased HRQoL) was 
observed for the K-BILD total score (p = 0.0397) and the 
K-BILD psychological score (p = 0.0151). Between base-
line and the one-year time point, a significant increase 
was observed in the K-BILD psychological domain 
(p = 0.0476). For the K-BILD total score, a significant 
increase was observed between baseline and the three-
month time point (p = 0.0460).

Overall, there was a significant decrease in pirfeni-
done adherence rates over time (p = 0.0268) with the 
predicted adherence (95% CI) being 90.4% (77.0; 96.3) 
at baseline and 75.9% (55.5; 88.8) at the one-year time 
point. Drug holidays were observed in 18.2% (n = 2/11) 
and 23% (n = 3/12) of participants at week six and at the 
three-month follow-up, respectively. Overall, intention 
to adhere to one’s treatment was high, and participants 
deemed taking medication important. Barriers to adher-
ence are reported in Additional file 1: Table S3.

A significant effect of time was observed for the total 
number of self-reported side effects (p = 0.0002). More 
side effects were reported at the three-month time point 
than at week six and to the one-year time point. The 
reported side effects can be found in Additional file  1: 
Table  S3. Regarding the use of sunscreen, a significant 
increase in adherence rates was observed over time 
(p = 0.0245). Participants were more likely to be nonad-
herent to the use of sunscreen at week six (42.3%) com-
pared to later timepoints.

A total of 20.3% (n = 13/64) of participants were clas-
sified as having suboptimal health literacy. No overall 
significant change in mean knowledge scores over time 
was observed (p = 0.802). Participants’ knowledge of the 
disease and treatment was high, with an estimated mean 
score (95% CI) of 5.7 (5.4; 5.9) and 5.6 (5.3; 5.9) at the 
6-week and 1-year follow-ups, respectively. The propor-
tion of patients providing a wrong answer was highest for 

Table 1 Sociodemographic characteristics (n = 66)

Baseline (Visit 1)

Sex, n (%)

 Male 48 (72.7)

 Female 18 (27.3)

Age (years)

 Mean (SD) 70.3 (8.4)

 Range 50–87

 Median (IQR) 72 (11)

Ethnicity Caucasian, n (%) 66 (100)

Marital status, n (%)

 Partner 54 (81.8)

 No partner 12 (18.2)

Education level, n (%)

 Lower education 20 (30.3)

 Moderate education 32 (48.5)

 High education 14 (21.2)

Employment status, n (%)

 Yes 9 (13.6)

  Fulltime 5 (55.6)

  Halftime 4 (44.4)

 No 57 (86.4)

  Retired 53 (93)

  Stay-at-home partner 3 (5.3)

  No further information provided 1 (1.7)

One‑way distance from the clinic (km)

 Mean (SD) 71.9 (41.8)

 Range 3–166

 Median (IQR) 65 (62)
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Table 2 Clinical characteristics

Baseline  
(Visit 1)

Three months 
(Visit 3)

One year  
(Visit 4)

One year and a half 
(Visit 5)

Two years  
(Visit 6)

Main effect of 
time

Weight (Kg) N 66 45 12

Mean (SD) 82.5 (16) 83 (13.1) 82.3 (10.6)

Range 46–129 54–112 71–100

Median (IQR) 83 (17.6) 83 (18) 79.5 (20)

Estimated mean 
(95% CI)*

82.5 (78.6; 86.4) 80.9 (77.2; 84.6) 78.6 (74.5; 81.7) p = 0.0110

BMI (Kg/m2) N 66 45 12

Mean (SD) 28.6 (4.4) 28.5 (4) 27.3 (3.3)

Range 19.8–40.4 21–37.8 20.8–32.4

Median (IQR) 28.1 (5.9) 27.6 (6.4) 27.1 (3.2)

Estimated mean 
(95% CI)*

28.6 (27.5; 29.6) 28.0 (27; 29) 27.1 (26; 28.3) p = 0.0061

BMI category N 66 45 12

Underweight 
n (%)

0 0 0

Normal n (%) 13 (9.7) 9 (20.0) 2 (16.7)

Overweight n (%) 27 (40.9) 19 (42.2) 8 (66.7)

Obese n (%) 26 (39.4) 17 (37.8) 2 (16.7)

Main effect of 
time*

p = 0.0992

Smoking status# N 66

Never n (%) 14 (21.2)

Former n (%) 52 (78.8)

Oxygen use# N 66 46 13

Yes n (%) 1 (1.5) 7 (15.2) 2 (15.4)

Continuous use 1 (100) 5 (83.3) 2 (100)

Exercise and 
sleep

0  1 (16.7) 0

Gastro oesopha‑
geal reflux#

N 66

Yes n (%) 9 (13.6)

DLco % pre‑
dicted

N 65 56 44 21 11

Mean (SD) 56.9 (15.7) 57.8 (15) 55.1 (15.4) 54.2 (17.4) 58.5 (17.6)

Range 24–111 21–103 23–99 25–102 42–98

Median (IQR) 57 (18) 56.5 (13) 56 (17) 51 (19) 51 (22)

Estimated mean 
(95% CI)*

56.9 (53; 60.7) 56.1(52.3;59.8) 53.2 (49.1; 57.3) 50.9 (46.3; 55.5) 49 (44.4; 53.7) p < 0.0001

FVC % predicted N 65 58 44 21 12

Mean (SD) 85.8 (17.4) 88.9 (21) 87 (19.1) 85 (23.9) 79.9 (17.8)

Range 50–126 42–147 54–120 39–116 46–101

Median (IQR) 88 (26) 89 (29) 88.5 (28) 89 (28) 84 (23)

Estimated mean 
(95% CI)*

85.8 (81.5; 90.1) 87.7 (82.5; 92.8) 86.1 (80.6; 91.5) 83.8 (77; 90.7) 84.5 (77.4; 91.7) p = 0.0007

GAP index# N 65 44 11

Stage 1 n (%) 35 (13.8) 24 (54.5) 7 (63.6)

Stage 2 n (%) 30 (46.2) 17 (38.6) 4 (36.4)

Stage 3 n (%) 0 3 (6.8) 0

6MWD Meters 
(measured)#

N 18 5 1

Mean (SD) 474. 9 (128.3) 325,4 (225.5) NA

Range 140–666 50–595 300

Median (IQR) 461 (164) 388 (430) NA
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the statement ‘pirfenidone repairs damaged lung tissue’ 
(14%).

No significant effect of time was observed on physi-
cal activity (p = 0.227). The predicted percentage (95% 
CI) of participants being physically inactive was 59.2% 
(44.1; 72.7) and 42.9% (23; 65.4) at the three-month and 
1.5-year follow-up points, respectively. Fifteen patients 
(30.6%) had at-risk alcohol drinking behaviour at month 
three, and seven patients (31.8%) had at-risk alcohol 
drinking behaviour at the 1.5-year time point. Of these 
seven patients, five showed at-risk behaviour at the three-
month follow-up.

Discussion
To our knowledge, this is the first prospective study that 
investigated the prevalence of behavioural and psycho-
logical needs of persons with IPF and their evolution over 
time up to two years after diagnosis. We identified a need 
for support regarding health literacy, medication adher-
ence, mental health, and lifestyle behaviours. Below, we 
discuss our results in light of available evidence and the 
implications for further research and clinical care.

We are the first to document health literacy in IPF 
patients. A total of 20.3% of the participants had inad-
equate health literacy skills, which is higher than the 
11.6% prevalence reported in the Belgian national health 
survey, although a different questionnaire was used [22]. 
Poor health literacy is associated with poorer knowledge 
regarding disease and treatment, a poorer adherence, 
and might result in negative health outcomes and higher 
health care resource use [23, 24].

Overall, our participants overall had high levels of dis-
ease- and treatment-related knowledge, which did not 
significantly change over time. However, patients with 
poor levels of knowledge, and low health literacy should 
be targeted for additional  support.

Second, participants were highly motivated and 
deemed taking medication important, confirming avail-
able evidence [25]. Only 3% of our participants reported 
having discontinued pirfenidone based on their own 
initiative, which is slightly lower than other real-world 
studies, reporting a 5.5–6% discontinuation rate of pir-
fenidone [26, 27]. However, we detected problems with 
adherence already early after treatment initiation (19.6% 
at week six), and nonadherence increased over time 
(up to 36.4% at year two). Another prospective study 
reported a prevalence of self-reported nonadherence of 
12% at month six [25]. Our findings presumably underes-
timate the true issue of nonadherence, given that we used 
self-report, yet self-report questionnaires are an easy-to-
use method to detect at least some of the patients who 
need support [28]. In our study, we noted several barri-
ers that may affect adherence, such as forgetfulness or the 
presence of side effects, which might form a good basis 
for tailored adherence interventions.

Third, we showed high numbers of nonadherence 
to sun protection (especially at the start of treatment, 
42.3%), despite its importance in mitigating the photo-
toxicity side effect of pirfenidone [15]. These numbers are 
in line with the high numbers (51.4%) observed in a Bel-
gian heart transplant population [29]. More research is 
needed to understand IPF patients’ barriers to using sun 
protection to develop supportive interventions.

Fourth, shortly after treatment initiation, 16% and 
17.6% of our participants had moderate levels of depres-
sion and anxiety, respectively. Over time, we found no 
significant change in levels of depression, but lower lev-
els of anxiety were reported. These levels were also lower 
than those described in other papers on IPF (24.3–49.2% 
for depression), but comparisons should be performed 
carefully as we used different questionnaires (i.e., the 
validated GAD7 and PHQ9) [30, 31]. Selection bias or 

Legend: Significant p-values are indicated in bold

N refers to the number of participants who filled in the questionnaire or for whom the variable was applicable
#  Variables of which the evolution over time is not assessed
* For the ‘BMI category’, only the main effect of time (p-value) is reported in this table

We refer the readers to Additional file 1: table S4 for the pairwise comparisons between timepoints

Abbreviations: BMI (body mass index, DLco (diffusing capacity for monoxide), FVC (forced vital capacity, GAP-index (gender-age-physiological-index), 6MWD (six-
minute walk test)

Table 2 (continued)

Baseline  
(Visit 1)

Three months 
(Visit 3)

One year  
(Visit 4)

One year and a half 
(Visit 5)

Two years  
(Visit 6)

Main effect of 
time

6MWD %pre‑
dicted#

N 17 5 1

Mean (SD) 79 (141) 55,6 (37.3) NA

Range 48–101 8–87 57

Median (IQR) 82.5 (19) 74 (63) NA
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Table 3 Patient-reported characteristics

Baseline Six weeks Three months One year One year and 
a half

Two years Main effect of 
time

(Visit 1) (Visit 2) (Visit 3) (Visit 4) (Visit 5) (Visit 6)

Health lit‑
eracy#

N 64

Inadequate 
n (%)

13 (20.3)

Knowledge N 50 34 9

Median total 
score (IQR)

6 (0) 6 (0) 6 (1)

Mean (SD) 5.7 (1) 5.6 (0.9) 5.6 (0.7)

Range 1–6 2–6 4–6

Score lower 
than 6, n (%)

8 (16) 8 (23.5) 3 (33.3)

Estimated 
mean score 
(95% CI)

5.7 (5.4; 5.9) 5.6 (5.3; 5.9) 5.6 (5.3; 5.9) p = 0.8021

Side effects to 
pirfenidone

N 54 51 38 22 11

Patients experi-
encing min 
1 side effect, 
n (%)

38 (70.4) 40 (78.4) 24 (63.2) 15 (68.2) 9 (81.8)

Number of 
side effects/
patients

Median (IQR) 1 (2) 1 (1) 1 (3) 1.5 (3) 3 (4)

Range 0–5 0–7 0–5 0–4 0–6

Predicted 
mean count 
(95%CI)

1.4 (1.1; 1.7) 2.5 (2; 3) 1.5 (1.1; 2) 1.5 (1.1; 2.2) 2.7 (1.8; 4) p = 0.0002

Depression N 50 49 34 9

Total score: 
median (IQR)

3 (6) 4 (7) 3 (6) 2 (4)

Total score: 
range

0–17 0–14 0–13 0–7

Moderate 
depression 
n (%)

8 (16) 8 (16.3) 3 (8.8) 0

Estimated 
mean total 
score (95%CI)

2.9 (2.1; 3.9) 2.8 (2; 3.8) 2.2 (1.5; 3.1) 2.3 (1.3; 3.9) p = 0.3785

Anxiety N 51 35 9

Total score: 
median (IQR)

4 (11) 2 (5) 3.5 (6)

Total score: 
range

0–18 0–15 0–9

Moderate anxi-
ety n (%)

9 (17.6) 3 (8.6) 0

Estimated 
mean total 
score (95%CI)

3 (1.9;4.7) 1.9 (1.1;3) 0.8 (0.1;1.9) p < 0.0001
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Table 3 (continued)

Baseline Six weeks Three months One year One year and 
a half

Two years Main effect of 
time

(Visit 1) (Visit 2) (Visit 3) (Visit 4) (Visit 5) (Visit 6)

Intentions to 
be adherent 
to treatment#

N 60 51 35 10

‘I expect to 
[…]’

Mean (SD) 6.8 (0.9) 6.8 (0.5) 6.7 (1) 7 (0)

Range 1–7 5–7 1–7 7

‘I want to […]’

Mean (SD) 6.9 (0.8) 6.9 (0.3) 6.8 (1) 7 (0)

Range 1–7 5–7 1–7 7

‘I intend to 
[…]’

Mean (SD) 6.9 (0.8) 6.9 (0.3) 6.8 (0.9) 7 (0)

Range 1–7 5–7 1–7 7

Level of moti‑
vation#

N 59 53 35 10

Pre-Contem-
plation n

0 0 0 0

Contempla-
tion n

2 0 0 0

Sufficient moti-
vationn

57 53 35 10

Pirfenidone 
medication 
adherence

N 56 49 37 24 11

Taking non‑
adherence 
n (%)

11 (19.6) 12 (24.5) 12 (32.4) 8 (33.3) 4 (36.4)

N 11 12 12 8 4

Drug holiday 
n (%)

2 (18.2) 3 (25) 0 1 (12.5) 0

N 56 47 36 24 11

Dosing non‑
adherence 
n (%)

0 0 0 1 (4.2) 0

N 56 8 36 24 11

Discontinua‑
tion n (%)

0 0 0 0 0

N 10 12 12 8 4

Omitted to take pirfenidone n (%)

 1 time 7 (70) 6 (50) 7 (58.3) 4 (50) 2 (50)

 2 times 1 (10) 4 (33.3) 2 (16.7) 2 (25) 1 (25)

 3 times 0 1 (8.3) 1 (8.3) 1 (12.5) 0

 4 times 1 (10) 0 2 (16.7) 0 1 (25)

 More than 4 
times

1 (10) 1 (8.3) 0 1 (12.5) 0

Predicted % of 
taking adher-
ence (95%CI)

90.4 (77;96.3) 86.7 (71;94.5) 75.9 (55.5;88.8) 67.9 (46.2;83.9) 67.9 (46.2;83.9) p = 0.0268

Pantoprazole 
medication 
adherence#

N 56 46 36 24 11

Pantoprazole 
intake yes 
n (%)

42 (75) 38 (82.6) 25 (69.4) 18 (75) 10 (90.9)

N 40 37 25 18 9

Taking non‑
adherence 
n (%)

3 (7.5) 1 (2.7) 1 (4) 0 1 (10.0)
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Table 3 (continued)

Baseline Six weeks Three months One year One year and 
a half

Two years Main effect of 
time

(Visit 1) (Visit 2) (Visit 3) (Visit 4) (Visit 5) (Visit 6)

Barriers to 
medication 
adherence#

N 51 35 8

Total numbers 
of barriers

 Median 
(IQR)

1 (4) 4 (4) 4 (6)

 Mean (SD) 3 (4.2) 3.7 (3.4) 5.6 (5.9)

 Range 0–15 0–11 19-Jan

Persons having 
min 1 barrier 
n (%)

35 (68.6) 27 (77.1) 8 (100)

Sun protec‑
tion*

N 52 48 35 23 10

Inadequate 
sunscreen use

22 (42.3) 20 (41.7) 6 (17.1) 4 (17.4) 3 (30.0)

N 52 46 34 23 9

Inadequate 
use of protec‑
tive clothes

18 (34.6) 14 (30.4) 7 (20.6) 5 (21.7) 4 (44.4)

N 52 46 34 23 N = 9

Not staying in 
the shadows

14 (26.9) 11 (23.9) 7 (20.6) 5 (21.7) 2 (22.2)

Use of sun-
screen*

p = 0.0245

Physical inac‑
tivity

N 49 21

Not sufficiently 
active n (%)

28 (57.1) 9 (42.9)

Predicted 
timepoint % 
(95% CI)

59.2 (44.1;72.7) 42.9 (23;65.4) p = 0.2271

Alcohol use# N 49 22

At-risk drinking 
behaviour n 
(%)

15 (30.6) 7 (31.8)

Perceived 
health status 
EQ-5D-5L

Descriptive 
health index, 
N

62 50 35 22 10

 Median 
(IQR)

0.840 (0.210) 0.863(0.225) 0.857 (0.219) 0.753 (0.218) 0.824 (0.183)

 Mean (SD) 0.780 (0.189) 0.804 (0.193) 0.824 (0.161) 0.760 (0.174) 0.794 (0.205)

Global health 
score based 
on the VAS, N

62 51 35 22 10

 Median 
(IQR)

70 (23) 70 (20) 70 (20) 66 (21) 62.5 (26)

 Mean (SD) 67.8 (15.8) 68.4 (20.3) 68 (13) 63.6 (15.9) 66.8 (17.4)

 Range 20–99 10–100 40–90 30–92 40–90

Frequencies reported problems, N

 Mobility, 
n (%)

64 51 35 22 10

  No prob-
lems

  Slight-
extreme 
problems

28 (43.8) 24 (47.1) 17 (48.6) 9 (40.9) 7 (70)
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Table 3 (continued)

Baseline Six weeks Three months One year One year and 
a half

Two years Main effect of 
time

(Visit 1) (Visit 2) (Visit 3) (Visit 4) (Visit 5) (Visit 6)

 Self‑care, 
n (%)

36 (56.2) 27 (52.9) 18 (51.4) 13 (59.1) 3 (30)

  No prob-
lems

  Slight-
extreme 
problems

47 (73.4) 36 (72) 29 (82.9) 16 (72.7) 8 (80)

 Activities, 
n (%)

17 (26.6) 14 (28) 6 (17.1) 6 (27.3) 2 (20)

  No prob-
lems

  Slight-
extreme 
problems

29 (45.3) 29 (56.9) 17 (48.6) 9 (40.9) 6 (60)

 Pain/dis‑
comfort, 
n (%)

35 (54.7) 22 (43.1) 18 (51.4) 13 (59.1) 4 (40)

  No prob-
lems

  Slight-
extreme 
problems

33 (51.6) 23 (45.1) 16 (45.7) 9 (40.9) 3 (30)

 Anxiety/
depression, 
n (%)

31 (48.4) 28 (54.9) 19 (54.3) 13 (59.1) 7 (70)

  No prob-
lems

39 (60.9) 35 (68.6) 25 (71.4) 13 (59.1) 5 (50)

  Slight-
extreme 
problems

25 (39.1) 16 (31.4) 10 (28.6) 9 (40.9) 5 (50)

Mobility* p = 0.1957

Self-care* p = 0.7186

Activities* p = 0.4568

Pain/discom-
fort

p = 0.4575

Anxiety/
depression*

p = 0.2751

Quality of life 
K‑BILD 

N 66 50 35 23 10

Total score
 Mean (SD) 57.1 (12) 60.7 (10.4) 61.9 (13) 60 (12.3) 62.5 (11.4)

 Range 32–100 35.5–84.6 36.5–90.8 36.5–90.8 47.8–84.6

Breathlessness/activities
 Mean (SD) 48.4 (19.8) 50.5 (20.2) 50.9 (17.9) 49.3 (17.6) 55.7 (13.5)

 Range 0–100 0–100 0–79.9 0–79.9 39.9–79.9

Psychological
 Mean (SD) 55.1 (14.7) 60.2 (15) 63.7 (18.4) 59 (17.6) 61.6 (18.2)

Range 28–100 32.3–100 33.9–100 25.3–100 41.2–100

Chest symptoms
 Mean (SD) 73.8 (20.4) 77.6 (18) 75.2 (20) 72.9 (16.3) 79.8 (18.1)

 Range 17.3–100 17.3–100 32.1 (100) 32.1–100 44–100

Estimated mean (95% CI)

 Total score 57.5 (54.6;60.4) 60.6 (57.7;63.4) 59.3 (55.7;62.9) 56.8 (53.1;60.5) 57.4 (52.9;62) p = 0.0397
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participants discontinuing the study might have influ-
enced our findings. Interestingly, the COVID-19 pan-
demic did not seem to have inflated anxiety or depression 
levels. Ample attention to patients’ psychological well-
being is needed, given that this might be associated with 
a poorer HRQoL, respiratory symptoms and nonadher-
ence [32–34].

Given that IPF is a chronic disease, attention should 
also be given to healthy lifestyle behaviours.

A total of 39.4% of our participants had a high BMI 
reflecting obesity, which is in line with the Belgian popu-
lation of 65 years or older [35]. Whether BMI is associ-
ated with worse outcomes remains the subject of debate, 
as studies report mixed findings, leaving ample room for 

further research on IPF patients’ BMI, nutritional status, 
and dietary habits [36–38].

In our study, approximately 30% of participants showed 
at-risk alcohol use. This is only 7% in the Belgian popula-
tion, although the CAGE and not the AUDIT-C was used 
[35]. Alcohol-related research is an underinvestigated 
field in IPF, which is surprising, given that at-risk drink-
ing might aggravate the hepatoxicity of antifibrotic drugs 
and is known to negatively impact health in other disease 
populations.

Half of our study population was classified as being 
insufficiently physically active, which is not surprising 
considering the nature of the disease. However, trying 
to maintain an active lifestyle is important, as physical 

Table 3 (continued)

Baseline Six weeks Three months One year One year and 
a half

Two years Main effect of 
time

(Visit 1) (Visit 2) (Visit 3) (Visit 4) (Visit 5) (Visit 6)

 Breathless-
ness/activi-
ties

48.4 (43.6;53.2) 49.7 (44.4;55) 46.3 (40.5;52) 43.5 (37.2;49.8) 48 (42;54) p = 0.2339

 Psychologi-
cal

55.1 (51.6;58.7) 60 (55.8;64.2) 61.4 (56.3;66.9) 56.1 (51.2;61) 56.7 (49;64.5) p = 0.0151

 Chest symp-
toms

73.8 (68.9;78.7) 78.1 (73.4;82.9) 73.2 (67.3;79.1) 72.1 (66;78.1) 72.9 (64.2;81.5) p = 0.1798

Quality of life 
SGRQ

N 39 34 28 20 6

Total score
 Mean (SD) 39 (20.6) 33.3 (21.1) 35.3 (17.2) 35.3(18.4) 26.5 (13.6)

 Range 0.4–92.4 4.3–76.3 9.6–67.4 6.7–85.5 10.5–47

Symptoms
 Mean (SD) 42.6 (25.2) 30.8 (24) 29.7 (21.7) 35.8 (23.6) 22.8 (9.8)

 Range 0–97.7 0–88 0–73 2.7–92.8 12.9–40

Activities
 Mean (SD) 54.4 (26) 49.9 (26.7) 53.3 (23) 50.5 (23.1) 45 (20.4)

 Range 0–100 0–100 0–92.5 0–100 18.1–67.2

Impact
 Mean (SD) 29.2 (19.3) 24.4 (19.7) 25.6 (17.3) 26.5 (16.9) 16.7 (12.1)

 Range 0–85.3 0–70.5 0–59.7 1.8–82 5.5–37.6

Estimated mean (95% CI)

 Total score 36.2 (30.4; 
42. 1)

33.4 (27.6;39.2) 37.8 (31.6; 44) 36.7 (30.2;43. 
2)

35.1 (28.8; 
41. 4)

p = 0.4953

 Symptoms 37.6 (31.2; 40) 31 (24.4;37.3) 29.4 (22.6; 
36. 1)

35.9 (27.9; 
43.9)

35.3 (29; 41.6) p = 0.0532

 Activities 52.4 (45.8; 59.1) 52 (44.7;59.3) 55.2 (47.9; 62.6) 53.8 (46.5; 
61.1)

51.9 (43.5; 60.2) p = 0.8818

 Impact 25.2 (20.3; 30.2) 23.3 (18.3;28.3) 28.8 (22.3; 35.3) 27 (21; 33) 33.8 (22.3; 45.3) p = 0.1039

Significant p-values are indicated in bold
N refers to the number of participants who filled in the questionnaire or for whom the variable was applicable
# Variables of which the evolution over time is not assessed

*For the ‘adherence to sunscreen use’ and the ‘EQ-5D’, we only report the main effect of time (p-value) in this table

We refer the readers to Additional file 1: table S4 for the pairwise comparisons between timepoints

Abbreviations: K-BILD (The King’s Brief Interstitial Lung Disease questionnaire), SGRQ (The St. George’s Respiratory Questionnaire), EQ-5D (EuroQoL 5D)
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inactivity is known to be associated with a range of nega-
tive outcomes, including mortality and cardiovascular 
risks [39]. Pulmonary rehabilitation programs for IPF 
patients do exist and have a positive short-term effect on 
QoL, fatigue and exercise tolerance [40]. However, refer-
ral of all patients to such programs is not part of routine 
practice and patients might face practical challenges to 
attend programs (e.g., mobility issues, low self-efficacy). 
Further research is needed on how physical activity in 
patients with IPF can be improved should rehabilitation 
programs not be feasible.

Strengths and limitations
This study was conducted at a large ILD centre of exper-
tise where information sessions and long-term follow-
up consultations are implemented. The study provides 
unique insights; however, there are some limitations to 
consider.

Firs, we did not measure the prevalence of all potential 
comorbidities. Because comprehensive evidence on non-
medical needs was limited, we decided to assess those 
needs in depth only.

Second, we used validated questionnaires when availa-
ble, yet comparing our findings with other studies should 
be performed cautiously, given that often different instru-
ments were often used.

Additionally, due to the COVID-19 pandemic, we 
were not able to conduct all study visits face-to-face. The 
pandemic might have influenced our observations, yet 
patients did not indicate specific concerns, and our find-
ings that depression and anxiety decreased over time 
suggest otherwise.

Selection bias might have occurred. However, the soci-
odemographic characteristics of our sample are compa-
rable to those reported in other IPF studies. Refusal to 
participate was mainly due to a lack of time or because 
participants felt too overwhelmed early after diagnosis. 
Reasons for study discontinuation were mainly due to 
death or switching to nintedanib.

Regarding the statistical analysis, we realized that we 
assessed many variables. Given our study’s exploratory 
nature, no corrections for multiple testing over all these 
variables were applied. Therefore, caution is warranted 
when interpreting a single p value. Additionally, due to 
the small study sample (especially at visit 5 and visit 6) 
and the high numbers of missing values, we consider the 
data sparse, which was challenging for binary and ordinal 
outcomes but nevertheless has high clinical relevance. 
When the data were too sparse, no formal comparisons 
were possible for these outcomes. Note that the longitu-
dinal analyses used all available information, i.e., were not 
restricted to complete cases. Finally, our study contains 

descriptive data only and was not designed to predict how 
patients might evolve based on their initial needs profile, 
yet this could be an interesting area for further research.

Conclusion
Conclusively, patients with IPF face issues that go beyond 
their medical needs. We call for the management of IPF 
as a chronic disease, thereby focusing on behavioural 
issues, health literacy and psychological well-being.
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