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Plain language summary 

Understanding the challenges of respiratory physiotherapy in individuals with cystic 
fibrosis using triple therapy: a one-year study.

In order to slow down the progression of their disease, people with cystic fibrosis typically 
do daily respiratory physiotherapy, which they find to be the most challenging part of 
managing their condition. The elexacaftor-tezacaftor-ivacaftor combination has changed 
how they manage their respiratory health. We wanted to see how the perceived difficulty 
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Abstract
Background: To limit the progression of disease, people with cystic fibrosis (pwCF) perform 
daily respiratory physiotherapy, which is perceived as the most burdensome routine in 
managing their condition. The elexacaftor–tezacaftor–ivacaftor (ETI) combination has changed 
respiratory management.
Objective: To investigate how the perceived treatment burden changed in 1 year of treatment 
with ETI.
Design: Prospective observational study.
Methods: Ad hoc questionnaires for the pwCF and for the caregivers of pwCF < 18 years were 
administered before the initiation of ETI therapy and then at 6–12 months. The Cystic Fibrosis 
Questionnaire-Revised (CFQ-R) and the Sinonasal Outcome Test (SNOT-22) were administered 
to explore disease-related symptoms and social limitations. The International Physical Activity 
Questionnaire was used to determine levels of physical activity. Mixed-effect models were 
fitted to explore whether the time engaged in respiratory physiotherapy changed during 1 year.
Results: The study included 47/184 pwCF aged 21.4 (5.7) years, who completed 1 year of ETI 
therapy. At 6 months, time on aerosol therapy was decreased by 2.5 (95% CI −32.9 to 27.8) min/
day, time on airway clearance therapies (ACTs) was decreased by 8.8 (95% CI −25.9 to 8.3) min/
day, and time for cleaning and disinfecting respiratory equipment was decreased by 10.6 (95% 
CI −26.5 to 5.3) min/day. At 1 year, gains in time saved were nearly 15 min/day on average. At 
1 year, 5/47 (10.6%) pwCF reported that they had discontinued positive expiratory pressure 
mask.
Conclusion: PwCF on ETI may note less time engaged in their daily respiratory physiotherapy 
routine. Nonetheless, aerosol therapy, ACTs and maintaining respiratory equipment were still 
perceived as time-consuming daily activities.
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of the treatment changed over one year of using elexacaftor-tezacaftor-ivacaftor. We 
gave questionnaires to people with cystic fibrosis and to their caregivers before they 
started the triple therapy and again at 6-12 months. We also used two international 
questionnaires to learn about symptoms and social limitations related to the disease. The 
International Physical Activity Questionnaire helped us understand their physical activity 
levels. We used statistical models to see if the time spent on respiratory physiotherapy 
changed over the year. Our study involved 47 individuals with cystic fibrosis, with an 
average age of 21 years, who completed one year of elexacaftor-tezacaftor-ivacaftor 
therapy. After 6 months, time spent on aerosol therapy decreased by 2.5 minutes per 
day, time on airway clearance therapies decreased by 8.8 minutes per day, and time for 
cleaning respiratory equipment decreased by 10.6 minutes per day. By the end of the 
year, they were saving almost 15 minutes per day on average. At one year, 5 out of 47 
said they had stopped using the positive expiratory pressure mask. People with cystic 
fibrosis using elexacaftor-tezacaftor-ivacaftor may find that they spend less time on 
their daily respiratory physiotherapy routine. However, activities like aerosol therapy, 
airway clearance therapies, and maintaining respiratory equipment were still seen as  
time-consuming.

Keywords: airway clearance, CFTR modulators, cystic fibrosis, lung clearance index, 
respiratory physiotherapy, treatment burden
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Background
Cystic fibrosis (CF) is an inherited and multisys-
temic disease. The complex systemic clinical 
manifestations derive from the dysfunction of CF 
transmembrane conductance regulator (CFTR) 
protein, which controls ion and water secretion 
and absorption across epithelial cells. This may 
lead to an imbalance in the transport of ions and 
water, resulting in the production of thick, sticky 
mucus to build up in organs. To limit disease pro-
gression, patients perform daily routines (phar-
macological therapy, respiratory physiotherapy) 
and follow dietary recommendations and care for 
their overall well-being starting at diagnosis. 
CF-related lung disease is the major cause of 
morbidity and mortality1; the build-up of mucus 
in the airways causes chronic and recurrent 
inflammation, leading to epithelial damage, tissue 
remodelling, and progressive deterioration of 
lung function, ultimately resulting in respiratory 
failure.2 Respiratory mucus is loosened and 
removed by daily respiratory physiotherapy (RP), 
which is perceived as the most burdensome rou-
tine in disease management (2 h on average every 
day),3 consisting of airway clearance therapy 

(ACT), exercise prescription and education, and 
inhalation therapy.4

A highly effective CFTR modulator therapy, the 
elexacaftor–tezacaftor–ivacaftor (ETI) com-
pound, was approved in Europe in 2020 for the 
treatment of patients with at least one copy of 
p.Phe508del mutation and later extended to 
other genotype covering up to 90% of individuals 
with the disease.5 ETI therapy has achieved 
unprecedented results in modifying the respira-
tory management of CF.6–9

Improved lung function and reduced mucosal 
secretion and inflammatory exacerbation may 
require less time engaged in ACT, inhalation, 
and maintaining respiratory equipment. With the 
present study, we investigated patient and car-
egiver perceived changes in treatment burden at 
1 year of ETI therapy, here operationalized as 
time engaged in routine RP. Our hypothesis was 
that ETI therapy would change the perceived 
burden by either shortening the amount of time 
needed for ACT or reducing the number of 
sessions.
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Methods
This prospective observational study was carried 
out at the Centre for CF, Milan, Italy. Following 
the approval of ETI therapy in Italy in October 
2021, people with CF (pwCF) who had been pre-
scribed ETI therapy were consecutively recruited 
for this study. Exclusion criteria were diagnosis of 
Burkholderia cepacia infection, neurological disor-
ders, or cognitive deficits.

During scheduled outpatient visits, demographics 
and clinical data were extracted from the partici-
pants’ electronic health records before and then 
at 6 and 12 months into ETI therapy. The usual 
RP regimen remained unchanged during ETI 
therapy, as agreed between the CF care team and 
the pwCF. Twice daily ACT consisted generally 
of 10 repetitions of positive expiratory pressure 
(PEP) mask breathing for 1 min, followed by 
huffing, for a total 40 min/day. Continuous posi-
tive airway pressure (CPAP) was recommended10 
for pwCF experiencing difficulty in clearing their 
airways of mucus or with signs of respiratory 
fatigue during ACT. CPAP therapy entailed 2 min 
breathing at a given CPAP level, followed by auto-
genic drainage or a cycle of active breathing tech-
niques, repeated 10 times twice or more often 
daily. Only hypertonic saline was to be discontin-
ued during ETI therapy. The reporting of this 
study conforms to the Strengthening the Reporting 
of Observational Studies in Epidemiology  
(STROBE) statement.11

Treatment burden
To investigate the time participants and/or their 
caregivers were engaged in RP (preparation, exe-
cution, equipment maintenance) involving nasal 
irrigation, aerosol therapy, and ACT, two self-
administered questionnaires were devised, one 
for the adult pwCF on ETI therapy and one for 
the caregivers of participants <18 years old. The 
questionnaires were created in three phases: 
phase I to identify the aim, the patient sample, 
and the areas of focus; phase II to select the type 
of question items and complete the first draft, 
which was reviewed by 11 clinical experts in CF 
(six physiotherapists, three paediatric physicians, 
two nurses); and phase III to test content validity 
based on a debriefing grid. The grid was evalu-
ated by a group of five caregivers and 10 pwCF, 
consisting of both sexes and different ages, social 
backgrounds, and education levels. This was 

done to collect comments to further inform the 
content of the questionnaires.

The questionnaires were composed of three parts 
(available as Supplemental Material). The first 
collected demographics about master data, edu-
cation level, and current employment status; the 
second investigated the perceived time engaged in 
RP; the third investigated the perceived burden of 
care, that is, time spent away from daily therapy 
and number of times the patient had to give up 
something in order to carry out the therapy ses-
sion. A specific type of question item was designed 
for each part: closed-ended questions with 
response options for part 1; a mix of close-ended 
and open-ended question items for part 2; and a 
five-point Likert scale for part 3.12 The question-
naires investigating the perceived time burden 
were processed by an investigator unfamiliar with 
the study, before contact with healthcare workers, 
to avert influencing the responses. The question-
naire took 10–15 min to complete.

Overall treatment burden was assessed according 
to the treatment burden subscale of the adoles-
cent and the adult version of the Cystic Fibrosis 
Questionnaire (CFQ-R).13 The respiratory 
domain of the CFQ-R was used to measure res-
piratory symptoms and the social subdomain to 
explore activity limitations. The severity of sinon-
asal symptoms was graded according to the over-
all score of the Sinonasal Outcome Test 
(SNOT-22) questionnaire.14,15 The level of phys-
ical activity was determined according to the 
International Physical Activity Questionnaire 
(IPAQ),16 a version of which is also available for 
children. The IPAQ17 investigates duration, fre-
quency, and intensity of physical activity con-
verted into metabolic equivalent tasks (MET). 
CFQ-R, SNOT-22, and IPAQ were administered 
during scheduled visits to our Cystic Fibrosis 
centre.

Pulmonary measures
Forced expiratory volume in the first second 
(FEV1) by spirometry was reported as a percent-
age of predicted values and as Z score according 
to Quanjer et al.’s equation.18 Lung function was 
defined within the normal range when FEV1 was 
above the −1.64 Z score (lower limit of normal at 
fifth centile). The lung clearance index (LCI), 
convective gas mixing in the conducting airways 
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(Scond*VT) and the diffusion–convection inter-
action within the acinus (Sacin*VT), was meas-
ured using an open-circuit multiple breath 
washout (MBW) hard- and software package 
with nitrogen as tracer gas (N2MBW) (Exhalyzer® 
D and Spiroware 3.3.1 Ecomedics AG, 
Switzerland), as described elsewhere.19 The LCI 
in the children was considered normal when 
below 7.1.20

Clinical measures
Clinical measures included participant age, geno-
type, anthropometrics, cystic-fibrosis-related dia-
betes (CFRD), pancreatic insufficiency, and 
colonization by Pseudomonas aeruginosa. A history 
of intravenous (IV) antibiotic therapy was 
recorded at baseline, in the 12 months before ETI 
therapy, and again at 6 and 12 months during the 
previous 6 months.

Statistical analysis
Variables are presented as mean and standard 
deviation (± 1 SD) or count and percentage (%). 
Mixed-effect regression models were fitted to 
evaluate changes over time of the endpoints of 
interest (perceived time engaged in inhalation 
therapy, perceived time for lower and upper air-
way clearance and time perceived for cleaning 
and disinfecting personal respiratory equipment) 
at baseline, and then at 6 and 12 months after ini-
tiation of ETI therapy. The response variable 
consisted of the endpoint of interest, the covariate 
was time and age at ETI and FEV1 as the adjust-
ing factors. Only for the models investigating time 
engaged in inhalation therapy and time to clean 
and disinfect aerosol devices, we used the actual 
number of prescribed aerosol therapies as a fur-
ther adjusting factor. One random effect for 
pwCF was included in each model to take into 
account the correlation of measurements taken 
on the same pwCF at the follow-up visits. The 
same approach was adopted to assess changes 
over time in the subdomain scores of the CFQ-R, 
METs derived from the IPAQ, and the SNOT-22 
score, using age at ETI and FEV1 as adjusting 
factors. Results are expressed as differences with 
95% confidence intervals (CI). Changes in fre-
quency were evaluated using Cochran’s Q test. 
Bland–Altman analysis was performed to assess 
bias in the time perceived by the pwCF aged 
<18 years and their caregivers. A significance 
level of alpha 0.05 was set. Statistical analysis was 

performed using R software version 4.0.3, with 
package childsds, lmerTest, emmeans, and blandr 
added.21 

Results
Between October 2021 and December 2022, a 
total of 184 pwCF started ETI therapy, of which 
47 pwCF aged 21.4 (5.7) years and 29.8% 
(14/47) <18 years completed 12 months of ETI 
therapy and were entered into the present analy-
sis. Our assumption is that a study of this size, 
with a desired significance of 0.05 and a desired 
power of 0.90, can reliably detect an effect size of 
about 0.48 (Cohen’s d) between two timepoints.

Clinical characteristics of the study population 
are presented in Table 1. At baseline, the N2MBW 
showed that ventilation inhomogeneity was 
impaired in 100.0% (14/14) of children and the 
FEV1 was within the normal range in 21/47(44.7%) 
pwCF; the mean LCI was 11.9 (3.0). Ventilation 
inhomogeneity was greater in the peripheral than 
the conductive airways (Table 2). Before begin-
ning ETI therapy, 76.6% (36/47) pwCF had 
received one bout of IV antibiotic therapy in the 
previous 12 months.

Perceived time engaged in ACT was 66.7 (38.1) 
min/day. PEP mask breathing was the technique 
the pwCF used most often (38/47, 80.9%) and 
performed two times/day by 37/47 (78.7%), 
though some performed it more often (6/47, 
12.8%) or used an advanced technique like CPAP 
(10/47, 21.3%). Half (50%) of pwCF performed 
aerosol therapy two or three times a day, for a 
total perceived time of 57.4 (44.8) min/day. The 
majority used a highly performant mesh nebulizer 
(36/47, 76.6%) or a pneumatic compressor 
(21/47, 44.7%) as second choice. Half (50%) of 
the pwCF spent between 7 and 30 min/day on 
cleaning and disinfecting their respiratory 
equipment.

At 6 and 12 months into ETI therapy, consistent 
improvement in clinical outcomes was noted 
(Table 2) as well as time engaged in routine RP 
(Table 3), which decreased with time. The differ-
ence between timepoints was not statistically sig-
nificant (Table 4). The largest difference 
perceived by the pwCF was the time engaged in 
aerosol therapy at 1 year follow-up, with nearly 18 
(95% CI −49.7 to 14.5) min/day gained. At 1 year 
of ETI therapy, 5/47 (10.6%) pwCF reported 
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they had discontinued PEP mask, none per-
formed it more than twice a day, while 32/47 
(68.1%) continued it as prescribed (p < 0.001).

At 12 months of ETI therapy, the overall mean 
CFQ-R score was increased by 5.2 (95% CI 1.9–
8.5) points; the treatment burden and respiratory 
subdomain scores were increased by 17.0 (95% 
CI 9.9–24.2) and 14.1 (95% CI 9.5–18.7) points, 
respectively. Physical activity was increased by 
1957.8 (95% CI 711.1–3205.8) MET-min/week. 
There was a decrease in sinonasal symptoms of 
2.6 (95% CI: −5.4 to 0.1) points at 12 months of 
ETI therapy.

Comparison between the time perceived by chil-
dren and that of their caregivers showed that the 
children perceived they spent less time on aerosol 
therapy compared to their caregivers; this differ-
ence was −21.2 (95% CI −49.4 to 6.9) min/day 
before ETI therapy and −10.5 (95% CI −34.5 to 
13.5) min/day at 12 months. Similarly, the chil-
dren’s responses suggested that they spent a few 
minutes less on ACT than the responses by their 
caregivers, especially at 6 months (−12.7, 95% CI 
−25.6 to –0.1 min/day), whereas at 12 months, 
this difference was much smaller (−3.7, 95% CI 
−14.6 to –7.2 min/day).

In response to the questions about perceived time 
spared, 24/47 (51.1%) pwCF reported a satisfac-
tory amount of time before initiating ETI ther-
apy; at 1 year, the number of pwCF reporting a 
gain in spare time was increased to 35/47 (74.5%). 

Table 1. Cohort characteristics (N = 47).

No. 47

Age, years 21.4 (5.7)

Sex

 Female 23 (48.9)

 Male 24 (51.1)

FEV1, Z score −1.7 (1.5)

FEV1, % predicted 79.1 (17.7)

LCI, turnovers 11.9 (3.0)

BMI, Z score −0.5 (0.9)

Chronic Pseudomonas aeruginosa 
infection

32 (68.1)

Pancreatic insufficiency 41 (87.2)

CFRD 6 (12.8)

Mutations

 Severe 41 (87.2)

 Moderate –

 Unknown  6 (12.8)

Data are presented as mean and standard deviation 
(± 1 SD) or count and percentage (%), FEV1 denotes forced 
expiratory volume in 1 s as measured by spirometry; LCI 
lung clearance index; BMI body-mass index (weight in kg 
divided by height in m squared); and CFRD cystic-fibrosis-
related diabetes.

Table 2. Changes in clinical variables over time (N = 47).

Clinical variables Baseline 6 months 1 year

FEV1, Z score −1.7 (1.5) −0.3 (1.7) −0.4 (1.5)

FEV1, % predicted 79.1 (17.7) 96.1 (19.8) 94.6 (18.7)

LCI, turnovers 11.9 (3.0) 10.1 (3.2) 9.8 (3.6)

Sacin*VT 0.247 (0.182) 0.183 (0.134) 0.196 (0.171)

Scond*VT 0.113 (0.034) 0.086 (0.041) 0.097 (0.036)

BMI, Z score −0.5 (0.9) −0.1 (0.9) −0.1 (0.9)

IV antibiotic therapy, no. 36 (76.6) 4 (8.5) 3 (6.4)

Data are presented as mean with standard deviation (± 1 SD) or count and percentage (%). FEV1 denotes forced expiratory 
volume in 1 s as measured by spirometry; LCI lung clearance index; Scond*VT convective gas mixing in the conducting 
airways; Sacin*VT diffusion–convection interaction within the acinus; BMI body-mass index (weight in kg divided by height 
in m squared).
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There was no association between the amount of 
perceived time spared and the study timepoints 
(Table 5). Similarly, the CFQ-R social limitation 
subdomain score was increased by 3.0 (9% CI 
−2.5 to 8.5) points, whereas there was a statisti-
cally significant difference in the proportion of 
responses to the questionnaire items investigating 
having to give up something important in order to 
perform therapy across timepoints (p = 0.004).

Discussion
With this study, we wanted to gain a better under-
standing of the perceived burden of RP in pwCF 
on ETI therapy. Our findings indicate improved 
health and lower treatment burden in pwCF fol-
lowing therapy, together with less time engaged in 
RP, likely the result of self-management of ACT 

frequency and duration. Yet, aerosol therapy, 
cleaning and disinfecting respiratory equipment, 
and ACT still took up a considerable share of 
daily life, without meaningful changes in per-
ceived time saved or social limitations.

During the first year of ETI therapy, neither the 
frequency nor the modality of ACT was changed; 
this decision was shared by other colleagues and 
caregivers from the CF community,22 who agree 
upon the lack of short- and long-term evidence in 
favour of simplifying treatment. We believe that 
the rationale for time-consuming and low-grade 
evidence-based ACT is no longer tenable. Indeed, 
pwCF themselves23 have stated that they would 
accept a 5% reduction in FEV1 for treatment that 
reduced by 50% the time engaged in ACT. We 
found that few pwCF discontinued or reduced 

Table 3. Time engaged in respiratory physiotherapy (N = 47).

Activities Baseline 6 months* 1 year

Time engaged in aerosol therapy (min/day) 57.4 (44.2–70.5) 47.1 (22.1–72.1) 31.0 (22.5–39.5)

Time engaged in airway clearance therapies 
(min/day)

66.7 (55.6–77.9) 57.1 (43.7–70.5) 49.8 (40.0–59.6)

Time engaged in cleaning and disinfecting 
respiratory equipment (min/day)

28.1 (16.0–40.3) 17.9 (9.6–26.2) 13.5 (9.8–17.3)

Data are presented as mean with 95% confidence interval.

Table 4. Estimated difference and 95% CI between baseline and 1 year of ETI therapy.

Time engaged in aerosol therapy (min/day)* Baseline – 6 months −2.5 (95% CI: −32.9 to 27.8)

6 months – 1 year −15.0 (95% CI: −41.9 to 11.9)

Baseline – 1 year −17.6 (95% CI: −49.7 to 14.5)

Time engaged in airway clearance therapies 
(min/day)

Baseline – 6 months −8.8 (95% CI: −25.9 to 8.3)

6 months – 1 year −7.4 (95% CI: −22.2 to 7.4)

Baseline – 1 year −16.2 (95% CI: −33.0 to 0.5)

Time engaged in cleaning and disinfecting 
respiratory equipment (min/day)*

Baseline – 6 months −10.6 (95% CI: −26.5 to 5.3)

6 months – 1 year −5.3 (95% CI: −19.6 to 9.0)

Baseline – 1 year −15.9 (95% CI: −32.7 to 0.9)

*Model adjusted for the number of aerosol therapies.
Differences are presented as mean and 95% confidence interval: lower limit to upper limit.
ETI, elexacaftor–tezacaftor–ivacaftor.
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ACT, whereas most continued with their routine 
as usual. Discontinuation and/or self-management 
of ACT resulted in approximately 16 min/day less 
devoted to ACT. Nevertheless, this gain in time is 
not reflected by the response concerning per-
ceived time saved, which did not appear to have 
changed during the study period, nor by the 
scores on the CFQ-R subdomain investigating 
social limitations. Fifteen minutes might be too 
short to be perceived as spare time, and this fact 
alone could explain the lack of change.

There are other explanations for such findings. 
For example, the fact of having a chronic disease 
remained unchanged. The pwCF may have felt 
better while on ETI therapy, but they still had to 
manage a chronic respiratory illness that requires 
daily medications, especially for those with mod-
erate-to-severe disease. In addition, changes in 
clinical condition while on CFTR modulator 
therapy may create uncertainty about the short- 
and long-term effects of this new medication, 
leaving the pwCF to deal with their chronic con-
dition just as before. Adult pwCF may be more 
likely to harbour doubt about the effect of CFTR 
modulators, whereas the parents and the children 
seemed more optimistic as they experienced 
improved well-being first-hand.

Moreover, there is the wrong notion that ACT 
can be replaced by physical activity,24–26 as if they 
were the same thing. While studies have reported 
that exercise may be as effective as a surrogate for 
airway clearance in some circumstances and for 
some outcomes, gaps in our understanding 

remain and further trials are needed.27 The pwCF 
attending our centre are informed about the dif-
ferences between the two types of intervention. 
People in good clinical condition usually perform 
only one ACT session on the days when physical 
activity is also planned. This combination is 
intended as a way to reduce treatment burden 
and encourage adherence. The greater amount of 
physical activity we reported could explain the 
lack of a gain in spare time as perceived by the 
pwCF on ETI therapy and the social limitation 
scores. We believe that the pwCF probably 
thought that by increasing their physical activity 
levels they could reduce the number of physio-
therapy sessions, albeit without consulting their 
CF team. Basically, the pwCF just replaced one 
therapy with another, admittedly perhaps one 
that was more fun and experienced as normal.

The pwCF reported that they did not feel that 
they had to give up something important before 
initiating ETI therapy. This response merits com-
ment, given the dramatic decrease in the number 
of pwCF receiving IV antibiotic therapy during 
the year. This meant less absenteeism from work 
or school and less hospitalization. It can be linked 
to the positive change in the overall treatment 
burden as measured by the CFQ-R score. Also, 
since loosening and removal of mucus secretion 
make up a big part of daily RP routine, these 
manoeuvres can serve as a guide for adjusting 
ACT frequency and duration. Our hypothesis is 
that the pwCF on ETI probably thought it was 
not worth giving up something important in order 
to perform ACT, which no longer gave them the 

Table 5. How much time matters to pwCF (N = 47).

Baseline 6 months* 1 year p-value

Amount of spare time 

 Not at all/only a little 7 (14.9) 8 (17.4) 5 (10.6) 0.2061

 To some extent 16 (34.0) 8 (17.4) 7 (14.9)

 Fairly much/very much 24 (51.1) 30 (65.2) 35 (74.5)

Something important left undone

 Never/Very rarely 28 (59.6) 37 (80.4) 40 (85.1) 0.004

 Occasionally 17 (36.2) 8 (17.4) 7 (14.9)

 Very frequently/Always 2 (4.3) 1 (2.2) 0 (0)

Data are presented as count and percentage (%). PwCF denotes people with cystic fibrosis. *N=46.
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immediate effect of feeling the secretions had 
been removed. Indeed, the respiratory subdo-
main scores on the CFQ-R were increased.

We also wanted to investigate differences between 
the children with CF and their parents/caregivers 
in the perception of time, which was consistently 
less in the children compared to their parents for 
aerosol therapy and ACT, although above the 5% 
significance threshold. This may be related to the 
struggle caregivers go through when trying to 
motivate the children to perform daily treatment. 
In their study, Grossoehme et al.28 found that par-
ents reported feeling overwhelmed by the burden 
of daily care, challenged by the constant need to 
engage and to model responsible behaviour them-
selves (waking to an alarm) to ensure that the 
children carried out their daily routine. These 
findings may be related to participant age. As 
children get older, they comply less and less with 
treatment, particularly during adolescence.29–32 
This is a familiar stress factor for caregivers who 
want to be sure that therapy is done correctly and 
the adolescents who want to be independent. 
Parents need to start from the very beginning to 
establish a routine for children and develop it into 
effective self-management of the disease. 
Common strategies are telling stories, watching 
TV, or playing with electronic devices during 
ACT as an incentive or a distraction, which may 
make the routine easier for both the children and 
their caregivers alike.

Study strengths and limitations
This is the first study to estimate the burden of 
RP during ETI therapy measured as perceived 
time engaged in ACT, aerosol therapy, and clean-
ing and disinfecting respiratory equipment. 
Despite we only assumed that RP burden could 
be operationalized as time, the CF Italian Patient 
Centred Outcomes Research working group 
addressed time as a priority related to the patients’ 
own experiences.33 Validated questionnaires were 
administered to pwCF during ETI therapy; the 
responses were analysed and our findings general-
ized for comparison with other cohorts of pwCF.

The limitations are that the questionnaires investi-
gating treatment burden were validated internally at 
our centre and that the sample involved a mixed of 
adult and paediatric population, enrolled according 
to a convenient approach without any formal sam-
ple size calculation. Furthermore, our assumption 

was that the adult pwCF would clean and disinfect 
their own respiratory devices, which could have cre-
ated a response bias. The study revolves around 
how pwCF perceive their time, so it is challenging 
to set an external objective criterion as a benchmark. 
The only possible comparison is change over time 
in the perception of time in relation to lung function 
and other clinical parameters.

Conclusion
PwCF on ETI therapy may perceive less time 
burden engaged in their daily RP routine, 
although aerosol therapy, ACT, and maintenance 
of personal respiratory equipment still take a con-
siderable share of a patient’s day. Despite a 
remarkable clinical improvement over 1 year, 
social limitations and the amount of perceived 
spare time did not vary accordingly. Some pwCF 
discontinued or reduced their ACT in 
self-management.

The willingness of pwCF to work with healthcare 
professionals by engaging in lengthy procedures 
during observational trials on CFTR modulators 
is an opportunity to seek improvement in RP. 
Physiotherapists specialized in CF need to under-
stand the role of ACT for people taking CFTR 
modulators, without medicalizing them to inter-
ventions such as physical activity masked as air-
way clearance intervention.
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