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Abstract

Background/Objectives: Highly effective cystic fibrosis transmembrane conductance reg-
ulator (CFTR) modulator therapy has changed cystic fibrosis (CF) care, but Romanian
patient-reported health-related quality of life (HRQoL) data remain limited. This national
cross-sectional mixed-methods survey aimed to describe patient- and parent-reported
HRQoL in Romanian people with CF (pwCF) aged ≥6 years using age-appropriate Cystic
Fibrosis Questionnaire-Revised (CFQ-R) versions, with the respiratory domain as the pri-
mary outcome. Methods: The online survey was conducted between February and April
2026. Respondents provided demographic and clinical data, including genotype/F508del
status, CFTR modulator status, percent predicted forced expiratory volume in 1 s (ppFEV1)
category, weight, height, and IV antibiotic-treated pulmonary exacerbations in the pre-
vious year. CFQ-R scores were summarized descriptively, and exploratory unadjusted
associations were assessed using Mann–Whitney U tests and Spearman correlations. Open-
ended responses were analyzed descriptively. Results: Of 67 responses, 61 were included:
43 participants aged 6–13 years and 18 aged ≥14 years. Most respondents were currently
receiving CFTR modulators (52/61, 85.2%), predominantly elexacaftor/tezacaftor/ivacaftor.
Mean CFQ-R Respiratory scores were 74.5 ± 23.1 in parent-proxy questionnaires for
children aged 6–13 years, 83.3 ± 11.8 in self-reported questionnaires for children aged
12–13 years, and 69.8 ± 27.4 among respondents aged ≥14 years. Respiratory scores
were higher among currently treated respondents and those with at least one F508del
variant, and lower among those reporting IV antibiotic-treated exacerbations. Treatment
burden remained among the lower-scoring domains. Qualitative responses described
perceived respiratory, nutritional, and functional improvements, alongside residual treat-
ment burden, psychosocial challenges, and access-related expectations. Conclusions: This
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national Romanian mixed-methods survey provides descriptive, exploratory CFQ-R-based
HRQoL data in the CFTR modulator era. The findings suggest more favorable respiratory
HRQoL among currently treated respondents, while supporting continued multidimen-
sional patient-reported outcome monitoring in Romanian CF care.

Keywords: cystic fibrosis; health-related quality of life; CFTR modulators; patient-reported
outcomes; mixed-methods survey

1. Introduction
Cystic fibrosis (CF) is a life-limiting autosomal recessive disease caused by pathogenic

variants in the cystic fibrosis transmembrane conductance regulator (CFTR) gene and is
now estimated to affect approximately 188,000 people worldwide, although diagnosis and
access to treatment remain highly unequal across countries [1,2]. Dysfunction of the CFTR
protein impairs the transport of chloride and bicarbonate across the apical membrane of
epithelial cells, contributing to airway surface dehydration, impaired mucociliary clear-
ance, chronic suppurative lung disease, pancreatic insufficiency, and gastrointestinal and
reproductive manifestations [2]. Even in the era of disease-modifying therapy, routine CF
care commonly involves airway clearance, inhaled therapies, oral medications, pancreatic
enzyme replacement, nutritional support, exercise, and recurrent monitoring, such that
daily treatment workload remains substantial [3].

As survival improves and the demographic profile of CF broadens, health-related qual-
ity of life (HRQoL) has become an essential complement to conventional endpoints such
as percent predicted forced expiratory volume in one second (ppFEV1), body mass index
(BMI), or pulmonary exacerbation history [2]. Among disease-specific instruments, the Cys-
tic Fibrosis Questionnaire-Revised (CFQ-R) is the most widely used tool across pediatric,
adolescent, adult, and parent-proxy populations, assessing respiratory symptoms along-
side broader domains such as physical functioning, emotional well-being, eating-related
difficulties, body image, social participation, and treatment burden [4]. The instrument
provides multidomain scores ranging from 0 to 100, with higher scores indicating better
HRQoL, and its respiratory domain has particular interpretive value because a minimal
clinically important difference has been defined for clinically meaningful change [4,5].
Electronic versions of the CFQ-R have also been validated and are available in multiple
languages [6,7].

The modulator era has substantially changed the context in which CFQ-R findings
should be interpreted. In pivotal phase 3 trials, elexacaftor/tezacaftor/ivacaftor (ETI)
was associated with marked improvements in the CFQ-R Respiratory domain among
adolescents and adults with either one F508del allele plus a minimal-function variant
or homozygous F508del disease [8,9]. Pediatric studies extended this signal to younger
patients, including children aged 6–11 years, and longer-term extension data support
sustained benefit in F508del-eligible groups [10,11].

At the same time, improved respiratory status does not imply complete normalization
of lived experience. Modulator-era studies suggest that treatment burden may remain one
of the more vulnerable HRQoL domains, even when respiratory and physical domains
improve, and that patients continue to weigh uncertainty around long-term simplification
of legacy daily regimens [2,12,13]. Broader issues such as emotional functioning, mental
health, and well-being also remain clinically relevant in the modulator era [14,15]. In paral-
lel, the treatment landscape is still shaped by genotype eligibility, reimbursement policy,
and unequal access. Within Europe, the therapeutic indication for ETI has progressively
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expanded, and Romania has likewise broadened reimbursement through successive thera-
peutic protocol updates since 2022 [16–20]. This context matters for HRQoL interpretation,
because patients who are not currently receiving CFTR modulators may differ not only in
respiratory burden, but also in perceived health, expectations, and uncertainty regarding
future treatment access [1,16].

The Eastern European evidence base remains smaller than that from North America
and Western Europe. Pre-modulator studies from Hungary and Poland showed that CFQ-
R-assessed HRQoL was shaped by disease severity, lung function, nutritional status, school
participation, and differences between child- and parent-reported perceptions [21,22]. More
recent Polish work has added contemporary cross-sectional CFQ-R data and pediatric post-
approval ETI outcomes, suggesting that regional evidence is growing but remains relatively
fragmented [23,24]. In Romania, published CF research has addressed psychosocial burden
in children, determinants of lung function, and related clinical dimensions of disease, while
a recent adult Romanian study has examined quality of life (QoL) alongside mental health
and sleep [14,25,26]. Nevertheless, national data using age-specific CFQ-R versions to
characterize HRQoL in Romanian people with Cystic Fibrosis (pwCF) during the modulator
era remain sparse.

To address this gap, the present national cross-sectional mixed-methods survey aimed
to describe patient- and parent-reported HRQoL in Romanian pwCF aged ≥6 years using
age-appropriate CFQ-R versions. The CFQ-R Respiratory domain served as the primary
outcome, while other domains and clinical variables—including genotype, ppFEV1, BMI, ex-
acerbations, and CFTR modulator status—were examined exploratorily. Additionally, open-
ended responses contextualized the quantitative data by capturing patient-centered perspec-
tives on treatment changes, residual challenges, expectations, and access-related concerns.

2. Materials and Methods
2.1. Study Design and Population

The study was designed as a national, cross-sectional, observational mixed-methods
online survey of pwCF from Romania. Eligible participants were patients with a diagnosis
of cystic fibrosis aged 6 years or older, pediatric and adult patients alike. Responses from
participants younger than 6 years of age or with incomplete key data required for analysis
were excluded.

The questionnaire was created using Google Forms (Google LLC, Mountain View,
CA, USA), and the survey link was distributed through open and overlapping channels,
including social media, a cystic fibrosis patient association, and cystic fibrosis centers;
participants were instructed to submit only one response each. Recruitment was non-
probability and volunteer-based and may therefore have preferentially reached families
who were digitally connected, engaged with patient organizations, or in contact with
participating centers, thereby limiting the representativeness of the sample. Because the
dissemination strategy did not permit identification of the number of unique individuals
who viewed or received the invitation, the recruitment denominator and response rate could
not be calculated. The online questionnaire was available from February to April 2026.

2.2. Data Collection and Variables

The survey collected self-reported demographic and clinical data, which were not
independently verified against medical records, regarding the following:

• Demographic Characteristics: Age, sex, residence (urban/rural).
• Nutritional Status: Weight and height. The BMI was calculated based on the self-

reported weight and height, and z-scores were based on reference values from Centers
for Disease Control and Prevention.
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• Genetic Profile: Homozygous F508del, heterozygous F508del, no F508del, and unknown.
• CFTR Modulator Therapy Status: Currently treated, interrupted and never treated.

CFTR modulator therapy duration in months.
• Lung Function: ppFEV1 as >70%; 40–69%; <40%; unknown.
• Pulmonary Exacerbation Frequency: Number of exacerbations that required iv antibi-

otic treatment in the last 12 months.
• QoL: Using age-specific CFQ-R.
• Open-Ended Questions: Perceived treatment-related changes, residual challenges, and

future expectations.

Each participant contributed one age-appropriate CFQ-R questionnaire. For children
aged 6–13 years, responses were provided primarily by caregivers using the parent-proxy
version; a small subgroup of children aged 12–13 years completed the self-report version.
Respondents aged ≥14 years completed the teen/adult self-report version.

Domain scores of the CFQ-R were calculated using the online scoring software devel-
oped by the University Hospital of Copenhagen [7].

2.3. Analysis

Statistical analysis was performed using Microsoft Excel 2021 (Microsoft Corporation,
Redmond, WA, USA) and JASP (Version 0.96.0; JASP Team, Amsterdam, the Netherlands).

Patient characteristics and CFQ-R domain scores were summarized descriptively
as n/N (%) for categorical variables and mean ± standard deviation (SD) for continuous
variables; CFQ-R Respiratory scores were additionally reported as median and interquartile
range (IQR), where appropriate. Group comparisons were performed using the Mann–
Whitney U test, and associations with BMI, BMI z-score, and duration of current CFTR
modulator therapy were assessed using Spearman’s rank correlation coefficient.

The CFQ-R Respiratory domain was the primary HRQoL outcome, whereas non-
respiratory domain analyses were exploratory. Participants with interrupted or no previous
CFTR modulator therapy were combined into the not currently treated group. Because
some subgroups contained fewer than 10 participants, there comparisons were interpreted
cautiously and were not considered confirmatory. Analyses were based on available
cases without imputation. Exact denominators are reported for each analysis; missing
data affected age (n = 1), sex (n = 2), residence (n = 1), exacerbation history (n = 2), and
BMI (n = 2), while pediatric BMI z-score was available for 40/43 children. In addition,
24 participants reported unknown ppFEV1 category and 3 reported unknown F508del
status; these were retained descriptively but excluded from the corresponding inferential
analyses. All inferential analyses were exploratory and unadjusted. No correction for
multiple comparisons was applied; therefore, nominal p-values should be interpreted
cautiously because of the increased probability of chance findings, with p < 0.05 considered
statistically significant.

Open-ended responses were analyzed using content analysis [27], combining a deduc-
tive framework based on the study objectives with inductive identification of additional
themes. Two researchers (C.P.M. and A.I.) independently categorized responses and re-
solved disagreements through discussion. Responses could contribute to more than one
theme, and theme frequencies were calculated using participants with available qualita-
tive responses as the denominator. Qualitative findings were interpreted descriptively as
contextual and hypothesis-generating.
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2.4. Disclosure of Generative AI Use

Generative artificial intelligence (ChatGPT Model 5.5) was utilized during the prepa-
ration of this manuscript for the purpose of technical text editing, structural organization,
and translation assistance to ensure academic linguistic standards.

3. Results
3.1. Respondent Characteristics

Of 67 submitted responses, 6 were excluded (3 from participants aged <6 years and 3
because of incomplete key data), leaving 61 respondents for analysis: 43 aged 6–13 years
and 18 aged ≥14 years (Table 1). Exact age was available for 60 respondents, with a mean
age of 13.0 ± 7.8 years.

Most respondents reported at least one F508del variant and were currently receiving
CFTR modulator therapy, predominantly ETI, with 2 patients receiving lumacaftor/ivacaftor.
Among currently treated respondents, the median duration of therapy was 28.5 months
(IQR 14.0–36.0). Self-reported ppFEV1 was unknown for a substantial proportion of partic-
ipants, whereas approximately one-third of respondents with available data reported at
least one IV antibiotic-treated pulmonary exacerbation during the preceding 12 months.
Detailed demographic, clinical, lung-function, and nutritional characteristics are presented
in Table 1.

3.2. CFQ-R Domain Scores

CFQ-R domain scores by questionnaire version are summarized in Figure 1 and Table 2.
Scores range from 0 to 100, with higher scores indicating better HRQoL.

 

0 10 20 30 40 50 60 70 80 90 100

Respiratory symptoms

Physical functioning

Emotional functioning

Social functioning

Role functioning

Body image

Eating problems

Treatment burden

Health perceptions

Vitality

Weight

Digestive symptoms

School functioning

CFQ-R domain score (0–100)

Parent-proxy 6–13 years (n = 39) Self-report 12–13 years (n = 4) Self-report ≥14 years (n = 18)

Figure 1. Mean CFQ-R domain scores by questionnaire version. CFQ-R, Cystic Fibrosis Questionnaire-
Revised. CFQ-R domain scores range from 0 to 100, with higher scores indicating better health-related
quality of life. Domains are shown only when included in the corresponding age-specific CFQ-R
version. Comparisons across questionnaire versions should be interpreted descriptively because
respondent type and available domains differ. In particular, estimates for the 12–13-year self-report
subgroup (n = 4) should be interpreted with caution.
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Table 1. Demographic and Clinical Characteristics of the Study Population.

Characteristic Overall Age 6–13 Years Age ≥ 14 Years

Participants, N 61 43 18
Age (years), mean ± SD 13.0 ± 7.8, (n = 60) 8.9 ± 2.5 (n = 42) 22.8 ± 7.5 (n = 18)

Sex, n/N (%)

Female 33/59 (56.0%) 25/42 (59.5%) 8/17 (47.0%)
Male 26/59 (44.0%) 17/42 (40.5%) 9/17 (53.0%)

Residence, n/N (%)

Urban 44/60 (73.3%) 31/42 (73.8%) 13/18 (72.2%)
Rural 16/60 (26.7%) 11/42 (26.2%) 5/18 (27.8%)

F508del status, n/N (%)

Homozygous F508del 22/61 (36.1%) 12/43 (27.9%) 10/18 (55.6%)
Heterozygous F508del 28/61 (45.9%) 23/43 (53.5%) 5/18 (27.8%)
No F508del 8/61 (13.1%) 7/43 (16.3%) 1/18 (5.6%)
Unknown 3/61 (4.9%) 1/43 (2.3%) 2/18 (11.1%)

CFTR modulator therapy
status
n/N (%)

Currently treated 52/61 (85.2%) 36/43(83.7%) 16/18 (88.9%)
Interrupted 1/61 (1.6%) 1/43 (2.3%) 0/18 (0.00%)
Never treated 8/61 (13.1%) 6/43 (14.0%) 2/18 (11.1%)

Duration of current CFTR
modulator therapy, months,
median (IQR)

28.5 (14.0–36.0), n = 52 24 (13.8–35.3), n = 36 36 (22.5–46), n = 16

ppFEV1, n/N (%)

>70% 31/61 (50.8%) 21/43 (48.8%) 10/18 (55.6%)
40–69% 6/61 (9.8%) 3/43 (7.0%) 3/18 (16.7%)
<40% 0/61 (0.00%) 0/43 (0.00%) 0/18 (0.00%)
Unknown 24/61 (39.3%) 19/43 (44.2%) 5/18 (27.8%)

IV antibiotic-treated
pulmonary exacerbation (past
12 month), n/N (%)

No 39/59 (66.1%) 26/41 (63.4%) 13/18 (72.2%)
Yes 20/59 (33.9%) 15/41 (36.6%) 5/18 (27.8%)

Nutritional status

BMI, kg/m2, mean ± SD 17.7 ± 3.3, n = 59 16.6 ± 2.9, n = 42 20.5 ± 2.7, n = 17
BMI z-score, mean ± SD −0.2 ± 1.6, n = 40

Abbreviations: BMI, body mass index; CFTR, cystic fibrosis transmembrane conductance regulator;
IQR, interquartile range; ppFEV1, percent predicted forced expiratory volume in 1 s; SD, standard
deviation. Data are presented as n/N (%) for categorical variables, mean ± SD for continuous
variables, and median (IQR) for duration of current CFTR modulator therapy. In n/N (%), n represents
the number of participants in the category and N represents the number of participants with available
data for the corresponding variable. Percentages were calculated using available-case denominators.
Unknown responses, including unknown ppFEV1 category, indicate data that were not known or not
recalled by respondents at the time of survey completion and were retained as separate descriptive
categories where applicable. BMI z-score was reported only for participants aged 6–13 years.
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Table 2. CFQ-R domain scores by questionnaire version and age group.

CFQ-R Domain Parent-Reported, Age 6–13
Years, Mean ± SD

Self-Reported, Age 12–13 Years,
Mean ± SD

Self-Reported, ≥14 Years,
Adolescents and Adults,

Mean ± SD

Participants, N 39 4 18

Primary outcome
Respiratory symptoms 74.5 ± 23.1 83.3 ± 11.8 69.8 ± 27.4
Other CFQ-R domains
Physical functioning 74.8 ± 20.1 93.1 ± 10.5 78.9 ± 28.5

Emotional functioning 73.8 ± 22.7 70.8 ± 23.3 65.2 ± 23.5
Social functioning — 59.5 ± 13.7 63.0 ± 25.6
Role functioning — — 77.3 ± 24.4

Body image 63.8 ± 30.0 75.0 ± 50.0 61.1 ± 33.3
Eating problems 55.6 ± 30.2 75.0 ± 22.9 79.6 ± 22.6

Treatment burden 42.7 ± 23.4 63.9 ± 31.9 55.0 ± 20.3
Health perceptions 67.8 ± 22.6 — 64.8 ± 20.6

Vitality 68.7 ± 17.0 — 62.5 ± 21.6
Weight 65.0 ± 39.0 — 50.0 ± 38.3

Digestive symptoms 72.1 ± 21.3 50.0 ± 43.0 76.5 ± 19.4
School functioning 65.4 ± 23.8 — —

Abbreviations: CFQ-R, Cystic Fibrosis Questionnaire-Revised. CFQ-R domain scores are presented
as mean ± SD and range from 0 to 100, with higher scores indicating better health-related quality of
life. Em dashes (—) indicate domains that are not included in the corresponding age-specific CFQ-R
questionnaire version and were therefore not assessed; they do not represent missing data.

For the primary outcome, mean CFQ-R Respiratory domain scores were 74.5 ± 23.1
in parent-reported questionnaires for children aged 6–13 years (n = 39), 83.3 ± 11.8 in
self-reported questionnaires for children aged 12–13 years (n = 4), and 69.8 ± 27.4 in
self-reported questionnaires for respondents aged ≥14 years (n = 18).

Across questionnaire versions, treatment burden was among the lower-scoring do-
mains, whereas physical functioning, respiratory symptoms, and several other domains
generally showed moderate-to-high mean scores (Figure 1, Table 2).

3.3. Exploratory Analysis of CFQ-R Respiratory Domain

Exploratory subgroup analyses of the CFQ-R Respiratory domain are summarized in
Table 3. All analyses were unadjusted and based on available cases.

Respiratory domain scores were higher among respondents currently receiving CFTR
modulator therapy than among those not currently treated (p = 0.007) and among partici-
pants with at least one F508del variant compared with those without F508del (p = 0.014).
Both comparison groups included small subgroups—9 respondents were not currently
treated and 8 had no F508del variant—and these findings should therefore be interpreted
cautiously. No clear differences in respiratory scores were observed according to age group,
sex, or residence (Table 3).

Among respondents with known ppFEV1, respiratory scores were numerically higher
in those reporting ppFEV1 > 70% predicted than in those reporting ppFEV1 40–69% pre-
dicted, but the difference was not statistically clear (p = 0.328). This comparison was
particularly limited by the small number of respondents in the 40–69% category (n = 6) and
by the high proportion of participants with unknown ppFEV1.

Participants reporting at least one IV antibiotic-treated pulmonary exacerbation in the
previous 12 months had lower respiratory scores than those reporting no such exacerbation
(p = 0.046). BMI z-score was not clearly associated with respiratory score among children
aged 6–13 years, whereas a positive correlation between BMI and respiratory score was
observed among respondents aged ≥14 years (ρ = 0.65, p = 0.005). Duration of current
CFTR modulator therapy was not clearly associated with respiratory score (Table 3).
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Table 3. Exploratory associations with CFQ-R Respiratory domain.

Variable Category/Analysis Group N CFQ-R RD Score,
Mean ± SD Median (IQR) Exploratory

p-Value

Age group 6–13 years 43 75.3 ± 22.3 83.3 (63.9–91.7) p 0.520≥14 yeas 18 69.7 ± 27.4 77.8 (57.0–88.9)

Sex
Female 33 70.8 ± 26.8 77.8 (44.4–91.7) p 0.684
Male 26 76.4 ± 20.2 80.6 (62.5–91.0)

Residence
Urban 44 70.3 ± 25.9 77.8 (52.8–88.9) p 0.208
Rural 16 81.8 ± 15.0 86.1 (70.8–94.4)

CFTR modulator therapy
status

Currently treated 52 77.5 ± 20.9 83.3 (65.3–94.4)
Not currently treated * 9 51.8 ± 29.0 55.6 (27.8–77.8) p 0.007

F508del status
At least one F508del ** variant 50 78.2 ± 20.2 83.3 (66.7–94.4) p 0.014

No F508del 8 54.2 ± 29.1 63.9 (31.9–73.6)

ppFEV1 category >70% predicted 31 80.6 ± 19.5 88.9 (75.0–94.4) p 0.328
40–69% predicted 6 62.0 ± 37.9 66.7 (38.9–94.4)

IV antibiotic-treated
pulmonary exacerbation in

previous 12 months

No 39 77.7 ± 21.1 83.3 (66.7–94.4)
p 0.046

Yes 20 63.9 ± 27.0 75.0 (41.7–83.3)

BMI z-score, age 6–13 years Spearman correlation 40 — — ρ † 0.02, p 0.902

BMI, age ≥ 14 years Spearman correlation 17 — — ρ 0.65, p 0.005

Duration of current CFTR
modulator therapy, months

Spearman correlation among
currently treated participants 52 — — ρ 0.17, p 0.221

For the age-group analysis, the 6–13 years category (N = 43) combines CFQ-R respiratory domain
scores from the parent-proxy questionnaire completed for children aged 6–13 years (n = 39) and
the self-report questionnaire completed by children aged 12–13 years (n = 4). * The “not currently
treated” CFTR modulator group included one participant who had interrupted treatment at the
time of questionnaire completion. ** For F508del status, homozygous and heterozygous F508del
participants were grouped as having at least one F508del variant; participants with unknown F508del
status were excluded from this comparison. † Spearman’s rho.

3.4. Qualitative Findings

Open-ended responses with analyzable content were available for 49/52 respondents
currently receiving CFTR modulator therapy and 3/9 respondents not currently receiving
modulator therapy (Supplementary Table S1). Codes were non-mutually exclusive and
were analyzed descriptively.

Among respondents currently receiving CFTR modulators, the dominant pattern was
perceived clinical improvement after treatment initiation, especially respiratory improve-
ment. Respondents most often reported less cough or easier breathing (16/49, 32.7%), fewer
respiratory infections or milder viral episodes (14/49, 28.6%), and fewer hospitalizations or
antibiotic courses (14/49, 28.6%). Other frequently described benefits included clear overall
improvement (13/49, 26.5%), weight gain or better growth (13/49, 26.5%), and more energy
or less fatigue (12/49, 24.5%). Some respondents also reported improved daily activities,
school participation, laboratory or sweat-test results, and digestive symptoms.

However, benefits were not universal. A minority reported no major change (5/49,
10.2%) or continuing challenges, including daily treatment burden, anxiety or stress, treat-
ment fatigue, family burden, stigma, side effects, or other comorbidities. Among respon-
dents not currently receiving CFTR modulator therapy, responses focused on access and
future expectations, including waiting for modulator eligibility (2/3, 66.7%) and desire for
new medicines or better access (1/3, 33.3%).
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3.5. Exploratory Analysis of Non-Respiratory CFQ-R Domains

Exploratory associations across non-respiratory CFQ-R domains are summarized in
Supplementary Table S2. All analyses were unadjusted and based on available cases; given
the number of comparisons performed and the absence of correction for multiple testing,
the findings should be interpreted as hypothesis-generating.

Among children aged 6–13 years, BMI z-score was not clearly associated with non-
respiratory CFQ-R domains. Among respondents aged ≥14 years, higher BMI showed
positive correlations with several domains, including emotional functioning, role function-
ing, body image, and weight. These analyses were based on 17 respondents and should
therefore be interpreted cautiously.

Exploratory comparisons according to CFTR modulator status, F508del status, ppFEV1

category, and IV antibiotic-treated pulmonary exacerbations suggested differences across
selected physical, emotional, functional, and health-perception domains (Supplementary
Table S2). In particular, respondents reporting a recent IV antibiotic-treated exacerbation
tended to have less favorable scores across several domains. Several of these analyses
involved small subgroups, including only six respondents in the ppFEV1 40–69% category,
and no adjustment was made for multiple comparisons; individual nominal p-values
should therefore not be interpreted as confirmatory evidence.

4. Discussion
To our knowledge, this is the first national mixed-methods study to describe HRQoL

in both children and adults with cystic fibrosis from Romania in the era of CFTR modulator
therapy. This is relevant because, in general, real-world data regarding HRQoL in Romanian
pwCF remain limited [14,25].

Most of our respondents were caregivers of children aged 6–13 years and the majority
were currently receiving CFTR modulator therapy, predominantly ETI. Overall, CFQ-R Res-
piratory domain scores suggested moderate-to-high perceived respiratory QoL, although
scores varied across age-specific questionnaire versions and respondent groups. Treatment
burden was among the lowest-scoring domains, indicating that daily therapeutic demands
persist despite widespread modulator use. In exploratory unadjusted analyses, CFQ-R
Respiratory scores were higher among respondents currently receiving CFTR modulators
and among those with at least one F508del variant, although both comparisons involved
small comparator groups. Lower scores were observed among participants reporting at
least one IV antibiotic-treated pulmonary exacerbation in the previous 12 months. No
clear differences in respiratory scores were observed by age group, sex, residence, or
ppFEV1 category, and duration of current modulator therapy was not clearly associated
with respiratory quality of life.

Among respondents aged ≥14 years, higher BMI correlated with better respiratory
and several non-respiratory CFQ-R domains, while BMI z-score in children was not clearly
associated with CFQ-R scores. Qualitative responses largely supported the quantitative
findings, with treated respondents commonly reporting perceived improvements in cough,
breathing, infections, hospitalizations, weight or growth, energy, and daily functioning,
while also highlighting persistent treatment burden, emotional stress, treatment fatigue,
side effects, and access-related expectations.

4.1. Respiratory Domain and Modulator-Era Comparison

The Respiratory-domain findings of the present study are consistent with the broader
modulator-era literature showing that CFTR modulator therapy is associated with better
patient-reported respiratory health. In this Romanian cohort, CFQ-R Respiratory domain
scores were higher among respondents currently receiving CFTR modulator therapy than

https://doi.org/10.3390/jcm15166328

https://doi.org/10.3390/jcm15166328


J. Clin. Med. 2026, 15, 6328 10 of 16

among those not currently treated, and qualitative responses frequently described less
cough, easier breathing, fewer respiratory infections, and reduced need for hospitalization
or antibiotics. This pattern aligns with the PROMISE study, which evaluated ETI in a real-
world setting and included the CFQ-R Respiratory domain among its clinical effectiveness
outcomes [28]. Similar improvements in patient-reported respiratory or HRQoL outcomes
have been reported in adolescent and adult real-world cohorts after ETI initiation, including
an Irish prospective real-world study incorporating CFQ-R and other patient-reported
outcomes, and a Dutch prospective observational study using CFQ-R and novel QoL
instruments [29,30]. Taken together, these studies support the interpretation that the
higher respiratory scores observed among currently treated respondents in our survey
are directionally compatible with modulator-era real-world evidence, although the cross-
sectional design of the present study precludes causal inference.

Treatment status was closely related to genotype eligibility and access to therapy, as
most treated respondents carried at least one F508del variant, and participants with at
least one F508del variant also had higher CFQ-R Respiratory scores than those without
F508del. Pediatric and genotype-specific studies from the modulator era further support
the relevance of CFQ-R Respiratory outcomes in younger patients and F508del-eligible
groups, including phase 3 open-label ETI studies in children aged ≥6 years [10,11], and
pediatric observational studies evaluating QoL after ETI initiation [31,32]. At the same time,
the lower respiratory scores observed among respondents reporting IV antibiotic-treated
pulmonary exacerbations in the previous 12 months are clinically plausible and consistent
with earlier CFQ-R literature linking respiratory symptom burden, healthcare utilization,
and poorer HRQoL [5,33].

Although clinically relevant, the not currently treated subgroup was small (n = 9),
and comparisons involving this group should therefore be regarded as exploratory. These
respondents had lower CFQ-R Respiratory scores than those currently receiving CFTR mod-
ulators, and exploratory analyses also suggested less favorable selected non-respiratory
scores, particularly vitality, Health perceptions, and Role functioning. The limited qual-
itative responses available from participants not currently receiving modulator therapy
focused mainly on eligibility and hopes for improved treatment access. These findings
suggest that, in the modulator era, HRQoL among patients not currently treated may
be shaped by respiratory burden, daily functioning, perceived health, uncertainty, and
access-related expectations. This is consistent with studies showing that ETI may influence
both HRQoL and daily treatment decisions, as well as broader well-being in people with
CF and caregivers [12,34].

4.2. Non-Respiratory Domains and Qualitative Findings

Our data indicate that treatment burden was among the lowest-scoring domains,
particularly in parent-reported questionnaires for children aged 6–13 years and in respon-
dents aged ≥14 years, whereas physical functioning and several symptom-related domains
showed comparatively higher scores. This pattern is consistent with modulator-era lit-
erature indicating that highly effective CFTR modulator therapy may improve several
patient-reported outcomes, but does not necessarily eliminate the everyday burden of
treatment, monitoring, symptoms, and disease-related restrictions [3,13,32]. In this context,
respiratory and physical domains appeared generally more favorable, whereas treatment
burden remained low and vitality showed only moderate scores, suggesting that respiratory
improvement may not fully translate into broader perceived well-being.

This uneven HRQoL profile may also be interpreted alongside ETI-era biomarker
studies. In the PROMISE-Inflammation substudy, Sagel et al. reported sustained reductions
in airway inflammatory markers and circulating high sensitivity C-reactive protein during
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long-term ETI therapy, with changes in inflammatory markers correlating with improve-
ments in ppFEV1 and respiratory symptoms [35]. However, respiratory improvement may
not fully reflect systemic recovery, as Örlős et al. found that systemic redox status remained
largely unchanged after six months of ETI, despite reduced airway oxidative stress [36].
These findings may help contextualize the persistence of lower vitality, treatment burden,
or other non-respiratory concerns despite relatively favorable respiratory scores.

Psychological factors may also contribute to incomplete recovery in selected HRQoL
domains. In the present study, emotional functioning and social functioning showed only
moderate scores in some respondent groups, and IV antibiotic-treated exacerbations were
associated with lower emotional functioning and vitality. Qualitative responses further
described anxiety or stress, treatment fatigue, family burden, and peer-related stigma.
Recent discussions have addressed depression-related symptoms reported during ETI
therapy, but available evidence does not support a clear causal relationship between ETI
and depression-related events [37,38]. Therefore, lower vitality or incomplete improve-
ment in perceived well-being should be interpreted as potentially multifactorial, reflecting
chronic disease burden, treatment demands, exacerbation history, psychosocial factors, and
comorbidities, rather than being attributed directly to modulator therapy.

The observed positive correlations between BMI and several domains among respon-
dents aged ≥14 years, including emotional functioning, role functioning, body image,
weight, and respiratory symptoms, are also clinically plausible and align with previous
literature linking nutritional status, body composition, and perceived functioning with QoL
in CF [39,40].

The qualitative findings provided complementary context to the CFQ-R results.
Among respondents currently receiving CFTR modulators, perceived benefits extended
beyond respiratory improvement and included better weight or growth, more energy,
improved daily activity or school participation, digestive improvement, and a general
sense of better health. These themes are consistent with mixed-methods and real-world
modulator-era studies showing that ETI may reshape patients’ perceptions of daily func-
tioning, wellbeing, and treatment routines [12,34]. At the same time, the persistence of
treatment burden, anxiety or stress, treatment fatigue, family burden, stigma, side effects,
and access-related expectations in some responses highlights that improved clinical or
respiratory status does not necessarily translate into complete normalization of lived expe-
rience. Similar concerns have been emphasized in studies addressing treatment burden
and mental health in the modulator era, where patients may experience substantial ben-
efit while continuing to face psychosocial, and adherence-related challenges [12,13,15].
Therefore, the qualitative data should be interpreted as patient- and caregiver-reported
perceptions rather than evidence of treatment effectiveness, but they strengthen the in-
terpretation that CF care in Romania should continue to assess multidimensional QoL
alongside respiratory outcomes.

4.3. Regional and Local Context

Prior to the widespread availability of highly effective CFTR modulators, data re-
garding HRQoL in CF within Eastern Europe were limited and primarily derived from
observational studies. Pre-modulator studies from Poland and Hungary showed that
HRQoL in children, adolescents, and adults with CF was associated with disease sever-
ity, respiratory and nutritional status, psychosocial functioning, and differences between
patient- and parent-reported perceptions [21,22,41]. Contemporary HRQoL evidence from
the region is gradually emerging. A recent Polish cross-sectional study described CFQ-
R-assessed HRQoL and its influencing factors in patients aged 6–42 years, while a Polish
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post-approval pediatric ETI study evaluated QoL outcomes together with pulmonary and
nutritional parameters [23,24].

A similar scarcity of pre-modulator psychosocial data exists in Romania. Early work
by Anton-Paduraru et al. highlighted the emotional, social, and family-related dimensions
of the disease burden among children at a regional center in northeastern Romania [25].
Other Romanian clinical studies have emphasized the broader burden of CF through organ-
specific manifestations and clinical determinants, including sinonasal complications and
factors associated with impaired lung function [26,42]. While the existing Romanian CF
literature encompasses psychosocial assessments, mental health studies, and case reports
on complex clinical scenarios [14,25,43,44], national CFQ-R-based HRQoL data in the
CFTR modulator era remain notably sparse. Recent Romanian work has begun to address
mental health, sleep quality, and QoL in adults with CF, including a randomized controlled
trial evaluating progressive muscle relaxation as part of pulmonary rehabilitation [14].
Therefore, the present national Romanian mixed-methods survey contributes regionally
relevant patient-reported evidence by describing respiratory and non-respiratory CFQ-
R domains, together with perceived benefits, residual treatment burden, psychosocial
challenges, and access-related expectations during the evolving CFTR modulator era.

4.4. Strengths and Limitations

The main strengths of this study are its national scope, use of age-specific CFQ-R
versions, and mixed-methods design, which allowed quantitative HRQoL scores to be
contextualized through patient- and caregiver-reported experiences. Nevertheless, the
findings should be interpreted cautiously. The cross-sectional design precludes causal
inference, recruitment methods may have introduced selection bias, and the modest sample
size limited subgroup analyses. In addition, clinical variables were self-reported, ppFEV1

was frequently unknown, analyses were available-case and unadjusted, and the use of
both proxy and self-report CFQ-R versions limits direct comparability across age groups.
Therefore, the results should be considered descriptive and hypothesis-generating.

4.5. Future Directions

Future research should build on these exploratory findings through longitudinal, mul-
ticenter Romanian studies integrating repeated CFQ-R assessments with objective clinical
measures, including ppFEV1, nutritional status, exacerbation history, genotype, treatment
type, and treatment duration. Such studies could clarify the durability of respiratory
HRQoL benefits among patients receiving CFTR modulators and support routine HRQoL
monitoring in CF care. Further research should also address persistent treatment burden,
including treatment time, volume, complexity, cost, and logistical challenges, from both
caregiver and adult patient perspectives. In addition, dedicated studies are needed for
patients who are not eligible for CFTR modulator therapy and for children younger than 6
years, as these groups may have distinct HRQoL needs and remain underrepresented in
current Romanian data.

5. Conclusions
This national Romanian mixed-methods survey provides descriptive evidence on

CFQ-R-assessed HRQoL in the CFTR modulator era. Respondents receiving CFTR modula-
tors reported more favorable respiratory QoL and perceived broader benefits, while the
small not currently treated group had lower respiratory scores and expressed access- and
eligibility-related expectations. Treatment burden and psychosocial challenges remained
relevant across the cohort. Given its cross-sectional and exploratory design, this study
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should be interpreted cautiously and may serve as a foundation for future longitudinal
Romanian HRQoL research and routine patient-reported outcome monitoring in CF care.
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