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Abstract 

Background Cystic fibrosis is a chronic genetic disease that can affect the function of the respiratory system. 
Previous reviews of the effects of respiratory muscle training in people with cystic fibrosis are uncertain and do not 
consider the effect of age on disease progression. This systematic review aims to determine the effectiveness of res-
piratory muscle training in the clinical outcomes of children and adolescents with cystic fibrosis.

Methods Up to July 2023, electronic databases and clinical trial registries were searched. Controlled clinical tri-
als comparing respiratory muscle training with sham intervention or no intervention in children and adolescents 
with cystic fibrosis. The primary outcomes were respiratory muscle strength, respiratory muscle endurance, lung 
function, and cough. Secondary outcomes included exercise capacity, quality of life and adverse events. Two review 
authors independently extracted data and assessed study quality using the Cochrane Risk of Bias Tool 2. The certainty 
of the evidence was assessed according to the GRADE approach. Meta-analyses where possible; otherwise, take 
a qualitative approach.

Results Six studies with a total of 151 participants met the inclusion criteria for this review. Two of the six included 
studies were published in abstract form only, limiting the available information. Four studies were parallel studies 
and two were cross-over designs. There were significant differences in the methods and quality of the methodology 
included in the studies. The pooled data showed no difference in respiratory muscle strength, lung function, and exer-
cise capacity between the treatment and control groups. However, subgroup analyses suggest that inspiratory mus-
cle training is beneficial in increasing maximal inspiratory pressure, and qualitative analyses suggest that respiratory 
muscle training may benefit respiratory muscle endurance without any adverse effects.

Conclusions This systematic review and meta-analysis indicate that although the level of evidence indicating 
the benefits of respiratory muscle training is low, its clinical significance suggests that we further study the methodo-
logical quality to determine the effectiveness of training.

Trial registration The protocol for this review was recorded in the International Prospective Register of Systematic 
Reviews (PROSPERO) under registration number CRD42023441829.
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Background
Introduction
Cystic fibrosis (CF) is a multisystem autosomal reces-
sive disease that affects approximately  90,000  individu-
als, according to data  from CF registries  worldwide 
[1, 2]. This is caused by mutations in the cystic fibrosis 
transmembrane regulator (CFTR) gene, leading to a 
decrease or loss in the function of the CFTR protein [2, 
3]. Many studies have shown that this foundational flaw 
causes irreversible, progressive lung disease to start very 
early in life in people with cystic fibrosis (CF) [2, 4, 5]. 
CFTR is responsible for transporting chloride ions across 
the apical membrane of tissue epithelial cells, secreting 
bicarbonate to regulate the pH of the fluid on the air-
way surface, and inhibiting epithelial sodium channels 
(ENaC). Mutations in the CFTR gene lead to dehydra-
tion and the production of thick secretions in organs 
such as the reproductive, digestive, and respiratory tracts 
[1, 2, 6]. Thickened mucus in the lungs sticks to the sur-
face of the airways, reducing the amount of mucocili-
ated tracts cleared and raising the risk of infection and 
inflammation, which progressively damages the lungs [2, 
7]. As a result, breathing becomes more difficult, and gas 
exchange is reduced. This lowers exercise tolerance and 
eventually leads to respiratory failure, the main cause of 
death from cystic fibrosis [2, 8].

More recently, the introduction of CFTR modula-
tor medications can correct basic deficiencies [2, 9, 10], 
which in time may alter the manifestations and complica-
tions of CF. Nevertheless, a cure for this condition is not 
currently available, and ongoing rehabilitation is neces-
sary due to its chronic nature. Therefore, it is crucial to 
develop or improve the therapeutic approaches aimed at 
preserving or improving lung function for the well-being 
of patients with cystic fibrosis. The effective intervention 
recently is physical exercise [2, 11], including respiratory 
muscle training (RMT) [2, 12]. The goal of respiratory 
muscle training is to enhance expiratory and/or inspira-
tory muscular strength and endurance in order to 
improve respiratory function. Respiratory muscle train-
ing has demonstrated efficacy in individuals diagnosed 
with chronic obstructive pulmonary disease (COPD) 
[2, 13, 14] and those suffering from various respiratory 
conditions [2, 15, 16]. It is yet unknown, nevertheless, 
if respiratory muscle training helps patients with cystic 
fibrosis. The last systematic review on this topic was pub-
lished in 2020. Ten randomized controlled trials assessing 
the impact of respiratory muscle training on individuals 
with cystic fibrosis were included in the analysis. None-
theless, the authors conclude that there is insufficient 
data to support the use of RMT in cystic fibrosis. The 
primary cause of this result is the poor methodological 
quality of the individual research [2].

Several research studies have suggested that respira-
tory muscle training could potentially improve mucus 
removal from the lungs, which is a fundamental aspect of 
preventing pulmonary infections [2, 17, 18]. At the same 
time, it has been proposed that respiratory muscle train-
ing could enhance lung function, exercise capacity, and 
health-related quality of life in patients with cystic fibro-
sis [19]. The aforementioned trials have a limited sam-
ple size and significant protocol variances, and despite 
the possible advantages of respiratory muscle train-
ing, none of them have shown strong proof of a signifi-
cant increase in clinical outcomes to yet. Concurrently, 
recent Cochrane reviews did not consider the distinc-
tion between pediatric and adult populations with cystic 
fibrosis [2]. The interplay of age and disease progression 
in CF may lead to age-related physiological variations 
that can impact the adaptability and reaction of respira-
tory muscle training. These variations are likely to influ-
ence the effectiveness of any intervention strategies.

Thus, the primary goals of this study were to examine 
the efficacy of respiratory muscle training in terms of res-
piratory muscle function, lung function,exercise capacity, 
and quality of life in children and adolescents with cystic 
fibrosis through a systematic review and meta-analysis.

Methods
The International Prospective Register of Systematic 
Reviews (PROSPERO) has the protocol for this review 
registered under registration number CRD42023441829. 
The presentation of the results of this review followed the 
guidelines of Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses (PRISMA) [20].

Criteria for eligibility
Study designs
All studies retrieved through the search were evaluated 
for eligibility based on four inclusion criteria: study or 
design type, population, intervention, and reported out-
comes. The inclusion criteria encompassed parallel or 
cross-over randomized controlled trials (RCTs) com-
paring respiratory muscle training (RMT) with control 
groups.

Participants
Based on the World Health Organization’s (WHO) clas-
sification, this meta-analysis concentrated on children 
(≥ 5 years old) and adolescents with CF (≤ 19 years old). 
They were diagnosed with CF through sweat testing, gen-
otyping, or both. Studies involving mixed age groups of 
children and adults with CF were excluded from the anal-
ysis unless their data could be segregated and reported 
separately.
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Interventions
Regarding interventions, the review included research 
that implemented a respiratory muscle training program, 
specifically either inspiratory muscle training(IMT) or 
expiratory muscle training(EMT), irrespective of the 
specific equipment utilized. The inclusion criteria did 
not impose limitations on the dosage, timing, location, 
or supervision of the intervention. Additionally, the 
review did not restrict the type of control group, whether 
passive (no intervention) or active (sham). However, 
research that combined respiratory muscle training with 
any other type of physical exercise training were not 
included in the review.

Outcomes
In the main included papers, it is necessary for at 
least one of the specified outcomes to be reported. 
The primary outcomes of the review focused on: res-
piratory muscle  function such as  respiratory mus-
cle strength (maximum inspiratory pressure (MIP) 
and maximum expiratory pressure  (MEP)) and  res-
piratory muscle endurance, and lung function (forced 
expiratory volume in 1  s  (FEV1), forced vital capacity 
(FVC), and cough level), where cough level assessment 
included quantification of forced expiratory maneuvers 
(peak  expiratory flow  (PEF))  or  maximum expiratory 
flow achieved during cough  maneuvers (peak cough 
flow (PCF)).  Secondary outcomes include assessments 
of exercise capacity, quality of life, and adverse events, 
regardless of measurement procedures.

Sources of information and search methodology
Until July 2023, the electronic databases that were ref-
erenced include PubMed, Web of Science, Cochrane 
Library, CINAHL, CNKI database, VIP database, Wan 
Fang database, and Chinese Biomedicine Literature 
Database (CBM). Depending on the database used, 
the search terms employed included MESH and Text 
words, in conjunction with free keywords utilizing the 
Boolean "and" and "OR" operators (Supplementary 
material Table S1). Furthermore, an examination was 
conducted on two clinical trial registries, namely the 
International Clinical Trials Registry Platform (ICTRP) 
and ClinicalTrials.gov. The reference lists of the incor-
porated studies and previously published systematic 
reviews were manually scrutinized. Only publications 
written in English or Chinese will be included in the lit-
erature search. Full-text versions were considered only 
when studies were accessible in full-text format or as 
conference abstracts.

Study records
Selection process
The database was searched by principal investigators 
(CWQ). To ascertain which search results were eli-
gible for inclusion, two reviewers (CWQ, LM) inde-
pendently examined the results, and their conclusions 
were compared. When appropriate, we will contact 
the study authors for further information to address 
eligibility-related queries. If we are unable to come to 
an understanding, we shall address these matters and, if 
required, enlist the help of a third-party examiner (CJJ) 
to settle these disputes.

Data collection process
Two independent reviewers (CWQ, LM) extracted 
data using pre-structured forms to gather study char-
acteristics and general information. We shall perform 
calibration activities prior to the evaluation in order to 
guarantee uniformity among reviewers. When a study 
has many publications, all reports are combined, and 
the data that is most complete is chosen for analysis. In 
addition, further information was requested from the 
study authors when needed. Ultimately, a third assessor 
(CJJ) or consensus are used to settle disagreements.

Data items
The following details were extracted: study information 
(authors, publication date); sample characteristics (size, 
age, and FEV1); interventions (type of respiratory mus-
cle training device, resistance settings, duration, and 
frequency); control groups (no treatment, sham RMT/
standard care); assessment procedures, and end results.

Risk of bias in individual studies
Two reviewers (CWQ, LM) independently evaluated 
the methodological rigor of the included studies using 
the Cochrane risk of bias tool 2 (RoB 2) [21] The meth-
odological criteria were: (1) randomization process; 
(2) deviations from intended interventions; (3) miss-
ing outcome data; (4) measurement of the outcome; 
(5) selection of the reported results, and (6) any other 
identified sources of bias. Based on this tool, the studies 
were classified as high-risk, low-risk, or unclear. Any 
discrepancies were resolved through consensus. We 
will generate visual representations of potential bias 
within and across studies using RevMan 5.4 (Review 
Manager 5.4).

Data synthesis
A table qualitatively described the features of the 
included studies. Statistical software RevMan 5.4 will 
be utilized to combine and calculate each outcome, 
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adhering to the statistical guidelines outlined in the 
current edition of the Cochrane Handbook for System-
atic Reviews of Interventions. In cases where essential 
data were absent from a study, corresponding authors 
were approached for clarification. Results were narra-
tively described in instances where data were insuffi-
cient for meta-analysis.

Measures of treatment effect
When data for continuous outcomes (pulmonary func-
tion, exercise capacity and respiratory muscle function) 
were available, we calculated the mean differences (MD) 
by using pre- and post-intervention data and presented 
the results with 95% confidence intervals (CIs). There 
is currently no available data suitable for analysis of 
dichotomous outcomes. When aggregating findings from 
crossover studies for meta-analysis, we would employ 
the inverse variance method as suggested by Elbourne 
[22]. In cases where data are scarce, our approach would 
involve utilizing solely first-arm data or treating crosso-
ver trials as parallel trials, with the assumption that zero 
correlation represents the most cautious estimate.

If the study used the same tool to measure outcomes, 
the mean difference (MD) was utilized as the effect size. 
In cases where different measurement tools were utilized 
across studies, standard mean differences (SMDs) were 
employed as the effect size. All effect sizes were reported 
with their corresponding 95% confidence intervals (CI). 
Given the limited number of studies included, a random-
effects model was employed in all analyses to ascertain 
the overall effect size, irrespective of the level of hetero-
geneity. Statistical significance was defined as P < 0.05.

Assessment of heterogeneity
We intended to use a standard Chi-square test with an 
alpha threshold of significance set at P < 0.05 to inves-
tigate heterogeneity between comparable studies. We 
would have used the  I2 statistic to calculate the levels of 
heterogeneity; an  I2 of more than 50% would be regarded 
as significant heterogeneity.

Subgroup analysis or Sensitivity analysis
The following factors were subjected to a subgroup analy-
sis: type of respiratory muscle training.

We did not conduct a scheduled sensitivity analysis to 
assess the potential impact of bias in the included studies 
on the reliability of our findings, as there were an insuf-
ficient number of studies available for analysis.

Confidence in cumulative evidence
Using the GRADE method, two reviewers (CWQ, LM) 
evaluated the quality of the evidence for each outcome 
[23]. The domains of bias risk, consistency, directness, 

precision, and reporting bias are taken into account by 
this paradigm. We reduced the credibility of the data 
by one level in cases of serious risk and by two levels in 
instances of very serious risk. Any discrepancies were 
resolved through mutual agreement.

Results
Search results
After conducting an electronic search, 394 records were 
discovered, and 19 additional records were retrieved 
from alternative search sources. 290 records were 
screened after duplicates were removed, and 239 of those 
were disqualified during the title and abstract review 
phase because they did not satisfy a minimum of one 
qualifying criterion. Twenty of the 51 records that were 
examined could not be retrieved in their entirety, and 
21 were excluded (see Supplementary material Table S2 
for the reasons for exclusion). The two key reasons for 
rejection were study population and design non-com-
pliance. Ultimately, 10 records—representing 6 different 
studies—met the eligibility requirements [24–29]. Addi-
tionally, 1 ongoing study was identified (Supplementary 
material Table S2), which is found in ICTRP.

Regretfully, the reviewers were unable to get any infor-
mation from the researchers. After the procedure was 
completed, two studies did not provide data on mean and 
standard deviation, leaving four studies for quantitative 
analysis [25–27, 29]. Figure 1 displays the PRISMA flow-
chart for the review procedure.

Characteristics of the included studies
Table 1 describes the features of the six included studies. 
Four of the studies that met the eligibility criteria were 
available as full-text publications [25–27, 29], with one 
of them utilizing a crossover design [29]. The remaining 
two studies were exclusively released as conference pro-
ceedings, and all were designed as randomized controlled 
trials (RCTs) [24, 28]. The six studies were carried out in 
a variety of high-income nations. Two studies were con-
ducted in Turkey [25, 26], two in Switzerland [28, 29], 
the rest in Austria [24] and the USA [27]. There were 151 
total participants in the trials that were included, with a 
mean age of 6 to 18 years old and 50.9% of them being 
female.

The included studies varied greatly in terms of the 
training level and methodology. For the intervention, 
three of the selected studies applied inspiratory muscle 
training [24, 26, 27], while one used expiratory muscle 
training [25]. The four aforementioned studies focused 
on respiratory muscle strength training using pres-
sure threshold loading. In contrast, Beilil et  al. [28, 29] 
conducted respiratory muscle endurance training. The 
intensity of training varied across the studies, with most 
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targeting a range of 30% to 60% of maximum inspira-
tory pressure and/or maximum expiratory pressure. 
The progression was based on a periodic reassessment 
of the maximum inspiratory/expiratory pressure. RMT 
was conducted for a duration of 10–30  min, once or 
twice a day, 5–7 days per week, over a total period of 6 to 
12 weeks. In the control groups, two studies used sham 
respiratory muscle training, using 5  cmH2O of load or 

10% of the maximum inspiratory pressure [25, 27], and 
three studies used standard care as the control [26, 28, 
29]. Additionally, Albinni et al. [24] conducted a compar-
ison between the use of a cycle ergometer alone and the 
addition of inspiratory muscle training.

Also, there was a wide range in the outcome measures 
that the research chose. All studies reported at least one 
measure of lung function, principally  FEV1 and FVC. 

Fig. 1 Flow diagram of the included studies
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Expiratory muscle training by Emirza et al. also reported 
PEF. Exercise capacity was reported by all studies, spe-
cifically 6-min walking distance (6MWD) [25, 26], maxi-
mum oxygen uptake  (VO2max) [24]and exercise duration 
[27, 28, 29]. Three studies used the Cystic Fibrosis Clini-
cal Score (CFCS) or the Cystic Fibrosis Questionnaire 
(CFQ) to measure health-related quality of life [25, 28, 
29]. Two studies assessed the level of adherence with the 
training regimen [25, 26] 97.9% (SD 4.2) and 97.5% (SD 
5.7) for the experimental group and 97.5% (SD 5.7) for 
the control group, respectively, were the findings of one 
study; [26] Another study reported excellent adherence 
without providing specific numerical data [25].

Risk of bias assessment
The majority of included studies had bias risk across all 
ROB2 domains. The evaluation results were shown in 
Fig. 2.

Four of the studies that were considered had ambigu-
ous allocation concealment and random sequence crea-
tion (randomness of participant allocation) [24, 27–29]. 
Most just mentioned that the participants were placed 
into their groups at random, they did not elaborate on 
the randomization procedure. It is quite challenging to 
conduct double blind research in respiratory muscle 
training. Two studies were rated as having low perfor-
mance bias because of the use of sham controls [25, 27]. 
In the study of zeren et al., although patients knew which 
interventions they were doing, the control group also 
measured maximum inspiratory pressure values weekly 
to mitigate the impact of the interventions, so the risk of 
bias of the zeren et al. study was unclear [26]. Three stud-
ies presented with low risk of detection bias (blinding to 
the outcomes), the assessors did not know the allocation 
scheme [26, 27, 29], whilst the other studies were unclear 
due to lack of information.

Regarding incomplete outcome data (attrition bias), the 
risk of two conference proceedings was unclear [24, 28] 
and the remaining studies were at low risk. The intention-
to-treat concept was addressed in the Bieli et al. study. Of 
the 22 participants, 6 withdrew from the trial, and 4 of 
them stopped during the control period, indicating that 
the withdrawal was not directly related to the interven-
tion. Moreover, participants who withdrew did have a 
tendency to age and have features of more advanced lung 
disease. We assessed the Bieli et al. study as having a min-
imal risk of bias [29]. Additionally, we evaluated another 
study as having a low risk of bias, although some partici-
pants did not complete all training sessions, the reported 
good adherence was insufficient to affect the outcome 
analysis [26]. Data were dropped in two studies, both 
explaining the reasons for the dropout and did not affect 
the outcome analysis [25, 27].

For reporting bias/selective reporting (selection of out-
comes reported in published articles), two studies were 
classified as high risk because they did not report all pre-
specified outcomes [26, 27]. Two studies provided data 
on all chosen outcome measures, thus indicating a low 
likelihood of selective reporting bias in the studies [25, 
29]. The publications did not provide enough information 
to assess the risk of bias, and as a result, they have been 
deemed to have an unclear risk of bias [24, 28].

Effects of intervention and certainty of evidence
The quantitative analysis did not include two of the 
papers that were part of this review [24, 28]. One study 
provided information on the overall research partici-
pants without specifying for each intervention and con-
trol group [28]. It is impossible to estimate the standard 
deviation from another study because the exact p-value 
and 95% confidence interval of the mean difference 
within or between groups were not provided [24]. As a 
result, meta-analyses based on the final four studies were 
carried out. For every meta-analysis, the quality of the 
evidence was graded as poor or very low (Fig. 3), mostly 
because of the imprecision resulting from the small sam-
ple size overall and the quality of the studies.

Comparison 1 respiratory muscle strength and endurance
Four studies had documented maximum inspiratory 
pressures [24–27]. Comparisons between the RMT and 
control groups were presented based on pooled data 
analysis of three studies (84 patients) [25–27]. The overall 
MD was 14.50  cmH2O [95%CI -0.92; 29.93] and overall 
effect Z = 1.84 (p = 0.07) (Fig.  4A) (very low certainty of 
evidence; see Fig.  3). One study was excluded from the 
analysis due to insufficient data [24]. The omitted study 
identified a significant maximal inspiratory pressure 
improvement in the experimental group. Subgroup anal-
yses of studies using IMT alone revealed higher improve-
ments in the experimental groups’ maximal inspiratory 
pressure when compared to the control groups; The 
overall MD was 22.78  cmH2O [95%CI 14.30; 31.25]. 
The heterogeneity of the comparison was low  (I2 = 22%) 
(Fig.  4A). Nevertheless, no significant differences were 
seen in subgroup analyses conducted just utilizing EMT.

The maximal expiratory pressure (MEP) was assessed 
in 2 studies [25, 26]. MEP also did not favour experi-
mental interventions overall. The overall MD was 6.61 
 cmH2O [95%CI -3.71; 16.93] (Fig.  4B) (low certainty of 
evidence; see Fig. 3). But in the EMT subgroup, maximal 
expiratory pressure favour experimental interventions 
[MD = 12.07  cmH2O, 95% CI 6.10; 18.04].

The endurance of respiratory muscles was evaluated in 
3 studies [24, 28, 29] using varying methodologies, two 
studies had insufficient data [24, 28], so a meta-analysis 
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was not possible. The quality of evidence was deemed 
to be of very low (Fig. 3). According to two studies, the 
training group’s respiratory muscle endurance improved 
(P < 0.01) [24, 28]. At a 70% MVV breathing perfor-
mance, Bieli et al. [29]similarly discovered that the train-
ing group’s respiratory muscle endurance was longer 
(P < 0.01).

Comparison 2 lung function
All studies assessed lung function. They reported lung 
function in eitherlitres (L) [27, 28], % predicted [25, 26] 
or using the z score; [29] one study did not define the 
unit of measurement in the two published abstracts 
[24]. Therefore, analyses were performed with SMD. The 
forced expiratory volume in one second  (FEV1), forced 

Fig. 2 Risk of bias summary
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vital capacity (FVC), and peak expiratory flow (PEF) were 
compared between the RMT and control groups in Fig. 5. 
Regarding the assessment of the effect on  FEV1 and FVC, 
there was no heterogeneity between the trials  (I2 = 0%; 
p = 0.77 and  I2 = 0%; p = 0.64, respectively); however, PEF 
was very significant.  (I2 = 61%; p = 0.11) (Fig.  5A, B, and 
C). None of the pooled parameters showed any discern-
ible variations. Two studies that were not included in the 
meta-analysis reported no significant benefit of RMT in 
terms of lung function [24, 28]. The only one is that in the 
subgroup analysis of PEF, EMT has significant benefits 
for PEF [MD = 8.21, 95% CI -0.06; 16.48]. We judged the 

quality of the evidence for  FEV1 and FVC to be very low, 
and the quality of the evidence for PEF to be low (Fig. 3).

Comparison 3 exercise capacity
Two studies reported the exercise capacity as measured 
by the distance covered during the 6-min walking test 
[25, 26]. While the distance achieved improved from 
baseline in both studies during the study, there was no 
difference in between group comparisons of change from 
baseline. Pooled data analysis showed no significant dif-
ferences for the distance walked[MD = 12.27  m, 95% CI 
-18.45; 42.98] between groups (low certainty of evidence; 

Fig. 3 GRADE Summary of findings
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see Fig.  3). The level of heterogeneity was moderate 
 (I2 = 44%; p = 0.18) (Fig. 6A).

Using the duration of the activity, three studies 
revealed the exercise capacity [27–29]. Analysis of pooled 
data from two studies (64 patients) compares the RMT 
and control groups [27, 29]. The overall MD was 1.30 min 
[95%CI -0.51; 3.11] and overall effect Z = 1.41 (p = 0.16) 
(Fig.  6B) (low certainty of evidence; see Fig. 3). A study 
that compared groups indicated that working at 60% of 
maximal effort resulted in a 10% improvement (P < 0.03) 
[27], but our subgroup analysis showed no statistically 
significant difference between groups (p = 0.16).

Regarding maximum exercise capacity, this result was 
documented in one study [24]. Maximal exercise capacity 
was defined as maximal oxygen uptake  (Vo2max). It only 
reported within-group improvements, with no data to 
allow inclusion in our analysis. We assessed the evidence 
quality to be of a very low standard (Fig. 3).

Health‑related quality of life
Three studies reported a measure of health-related qual-
ity of life by using the CFQ or CFQ Revised (CFQ-R) [25, 
28, 29]. Meta-analysis was impossible due to different 
versions. We judged the quality of the evidence to be low 
(Fig. 3). Emriza et al. used a revised version of the Turkish 
Cystic Fibrosis Questionnaire (CFQ-R) [25]. The Turk-
ish version of the Cystic Fibrosis Questionnaire-Revised 
(CFQ-R) consists of child form, parent form, and ado-
lescent form over multiple domains(physical, emotion, 
vitality, school, eat, treat, social, body, health, weight, 
respiratory, digestive, role) [30]. For each CFQ-R domain, 
Emriza provided the overall score both before and after 
training. In the training group, there were significant 
changes in the children’s physical function scores and 
parents’ physical function, vitality, and health perception 
(P < 0.05). In the comparison between the two groups, 
parents had variations in their scores on treatment 

Fig. 4 Pooled analysis of respiratory muscle strength. Abbreviation: IMT, inspiratory muscle training; EMT, expiratory muscle training; MIP, maximal 
inspiratory pressure; MEP, maximal expiratory pressure
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Fig. 5 Pooled analysis of pulmonary function. Abbreviation: IMT, inspiratory muscle training; EMT, expiratory muscle training; RMET: respiratory 
muscle endurance training; FEV1, forced expiratory volume in 1 s; FVC, forced vital capacity; PEF: peak expiratory flow
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burden, digestive symptoms, and vitality (P < 0.05) [25]. 
Bieli et al. used German adaptation of the CFQ-14 + , but 
the study participants were not all over 14 years old, and 
the report did not explain this [29]. Bieli’s utilization of 
the CFQ revealed no discernible disparity in the health-
related quality of life across the various treatment groups.

The CF clinical score (CFCS), which Bieli also used to 
gauge symptom severity, shows overall symptom severity. 
However, neither at baseline nor during the intervention, 
there was a difference in symptom severity between the 
two groups [28, 29].

Discussion
This meta-analysis summarizes and analyzes the avail-
able evidence on the effects of RMT in children and ado-
lescents with cystic fibrosis. This review examines the 
impact of age on the progression of CF and is the initial 

review of respiratory muscle training in children and 
adolescents with CF. The results suggest that the RMT 
program is an effective intervention to improve inspira-
tory/expiratory muscle strength in children and adoles-
cents with cystic fibrosis. It also indicates that it may have 
a positive effect on respiratory muscle endurance with 
no adverse effects. Expiratory muscle training alone was 
superior to the control group in improving PEF. RMT did 
not improve lung function (FEV1, FVC), and the results 
were inconclusive regarding the benefits of exercise 
capacity and HRQoL.

The review’s overall high risk of bias and small sample 
size have also led to a low or very low quality of evidence 
supporting these findings. Of the 6 included studies, 
only four (including 108 participants) were fully pub-
lished papers [25–29], highlighting the need for further 
research. Summary of conference proceedings limits the 

Fig. 6 Pooled analysis of exercise capacity. Abbreviation: IMT, inspiratory muscle training; EMT, expiratory muscle training; RMET, respiratory muscle 
endurance training; 6MWD, 6-min walking distance
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amount of detailed data provided, thereby limiting the 
data that can be extracted and reducing the rigor of the 
process.

Training regimens in studies varied widely, and no rec-
ommendations have been made on the load, intensity, 
or duration of training. Of the studies included in this 
review, 67% used a threshold loading device to transmit 
resistance (focusing on respiratory muscle strength) with 
a target intensity of 30% or 60% of maximum respiratory 
muscle strength [24–27]. This result is consistent with 
the manufacturer’s recommendations for effective inspir-
atory muscle training (strong breathing), which recom-
mends at least 30% intensity. 33% hyperventilation by 
autonomic eucapnia (focusing on respiratory muscular 
endurance) [28, 29].

Descriptive analysis of the studies showed that the indi-
cators that best detect the effectiveness of the respira-
tory muscle training program were maximal inspiratory 
pressure, maximal expiratory pressure, and respiratory 
muscle endurance time. The included studies all showed 
improvements in respiratory muscle function in the trial 
group, but pooled meta-analyses of training interven-
tions had no significant benefit. For the pre-specified 
subgroup analyses, due to the limited number of studies, 
only two studies were included in the inspiratory mus-
cle training subgroup analyses, which showed greater 
improvement in maximal inspiratory pressure in the trial 
groups [26, 27]. Individual studies that failed to perform 
subgroup analyses due to limited data also showed that 
EMT significantly improved expiratory muscle strength 
[25]. In addition, IMT does not improve expiratory 
muscle strength, and vice versa. This is consistent with 
respiratory muscle training results for other chronic res-
piratory diseases [31, 32]. When the proper physiological 
load is applied, respiratory muscles respond to training in 
a manner comparable to that of any skeletal muscle since 
they are both physiologically and functionally skeletal 
muscles [33]. So if the patient can tolerate it, is it possible 
to conduct joint training to study the effect of the inter-
vention, after all, meta-analyses have demonstrated that 
IMT + EMT can enhance both inspiratory and expiratory 
muscle strength [34].

Only three studies evaluated respiratory muscle endur-
ance, and all of them had positive findings, although 
using two distinct techniques for assessment [24, 28, 
29]. The results coincide with those observed in asthma 
[35]. Despite the fact that respiratory muscle pressure 
is the most widely used indicator of respiratory muscle 
function in clinical settings, endurance components of 
respiratory muscle function are important because of 
their impact on daily activities and their role in facilitat-
ing gas exchange and ventilation during physical activity 
[36]. Sawyer et al. [27] tried using an incremental loading 

procedure to assess the maximum working capacity of 
the inspiratory muscles, but many children did not per-
form this procedure correctly and therefore did not 
report results. Further assessments of respiratory muscle 
endurance could be beneficial in order to better compre-
hend the efficacy of RMT. Consequently, we think that 
assessing respiratory muscle endurance should be a part 
of future study, and it can be challenging to discover an 
appropriate way to measure it in youngsters.

According to the meta-analysis’s findings, there was 
not a significant difference between the experimental 
and control groups’ lung function tests (such as  FEV1 
and FVC). There are other possible contributing variables 
to this finding. Firstly, inspiratory interventions do not 
alter expiratory indicators. Studies employed exhalation 
measurements primarily because they are applicable to 
ordinary clinical use and illness progression monitoring. 
Secondly, the effects of respiratory muscle training are 
short-lived and not  sufficient  to halt  the natural decline 
of the lungs in these patients. Lastly, the baseline lung 
function, such as  FEV1 and FVC, near to the normal pre-
diction range, and the effect of respiratory muscle train-
ing on them would not be evident given the features of 
the group included in the studies. This hypothesis may 
explain why Enright et  al. achieved significant improve-
ments in spirometry, with baseline predictive values 
of 64% for  FEV1 and 53% for FVC in their study, and 
the severity of lung deterioration in patients may have 
enhanced the benefit of RMT on spirometry [19]. Future 
studies may involve a larger sample of individuals with 
reduced lung function to enhance the generalizability of 
the findings. Additionally, extending the follow-up period 
could help confirm the long-term effectiveness of res-
piratory muscle training in children and adolescents with 
cystic fibrosis.

Cough is a part of life for people with cystic fibro-
sis (CF), is the main mechanism of secretion clear-
ance [37], and is directly related to respiratory muscle 
strength [38, 39]. Quantitative assessment of cough 
capacity is  typically conducted  by measuring  PCF,  but 
there are currently no internationally accepted guide-
lines for PCF testing [40]. The study by Morrow et  al. 
[41]  confirmed  a significant positive linear correlation 
between PEF and PCF in children with neuromuscular 
disorders (NMDs),  showing  strong consistency.  PEF 
can be used as an alternative test to assess the effective-
ness of coughing.  We combined PCF and PEF to dis-
cuss the effectiveness of respiratory muscle training 
for cough. According to reports, a technique to boost 
cough should be added to the treatment if the PCF is 
less than 270 L/min, which is the minimum required 
for an effective cough [42]. Two studies reported PEF 
or PCF, both parameters that can objectively measure 
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cough capacity [43]. Emriza et al. [25] found that most 
patients with CF had a low effective cough score before 
training, for which expiratory muscle training was per-
formed. The result showed a significant increase in PCF 
of 52.42 ± 51.91 L/min in the training group. Zeren 
et  al. [26] used inspiratory muscle training, with PEF 
expressed as a percentage of predicted values, and the 
results showed that inspiratory muscle training did not 
confer significant improvement in PEF. Children and 
adolescents with neuromuscular disorders and chronic 
lung diseases (CF, bronchiectasis, postinfectious bron-
chiolitis obliterans) were included in Rodriguez et  al. 
[44]. According to this study, patients’ PCF of 16 L/min 
is improved by IMT + EMT. We think the impact on 
PCF is greater when expiratory muscle training is used 
alone.

Notably, among patients with CF, exercise capacity 
is a major predictor of both mortality risk and dete-
rioration [45, 46]. The higher the level of aerobic fit-
ness in people with cystic fibrosis, the lower the risk of 
death. But only one study in the review reported maxi-
mum oxygen uptake  (Vo2max), it reported a significant 
improvement in  Vo2max in the inspiratory muscle train-
ing group, but not in the control group [24]. Therefore, 
in the future, it is necessary to further explore the aero-
bic fitness ability of patients with CF after RMT, which 
will be important for determining the optimal respira-
tory muscle training regimen.

A great number of patients with CF need life-
time care, which entails frequent admissions and a 
demanding daily treatment schedule. The impact of 
this heavy treatment load on health-related quality 
of life (HRQoL) is substantial [47, 48]. We must not 
only consider the effectiveness of interventions, but 
also assess how patients perceive the benefits of their 
treatment, which should be particularly important for 
patients  with  cystic fibrosis exhibiting  chronic, long-
term characteristics. However, only three of the studies 
included in the review reported having used an out-
come measure assessing health-related quality of life 
[25, 28, 29]. We believe that this is a significant omis-
sion from other studies and severely limits the external 
validity of the research base. Bieli reported that neither 
CFQ nor CFCS improved [29]. In the study of Emirza 
et  al., the physical function of patients and parents in 
the training group was improved, and the treatment 
burden of parents was reduced [25]. They also offered 
significant evidence regarding the relative value of 
interventions from the perspective of the patient and 
parent. In health technology assessments, quality of 
life scores can be utilized in conjunction with other sci-
entific information to support financing or regulatory 
decisions for cystic fibrosis treatment.

Limitations
The RMT treatment intervention for CF with children 
and adolescents has two limitations. First, the data were 
mainly from small clinical trials and were highly het-
erogeneous, for example, The ability to detect treatment 
effects was hampered by the inconsistent methodologi-
cal quality of the included studies, heterogeneity in the 
results used in the studies, the units of measurement for 
some outcomes, and the methods and degrees of deter-
mining and reporting participants’ clinical status. Fur-
thermore, the trials’ follow-up periods were insufficiently 
short (12 weeks was the longest regimen) and the effects 
of long-term use were not entirely evident, thus it could 
be worthwhile to prolong the intervention time to six 
months or perhaps a year.

The review is further limited by the following: Two 
studies were not included in the quantitative analysis for 
previously stated reasons. The technique used to assess 
for publication bias (funnel plots and statistical tests) is 
another factor. It is advised to include at least 10 stud-
ies for a more reliable assessment, but since the current 
review only used up to six studies for this assessment, 
this suspicion cannot be confirmed [49].

Conclusions
Future research
Determining the most appropriate respiratory mus-
cle training regimen is a major challenge for respiratory 
muscle training studies, and further high-methodologi-
cally quality studies are necessary to distinguish the most 
significant advantages associated with different types of 
resistance loads, including pressure thresholds and flow 
resistance loads, and volumetric loading (i.e., autono-
mous hyperventilation), and importantly, to clarify the 
optimal training volume and intensity of the respiratory 
muscle training protocol, as well as to determine the 
range of variation in results associated with respiratory 
muscle training.

Conclusion
It’s still uncertain if respiratory muscle training can be 
a helpful therapeutic strategy in the treatment of cystic 
fibrosis. When determining whether to use respiratory 
muscle training as a form of exercise therapy for children 
and adolescents with cystic fibrosis, healthcare profes-
sionals are advised to consider each case individually.
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