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Abstract

Objective The aim of this systematic review with meta-analysis was to evaluate the effectiveness of RMT in internal and
central nervous system disorders, on pulmonary function, exercise capacity and quality of life.

Methods The inclusion criteria were (1) publications designed as Randomized Controlled Trial (RCT), with (2) participants
being adults with pulmonary dysfunction caused by an internal disease or central nervous system disorder, (3) an intervention
defined as RMT (either IMT or EMT) and (4) with the assessment of exercise capacity, respiratory function and quality of
life. For the methodological quality assessment of risk of bias, likewise statistical analysis and meta-analysis the RevMan
version 5.3 software and the Cochrane Risk of Bias Tool were used. Two authors independently analysed the following
databases for relevant research articles: PubMed, Scopus, Cochrane Library, Web of Science, and Embase.

Results From a total of 2200 records, the systematic review includes 29 RCT with an overall sample size of 1155 patients.
Results suggest that patients with internal and central nervous system disorders who underwent RMT had better quality of
life and improved significantly their performance in exercise capacity and in respiratory function assessed with FVC and
MIP when compared to control conditions (i.e. no intervention, sham training, placebo or conventional treatments).
Conclusion Respiratory muscle training seems to be more effective than control conditions (i.e. no intervention, sham train-
ing, placebo or conventional treatment), in patients with pulmonary dysfunction due to internal and central nervous system
disorders, for quality of life, exercise capacity and respiratory function assessed with MIP and FVC, but not with FEV1.
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Introduction

Early identification of respiratory muscle weakness is
important as a diagnostic and prognostic factor as well as
for the implementation of appropriate therapeutic strate-
gies [1]. Inspiratory muscle dysfunction due to obstructive
pulmonary disease or neuromuscular disorders can result
in reductions in inspiratory muscle strength and endur-
ance, thus contributing to dyspnea, decreased exercise
tolerance, and impaired quality of life [2]. Impairment
of respiratory function after stroke related to dysphagia
and ineffective cough may increase the risk of pneumonia,
which has been reported as a leading cause of extravas-
cular death after stroke [3]. In patients with respiratory
disorders, muscle weakness can lead to dyspnea and
hypercapnia which affects components of physical per-
formance [4]. Impaired respiratory muscle strength and
functional capacity are often reported in patients with lung
or heart disease [5]. Breathing alterations are related to a
decrease in physical activity and therefore, to a reduction
in the ability to carry out the activities of daily life [6].
Thus, implementing interventions that have the potential
to improve respiratory function and, consequently, to pre-
vent morbidity and mortality for a chronically ill patients
is vindicated [7].

Respiratory muscle training (RMT) has long been used
in many medical disciplines [8]. Respiratory muscles
respond to training similarly to any other skeletal muscle
[9]. In this regard, RMT consists of repetitive breathing
exercises with hand-held respiratory trainer devices to
provide pressure threshold or flow-dependent resistance
against inhalation (inspiratory muscle training [IMT])
and/or exhalation (expiratory muscle training [EMT])
[10] to stimulate this musculature and to produce changes
in the muscles’ structure. The diversity of potential appli-
cations for IMT makes it impossible to provide specific
guidance for all potential applications. However, there are
major classes of diseases or conditions where studies sup-
port a beneficial effect of RMT on clinical outcomes in
subgroups of patients: cardiorespiratory, neuromuscular,
surgical, healthy aging. The misconception remains that
only patients with evidence of inspiratory muscle weakness
or ventilatory limitation can benefit from IMT. However,
even when inspiratory muscle weakness is not an inclusion
criterion, improvements in dyspnea and exercise capacity
still occur after IMT [11]. To date, no reports of adverse
events after IMT have been found, but there is a theoreti-
cal risk of barotrauma-related events. However, in patients
with coronary artery disease, it is reasonable to minimize
hypocapnia by using a slower respiratory rate. In patients
who have experienced an acute exacerbation or chest infec-
tion, clinical judgment should be used regarding the risk
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of inducing hyperfatigue of inspiratory muscles. In this
situation, it may be appropriate to reduce the intensity and/
or frequency of IMT use. The vast majority of patients
undergoing RMT are those with long-term chronic condi-
tions such as respiratory disease, heart failure, obesity, and
neuromuscular disease. For these patients, the timing of
IMT will depend on disease management policies. RMT
can be provided in the patient's home as part of primary
care provided by a specialist nurse or physiotherapist or
in an outpatient setting. Evidence suggests that RMT can
be used both as a stand-alone intervention and as part of a
multidimensional rehabilitation program in a wide range of
patients. Furthermore, comorbidities that preclude physical
training are not a barrier to RMT, thus making it an ideal
intervention for patients with severe impairment [12].
However, despite the fact that certain effects of RMT have
been shown in previous research on several populations (e.g.
stroke survivors [13, 14], respiratory [11, 15-17], cardiac
[18, 19], or cancer patients [20]), evidence regarding the
efficacy of respiratory muscle training is still inconclusive
and controversial. RMT reduce the occurrence of respira-
tory complications in stroke survivors immediately or even
3—12 months after treatment initiation [21], however evi-
dence regarding change in swallowing function after stroke
remains lacking [22]. Inspiratory muscle training benefits
were demonstrated on quality of life, dyspnea, and exer-
cise capacity in patients with pulmonary dysfunctions [4].
Regarding cardiac patients it has been shown that inspira-
tory muscle training improves diaphragmatic mobility in
patients following cardiac surgery [23], likewise improve
pulmonary function, such as FVC [24]. Little is known about
clinical efficacy of RMT in cancer patients. Conflicting
results have been reported regarding increases in respiratory
muscle strength after lung cancer surgery and oxygenation
[25]. Although, IMT and aerobic exercise improves muscle
strength and exercise capacity in lung cancer patients [26].
Furthermore, the assessment of training efficacy from most
work is often limited to measures of lung function and/or
physical performance. Therefore, we decided to perform a
systematic review along with a meta-analysis on the effec-
tiveness of respiratory muscle training in internal and central
nervous system disorders, evaluating the combined effect on
respiratory function, exercise capacity and quality of life.

Methods

The study design was set as a systematic review and meta-
analysis and was conducted according to the PRISMA
2020 guidelines [27]. The protocol was prospective reg-
istered in the PROSPERO database (registration number:
CRD42020216639) on 07.12.2020.
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Electronic searches

Publications were searched in PubMed, Embase, Web of
Science, Scopus, and the Cochrane Library. The last search
was launched on 8th February 2021. A detailed description
of the search strategy is presented in the supplementary
materials (see Appendix 1).

Study selection

In this review, we included (1) publications designed as
Randomized Controlled Trial (RCT), with (2) hospital-
ized adults patients (i.e.> 18 years) with pulmonary dys-
function caused by an internal disease or central nerv-
ous system disorder, (3) an intervention defined as RMT
(either IMT or EMT) compared to all other treatments or
no intervention, and (4) with the assessment of exercise
capacity, respiratory function and quality of life as pri-
mary outcomes. The inclusion criteria of device type and
training characteristics were not considered in order to
include the largest number of studies. A similar approach
was applied to the choice of intervention location (inpa-
tient, home-based, outpatient). The review included pub-
lications in English, Italian and Polish. Grey literature was
not searched in this review. Conversely, we excluded non-
RCTs and studies involving healthy adults, children or par-
ticipants with sleep disorders. Furthermore, we excluded
studies in which all the three outcomes (i.e. exercise
capacity, respiratory function and quality of life) were not
assessed. For study selection through abstract screening,
two reviewers, independently, screened studies that were
identified through the electronic search engines already
mentioned, based on title and abstract, using the free tool
Rayyan (https://rayyan.qcri.org/). A third reviewer was
selected to solve any disagreements. At the end of this
process, full text of the articles were obtained, and the
same procedures were used for full text screening and for
the assessment of the methodological quality (risk of bias
assessment).

Outcomes

We aimed to assess three main outcomes, i.e. respiratory
function, exercise capacity and quality of life. We assessed
respiratory function with parameters of respiratory muscle
weakness (i.e. FEV1, FVC, MIP) and exercise capacity with
the 6-min walking test (6MWT) or other scales that aim to
assess exercise capacity. Finally, we wanted to evaluate the
improvement of perceived-quality of life by using question-
naires that assess changes in the perception of quality of life
(e.g. St. George respiratory questionnaire, SF-36).

Data extraction and management

Screening of research records was conducted with the
procedure already mentioned, then a full-text screening
was conducted with the same procedure. A data extrac-
tion form was filled with all the relevant data, i.e.: authors
and year of publication, number of participants and their
characteristics, type of interventions and training, outcome
measures and conclusions drawn by authors.

Assessment of risk of bias in included studies

Studies included in the review underwent a methodological
quality assessment for risk of bias using the Cochrane Risk
of Bias Tool [28]. We evaluated the following domains: (1)
Selection bias: random sequence generation; (2) Selection
bias: allocation concealment; (3) Performance bias: blind-
ing of participants and personnel (4) Detection bias: blind-
ing of outcome assessment; (5) Attrition bias: incomplete
outcome data; and (6) reporting bias: selective reporting.
We coded risk of bias for each domain as “high risk”, in
case of a high possibility in the occurrence of bias; “low
risk”, in case of a low possibility of bias; “unclear risk”,
when we could not exactly define the real incidence of
bias. Finally, potential publication bias was explored by
visual inspection of funnel plots.

Data synthesis and statistical analysis

We used Review Manager 5.3 to conduct review, to assess
the methodological quality of trials through the risk of
bias tables, and for statistical analysis. We attempted to
categorize the included interventions along three outcomes
group: (1) respiratory function, (2) exercise capacity and
(3) quality of life. Treatment effects were evaluated using
Mean Difference (MD) for homogeneous outcome meas-
ures or Standardized Mean Difference (SMD) for the out-
comes evaluated with different scales. Confidence Inter-
val (CI) for continuous outcomes was identified at 95%.
Statistical heterogeneity was assessed with the I? statistic.
We deemed to perform the analyses with 95% CI, based
on random effects model, as we assumed that there would
be the presence of heterogeneity due to the different popu-
lation included in the review and the different types of
training provided [29]. We planned a subgroup analysis in
relation to medical diagnosis (i.e. internal diseases, pul-
monary diseases, stroke and leukemia). In the case of no
data available for synthesis, an email was sent to the cor-
responding author. We assumed a 2-week waiting period
for a response.
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Results

Our search identified 2220 results from 5 electronic data-
bases. The following numbers were retrieved from pub-
lications in each of the databases: PubMed: 166; Sco-
pus: 1596; Cochrane Library: 145; Web of Science: 44,
and Embase: 269. After removing 349 duplicates, 1851
abstracts remained for screening. We excluded 1818
records with unrelated target topics and then assessed for
eligibility a total of 33 full text articles. The main rea-
sons for rejecting abstracts were: different study design
than specified in the inclusion criterion and different study
population. After full-text screening, 29 studies met the
inclusion criteria for qualitative analysis. At the end of
the process, 25 studies remained for quantitative analysis,
as 4 studies did not report data as Mean and Standard
Deviations. The PRISMA flowchart of the review process
is shown in Fig. 1.

Characteristics of included studies

All the included studies were RCTs focusing on the use of
RMT for pulmonary dysfunction. Among the 29 included
studies, 8 included participants with internal diseases
[30-37], 19 studies focused on the treatment of patients
with pulmonary diseases [2, 38—55] and the remaining
2 studies included patients with stroke and leukemia,
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Fig. 1 Flow diagram for the study selection process
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respectively [56, 57]. The overall number of participants
included within trials was 1155, with 619 patients involved
in RMT programs and 536 patients treated in control
groups.

With regard to the intervention provided, all the included
studies used a threshold-loading device. Only one study
investigated the effects of EMT on lung function, exercise
tolerance, symptoms and health-related quality of life in
severe COPD patients [52], whereas 5 studies evaluated the
effectiveness of RMT for patients with Restrictive Thoracic
Disease [41], stroke [56], leukemia [57] and COPD [47, 48].
The remaining 23 studies provided IMT programs, in order
to evaluate their efficacy, in patients with COPD [2, 38—40,
42,44, 45, 50, 51, 53, 54], asthma [43], lung cancer [46],
bronchiectasis [49], in patients with chronic airflow limi-
tation [55], heart failure [31, 33, 34, 37], in patients who
underwent coronary artery bypass graft surgery [32, 36] and
Heart Valve Replacement Surgery [30], and in patients with
pulmonary arterial hypertension [35].

Three studies compared the experimental intervention to
placebo intervention [30, 31, 53], whereas eight studies used
sham training as comparator [35, 40, 41, 47, 50, 52, 54, 55].
In 4 studies the experimental intervention was compared to
no intervention [42, 44, 45, 48] and 12 studies compared
the use of RMT to conventional rehabilitation [2, 32, 33,
36-39, 43, 46, 49, 56, 57]. Sadek et al. tested the combina-
tion of high-intensity aerobic interval training and IMT, and
compared it to IMT alone, high-intensity aerobic interval
training alone and no intervention [34]. Finally, Majewska-
Pulsakowska et al. compared the combination of IMT and
cycle ergometer to IMT alone, cycle ergometer alone and
no treatment [51].

The dose of therapy varies between studies, ranging from
a total of 20 sessions over 10 days of treatment to a maxi-
mum of 288 sessions over 1 year.

A detailed description of the characteristics of included
studies is presented in supplementary material (Table 1).

Excluded studies

We deemed 4 studies to be excluded, as in two studies no
resistance training was provided in the experimental group
[58, 59] and in one study the minimum load of the device
(9 cmH20) was kept constant during the study period in the
control group [60]. One more study was excluded because
the outcome quality of life was not investigated [61].

Risk of bias in included studies
Figure 2 shows the risk of bias in the included studies.

— Random sequence generation (selection bias): Sixteen
studies were assessed with a low risk of bias, as the
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0.60, 95%

74%), as well as for all the subgroups,

0.41,95% CI10.11

0.76, 95% CI 0.08 to 1.44,

domain, as no missing data were found. Only one study

had an unclear risk of bias because information was not
of bias was low, whereas it was unclear whether selective
reporting occurred in 19 studies, as the study protocols
were not available. In 2 studies selective reporting was

Outcome data were incomplete in the remaining 2 stud-
identified.

ies.
— Selective reporting (reporting bias): In 8 studies the risk

generation process, whereas two studies were judged
with a high risk of bias, as randomization procedures
studies were assessed with a low risk of bias for this
reported and potential missing data were not provided.

were not appropriate. The remaining 11 studies were
a low risk of bias in this domain, as the allocation meth-

ods used were appropriate. In 19 studies there was no
bias): Seven studies clearly stated that participants and

therapists were blinded to intervention group allocation,
whereas in other 7 studies no blinding was provided. It
was unclear whether participants and therapists were
blinded to intervention group allocation in 15 studies.

— Blinding of outcome assessment (detection bias): In 16
In 13 studies the risk was unclear due to lack of informa-

authors described a random component in the sequence-
judged with an unclear risk of bias, as no information
was provided.

— Allocation concealment (selection bias): Ten studies had
information about allocation concealment procedures,
resulting in an unclear risk of bias.

— Blinding of participants and personnel (performance
studies the outcome assessor was unaware of the partici-
pants’ assigned interventions, so the risk of bias was low.
tion.

— Incomplete outcome data (attrition bias): Twenty-five

82%), pulmonary diseases (SMD

Twenty-one studies were analyzed for quality of life, with a

total of 772 participants. Subgroup analyses were performed,
based on medical diagnosis (i.e. internal diseases, pulmo-
nary diseases and leukemia). The analyses were performed
using Standardized Mean Difference (SMD) with random
effects model, since all the included studies used different
outcome measures for the same outcome and we expected
high values of heterogeneity. The total result showed a sig-
to 0.71, I?*=58%) and leukemia (SMD =1.74, 95% CI

nificant difference in favour of RMT (SMD

Comparison 1 quality of life
CI0.30 to 0.91, 1

i.e. internal diseases (SMD
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0.92-2.56, >’=N/A) (Fig. 3). Figure 3 shows the funnel plot
of included studies.

Comparison 2 exercise capacity

A total of 24 studies were included and divided in four sub-
groups (i.e. internal diseases, pulmonary diseases, stroke
and leukemia). The overall number of participants was
853 and analyses were performed with SMD and random
effects model. Results showed a significant improvement
in exercise capacity in participants who underwent RMT
(SMD=0.58, 95% CI 0.33-0.84, I>=67%). The same results
were obtained for internal diseases (SMD =0.99, 95% CI
0.43-1.55, I’= 72%), pulmonary diseases (SMD =0.25,
95% CI 0.04-0.47, I?’=31%), stroke (SMD = 1.05, 95% CI

= | Blinding of outcome assessment {detection hias)

~ O D OO S 0SS S S | @ @) ncompleteoutcome data (attrition bias)

= | Allocation concealment (selection bias)
= | Selective reporting (reporting bias)

Ahmad 2013

-~ . . Blinding of participants and personnel {performance hias)

~ | ®|® | ® | ® | Random sequence generation (selection bias)

pmedilo2020 | W9 | 98 ¢ ® 0.28-1.83, I2X=NJ/A) and for leukemia patients (SMD=1.38,
Heaumont:2018 ® g % 95% CI 0.60-2.17, I*=N/A) (Fig. 4). Figure 4 shows the
Beckerman 2005 2 | ® @ ? funnel plot of the Comparison 2.
Budweiser et al., 2006 2 1 ® 0
Cargnin etal, 2013 | @ ole 2 Comparison 3 respiratory function-FEV1
Shumael, e | R AT - Twelve studies with 374 participants were analyzed.
DallAgoetal,2006| 2 |2 | 2 | @ & Analyses were performed with SMD, as studies assessed
Duruturketal, 2018 | @ | @ | 2 | @ ? respiratory function by using FEV1 values but with dif-
Elmorsietal, 2016 | @ | 2 | 2 | 2 ® ferent unit of measure. No significant difference was
ErNahasetal, 2019 | @ | @ | @ | @ ® found between the two treatments (SMD =0.11, 95%
carsactsl, 2000 | @ | @ | @ | @ - CI —0.21-0.43, 12=56%), as well as for the subgroups
' internal diseases (SMD =0.00, 95% CI — 0.61-0.61,
Huang etal. 2017 | @) | @ | @ g I =59%) and pulmonary diseases (SMD =0.02, 95% CI
D @ @€

Koppers et al,, 2008 ? — 0.33-0.37, ’=41%). A significant improvement in

Leelarungrayub etal, 2017 | 2 |2 |2 | 2 | @ respiratory function assessed with FEV1 was found in

Lawetal, 2011 | @ |2 (2 |@ | @] 2 stroke patients (SMD = 1.23, 95% CI 0.44-2.02, I’=N/A)

Magadieetal, 2007 | @ | @ | © | © | © | @ (Fig. 5). Figure 5 shows the funnel plot of the Comparison

Majewska-Pulsakowska etal.,, 2015 | 2 7 . 7/ ? ? 3
Miozzo etal., 2018 | @ 2 OO e
Motaetal, 2007 |2 (2 |@ |2 | @2 Comparison 4 respiratory function—MIP

Palauetal,2013(2 |2 |2 | @ | @] 2

Rieraetal, 2001 | @ | @ | @ | @ | @ | @ A total of -16 stu.dies with 557 participants were i.ncluded in

the analysis, which were performed with SMD with random

Sadeketal. 00| @@ |@ 19|09 | @ effects model. RMT resulted to be more effective than con-

saglametal 2015 | @ | @ [? | @ | @ |2 trol condition (SMD =0.89, 95% CI 0.56-1.22, I>=66%).

savcietal, 2011 | @ | @ | @ |2 (@2 Significant differences can be found in both internal dis-

schuizetal, 2018 | @ |2 (@ |2 | @ | @ eases (SMD =1.28, 95% CI 0.62-1.95, I>*=65%) and pul-

sernetal, 2005 @ | @ | @ | @ | @ | 2 nzlonary diseases su.bgroups (SMD=0.78,95% CI1 0.43-1.13,

suberazetal, 210 @@ @ @ | @ | 2 1°=57%), but 1210t in strok(? subgropp (SMD=0.00, 95% CI

—0.72-0.72, I*'=N/A) (Fig. 6). Figure 6 shows the funnel

Winkelmann etal, 2009 | 2 | 2 | @ | @ | @ | @ plot of the included studies.

Fig.2 Summary of the risk of bias analysis
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Experimental Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean _ SD Total Mean SD_Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.1.1 Internal Diseases
Cargnin etal., 2018 96 153 13 48 76 12 47% 0.38[-0.41,1.17) 1T
DallAgo et al., 2006 -6 2 16 <30 13 16 41% 252(1.56,3.47) E—
Miozzo etal, 2018 52 475 13 75 3952 11 46% -0.50 11.32,0.31) —
Palauetal, 2013 -30 29 14 -418 85 12 42% 1.86(0.92,2.81] E—
Sadek etal,, 2020 <18 97 10 -316 138 10 41% 1.09(0.14,2.05] —_— SE(EMD)
Saglam etal,, 2015 -27.05 2263 14 -5667 2973 15 47% 1.08(0.30,1.87) —_— 0 '
Savei etal, 2011 -3466 2273 22 -3521 1245 21 55% 0.03 [-0.57, 0.63]  d |
Winkelmann et al., 2009 20 15 12 18 15 12 47%  -013[0.93,067] —_— H
Subtotal (95% CI) 114 109 36.7% 0.76 [0.08, 1.44] R o
Heterogeneity: Tau®= 0.78; Chi*= 38.70, df= 7 (P < 0.00001); F=82% 02
Test for overall effect Z=2.19 (P = 0.03) o
1.1.2 Pulmonary Diseases %&C(): <
- !
ghmadzmi{ 286 52 9 -512 81 9 26% 3.16(1.67, 4.65] | 04 0 0%0i o A
eaumont 2018 -439 135 73 -471 145 74 64% 0.23-0.10,0.55] O O
Chuang etal,, 2017 69.3 156 27 472 193 28 55% 1.24(0.66,1.82] I i o e}
Duruturk et al., 2018 =272 126 20 -355 218 18 53% 0.46[0.18,1.11] T |
Elmorsi etal, 2016 4492 107 20 53 111 20 54% 0.34-0.28,0.97) - O |
Garcia etal,, 2008 -38 91 8 -37 85 5 36% -0.10(1.22,1.01] N 08
Huang etal,, 2017 70 138 30 675 118 30 58% 0.19-0.32,0.70] T
Koppers etal.,, 2006 866 184 18 85 15 18 53% 0.09 [-0.56, 0.75] b
Leelarungrayub etal., 2017 4412 10 16 11 10 44% 0.42[-0.47,1.30] -1 O
Liaw etal., 2011 -325 267 13 -361 291 13 48% 0.12[-0.64,0.89]  — 08
Majewska-Pulsakowska et al., 2015 -47.2 16 8 -475 194 13  44% 0.02-0.86, 0.90] e
Serdn etal,, 2005 51 12 17 48 118 52% 0.18 [-0.49, 0.84] -1
Subtotal (95% CI) 253 256 58.7% 0.41[0.11,0.71] <> | SHD
Heterogeneity: Tau*= 0.15; Chi*= 26.12, df= 11 (P = 0.006); F= 58% 1 b ; & : 1 S

Testfor overall effect Z= 2.67 (P = 0.008)

1.1.4 Leukemia

El-Nahas etal, 2019 8897 886 30 704 1453 10 46%
Subtotal (95% CI) 30 10 4.6%
Heterogeneity: Not applicable

Test for overall effect Z= 4.15 (P < 0.0001)

1.74[0.92, 2.56]
1.74[0.92,2.56]

Total (95% CI) 397 375 100.0% 0.60 [0.30, 0.91]

|6 Internal Diseases <> Pulmonary Diseases /\ Leukemia

I

‘n

Heterogeneity: Tau®= 0.35; Chi*= 76.36, df = 20 (P < 0.00001); F=74%
Test for overall effect Z= 3.86 (P = 0.0001)
Testfor subaroun differences: Chi*= 9.15, df= 2 (P = 0.01), F=78.1%

2 - 1 2
Favours control Favours IMT training

Fig.3 Comparison 1. RMT versus other interventions. Outcome: 1.1 Quality of Life, likewise Funnel plot of Comparison 1. RMT versus other

interventions. Outcome: 1.1 Quality of Life

Comparison 5 respiratory function—FVC

Eight studies and 252 participants were included. Analyses
were performed using SMD with fixed effect model. Final
result showed a significant difference between RMT and
control condition (SMD=0.32, 95% CI10.07-0.57, IZ:O%),
but subgroup analyses revealed no difference between
interventions for internal diseases (SMD=0.18, 95% CI
- 0.21-0.57, 12=47%), pulmonary diseases (SMD =0.36,
95% CI — 0.00-0.73, 1>=0%) and for stroke patients
(SMD =0.65, 95% CI — 0.09-1.39, I>=N/A) (Fig. 7). Fig-
ure 7 shows the funnel plot of the included studies.

Discussion

This review aimed to evaluate the effectiveness of RMT
in internal and central nervous system disorders, and its
effect on pulmonary function, exercise capacity and qual-
ity of life. Results suggest that patients with internal and
central nervous system disorders who underwent RMT had
better quality of life and improved significantly their per-
formance in exercise capacity and in respiratory function
assessed with FVC and MIP when compared to control
conditions (i.e. no intervention, sham training, placebo
or conventional treatments). No difference was found in
respiratory function assessed with FEV1. However, results
need to be considered carefully because of the following
limitations.

In this systematic review, grey literature was not searched,
in order to be as specific as possible, given also the large

@ Springer

quantity of records obtained from the search in the pri-
mary databases. Furthermore, most of the analyses showed
moderate-to-high values of heterogeneity, highlighting the
presence of important inconsistency. The Cochrane Hand-
book for Systematic Reviews of Interventions suggests con-
sideration of several possible sources of heterogeneity and
asymmetry in funnel plots [29]. Indeed, the likelihood of
drawing correct inferences from a meta-analysis decreases
with increasing heterogeneity [62], thus investigation and
plausible explanations for the presence of heterogeneity need
to be carried out.

Results on quality of life, exercise capacity and respira-
tory function (FEV1 and MIP), are affected by clinical
heterogeneity, likely due to difference in type and doses
of intervention and comparator. In relation to the dose of
therapy provided, this ranged from a total of 20 sessions
over 10 days of treatment, to a maximum of 288 sessions
over 1 year, ranging from twice a day all week to once a
day twice a week. Likewise, in terms of training inten-
sity, differences were present among the included stud-
ies. Respiratory resistance of the subjects ranged between
15 and 60% of the MIP. The included studies also var-
ied in the devices used, including i.e. POWERbDreathe,
Threshold IMT, Respifit-S. This result tells us that a lack
of agreement exists on the standard and/or optimal dose
of therapy to deliver for achieving significant improve-
ment, to patients with internal and central nervous system
disorders. Furthermore, after analyzing the funnel plot of
the Comparison 1, we observed a lack of studies in favour
of RMT, suggesting the possibility of publication bias
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Experimental Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean _ SD Total Mean _ SD Total Weight IV, Random,95% CI v, Random, 95% CI
2.1.1Internal Diseases
Cargnin etal, 2019 472 966 13 3147 941 12 37% 1.34(0.46, 2.23)
Dall'Ago et al., 2006 550 17 16 411 60 16 31% 3.07(2.01,413) —
Miozzo etal., 2018 6386 84 9 620 856 9 36% 0.21(0.72,1.14]
Palauetal, 2013 3861 626 14 2735 1442 12 39% 1.01[0.18,1.84)
Sadek etal, 2020 5321 1139 10 4572 1049 10  36% 0.66 [0.25, 1.56)
Saglam etal, 2015 4764 901 14 334 1216 15 4.0% 1.29(0.48, 2.10)
Savci etal, 2011 3879 657 22 3577 434 2 48% 0.530.08,1.14] T
Winkelmann et al., 2009 500 72 12 489 81 12 4.0% 0.14 [-0.66, 0.94]  aa—
Subtotal (95% Cl) 110 107 30.8% 0.99 [0.43, 1.55] -
Heterogeneity: Tau?= 0.47; Chi*= 26.31, df= 7 (P = 0.0007); F'= 72% 0 SEEHD) \
Test for overall effect: Z= 3.44 (P = 0.0006) H
H
2.1.2 Pulmonary Diseases H
Ahmad 2013 3006 616 9 2206 404 9 31% 1.46(0.39, 2.53) 02 ¢ H
Beaumont 2018 4109 117.4 73 4111 1031 74 61%  -0.00(0.33,0.32) H
Beckerman 2005 312 2474 il 252 2016 2 49% 0.26 [-0.35,0.87] ¢ e
Chuang etal,, 2017 2661 487 27 2163 668 28 51% 0.84(0.28,1.39 8 %&
Duruturk et al, 2018 5035 925 20 4368 1549 18 47% 0524013,1.17) 04 O !
Elmorsi etal., 2016 3872 328 20 3724 453 20 48% 0.37 [0.26, 0.99) - H
Garcia et al., 2008 4414 1113 7 378 1205 5 28% 0.49 [0.68, 1.66) o® o °
Huang etal,, 2017 4765 865 30 5008 823 30 53% -0.28-0.79,0.22) \
Koppers etal., 2006 535 77 18 544 85 18 47% -0.11 [-0.76, 0.55) H <
Leelarungrayub etal, 2017 340 56 10 3189 667 10 37% 0.330.56,1.21] 06 {
Liaw etal, 2011 4731 1177 13 4478 774 13 42% 0.25[0.53,1.02) H
Majewska-Pulsakowska et al., 2015 3864 746 8 3581 701 13 37% 0.380.51,1.27] \
Riera etal, 2001 541 112 10 493 140 10 3.7% 0.36 [-0.52,1.25) B
Serdn etal., 2005 4526 523 15 4585 754 16 4.4% -0.09[-0.79,0.62) 08 H
Subtotal (95% CI) 281 285 60.9% 0.25[0.04, 0.47] H
Heterogeneity: Tau*= 0.05; Chi*= 18.76, df= 13 (P = 0.13); F=31% 1
- _ H
Testfor overall effect: Z= 2.33 (P = 0.02) ; : SMD
2.1.3 Stroke -2 -1 0 1 2
Sutbeyaz etal., 2010 137 14 15 125 07 15 42% 1.050.28, 1.83) — group
Subtotal (95% CI) 15 15 4.2% 1.05[0.28, 1.83] —~eiERE— [6 Internal Diseases <> Pulmonary Diszases [ Stroke /\ Leukemia
Heterogeneity: Not applicable
Testfor overall effect: Z= 2.68 (P = 0.007)
2.1.4 Leukemia
ElNahas etal,, 2019 13541 237 30 9616 382 10 41% 1.38(0.60,2.17) —_—
Subtotal (95% CI) 30 10 41% 1.38[0.60, 2.17] —~—
Heterogeneity: Not applicable
Testfor overall effect: Z= 3.46 (P = 0.0005)
Total (95% CI) 436 417 100.0% 0.58[0.33, 0.84] <>
Heterogeneity: Tau®= 0.25; Chi*= 68.85, df= 23 (P < 0.00001); F= 67%

Test for overall effect: Z= 4.47 (P < 0.00001)
Testfor subaroup differences: Chi*= 14.55, df= 3 (P=0.002), F=79.4%
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Fig.4 Comparison 2. RMT versus other interventions. Outcome: 2.1 Exercise Capacity, likewise Funnel plot of Comparison 2. RMT versus

other interventions. Outcome: 2.1 Exercise Capacity

Experimental Control Std. Mean Difference Std. Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI

3.1.1Internal Diseases

DallAgo etal, 2006 824 151 16 904 126 16 B88%  -0.54[1.25,0.7) B o SE(EHD)

Saglam etal, 2015 804 212 14 657 25 15 B84% 0,61 (0.13,1.36) S —

Savei etal, 2011 637 15 22 643 15 21 100%  -0.04 [0.64,056) —T—

Subtotal (95% Cl) 52 52 27.2%  0.00[-0.61,0.61] e

Heterogeneity: Tau®= 0.17; Chi*= 4.84, df= 2 (P = 0.09); = 59%

Testfor overall effect Z= 0.00 (P = 1.00) 02

3.1.2 Pulmonary Diseases O o

Duruturk etal, 2018 924 213 16 912 17 14 87% 0.06 -0.66, 0.78] o 4

Garcia etal, 2008 473 138 7 512 121 5 51%  -0.27[1.43,088) 04 & o
Huang etal, 2017 23 08 30 22 07 30 111% 0.130.38, 0.64] o

Koppers etal, 2006 16 05 18 18 05 18 93%  -039[1.050.27) <o

Leelarungrayub et al, 2017 18 03 10 16 03 10 69% 0.64 10.27,1.54]

Liaw etal, 2011 14 05 13 11 05 13 80% 0.58 [0.21,1.37] — 06 o

Majewska-Pulsakowskaetal, 2015 1.1 05 8 17 05 13  65%  -115[211,-0.19)

Serdn etal, 2005 606 24 17 546 219 18 92% 0.26 10.41,0.92) —]1

Subtotal (95% Cl) 19 121 649%  0.02[-0.33,0.37] -l

Heterogeneity: Tau®= 0.10; Chi*=11.85, df=7 (P= 0.11), F= 41% 08

Testfor overall effect: Z= 0.12 (P = 0.90)

3.1.3 Stroke

Sutbeyaz et al, 2010 27 01 15 25 02 15 80% 1.23(0.44,2.02) s—— 1 SMD
Subtotal (95% Cl) 15 15 8.0% 1.23[0.44,2.02] e E) k] ) 1 3
Heterogeneity: Not applicable

Testfor gverall effect 2= 3.05 (° = 0.002) |6 Internal Diseases <> Pulmonary Diseases [ Stroke

Total (95% CI) 186 188 100.0% 0.11[-0.21, 0.43]

-

Heterogeneity: Tau*= 0.18; Chi*= 25.11, df= 11 (P = 0.009); F= 56%
Test for overall effect: Z= 0.65 (P = 0.51)
Testfor subaroup differences: Chi*=7.93, df= 2 (P = 0.02), F=74.8%
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Fig.5 Comparison 3. RMT versus other interventions. Outcome: 3.1 Respiratory Function—FEV 1, likewise Funnel plot of Comparison 3. RMT
versus other interventions. Outcome: 3.1 Respiratory Function—FEV 1

underestimating the effect of the experimental treatment,
within the pulmonary diseases subgroup.

In Comparison 3 (Respiratory function—FEV1) selec-
tive outcome reporting affected the final results. In depth,
we found that studies with unclear or high risk of bias for
missing outcome data were less precise, underestimating
significantly the effect of RMT on FEV1. Excluding these
articles from the meta-analyses, results changed signifi-
cantly in favour of RMT. This lack of methodology in trials
conducting and reporting represents a major flaw in current

literature in the field. Thus, it is essential that future tri-
als reports will adhere to acknowledged standards, such as
the CONSORT statement [63]. Furthermore, an evidence
of imprecision in the effect estimate is observed, especially
in Comparison 3. Most of the included studies had similar
effects both in favour of the experimental or control treat-
ment, making it difficult to draw a firm conclusion on the
effectiveness of RMT.

The RMT resulted to be advantageous especially for the
improvement of respiratory function assessed with FVC. In
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Experimental Control Std. Mean Difference Std. Mean Difference
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this case, the absence of heterogeneity and the significant
results in favour of RMT provide evidence in favour of such
training for patients with pulmonary dysfunction, neverthe-
less better training programs with standard dose of therapy
need to be implemented, together with better trial reporting.

Comparing our results to previous research, it was indi-
cated that RMT is effective to reduce postoperative pulmo-
nary complications and length of hospital stay in patients
undergoing surgery [64, 65]. Thus, the enhancement in the
post-hospitalization phase of rehabilitation with RMT seems
to bring additional benefits conveying to physical perfor-
mance and quality of life. However, in line with the previous
meta-analysis, the results also suggested no significant effect
of RMT on FEV1 and the marginal on FVC [66]. Thus, it
seems likely that elastic recoil and lung tissue properties,

@ Springer

rather than expiratory muscle strength, may determine the
maximum expiratory flow. This, in turn, is related to the
pathomechanism of respiratory muscle weakness caused
by lung tissue changes, or weakness due to skeletal mus-
cle weakness. It is assumed that combined expiratory and
inspiratory training may have a greater effect on lung func-
tion by increasing inspiratory reserve volume and elastic
recoil and yielding significant improvements in FEV1 [14].
Therefore, it might be presumed that the patients had better
perception of improvements at the level of activity, partici-
pation and quality of life, rather than structure and function
(ventilator) aspects of the lung. Moreover, the novelty of
this meta-analysis lies in the summarization of the effec-
tiveness of RMT in several health areas in different patient
groups. To our knowledge, a review with different disease
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classifications has not been performed previously. This
approach was driven by an attempt to estimate the results
obtained to the population of patients after hospitalization
for COVID-19.

One should also consider the results obtained in the con-
text of the current pandemic situation, with the first pub-
lished clinical trials indicating the effectiveness of RMT
on pulmonary functions, dyspnea, functional performance
and QOL, after weaning from mechanical ventilation [67].
Although the role of RMT in mitigating the respiratory
complications of viral infection has not yet been confirmed,
the available evidence seems to suggest that this training
may help reduce the risk of serious complications during
viral infection [68]. It is also worth noting that RMT can be
performed independently by the patient at home [69]. This
opens many possibilities for the implementation of teler-
ehabilitation or using new technologies [70]. Our team is
currently running an ERS-funded project under Long-Term
Research Fellowships. This project produced software to
perform RMT in virtual reality. Based on our previous obser-
vations, we hypothesize that the virtual environment will
lead to stress reduction during therapy [71-73]. Although
the clinical experiment is currently in the implementation
phase, it seems that lowering stress levels in patients after
COVID-19 hospitalization may be one of the pillars of com-
prehensive pulmonary rehabilitation.

Conclusion

Respiratory muscle training seems to be more effective than
control conditions (i.e. no intervention, sham training, pla-
cebo or conventional treatment), in patients with pulmonary
dysfunction due to internal and central nervous system dis-
orders, for quality of life, exercise capacity and respiratory
function assessed with MIP and FVC, but not with FEV1.
However, standardized training programs with optimal dose
of therapy need to be developed, and better trial reporting
need to be implemented.
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