@' healthcare

Systematic Review

Respiratory Muscle Strength Training in Parkinson’s Disease—A
Systematic Review and Meta-Analysis

Irene Navas-Garrido 1, Javier Martin-Niiez
Alba Navas-Otero 307, Laura Lépez-L6épez 1'* and Marie Carmen Valenza

check for
updates

Academic Editor: Eleonore Frohlich

Received: 28 April 2025
Revised: 15 May 2025
Accepted: 20 May 2025
Published: 21 May 2025

Citation: Navas-Garrido, L;
Martin-Nufez, J.; Raya-Benitez, J.;
Granados-Santiago, M.; Navas-Otero,
A.; Lépez-Lopez, L.; Valenza, M.C.
Respiratory Muscle Strength Training
in Parkinson’s Disease—A Systematic
Review and Meta-Analysis. Healthcare
2025,13,1214. https://doi.org/
10.3390/healthcare13101214

Copyright: © 2025 by the authors.
Licensee MDP], Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license

(https:/ /creativecommons.org/
licenses /by /4.0/).

1@, Julia Raya-Benitez 2(, Maria Granados-Santiago 2Q,

1

Department of Physiotherapy, Faculty of Health Sciences, University of Granada, Av. De la Ilustracién, 60,
18071 Granada, Spain; ing97@correo.ugr.es (LN.-G.); javimn@ugr.es (J.M.-N.); cvalenza@ugr.es (M.C.V.)
Nursing Department, Faculty of Health Sciences, University of Granada, Av. De la Ilustracién, 60,

18071 Granada, Spain; juliarb@ugr.es (J.R.-B.); mariagranados@ugr.es (M.G.-S.)

Department of Physiotherapy, Faculty of Health Sciences, University of Malaga, Arquitecto Francisco
Pefialosa, 3, Campanillas, 29071 Malaga, Spain; albanavas@ugr.es

*  Correspondence: lauralopez@ugr.es

Abstract: Background/Objectives: The aim of this review was to evaluate the effective-
ness of respiratory muscle strength training in patients with Parkinson’s disease (PD).
Methods: A systematic review and meta-analysis of randomised controlled trials (RCTs)
was performed on PubMed, Web of Science, and Scopus databases. We included RCTs
that evaluated the effectiveness of respiratory muscle training in patients with PD versus
no intervention, sham treatment, or a different type of intervention. Quality assessment
and risk of bias were assessed using the Downs and Black scale and the ROB2 tool. Re-
sults: Finally, 10 studies were included. The methodological quality of the studies was
“good” in most of the studies, with results ranging from 21 to 25. In terms of risk of bias,
six of them indicated low risk and four of them showed unclear risk of bias. Data were
pooled and a meta-analysis of maximum expiratory pressure (MEP), maximum inspiratory
pressure (MIP), and voluntary peak expiratory flow rate (PEFR) was performed. Meta-
analysis indicated a significant overall effect of respiratory muscle strength training on MEP
(MD = 17.08; 95% CI = 2.32, 31.84; p = 0.02) and on voluntary PEFR (MD = 1.50;
95% CI = 0.51, 2.48; p = 0.003). However, results in the meta-analysis showed a non-
significant overall effect of respiratory muscle strength training on MIP (MD = 1.69;
95% CI = —11.91, 16.29; p = 0.82). Conclusions: The synthesis of evidence presented
in this systematic review and meta-analysis underscores the potential of respiratory muscle
strength training as an effective means of increasing MEP and PEFR in patients with PD.

Keywords: Parkinson’s disease; respiratory muscle training; peak expiratory flow rate;
maximal respiratory pressures

1. Introduction

Parkinson’s disease (PD) is the most common neurodegenerative movement disor-
der [1]. The prevalence of this pathology has doubled in the last 25 years [2]. In 2019, over
8.5 million people suffered from PD, but it is estimated that this number will increase to
9 million people globally by 2030 [3].

The disease generally occurs in advanced age individuals, but younger persons can
also be affected. The male gender is affected more frequently than females [2] and it is
characterised by an extensive and selective loss of nigrostriatal dopaminergic neurons.

The main PD-associated manifestations are tremor, rigidity, bradykinesia/akinesia,
postural instability, and gait difficulty [4]. However, it includes numerous non-motor
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symptoms [5] such as cognitive decline, pain, behaviour changes, sleep disorders, and
autonomic dysfunction.

The related central and peripheral effects of PD influence the neuromuscular system,
showing muscle weakness and loss of movement control that can have a negative impact
on the respiratory system [6].

Abnormal functioning of the respiratory system is found in Parkinson’s disease, pri-
marily stemming from respiratory muscle rigidity, weakness, and a lack of coordinated
contraction for maximal efforts [7,8], alongside chest wall stiffness and limited cough air-
flow [9,10]. All of this significantly contributes to the swallowing and phonation issues ex-
perienced by over 89% of individuals with PD throughout the course of their ailment [11,12].
These difficulties are further linked to peripheral muscle disability and overall respiratory
impairment, highlighting the interconnected nature of motor and respiratory dysfunction
in the progression of Parkinson’s.

These symptoms are not particular to subjects in advanced stages. Research has
shown that mildly affected individuals also have important decreases in respiratory muscle
strength and this is a significant cause of morbidity and disability [13,14]. Over time, these
symptoms get worse and result in elevated rates of mortality [15].

Accordingly, respiratory assessment has been underscored as a factor to consider in
the comprehensive care of PD.

The medical handling of PD is widely studied. It involves levodopa that improves
the motor and non-motor symptoms of this disease, although the observed enhancements
normally vary based on dopaminergic administration. It depends on whether patients are
in the ‘on’ or ‘off” state, with poorer results during the ‘off” state.

However, medical treatment alone is not sufficient to improve the respiratory condition
of these patients. Thus, respiratory muscle training (RMT) has emerged as an option in
rehabilitation plans with the purpose of meliorating the breathing function and quality of
life of the PD population. It is based on the fundament that respiratory muscles have the
ability to react to workout stimuli via modifications in their structure comparable to those
happening in the rest of the skeletal muscles [16].

RMT is a technique that aims to improve the strength, endurance, and overall function
of the muscles responsible for breathing (inspiratory and expiratory muscles) through
specific and repeated exercises. It involves targeted exercises designed to overload these
muscles, similar to how you would train skeletal muscles, to make them stronger and more
efficient [17].

Previous studies have evidenced benefits on respiratory function after RMT (includ-
ing inspiratory and expiratory muscle training) in neuromuscular diseases like multiple
sclerosis [18] and after stroke [19].

Systematic reviews have previously investigated the effects of respiratory muscle
training (RMT), including inspiratory and expiratory muscle training, in PD [20,21]. These
reviews suggest potential benefits for respiratory muscle strength, swallowing function, and
phonatory aspects. They also highlight the need for further research to standardise training
protocols. Our study addresses a critical gap in the existing literature by conducting the
first meta-analysis on this topic [20,21].

This quantitative synthesis of available data offers a novel and statistically robust
evaluation of the overall impact of RMT on respiratory function in PD. By pooling the
results of individual studies, our meta-analysis aims to provide a more precise and reliable
estimate of the treatment effect than can be gleaned from individual trials or qualitative
reviews alone. This is particularly important for informing clinical practice and future
research directions in the management of respiratory complications in PD.
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For this reason, the aim of this review was to evaluate the effectiveness of inspiratory
and expiratory muscle strength training in patients with Parkinson’s disease (PD).

2. Methods
2.1. Protocol and Registration

This systematic review and meta-analysis were performed following the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) [22] statement
guidelines (Supplementary File S1: PRISMA checklist). The protocol for this systematic
review was registered with PROSPERO (International Prospective Register of Systematic
Reviews) under the registration number CRD42018108358.

2.2. Search Strategy

A systematic search of articles was conducted on PubMed, Web of Science, and Scopus
databases from inception to April 2025. The search strategy was carried out based on
the investigation of keywords used in existing systematic reviews, such as the terms

v V/ai

“respiratory training”, “inspiratory muscle strength training”, “expiratory muscle strength

training”, “respiratory muscle rehabilitation”, “parkinson’s disease”, and “parkinsonism”.
In addition, we screened the references of relevant reviews for further articles that can be

potentially included. Table 1 describes the search strategy used in each database.

Table 1. Search strategy used according to the database.

Database

Search Equation Results

PubMed

((“respiratory training” OR “respiratory training intervention” OR “respiratory muscle
strength training” OR “respiratory muscle strength programme” OR “respiratory muscle
training programme” OR “respiratory training protocol” OR “respiratory muscle
strengthening” OR “training of the respiratory musculature” OR “expiratory muscle
strengthening” OR “inspiratory muscle strengthening” OR “inspiratory muscle training”
OR “expiratory muscle training” OR “expiratory muscle strength training” OR “inspiratory
muscle strength training” OR “programmes of expiratory and inspiratory muscle training”
OR “breathing exercises” OR “inspiratory muscle rehabilitation” OR “expiratory muscle
rehabilitation” OR “respiratory muscle rehabilitation”) AND (“parkinson disease” OR
“parkinsonism” OR “parkinson’s disease”))

Web of Science

TS = ((“respiratory training” OR “respiratory training intervention” OR “respiratory muscle
strength training” OR “respiratory muscle strength programme” OR “respiratory muscle
training programme” OR “respiratory training protocol” OR “respiratory muscle
strengthening” OR “training of the respiratory musculature” OR “expiratory muscle
strengthening” OR “inspiratory muscle strengthening” OR “inspiratory muscle training”
OR “expiratory muscle training” OR “expiratory muscle strength training” OR “inspiratory
muscle strength training” OR “programmes of expiratory and inspiratory muscle training”
OR “breathing exercises” OR “inspiratory muscle rehabilitation” OR “expiratory muscle
rehabilitation” OR “respiratory muscle rehabilitation”) AND (“parkinson disease” OR
“parkinsonism” OR “parkinson’s disease”))

Scopus

TITLE-ABS-KEY ((“respiratory training” OR “respiratory training intervention” OR
“respiratory muscle strength training” OR “respiratory muscle strength programme” OR
“respiratory muscle training programme” OR “respiratory training protocol” OR
“respiratory muscle strengthening” OR “training of the respiratory musculature” OR
“expiratory muscle strengthening” OR “inspiratory muscle strengthening” OR “inspiratory
muscle training” OR “expiratory muscle training” OR “expiratory muscle strength training”
OR “inspiratory muscle strength training” OR “programmes of expiratory and inspiratory
muscle training” OR “breathing exercises” OR “inspiratory muscle rehabilitation” OR
“expiratory muscle rehabilitation” OR “respiratory muscle rehabilitation”) AND
(“parkinson disease” OR “parkinsonism” OR “parkinson’s disease”))

Criteria for considering studies for this review were based on the PICOS [23] model

(participants, interventions, comparisons, outcome, and study design):

157

112

139
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P (Participants): adults with Parkinson’s disease.

I (Intervention): respiratory muscle strength training that requires the use of a specific
device.

C (Comparison): any other rehabilitation therapy, placebo, sham, or no treatment
group.

O (Outcomes): respiratory muscle strength, quality of life, phonatory measures, pul-
monary function, swallowing function, cough, and peak flow parameters.

S (Study Design): randomised clinical trials (RCT).

Only full-text, RCT written in English and Spanish were included. Grey literature,
clinical practice guidelines, systematic reviews and meta-analyses, abstracts, letters, editori-
als, theses, dissertations, observational studies, clinical practice guidelines, and conference
papers were excluded.

The initial search was carried out by two independent reviewers (LN.G and L.L.L),
who were responsible for identifying and eliminating duplicate records, as well as screening
titles, abstracts, and full texts deemed potentially relevant. To minimise the risk of selection
bias, any disagreements were discussed and resolved in consultation with a third reviewer
(J.M.N). Only after the final selection of studies was completed did the team proceed with
data extraction and the assessment of methodological quality. Data were extracted using
structured templates containing predefined fields. These fields included citation details
(author and publication year), participant demographics (such as age, sex, and disease
severity), intervention types (e.g., inspiratory or expiratory muscle strength training, sham
interventions), dopaminergic medication status (on/off), training parameters (including
frequency, intensity, and duration), follow-up periods, measured outcome variables, and
the corresponding results.

The methodological quality of the included studies was assessed using the Downs and
Black checklist [24], which comprises 27 items distributed across five domains: reporting
quality, external validity, internal bias, confounding (selection bias), and statistical power.
Based on the total score, studies were categorised as follows: scores >26 indicated “excel-
lent” quality, 20-25 as “good,” 15-19 as “fair,” and <14 as “poor.” Additionally, the risk
of bias was evaluated using the Cochrane Risk-of-Bias Tool for Randomized Controlled
Trials (ROB2) [25], which examines five key areas: randomisation procedures, adherence to
intended interventions, completeness of outcome data, outcome measurement methods,
and selective reporting. Each study was then rated as having a low, high, or unclear risk
of bias.

2.3. Meta-Analysis

Quantitative analyses were performed using Review Manager 5 (Rev-Man version 5.1,
updated March 2011) for all studies that reported post-intervention means and standard
deviations for maximum inspiratory pressure (MIP), maximum expiratory pressure (MEP),
and peak expiratory flow rate (PEFR). Relevant data, such as final mean values, standard
deviations, and the number of patients assessed at different time points in each treatment
group, were extracted to compute overall mean differences between groups. Continuous
outcomes were analysed using weighted mean differences when studies used the same
measurement scale. If different scales were employed to assess the same underlying
condition or symptom, standardised mean differences were calculated. For each outcome,
95% confidence intervals were calculated. To estimate the overall effect size, random-effects
or fixed-effects models were used, depending on the results of the I test for heterogeneity.
An I? value < 50% was considered indicative of low heterogeneity, in which case a fixed-
effects model was applied [26]. A visual inspection of forest plots was also conducted to
identify any outlier studies.
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3. Results
3.1. Study Selection

A flow diagram of the search, screening, and selection process is shown in Figure 1.
The initial search identified 408 studies. After removing duplicates, 330 articles were
obtained. Screening based on the title and abstract resulted in the selection of 34 records.
From these 34 studies, 24 articles were excluded following the evaluation of the full text;
no potentially eligible studies were excluded on the basis of language during the selection
process. At last, a total of ten studies [27-36] were included in the qualitative syntheses,
and four [29,30,32,34] were incorporated into the quantitative synthesis.

Identification of studies via databases and registers ]
g Records removed before
= Records identified from: screening:
o Pubmed (n = 157) > Duplicate records removed
= Web of Science (n= 112) (n=78)
] Scopus (n = 139) Records removed for other
2 reasons (n = 100)
N—
\ 4
Records screened »| Full text articles excluded,
(n =230) reason for exclusion: Title and
abstract not related to the topic
(n=217)
A4
Reports sought for retrieval ».| Reports not retrieved
> (n=13) "] (n=0)
s
)
L
é; \4
Reports assessed for eligibility
(n=13) —®| Reports excluded: excluded for
not meeting the inclusion criteria
(They were not RCTs)
(n=3)
—
\4
N
W Studies included in review
s (n=10)
° Reports of included studies
£ (n=10)
—

Figure 1. PRISMA flow chart.

3.2. Study Characteristics

Table 2 presents a summary of the characteristics of the included studies and their
main findings.
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Table 2. Characteristics of the included studies.

Measured Outcomes

Study (Year) Participants Interventions On/Off Training Protocol Follow-Up and Tools Main Findings

n: 14

Ig 1:7 IG 1 trained 5 days per week for

1G 2: 7 4 weeks

Mean age: .. They completed 5 sets x 5 reps

%g %: Zg i ; IG]% ptarctllifan}:s ilds?fd a IG T intensity was set at 75%

: calibrated threshold for MEP, and it ; db . s .

Brown et al. (2024) [27] Sex (MY%): EMST On uar,t :rneaz hvx;j: ellr(mrease y a No QoL: PDQ-39, PAS, GDS chjv No significant differences

IG 1: 57% IG 2: participants received d . etween groups

1G 2: 42% therapeutic singin IG 2 were given a homebased

H&Y: T P 8ing therapeutic singing protocol

Mean DD: 5 days per week for 4 weeks

IG1:8£38 IG 2 duration was 25 min

1G2:9+7

n: 19 (MS + PD) gxpi}‘fe}tor}; (rir}}lfscle strergg;rh:

PD group: 9 ; ignificant differences between

IG: g P IG: participants used a écwtézgéed 5 days per week for Expiratory muscle baseline and post-EMST in IG.
Antonsson et al. g/lgai age (years (range)): ;:ahtéll‘\?ltse? threshold NR They completed 25 reps and rest No strength: MEP Phonatory measures: Slgn'lflcant
(2023) [28] 573 eagrs Y 8e)): Coé . : 15-30 s between breaths Phonatory measures: differences between baseline

=Y + participants received IG intensity was set at 75% MEP and post-EMST for DDK.
Sex (M/F):3/6 sham treatment Y ? MPT, DDK task, QASD ionifi £
€ Homebased programme No significant differences

H&Y: I_IH. between baseline and

Mean DD: 5 years post-EMST for MPT and QASD

n: 58

I1G 1: 30 .

1G 2: 28 All participants trained 5 days Expiratory muscle strength:

Mean age (years (range)): IG 1: participants used a per week for 5 weeks Expiratory muscle Signiﬁce.mt differences between

IG 1: 705 calibrated threshold They completed 5 sets x 5 reps strength: MEP groups in favour of IG 1

IG 2: 69.1 for EMST ) IG: intensity was set at 75% MEP Cough volume: Cough volume: Significant
Troche et al. (2023) [29]  Sex (M/F): IG 2: participants receiveda  On IG2: target set at 25% above No Voluntary CEV, differences between groups in

IG1:21/13 cough training approach baseline PEFR Reflex CEV favour of IG2

1G2:22/9 called smTAP. They used a Peak flow: Voluntary Peak flow: Significant

H&Y: I_IY peak flow meter Homebased programme (1 PEFR, Reflex PEFR differences between groups in

i\ée?'HSDyEérs supervised session once a week) favour of IG 2

IG 2: 7.6 years
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Table 2. Cont.

Measured Outcomes

Study (Year) Participants Interventions On/Off Training Protocol Follow-Up and Tools Main Findings
Inspiratory muscle strength:
Significant differences between
n: 18 8 ;
1IG1: 9 Inspiratory muscle groups in favour of IG 2
1G2:9 IG 1: participants used an All participants trained 6 days strength: MIP Pulmonary function:
Moh. detal Mean age: incentive spirometer per week, 15 min twice a day, Pulmonary fuction: No significant differences
olammed et al. 1G1:70.22 £ 6.18 IG 2: participants used a NR during 6 weeks No FVC, FEV1 between groups
(2023) [30] : . 18 6 W ) L
1G 2: 69.67 + 5.89 calibrated threshold IG 2 intensity was set at 0% MIP Peak flow: PEFR Peak flow: No significant
Sex (M/F): NR for IMST 5% increase every week Exercise capacity: differences between groups
IEI/[&Y: Iﬁgl NR 6-MWT Exercise capacity:
can DLx Significant differences between
groups in favour of IG 2
n: 50 .
. Dysphagia symptoms:
ICCS:;VZ%S Significant differences between
Mean age: Dysphagia symptoms: groups in favors to IG
CG:67.1+77 CG: participants received All participants trained 5 days SDQ, FEES post-treatment as well as
1G:67.3 £9.5 sham training per week for 4 weeks dysphagia score follow-up
Claus et al. (2021) [31] Sex (M/F): IG: participants used a NR They did 5 sets x 5 reps per day 3 months Corthal syvallowmg Cortical swallowing
CG:19/5 calibrated threshold IG: EMST intensity was set at organisation: MEG organisation:
1G: 18/5 for EMST 75% MEP Swallowing QoL: No significant differences
II;I/[&Y: %EI)V SWAL-QoL between groups
Cé‘:’lg 5477 Swallowing QoL: No significant
1G: 6.6 + 2.8 differences between groups.
Expiratory muscle strength:
Significant differences in effect
. size between IG1 and CG and
g. 8.110 also IG1 and IG2
1. CG: participants used a . Inspiratory muscle strength:
IG 1j 10 threshold with fixed Expiratory muscle Differences in effect size were
1G 2: 11 h: MEP
Mean age: resistance (minimum All participants trained 6 days strength: moderate between IG2 and CG,
CG: 70.20 + 6.69 pressure) per week for 8 weeks I?splri}tlorﬁl/[g)uscle srlnal%clsletherééGZ and IG1 and
. . ici ; strength: also an
Reyes et al. (2020) [32] IG1:7045+8.16 IG 1 participants used a n They did 5 sets x 5 reps per day No & Phonatory measures:

1G 2: 70.40 £+ 6.81
Sex (M/F):
CG:4/6
1G1:6/5
1G2:7/3

H&Y: I-11I

Mean DD: NR

threshold with progressive
resistance for EMST

IG 2: participants used a
threshold with progressive
resistance for IMST

Intensity from 50% to 75% MEP
and MIP
% adjusted every 2 weeks

Phonatory measures:
Mean SGP, MPT,
Mean SPL

Peak flow:
Voluntary PCF

Differences in effect size were
trivial between IG2 and CG,
small between IG1 and IG2 and
moderate between IG1 and CG
Peak flow: Differences in effect
size were trivial between 1G2
and CG, moderate between IG1
and IG2 and large between IG1
and CG
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Table 2. Cont.

Measured Outcomes

Study (Year) Participants Interventions On/Off Training Protocol Follow-Up and Tools Main Findings
Expiratory muscle strength:
Differences in effect size
between IG2 and CG was
moderate, large between IG1
and IG2 and between IG1.
a1 Inspiratory muscle strength:
n: Differences in effect size
1
CG: participants usda . moderse sl betwen 162
IG2: 11 threshold with fixed - . Expiratory muscle and IG1 and between IG1
Mean age: resistance (minimum All participants trained 6 days strength: MEP and CG.
CG: 70.20 + 6.69 pressure) per week for 8 weeks Inspiratory muscle Pulmonary function:
1G 1: 70.45 + 8.16 IG 1: threshold with They did 5 sets x 5 reps per day strength: MIP i i i
Reyes et al. (2018) [33] IG 2: 70.40 + 6.81 progressive resistance On Intensity: from 50% to 75% MEP No Pulmgonary function: Egrs}t, ;r;earﬁiler? Zﬁrzgregf;ts,s e was
Ser (M/F): for EMST ) and MIP FVC, SVC Peak flow: For Voluntary PCF,
1G2:7/3 }fjor %M T y ketlex IG2 and CG, moderate between
H&Y: I IG1 and IG2, and large effect
Mean DD: NR between IG1 and CG. Reflex
peak cough flow had a trivial
positive effect between IG2 and
CG, a trivial negative effect
between IG1 and IG2, and a
moderate positive effect
between IG1 and CG
n: 16
CG:8 Expiratory muscle strength:
1G: 8 - . - . . Significant differences between
Mean age: CG: participants received All participants trained 5 days Expiratory muscle groups in favour of IG
Sapienza et al CG: 68.50 £ 10.31 sham treatment per week for 4 weeks strength: MEP Pulmonary function: No
’ IG: 66.73 & 8.90 IG: participants used a On They did 5 sets x 5 reps No Pulmonary function: Y .

(2011) [34]

Sex (M/F):
CG:22/8

1G: 25/5

H&Y: II-11I
Mean DD: NR

calibrated threshold
for EMST

IG intensity: NR
Homebased programme

FVC, FEV1, FEV1/FVC
Peak flow: PEFR

significant differences
between groups

Peak flow: No significant
differences between groups
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Table 2. Cont.

Measured Outcomes

Study (Year) Participants Interventions On/Off Training Protocol Follow-Up and Tools Main Findings
Sallow safety: Significant
n: 60 differences between groups in
CG:30 favour of IG
1G: 30 Swallow safety: PA Sallowi L: No sienificant
Mean age: IG: participants used a All participants trained 5 days Scorfe Y d?ffgfggé%s%ztwe:nsé?c:;;sa.n
1G: 66.7 + 8.9 calibrated threshold per week for 4 weeks QoL: SWAL-QoL Both groups improved.

Troche et al. (2010) [35] CG: 685 +10.3 for EMST NR ) No Duration of hyoid > . .
Sex (M/F): CG: participants received They did 5 sets x 5 reps per da elevation: VFS Duration of. hyo1_d elevation:
1G: 25/5 sham training IG intensity was set at 75% ME Hyoid displacement: Slgnlflcant impairment between
CG:22/8 VIS baseline and post-sham in CG
H&Y: II-IV Hyoid displacement: Significant
Mean DD: NR impairment between baseline

and post-sham in CG
Inspiratory muscle strength:
g:(%om Significant differences between
1G: 10 Inspiratory muscle %r(iups m fafvom;.of ICI;\I
Mean age: o All participants trained 6 d strength: MIP ulmonary runction: INO
ICGC';:569542 i12346 IG:_part1c1pants used a per };jereflf%iqzs V\I;Zlerlf; ays Pulmonary function: i11gtr‘}\lrﬁcir’ltrchfferences

Inzelberg et al. : 59. . calibrated trheshold Thev did 30 min per da FVC, FEV1 etween groups

(2005) [36] Sex (M/F): for IMST . On e Y 1d p ¢ y 15% No Inspiratory muscle Inspiratory muscle endurance:
IC% 9 9/ /11 ChG participants received 600}nlt/eﬁ11§1ty was set from 15% to endurance: PmPeak Significant differences between

: sham training b - POD: Borg Scale roups in favour of IG
: %o weekly adjusted §OP
ﬁ&Y' %EI)H weekly aquste QoL: SF-36. POD: Significant differences
IGe%nSS 118 questionnaire between groups in favour of IG
CG: 815+ 2.0 QoL: No significant differences

between groups

CG: control group, IG: intervention group, PD: Parkinson’s disease, MS: multiple sclerosis, M/F: male/female, H&Y: Hoehn and Yahr scale, DD: disease duration, NR: not reported,
EMST: expiratory muscle strength training, IMST: inspiratory muscle strength training, MEP: maximum expiratory pressure, MIP: maximum inspiratory pressure, MPT: maximum
phonation time, PDQ-39: Parkinson’s disease questionnaire-39, PAS: Parkinson’s Anxiety Scale, GDS: Geriatric Depression Scale, DDK: diadochokinetic rate, QASD: Questionnaire on
Acquired Speech Disorders, smTAP: sensorimotor training for airway protection, PCF: peak cough flow, CEV: cough expiratory volume, 6-MWT: 6 min walking test, FVC: Force Vital
Capacity, FEV1: forced expiratory volume in 1's, PEFR: peak expiratory flow rate, SDQ: Swallowing Disturbance Questionnaire, FEES: fibreoptic endoscopic evaluation of swallowing
score, MEG: magnetoencephalography studies, QoL: quality of life, SWAL-QOL: Swallowing Quality of Life Questionnaire, SPL: Sound Pressure Level, SGP: subglottic pressure, SVC:
slow vital capacity, VFS: videofluoroscopic studies, PA Score: penetration—aspiration score, PmPeak: peak pressure, POD: perception of dyspnoea.
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As seen in Table 2, the number of participants ranges from nine to sixty. Most of
them were advanced-aged men, between 57.3 and 70.45 years old. Parkinson’s disease
severity was between I and IV according to the Hoehn and Yahr scale, and the range
of time since diagnosis was from 5 to 8.58 years, although most of the studies did not
report it. Studies investigated the effects of EMST, IMST, or a comparison between both of
them. Interventions were homebased and their duration ranged from 4 to 12 weeks, with
five to six sessions per week. Three different devices were handled for EMST and IMST:
Threshold® (Philips Respironics, USA), POWERbreathe® (Southam, Warwickshire, UK),
and EMST150 (Aspire products LLC., USA). Intensity was set from 50% to 75% of MEP
and from 5% to 75% of MIP. Participants” adherence was monitored through telephone
follow-ups, once-weekly visits, or self-reported diaries. In half of the studies, participants
were in an “on” state of dopaminergic medication at the time of assessments.

The most frequent outcomes were expiratory muscle strength measured by MEP;
inspiratory muscle strength measured by MIP; peak expiratory flow rate (PEFR) and
peak cough flow (PCF) measured in voluntary and reflex ways; and pulmonary function
measured by forced vital capacity (FVC), forced expiratory volume in 1 s (FEV1), and slow
vital capacity (SVC). To a lesser extent, some variables related to swallowing and phonation
were studied.

Among the included articles, four studies compared EMST to sham treatment [28,31,34,35]
and one compared EMST to sensorimotor training for airway protection (smTAP) [29]. One
article compared IMST to sham treatment [36], another one contrast IMST to incentive spirom-
eter therapy [30], and finally, one compared EMST to therapeutic singing [27]. In addition, two
studies included three groups, EMST, IMST, and sham treatment group [32,33].

3.3. Main Findings

Of the studies that compared an EMST programme with sham treatment [28,31,34,35],
all analysed expiratory muscle strength measured by MEP. In all of them, significant
differences were found between the two groups in favour to the intervention group.

In addition, three of them [27,31,35] analysed quality of life and found no significant
differences between the two groups.

In the study by Troche et al. conducted in 2023 [29], which compared a group that
followed an EMST programme with another group that carried out smTAP, significant differ-
ences were observed in expiratory muscle strength, in favour of the EMST group. However,
the smTAP group achieved higher PEFR and cough volumes than the EMST group.

In contrast, in the studies by Reyes et al. conducted in 2018 and 2020 [32,33], patients
following an EMST programme obtained better PEFR values than the IMST group and the
control group.

On the other hand, in the study by Mohammed et al. [30], a group following an IMST
programme was compared with another group following a volume incentive inspirometer
(VII) treatment plan. The results showed significant differences between the two groups
in favour of the IMST group in inspiratory muscle strength measured by MIP. Inzelberg
et al. [36] compared an IMST programme with a control group, where the results were
along the same lines as the previous study, finding significant differences between the two
groups, in favour of the IMST group.

In both studies, there were no statistically significant differences between the IMST
group and the control group in terms of lung function. Along the same lines is the study by
Reyes et al. in 2018 [33], where the results showed that the effect size was small for both the
EMST and IMST groups, as well as for the control group in lung function variables (FVC
and FEV1). However, in the study by Inzerlberg et al. [36], the group that undertook an
IMST programme improved their perception of dyspnoea compared to the control group;
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and in the study by Mohammed et al. [30], the IMST group improved their exercise capacity
compared to the control group.

In the articles that compared a group that followed an EMST programme with a group
that followed an IMST programme and with a control group [32,33], variables such as
expiratory muscle strength were studied, where the effect size was larger in the EMST group
compared with the control group. In inspiratory muscle strength, when comparing the
IMST group with the control, the effect size for this variable was larger in the IMST group.

The studies included in this review also incorporated other outcomes, such as phona-
tory and swallowing-related outcomes.

Specifically, the study by Reyes et al. in 2020 [32] analysed maximum subglottic
pressure (SGP) and maximum phonation time (MPT) and found that the effect size was
moderate between the IMST group and the control group; in contrast, if we compare the
IMST group with the control group, the effect size was small. However, the study by
Antonsson et al. [28] showed no significant differences in MPT between baseline and post-
intervention measurements in the group of patients who underwent an EMST programme.

3.4. Methodological Quality and Risk of Bias Assessment
Table 3 shows the methodological quality scores.

Table 3. Methodological quality of the included studies according to Downs and Black [28-37].

External  Internal Validity Confounding and

Author (Year) Reporting Validity (Bias) Selection Bias Power Total
}3215)2\217;1[3’(7?1. 8/11 1/3 6/7 3/6 0/1 18/28
(AZBE%I)IT%? etal. 10/11 3/3 6/7 6/6 0/1 25/28
ggzc;e[gg?l. 9/11 2/3 7/7 5/6 1/1 24/28
%\é[gz}ga)%rg]ed etal. 8/11 1/3 5/7 3/6 1/1 18/28
8612?)5[%?1' 9/11 3/3 6/7 6/6 1/1 25/28
g%%%f; ci:;ia]l. 9/11 3/3 6/7 4/6 1/1 23/28
WRES om . m e on
ggf&e[ggiﬂ. 8/11 3/3 7/7 5/6 0/1 23/28
Inzelberg et al. 8/11 0/3 7/7 3/6 0/1 18/28

(2005) [36]

The methodological quality of the studies was “good” for most of them with results
ranging from 21 to 25 when the Downs and Black quality tool was used. Only three of them
obtained 18 points and had “fair” quality.

When the ROB2 was applied, six of them indicated low risk and four of them showed
unclear risk of bias. ROB2 results are shown in Figure 2.
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::::ﬂww Unique ID Study ID Experimental Comparator Outcome Weight DI D2 D3 D4 D5 Overall
Brown et al. (2024) NA NA NA NA w 000 0 . @ sk
Antonssonetal. (2023)  NA NA NA NA 1 ® 000 @ I Some concerns
Troche et al. (2023) NA NA NA NA 1 ! . . . . @ . High risk
Mohammed et al. (2023)  NA NA NA NA 1 0000 .
Claus et al. (2021) NA NA NA NA 1 . . . . . . D1 Randomisation process
Reyes et al. (2020) NA NA NA NA 1 . . . . ‘ . D2 Deviations from the intended interventions
Reyes et al. (2018) NA NA NA NA 1 . ' ® ' 0 @ D3 Missing outcome data
Saplenzaetal.(2011)  NA NA NA NA w @0 ' 00 @ D4 Measurement of the outcome
Troche et al. (2010) NA NA NA NA 1 00000 . DS Selection of the reported result
inzelbergetal. (2005)  NA NA NA NA 1 00000 .
Figure 2. Cochrane Risk-of-Bias Tool version 2.0 scores. Brown et al. (2024) [27], Antonsson et al.
(2023) [28], Troche et al. (2023) [29], Mohammed et al. (2023) [30], Claus et al. (2021) [31], Reyes et al.
(2020) [32], Reyes et al. (2018) [33], Sapienze et al. (2011) [34], Troche et al. (2010) [35], Inzelberg et al.
(2005) [36].
3.5. Results Obtained in Meta-Analysis
As illustrated in Figure 3, the meta-analysis showed a significant overall effect of
EMST on MEP, as evidenced by the pooled mean difference (MD). This difference was
significant when compared to the comparator groups (MD = 17.08; 95% CI = 2.32, 31.84;
p = 0.02).
Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD_Total Weight IV, Fixed, 95% CI Year IV, Fixed, 95% CI
1.2.1 EMST VS Control
Sapienzaetal. 2011 13326 3553 8 99.23 27.46 8 225% 34.03[2.91,65.15] 2011 a >
Reyesetal. 2020 (1) 1254 3742 5 844 4561 10 116% 41.00[-2.30,84.30] 2020 >

Subtotal (95% CI)

Heterogeneity: Chi* = 0.07, df = 1 (P = 0.80); I* = 0%
Test for overall effect: Z = 2.82 (P = 0.005)

1.2.2 EMST VS IMST

Reyes et al. 2020 (2) 1254 3742 5 94 267 11 16.4% 31.40[-5.00, 67.80] 2020

13 18 34.1% 36.40 [11.13, 61.67] ——

Troche et al. 2023 119 4017 30 120 4126 28 49.5% -1.00([-21.98, 19.98] 2023 t
Subtotal (95% CI) 35 39  65.9% 7.08[-11.10, 25.26]

Heterogeneity: Chi* = 2.28, df = 1 (P = 0.13); I = 56%
Test for overall effect: Z = 0.76 (P = 0.45)

Total (95% Cl)

Heterogeneity: Chi? = 5.76, df = 3 (P = 0.12); 1> = 48%
Test for overall effect: Z = 2.27 (P = 0.02)

48 57 100.0% 17.08 [2.32, 31.84] —~—

-50 25 0 25 50
Favours [control] Favours [experimental]

Test for subaroup differences: Chi? = 3.41. df = 1 (P = 0.06), I*=70.7%

Figure 3. Results of MEP. Sapienza et al. 2011 [34], Reyes et al. 2020 (1) [32], Reyes et al. 2020 (2) [32],
Troche et al. 2023 [35]. Green squares indicate the mean differences for each study; black diamonds
represent the pooled mean difference with 95% confidence intervals.

A subgroup analysis was performed. The primary objective of the first subgroup
was to ascertain whether EMST produced better results than the control group. The
meta-analytic pooled MD indicated a significant overall positive effect of EMST when
contrasted with the control group (MD = 36.40; 95% CI = 11.13, 61.67; p = 0.005). The second
subgroup aimed to determine whether performing EMST was better than performing IMST
to improve MEP. The pooled MD showed a non-significant overall effect of EMST compared
with IMST (MD = 7.08; 95% CI = —11.10; 25.26; p = 0.45).

Figure 4 shows the results obtained in the meta-analysis concerning MIP. The pooled
MD showed a non-significant overall effect of respiratory muscle strength training com-
pared with the control groups (MD = 1.69; 95% CI = —11.91, 16.29; p = 0.82).
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Experimental

Control Mean Difference Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI Year IV, Fixed, 95% CI
1.1.1 IMST vs Control

Reyes et al. 2020 (1) 68 23.82 11 59.2 28.98 5 253% 8.80[-20.24, 37.84] 2020 - |
Mohammed et al. 2023 63 20.77 9 70 23.51 9 50.8% -7.00[-27.50, 13.50] 2023 ——
Subtotal (95% Cl) 20 14 76.1% -1.75[-18.49, 15.00] o
Heterogeneity: Chi* = 0.76, df = 1 (P = 0.38); I? = 0%

Test for overall effect: Z = 0.20 (P = 0.84)

1.1.2 EMST vs Control

Reyes et al. 2020 (2) 71.8 25.27 10 59.2 28.98 5 23.9% 12.60[-17.24,42.44] 2020 -
Subtotal (95% Cl) 10 5 23.9% 12.60[-17.24, 42.44) 4.»
Heterogeneity: Not applicable

Test for overall effect: Z = 0.83 (P = 0.41)

Total (95% CI) 30 19 100.0% 1.69 [-12.91, 16.29] ’

Heterogeneity: Chi? = 1.43, df =2 (P = 0.49); I’ = 0%
Test for overall effect: Z=0.23 (P =

-50 0 50 100
Favours [control] Favours [experimental]

0.82) -100

Test for subaroup differences: Chi? = 0.68, df = 1 (P = 0.41), 1= 0%

Figure 4. Results of MIP. Reyes et al. 2020 (1) [32], Mohammed et al. 2023 [30], Reyes et al. 2020
(2) [32]. Green squares indicate the mean differences for each study; black diamonds represent the
pooled mean difference with 95% confidence intervals.

A subgroup analysis was performed. The initial subgroup sought to ascertain whether
IMST resulted in better outcomes than the control group. However, the meta-analytic
pooled MD indicated no significant overall effect of IMST (MD = —1.75; 95% CI = —18.49,
15.00; p = 0.84). Similarly, the second subgroup aimed to determine if EMST led to improved
results compared to the control group, but the pooled MD also showed no significant overall
effect (MD = 12.60; 95% CI = —17.24, 42.44; p = 0.41).

The findings from the meta-analysis regarding voluntary PEFR were examined, as
illustrated in Figure 5. The calculated pooled MD indicated a significant overall impact
of respiratory muscle strength training in comparison to the control group (MD = 1.50;
95% CI = 0.51, 2.48; p = 0.003).

Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI Year IV, Fixed, 95% CI
Sapienza et al. 2011 744 179 8 6.55 1.89 8 29.8% 0.89[-091,269] 2011 —
Reyes et al. 2020 (1) 9.41 282 10 6.19 1.72 5 182% 3.22[0.91,5.53] 2020 - &
Reyes et al. 2020 (2) 873 256 11 619 1.72 5 21.3% 2.54[0.40,4.68] 2020 —_—
Mohammed et al. 2023 4.7 172 9 435 2.1 9 30.7% 0.35[-1.43,2.13] 2023 N I —
Total (95% Cl) 38 27 100.0% 1.50 [0.51, 2.48] -
Heterogeneity: Chi? = 5.09, df = 3 (P = 0.17); 12 = 41% 4 2 5 2 i
Test for overall effect: Z = 2.98 (P = 0.003) Favours [control] Favours [experimental]

Figure 5. Results of voluntary PEFR. Sapienza et al. 2011 [34], Reyes et al. 2020 (1) [32], Reyes et al.
2020 (2) [32], Mohammed et al. 2023 [30]. Green squares indicate the mean differences for each study;
black diamonds represent the pooled mean difference with 95% confidence intervals.

4. Discussion

This systematic review and meta-analysis aimed to evaluate the effectiveness of respi-
ratory muscle training in patients with PD.

The sample of this systematic review reflects the characteristics of the PD population.
The reviewed studies only included patients with PD, except for Antonsson et al. [28], who
also analysed another group of patients with multiple sclerosis.

Of the total patients, 65.7% were men, and the age ranged from 57.3 to 70.45 years; the
data are consistent with the characteristics of this population, as PD has been shown to be
more prevalent in men and older people [37].

The respiratory muscle training programmes were heterogeneous in terms of duration
of intervention, but none lasted less than 4 weeks and all were carried out at home. The
most repeated parameters were sets and repetitions performed per session, which in most
studies were five by five, respectively.
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The majority of the studies carried out EMST [27-29,31,34,35], two of them carried out
IMST [30,36], and two studies carried out both of them [32,33].

The maximum intensity set in EMST was 75% of the MEP in all studies; however, for
IMST it was variable depending on the study. These data are consistent with other training
programmes conducted in PD patients in other reviews [21,38].

The results of this review indicate that respiratory muscle training may be an effective
strategy for improving respiratory muscle strength in people with PD. Those who followed
an EMST have obtained significant improvements in MEP, phonatory measures, dysphagia,
and swallow safety. On the other hand, those who have carried out IMST have shown
significant improvements in MIP and exercise capacity. Finally, articles that followed
both of them (IMST and EMST) have shown significant improvement in MIP, MEP, and
peak flow.

The meta-analysis showed a significant increase in voluntary PEFR and MEP com-
pared to placebo or other interventions. These findings suggest that respiratory muscle
training could be an intervention to consider in the management of upper airway protective
mechanism disorders, typical of these patients.

Systematic reviews conducted to date that attempt to clarify whether respiratory
muscle training is an effective tool for the management of patients with PD show similar
results to those found in this systematic review [39]. In general, the results show that
respiratory muscle strength training improves MEP, MIP, and PEFR in this type of patient.

However, the number of previously conducted reviews that exclusively included PD
patients is very limited, most included other neuromuscular diseases, incorporated both
randomised controlled studies and non-randomised controlled trials, and the intervention
groups combined respiratory muscle training with other treatments.

Therefore, an updated review of all randomised controlled studies conducted to
date that only included patients with PD and whose intervention was respiratory muscle
training alone was needed. Furthermore, to our knowledge, this is the only review of
respiratory muscle strength training and PD that has been able to include a meta-analysis.

The results obtained in our systematic review and meta-analysis are in line with pre-
vious systematic reviews, showing that respiratory muscle training had a positive effect
on MEP and voluntary PEFR, which is considered an effective measure of airway clear-
ance [40]. Silva et al. 2019 [18] carried out a Cochrane review with the aim of evaluating
the effectiveness of RMT (including inspiratory and expiratory muscle training) in pa-
tients with neuromuscular disease. Although the authors advise caution when considering
the conclusions, they concluded that maximum inspiratory and expiratory pressures im-
proved respiratory muscle strength. In addition, Watson et al. 2022 [39] concluded that
respiratory muscle training improves lung volumes and respiratory muscle strength in
neuromuscular disease.

However, although our results shows that this type of training significantly improved
MIP in PD patients, the meta-analysis showed a non-significant overall effect between the
intervention group and the control group.

In the case of MIP, one of the possible explanations is that the control group performed
a different type of intervention. In the study performed by Mohammed et al. [30], the
control group used a volume incentive inspirometer (VII).

Previous studies have shown that inspiratory muscle strength increases after VII use
due to increased recruitment of motor units [41,42]. It should be noted that when patients
use VII and perform breathing exercises, they have to mobilise a considerable tidal volume
together with a low respiratory rate, which presumably results in an increase in respiratory
muscle strength due to the increased inhalation/exhalation ratio. This would probably
explain why both groups improve their respiratory strength.
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Furthermore, authors such as Reyes et al. [32,33] have pointed out that the baseline
values of maximum respiratory pressures in this type of patient were lower in MEP than
in MIP, which could suggest that in patients with PD, the inspiratory musculature would
be less affected than the expiratory musculature. Therefore, the margin for improvement
in MIP would be smaller. This, together with the fact that the control group underwent
another intervention, could explain why the training effect was not significant in the group
that performed an IMST programme.

In addition to the reasons described above, we must take into account that patients
with PD have a number of limitations just because they have the disease. Between 28 and
94% of individuals with PD have a restrictive breathing pattern [43]. Respiratory muscle
training involves synchronised contraction of the diaphragm, abdominal, and intercostal
muscles, which are essential for proper rib cage and abdominal expansion.

The restrictive pattern hinders the normal functioning of the respiratory system by
causing stiffness of the rib cage, reduced lung volumes, and loss of coordination of the
respiratory muscles to contract during maximal efforts. These characteristics can be an
obstacle to significant improvements.

On the other hand, none of the studies included in this review have reported adverse
effects when performing this type of intervention, so we can consider that respiratory
muscle training is safe.

Limitations

This study is not without limitations. The results cannot be generalised to patients
with advanced PD since most of the participants who were included in the different articles
analysed were between stages I and III according to the Hoehn and Yahr scale. Future
studies should focus on later stages of the disease, where more impaired pulmonary
functions are observed. Another limitation is the small sample size of the studies, although
there are some that have found a significant effect of EMST in this type of patient despite
this [32,33].

Moreover, in most of the studies there was no follow-up, so it is unknown if the benefits
obtained after treatment continue in the medium and long term. The use of a maintenance
programme has been suggested by previous studies, which reported a decrease in MEP
after a period without training in people with PD [34].

It should also be noted that in half of the studies included in this review, a history of
dopaminergic medication was not taken into consideration when recruiting participants.
Previous studies have shown a significant improvement in lung volumes and flows, as
well as in respiratory muscle strength in patients receiving levodopa [32]. The option
of training in the “on” state should be considered, since it contributes to improving the
patients” symptoms.

The training programme was homebased in all studies and was measured by patient
records. These consisted of self-reported diaries and telephone follow-ups, which for
the most part may be unreliable. Future research should monitor training and measure
adherence to treatment in a more accurate way.

Another limitation has been the limited information available on respiratory muscle
training in patients with PD. Very few studies met the inclusion criteria of this review; most
of them mixed training with other interventions and were not RCT.

It would have been interesting to meta-analyse other variables, for example, related
to swallowing and phonation, since these are affected in 89% of people with PD [31]. In
the end, this has not been possible due to the lack of sufficient data to carry it out. Studies
such as that of Troche et al. have indicated that EMST increases swallowing safety in PD
patients with dysphagia [29].
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Despite its limitations, this review shows that respiratory muscle training is an effective
tool for increasing respiratory muscle strength in patients with PD.

However, the results should be considered with caution. Further studies are needed to
understand the long-term effects of respiratory muscle training in this type of population.
Future research should include larger sample sizes and follow-up periods to determine the
effects of detraining in order to design appropriate maintenance programmes.

5. Conclusions

This systematic review and meta-analysis provide data on the efficacy of IMT and
EMT for the improvement of respiratory muscle strength in PD. The results showed that
IMT and EMT increase respiratory muscle strength and peak expiratory flow rate, which
are essential to ensure the proper functioning of the upper airway protective mechanism
in these patients. However, caution is required when interpreting the results due to the
observed heterogeneity and the limited number of included studies. Further studies are
needed to identify which training protocols are suitable to improve respiratory strength in
these individuals. Despite these limitations, IMT and EMT appears as a promising option
to improve respiratory muscle strength in patients with PD.
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