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Abstract.
Background: Signs of respiratory dysfunction can be present already early in the course of Parkinson’s disease (PD).
Respiratory training could alleviate this, but its effectiveness is not well understood.
Objective: The purpose of this systematic review is to review the efficacy of different respiratory training interventions in
PD.
Methods: A search strategy was performed in four databases: PubMed, Physiotherapy Evidence Database (PEDro), Cochrane
Library, and Cumulative Index to Nursing and Allied Health Literature (CINAHL). Methodological quality of original fulltext articles was assessed using the Cochrane Risk of Bias tool for randomized controlled trials (RCTs) and the Risk Of Bias
In Non-randomized Studies of Interventions (ROBINS-I) tool for the controlled trials (CTs). Levels of evidence were rated
by the Grading of Recommendation Assessment, Development and Evaluation (GRADE) approach.
Results: Six papers reporting on four randomized controlled trials and another four controlled trials were included. Positive
effects were reported for inspiratory muscle strength training (IMST), expiratory muscle strength training (EMST), air stacking, breath-stacking, incentive spirometry and postural training on respiratory muscle strength, swallowing safety, phonatory
aspects and chest wall volumes. Best methodological quality was found for breath-stacking and incentive spirometry. Best
levels of evidence were found for EMST, IMST and EMST plus air stacking.
Conclusion: Respiratory training shows positive effects and should be considered when people with PD experience respiratory
dysfunction. Future studies should focus on standardizing both training devices, instruments to measure outcomes and
intervention protocols to further increase the level of evidence.
Keywords: Respiratory training, breathing exercises, respiratory muscles, respiratory function tests, Parkinson’s disease
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Respiratory dysfunction is a relatively unknown
feature in Parkinson’s disease (PD), even though
inspiratory muscle weakness may be present already
early in the course of the disease [1]. The rate of
progression throughout the disease is unclear and,
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importantly, there is uncertainty about the optimal
management approach. In the more advanced stages,
a limited lung expansion and chest compliance contributes to less effective coughing, which is especially
relevant for those with dysphagia. The latter causes
penetration or aspiration of saliva, liquid or food [2,
3]. This could lead to the occurrence of aspiration
pneumonia [4], which is among the highest risks factors for mortality in the advanced stages of PD [5, 6].
Box 1 offers an oversight of commonly used
outcome measurements of respiratory training as
the respiratory function tests, swallowing outcomes
and phonatory aspects measures. Compared to agematched healthy controls, both obstructive and
restrictive features can be found in persons with
PD, as reflected by reduced values of the FVC,
FEV1 , MVV, MIP and MEP [7]. Improving FVC,
FEV1 , MVV, MIP and MEP using respiratory training is already an established intervention in patients
with a range of neuromuscular disorders [8, 9],
but is relatively new in neurodegenerative disorders. For example, lung volume-orientated training
improves respiratory function tests such as FVC and
peak cough expiratory flow in patients with amyotrophic lateral sclerosis [10]. Also, cut-off scores to
determine when respiratory training is indicated are
available for neuromuscular diseases, but are so far
lacking for PD [11, 12]. What sets PD apart from neuromuscular disorders is the fact that, besides muscle
weakness (which is present for both types of conditions) also muscle control seems to be even more
affected in persons with PD due to bradykinesia and
rigidity [2, 13, 14]. From this perspective, not only
respiratory muscle strength training is an option in
PD, but also muscle control training. With muscle
control training we mean targeting bradykinesia and
rigidity in terms of improving reduced chest compliance, amplitude and pulmonary expansion [15].
The number of respiratory training studies in PD is
increasing and more different modalities of respiratory training interventions have become available in
the last decade. Against this background, our purpose
here is to perform a systematic review presenting the
efficacy of different respiratory training interventions
in PD. We will also discuss the clinical implication
of respiratory training in PD.

MATERIALS AND METHODS
The process of this systematic review was reported
according to the guidelines for PRISMA (Preferred

Box 1. Outcome measurements of respiratory training
Respiratory function tests
Abbreviation
FEV1
FVC
MEP
MIP

Forced expiratory volume in 1 second
Forced vital capacity
Maximal expiratory pressure
Maximal inspiratory pressure

MV
MVV
PDQ-39
PEF
PmPeak
POD
QoL (SF-36)

Minute ventilation
Maximum voluntary ventilation
Parkinson disease questionnaire 39
Peak expiratory flow
Inspiratory muscle endurance
Perception of Dyspnea
Quality of Life (medical outcomes
study 36-item short form health
survey)
Reflex peak cough flow
Slow vital capacity
Tidal volume
Videofluoroscopic studies
Voluntary peak cough flow
Abdominal ribcage tidal volume
Pulmonary rib cage tidal volume

r-PCF
SVC
TV
VFS
v-PCF
VT,rca
VT,rcp
Swallowing outcomes
Abbreviation
PAS
SWAL-QoL

Penetration-aspiration scale
Swallowing Quality of Life
Questionnaire

Phonatory capacity
Abbreviation
MPT
Peak SGP

Maximum phonation time
Peak subglottic pressure

Reporting Items for Systematic Reviews and MetaAnalyses) [16].

Data sources and searches
A broad literature search was performed for
four databases: PubMed, Physiotherapy Evidence
Database (PEDro), Cochrane Library and Cumulative Index to Nursing and Allied Health Literature
(CINAHL). From inception of the databases until
December 31 2019, a search strategy was created
using ‘Parkinson’s disease’ as the patient, ‘respiratory
training’ and related search terms as the intervention,
and ‘other training interventions or control group’ as
comparison. Because the pathophysiology of respiratory dysfunction is not fully understood, we decided
to search without limitations with respect to the
outcome measures, respiratory training interventions
and control group. The PubMed search is presented
in the Supplementary Material.
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Table 1
Interpretation of domain-level and overall risk of bias judgements in ROBINS-I [18]
Judgement

Within each domain

Across domains

Criterion

Low risk of bias

The study is comparable to a
well-performed randomized
trial with regard to this domain
The study is sound for a
non-randomized study with
regard to this domain but cannot
be considered comparable to a
well-performed randomized
trial

The study is judged to be at low
risk of bias for all domains.

Serious risk of bias

the study has some important
problems in this domain

The study is comparable to a
well-performed
randomized trial
The study provides sound
evidence for a
nonrandomized study but
cannot be considered
comparable to a
well-performed
randomized trial
The study has some important
problems

Critical risk of bias

the study is too problematic in this
domain to provide any useful
evidence on the effects of
intervention
No information on which to base a
judgement about risk of bias for
this domain

The study is too problematic
to provide any useful
evidence and should not be
included in any synthesis
No information on which to
base a judgement about risk
of bias

Moderate risk of bias

No information

Study selection
Two authors (VvdW, JK) independently screened
the articles identified by the search strategy on title
and abstract. Inclusion criteria were randomized
controlled trials (RCTs) or controlled trials (CTs).
Exclusion criteria were non-controlled studies, case
reports, reviews and abstracts. In addition, the reference lists of each of the selected publications were
screened for title and abstract for additional relevant articles. The included publications, relevant by
domain and determinant, were read in full text.
Data extraction
The extracted data from the articles includes the
following characteristics: study design, participants
(number of participants, sex, age and Hoehn &
Yahr stage), training protocol, outcome measures,
summary of results and effect size. The data were
extracted by the first author (VvdW) and checked by
the second author (MN).
Methodological quality assessment
The methodological quality of the included articles
was rated independently by two reviewers (VvdW,
MN). To assess the risk of bias of the RCTs, the

The study is judged to be at low
or moderate risk of bias for
all domains.

The study is judged to be at
serious risk of bias in at least
one domain, but not at critical
risk of bias in any domain.
The study is judged to be at
critical risk of bias in at
least one domain
There is no clear indication that
the study is at serious or
critical risk of bias and there
is a lack of information in
one or more key domains of
bias (a judgement is required
for this).

Cochrane Risk of Bias tool was used.[17] Risk of
bias was assessed within seven domains: 1) random
sequence generation, 2) allocation concealment, 3)
blinding of participants and personnel, 4) blinding of
outcome assessment, 5) incomplete outcome data, 6)
selective reporting, 7) other sources of bias. A summary of the methodological quality was given; a green
plus symbol corresponds with a ‘low risk of bias’
(+), a red minus symbol corresponds with a ‘high
risk of bias’ (–) and a yellow question mark symbol
corresponds with an ‘unclear risk of bias’ (?).
The Risk Of Bias In Non-randomized Studies of
Interventions (ROBINS-I) tool was used to assess
the risk of bias for the CTs [18]. The ROBINS-I
tool evaluated the risk of bias for quantitative studies that compare the efficacy of an intervention in
two or more groups of individuals. This tool includes
seven domains: 1) bias due to confounding, 2) bias in
selection of participants into the study, 3) bias in classification of interventions, 4) bias due to deviations
from intended interventions, 5) bias due to missing
data, 6) bias in measurement of outcomes, and 7)
bias in selection of the reported results. Each of these
domains could be rated as: ‘low risk’, ‘moderate risk’,
‘serious risk’, ‘critical risk’, or ‘no information’. A
rating of the overall risk of bias was given as described
in Table 1 [18].
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Fig. 1. Flow Diagram for article inclusion PRISMA.

Data synthesis and analysis
The heterogeneity of the interventions, training
protocols as well as the wide variety of primary
outcome measures made it impossible to pool the
results in meta-analyses. Instead, we present a
narrative synthesis organized by intervention and
training protocols and outcome measures. The Grading of Recommendation Assessment, Development
and Evaluation (GRADE) approach was used to rate
level of evidence into “high”, “moderate”, “low”, or
“very low” [19]. Detailed GRADE guidance was used
to evaluate the risk of bias, imprecision, inconsis-

tency, indirectness, and publication bias. These were
all reasons to downgrade the level of evidence [20,
21]. Upgrading the level of evidence was possible in
case of a large effect size, evidence of dose-response
gradient, or all plausible confounding factors reducing an apparent effect.
RESULTS
Study inclusion
The process of article inclusion according to
PRISMA is presented in Fig. 1. The search revealed
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760 records. After screening titles and abstracts, 736
records were excluded, based on duplicates and either
no ‘Parkinson disease’, no ‘respiratory training’ or
both. The remaining eligible 24 articles were assessed
based on their full text version, resulting in 10 papers
that met the inclusion criteria for this review: six
papers reporting on (four) RCTs, and four papers on
CTs. These were published between 1997 and 2019
and were conducted worldwide including Chile (3),
the United States of America (2), Brazil (2), Israel (1),
Korea (1) and Taiwan (1). The study characteristics
and outcomes are presented in Table 2.
Participants
The median sample size for all studies was 30.5
and ranged from nine to 60 participants, with mean
ages ranging from 58.8 to 70.5 years within an overall
woman-men ratio of 7:10.
Most studies included persons with PD in Hoehn
& Yahr stage I to III. Information about disease duration in years or disease severity (as measured by the
Unified Parkinson’s Disease Rating Scale ((MDS)UPDRS) scores) was given in only three studies.
Intervention and training protocols
Box 2 briefly summarizes the types of interventions
and training devices that have been tested in persons
with PD. The interventions in the RCTs were IMST
only in one study, EMST only in two studies, both
IMST and EMST in two studies, and breath-stacking
and incentive spirometer techniques in one study. The
interventions of the four CTs were EMST only in two
studies, EMST complemented by postural techniques
in one study, and EMST complemented by air stacking in one study. Three different devices were used for
IMST and EMST: Threshold® (Philips Respironics,
USA), POWERbreathe® (Southam, Warwickshire,
UK), and EMST 150 (Aspire products LLC., USA).
Training protocols and parameters were all different
except for three EMST reports in which the same protocol was used consisting of 5 sets, 5 repetitions, 5
days per week for 4 weeks on 75% MEP [22–24].
Outcome measurement
Outcome measures used in the reviewed studies were several respiratory function tests (MEP
was most frequently used), swallow function tests,
quality of life scales and different optoelectronic
plethysmography variables. All 10 studies showed a
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statistically significant positive effect of the intervention on the primary outcome compared to the control
group (Table 2). Two different instruments were
used to measure respiratory muscle strength: a pressure manometer (FLUKE 713–30 G [Fluke Corp.,
Everett, WA]) and the MICRO RPM respiratory pressure meter (MicroRPM; Micro Medical-Care Fusion,
UK).
Expiratory muscle strength training
Three RCTs reported positive effects of EMST
on the primary outcome compared to control group.
Three RCTs, with different training protocols,
showed a Cohen’s d effect size between EMST
and control group. A large effect was found for
peak subglottic pressure (d = 1.96), MEP (d = 1.4),
peak sound pressure level (d = 1.10) and voluntary
PCF (d = 0.89). EMST and control showed a moderate effect on penetration aspiration score (PAS)
(d = 0.55)and reflex PCF (d = 0.27) [22, 23, 25].
Four CTs reported positive effects of EMST compared to control group. The Cohen’s d effect size
between EMST and control group was large for MEP
(d = 1.07) moderate for voluntary PCF (d = 0.77) and
small for reflex PCF (d = 0.32) [26]. An 88% increase
was found on MEP for EMST-5DE compared to
the control group [24]. Compared to quiet breathing, EMST with different resistance settings (10,
15 or 20 cm H2 O) improved tidal volume and endinspiratory chest wall volume (p < 0.001) [27]. Both
EMST only and EMST combined with postural techniques enhanced the swallowing safety in persons
with dysphagia caused by PD (p < 0.05) [28].
Inspiratory muscle strength training
Three RCTs performed IMST with significant
positive effects on the primary outcome. In the
first RCT, twelve weeks of IMST training significantly increased MIP by 25.8%, inspiratory muscle
endurance by 45% and perception of dyspnea
decreased by 27.8% compared to the control group
(n = 20) [29]. The second RCT showed a moderate
Cohen’s d effect size between IMST and control
group on MIP (d = 0.76) after two months of IMST
training [25]. In the same RCT, two months of IMST
(5 sets, 5 repetitions, 6 days/week on 50% MEP)
showed large effect sizes for peak subglottic pressure
(d = 1.32), peak sound pressure level (d = 1.27) and
maximum phonation time (d = 1.26) when compared
to the control group.[30]
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Table 2
Overall characteristics of the included studies
Participants

Training protocol

Outcome measures

Results and effect size

Inzelberg
et al. 2005 [29]
RCT

Intervention: 10.

Intervention:

FVC

IMST vs control:

9 men
Age: 59.4 ± 4.9 years
Control:10.
9 men.

IMST
30 min per session
6 d/wk
12 wk

FEV1
Inspiratory muscle endurance
MIP
POD

FVC and FEV1 : NS
↑ inspiratory muscle endurance∗
↑ MIP∗

Age: 65.2 ± 3.6 years
H&Y stage: II - III

15% MIP first week.
QoL (SF-36)
Increased 5%-10% each session to
reach 60% MIP at end of first
month.
Monthly reset to 60% of the MIP.
Control:
Same protocol with fixed resistance
of 7cm H2 O.
Intervention:
Primary outcome
PAS
Secondary outcomes
Duration of hyoid elevation Hyoid
displacement
EMST
SWAL-QoL
5 sets
5 repetitions
5 d/wk
4 wk
75% MEP, adjusted weekly
Control:
Same protocol
without load
Intervention:
Primary outcome:

Troche
et al. 2010 [22]∗∗

Intervention: 30.

RCT

25 men
Age: 66.7 ± 8.9 years
Control: 30.
22 men
Age: 68.5 ± 10.3 years
H&Y stage: II - IV

Sapienza
et al. 2011 [23]∗∗
RCT

Intervention: 30.
25 men
Age: 66.7 ± 8.9 years
Control: 30.
22 men
Age: 68.5 ± 10.3 years
H&Y stage: II - III

EMST
5 sets
5 repetitions
5 d/wk 4 wk 75% MEP, adjusted
weekly
Control:
Same protocol
without load

MEP
Secondary outcomes:
FEV1
FEV1 /FVC
FVC
PEF

↓ POD∗
QoL (SF-36): NS
Correlation between improvement in MIP
and endurance and
decrease in
POD in IMST group (R2 = 0.571 and
R2 = 0.423, p < 0.001).

EMST vs control:
↑ PAS (d = 0.55)∗
Duration of hyoid elevation: NS
↑ hyoid displacement during swallowing∗
↑ SWAL-QoL∗

EMST vs control:
27% ↑ MEP∗
Secondary outcomes: NS
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Study

Reyes
et al. 2018 [25]∗∗∗
RCT

Intervention

FVC,

EMST vs control:

Age: 70.5 ± 8.2 years

-Home-based IMST

MEP,

H&Y stage: I - III

-Home-based EMST
Control: home-based EMST, fixed
resistance
5 sets
5 repetitions
6 d/wk
2 months
50% average MIP/MEP: adjusted
until 75% last 2 wks.
Intervention

MIP,
r-PCF,

MEP (d = 1.40), v-PCF (d = 0.89), r-PCF
(d = 0.27), SVC (d = 0.13), FVC (d = 0.02)
IMST vs control:
MIP (d = 0.76), v-PCF (d = 0.08)

Ribeiro
et al. 2018 [15]

14 patients, 9 men

RCT

Age: 65.6 ± 9.0 years

31 patients, 17 men

-Breath-Stacking (one-way valve,
ventilometer)
-Incentive spirometer techniques
(voldyne 5000).
Control: no intervention.
3 sets
5 repetitions
35 sec interval between set.
4 non-consecutive days. Day1:
general data. Day 2/3/4:
BS/IS/control.
Intervention:

Age: 70.5 ± 8.2 years
H&Y stage: I - III

-Home-based IMST
-Home-based EMST

H&Y stage: I - III
All participants confirmed both
interventions and participated in
control protocol.

Reyes
et al. 2019 [30]∗∗∗
RCT

SVC,
v-PCF

Volume variations of the chest wall before, BS and IS: ↑ TV and MV∗
immediately after, 15 min after and 30 min
after intervention.
Performed by optoelectronic
IS: ↑ VT,rcp and VT,rca∗
plethysmography.

Primary outcome

IMST vs control

MPT
Peak SGP

MPT (d = 1.26)
Peak SGP (d = 1.32)
Peak sound pressure level (d = 1.27)
EMST vs control
Peak SGP (d = 1.96)
Peak sound pressure level (d = 1.10)
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31 patients, 17 men

(Continued)
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Table 2
(Continued)
Study

Intervention:
Group EMST: 11,
7 men
Age: 69.81 ± 6.75 years
Group 2 EMST+AS: 11, 6 men
Age: 65.81 ± 7.35 years
Control:
11, 5 men
Age: 70.45 ± 6.4 years
H&Y stage: I-III

Frazao et al. 2014 [27]
CT

Intervention: 15.
12 men
Age: 59.1 ± 9.3 years

H&Y stage: II-III

Byeon 2016 [28]
CT

Training protocol

Outcome measures

Control: home-based EMST, fixed
resistance
5 sets
5 repetitions
6 d/wk
2 months
50% average MIP/MEP: adjusted
until 75% last 2 wks.
Intervention:
EMST
5 sets
5 repetitions
6 d/wk
2 months
50% average MEP: adjusted until
75% last 2 wks.
EMST+AS:
Same protocol for EMST
10 sets
3-4 consecutive lung insufflations
using a manual resuscitator bag
Control:
EMST with same protocol, fixed
resistance on 9cm H2 O
Intervention:
EMST with 10, 15 or 20 cm H20.
Control: Quiet breathing

Peak sound pressure level

Primary outcome
r-PCF,
v-PCF
Secondary outcome
SVC
MIP
MEP

Results and effect size

EMST vs control
v-PCF (d = 0.77)
r-PCF (d = 0.32)
MEP (d = 1.07)
MIP (d = 0.19)
EMST+AS vs control
v-PCF (d = 1.00)
r-PCF (d = 1.34)
MEP (d = 0.58)
MIP (d = 0.57)
SVC showed small effects for both
interventions

Spirometric assessment
Respiratory muscle strength
Chest wall volumes and long volume
variables measured by optoelectronic
plethysmography

Intervention vs quiet breathing:
↑ TV in all PEP levels∗
↑ end-inspiratory and expiratory chest wall
volume in all positive expiratory pressure
levels∗

Functional
Dysphagia Scale based on video
fluoroscopic studies (VFS)

↓ in VFS for both groups.∗
Greater decrease in EMST+PT group
than in the EMST-only group.∗

Measurements at baseline, during
EMST, after EMST.

Control (healthy individuals): 15.
12 men
Age: 58.8 ± 9.0 years
33 patients. 31 men.
Intervention:
EMST group: 18
EMST (n = 18)
Age: 63.8 ± 8.2 years
8 repetitions
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Reyes et al. 2019 [26]
CT

Participants

EMST+PT group: 15
Age: 65.1 ± 9.5 years
H&Y stage: 0-V.

Intervention:
Group 1 5DE: 4.
2 men
Age: 59.3 ± 3.8 years
Group 2 3DE: 5
3 men
Age: 58.4 ± 6.6 years
Control: 4
2 men
Age: 60.5 ± 6.1 years
H&Y stage: I -III

Bigger improvement in MEP EMST-5DE
(88% increase of MEP) compared to
EMST-3DE (61% increase in MEP)∗ .
PDQ-39: only significant increase in
mobility score∗ .

RCT, randomized controlled trial; CT, controlled trail; ∗ Significant change; NS, no significant change; PD, Parkinson disease; NA, not applicable; H&Y stage, Hoehn and Yahr stage; IMST,
inspiratory muscle strength training; EMST, expiratory muscle strength training; FVC, forced vital capacity; FEV1 , forced expiratory volume in 1 second; POD, Perception of Dyspnea; QoL,
quality of life; SF-36, medical outcomes study 36-item short form health survey; PEF, peak expiratory flow; SGP, subglottic pressure, MPT, maximum phonation time; SWAL-QoL, Swallowing
Quality of Life Questionnaire; TV, Tidal volume; MV, minute ventilation; VT,rcp, pulmonary rib cage tidal volume; VT,rca, abdominal ribcage tidal volume; MVV, maximum voluntary ventilation;
SVC, slow vital capacity; MIP, maximal inspiratory pressure; MEP, maximal expiratory pressure; PAS, penetration-aspiration scale; PDQ-39 scale, Parkinson disease questionnaire 39; r-PCF,
reflex peak cough flow; v-PCF, voluntary peak cough flow; PT, postural techniques. ∗∗ Troche et al. [22] and Sapienza et al. [23] used the same population and intervention, but other outcome
measurements. ∗∗∗ Two studies from Reyes et al. [25, 30] used the same population and intervention, but other outcome measurements.
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Kuo et al. 2017 [24]
CT

30 sec rest
20 min/d
5 d/wk
4 wk
75% MEP
EMST+PT (n = 15):
PT: chin tucking, head rotation, head
tilting, bending head back, and
lying down straight
30 minutes per session
5 d/wk
4 wk
Intervention:
MEP
Group 1: EMST-5DE
PDQ-39
5 sets
5 repetitions
5 d/wk
4 wk
75% MEP
75% average MEP: weekly reset.
Group 2: EMST-3DE
5 sets
5 repetitions
3 d/wk
4 wk
75% MEP
75% average MEP: weekly reset.
Control:
Same protocol
3 d/wk
EMST training without load
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Box 2. Types of respiratory training interventions and training devices
Abbreviation

Written in full

Aim intervention

Performance and devices

AS

Air stacking

Increase the inspiratory phase to
improve cough effectiveness.

BS

Breath-stacking

Increase long volumes, target lung
expansion and prevent atelectasis.

EMST

Expiratory muscle
strength training

Improve respiratory muscle strength,
lung volumes, swallowing function
and phonatory capacity.

IMST

Inspiratory muscle
strength training

Improve respiratory muscle strength
and phonatory capacity.

IS

Incentive
spirometer
techniques

Increase lung volumes, target lung
expansion and prevent atelectasis.

PT

Postural training

Conduct as swallowing intervention.

Stacking air behind the glottis by performing
consecutive lung insufflations using a manual
resuscitator bag.
Stacking air behind the glottis by performing successive
breaths until no inspiratory volume was observed
using a ventilometer (Ferraris Mark Wright ® 8,
Middlesex, England).
Perform maximum expiratory muscle flows against
resistance using a training device as EMST 150
(Aspire products LLC., USA), Threshold® (Philips
Respironics, USA) or PEP valve (Vital Signs Inc.,
Totowa, NJ, United States)
Perform maximum inspiratory muscle flows against
resistance using a training device as
POWERbreathe® (Southam, Warwickshire, UK) or
Threshold® (Philips Respironics, USA). Aims to
improve respiratory muscle strength.
Performing a slow and deep breathing to total lung
capacity has been reached, using an incentive
spirometry (Voldyne 5000 ®; Sherwood Medical, St
Louis, USA).
General postural compensation techniques were
conducted being chin tuck, head rotation, head tilting,
bending head back, and lying down.

Other interventions
Breath-stacking and incentive spirometer techniques were found to directly increase tidal volume
and minute ventilation measured by optoelectronic
plethysomography [15]. EMST complemented by air
stacking showed a large Cohen’s d effect size compared with the control group on r-PCF (d = 1.34) and
v-PCF (d = 1.00) [26].
Quality assessment
Table 3 shows the quality assessments of the
Cochrane risk of bias tool for the RCTs. Ribeiro et
al. [15] showed a low risk of bias with a sample
size of 14 persons with PD. Troche et al. [22] and
Sapienza et al. [23] included 30 persons with PD and
showed a low risk of bias except for unclear generation of a randomized sequence (selection bias).
Inzelberg et al. [29] included 20 participants with
an inadequate concealment of allocations prior to
assignment (selection bias) and data from two persons from the training group with a low compliance
to the training regime were left out of the analysis.
Attempts were made to keep the participants blinded
(by using sham devices) for at least the intervention. Blinding of outcome assessment was guaranteed
in all studies, except for the two papers of Reyes
et al. [25, 30]. Although in both papers of Reyes

et al., the attempts to ascertain blinding of the personnel that provided instructions for training was
unclear, we decided to rate all six RCTs for low
risk of bias on the criterion ‘blinding of participants and personnel’. We downgraded both papers
of Reyes et al. for criteria 4 ‘blinding of outcome
assessment’ as the researchers were not blinded for
group allocation. Both papers of Reyes et al. showed
also a risk of bias because no information about
the compliance of the training regime (home-based
exercise program) was reported, and some participants were excluded from the analysis for unknown
reasons.
Assessment of the methodological quality by both
authors (VvdW, MN) showed an agreement for risk of
bias assessment in five of the six RCTs. Disagreement
for one study was caused by the lack of information
about compliance to the training regime, but consensus was reached that this could lead to a high risk of
performance bias.
Table 4 showed the results of the ROBIN-I checklist for the four included CTs. Both authors (VvdW,
MN) indicated a serious risk of bias in three of
the studies, and a critical risk of bias in one study.
Frazao et al. showed a serious risk of bias because
there was no blinding of outcome assessors.[27] Next
to that, the aim and conclusion of this study suggested that PD patients were compared to healthy
subjects. However, the methods and results section
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Table 3
Cochrane Handbook for Systematic Reviews of Interventions quality assessment RCTs

Table 4
ROBINS-I tool quality assessment non-randomized controlled intervention studies (CTs)

showed a comparison between three different levels
of expiratory resistance, compared to no resistance.
The study of Haewon Byeon scored a serious risk of
bias because the intervention protocol for the postural
techniques and the measurement procedure of MEP
were not described [28], limiting the reproducibility
of this study. Reyes et al. showed a serious risk of bias
because there was no blinding for outcome assessment as the researchers were not blinded for group
allocation [26]. Kuo et al. showed a critical risk of
bias because of a lack of randomization and reporting incomplete data of four of the thirteen participants
[24].

Levels of evidence
Table 5 shows the levels of evidence per intervention and specified outcomes according to the
GRADE approach. Out of 26 outcomes included in
this study, 22 were measured in only one study. For
these 22 outcomes, inconsistency in results could not
be determined. Detecting risk of publication bias was
complicated due to the limited number of studies for
each outcome. This made it impossible to calculate
funnel plots. However, nine out of the ten included
studies presented both significant and non-significant
results.
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Table 5
GRADE evidence profile per outcome measurement
Intervention Outcome

MEP

115 (4)

v-PCF

42 (2)

r-PCF

42 (2)

PAS

60 (1)

SVC

31 (1)

FVC

31 (1)

Peak SGP

31 (1)

Peak sound
pressure level

31 (1)

Chest wall
volumes

30 (1)

Reyes’18 (RCT):
↑ MEP (d = 1.4)
Reyes’19 (CT):
↑ MEP (d = 1.07)
Sapienza’11 (RCT):
↑ MEP (F = 3.214,
P < 0.01) Kuo’17
(CT): 88% ↑ of 5
days EMST vs 3 days
EMST
Reyes’19 (CT):
↑ v-PCF (d = 0.77)
Reyes’18 (RCT):
↑ v-PCF (d = 0.89)
Reyes’19 (CT):
↑ r-PCF (d = 0.32)
Reyes’18 (RCT):
↑ r-PCF (d = 0.27)
Troche’10 (RCT):
↑ PAS (d = 0.55)
Reyes’18 (RCT):
↑ SVC (d = 0.13)
Reyes’18 (RCT):
↑ FVC (d = 0.02)
Reyes’19 (RCT):
↑ Peak SGP (d = 1.32)
Reyes’19 (RCT):
↑ Peak sound pressure
level (d = 1.27)
Frazao’14 (CT):
↑ TV in all EMST
levels* ↑
end-inspiratory and
expiratory chest wall
volume in all EMST
levels*

Risk of
biasa

Inconsistencyb Indirectnessc

Imprecisiond

Publication Large
Biase
effect

Doseresponse

Residual
bias

Levels of
evidence
(GRADE)

Serious risk
of bias

Serious
inconsistency

Serious
indirectness

Very serious
imprecision

Not
detected

Detected

Not
detected

Not
detected

(+)()()()
Very low

Serious risk
of bias

No serious
inconsistency

No serious
indirectness

Very serious
imprecision

Not
detected

Not
detected

Not
detected

Not
detected

(+)(+)()()
Low

Serious risk
of bias

No serious
inconsistency

No serious
indirectness

Serious
imprecision

Not
detected

Not
detected

Not
detected

Not
detected

(+)(+)()()
Low

No serious
risk of bias
Serious risk
of bias
Serious risk
of bias
Serious risk
of bias
Serious risk
of bias

NA

Serious
indirectness
No serious
indirectness
No serious
indirectness
No serious
indirectness
No serious
indirectness

No serious
imprecision
Very serious
imprecision
Very serious
imprecision
Serious
imprecision
Serious
imprecision

Not
detected
Not
detected
Not
detected
Not
detected
Not
detected

Not
detected
Not
detected
Not
detected
Detected

Not
detected
Not
detected
Not
detected
Not
detected
Not
detected

Not
detected
Not
detected
Not
detected
Not
detected
Not
detected

(+)(+)(+)()
Moderate
(+)()()()
Very low
(+)()()()
Very low
(+)(+)(+)()
Moderate
(+)(+)(+)()
Moderate

NA
NA
NA
NA

Detected
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EMST

No. of
Results
participants
(studies)

EMST+AS v-PCF

33 (1)

r-PCF

33 (1)

MEP

33 (1)

MIP

33 (1)

MIP

41 (2)

v-PCF

31 (1)

MPT

31 (1)

Peak SGP

31 (1)

Peak sound
pressure level

31 (1)

FVC

20 (1)

FEV1

20 (1)

IMST

No serious
indirectness
Byeon’16 (CT):
↓ in VFS for both
groups.*
Kuo’17 (CT): Only
significant increase in
mobility score*.
Reyes’19 (CT):
↑ v-PCF (d = 1.00)
Reyes’19 (CT):
↑ r-PCF (d = 1.34)
Reyes’19 (CT):
↑ MEP (d = 0.58)
Reyes’19 (CT):
↑ MIP (d = 0.57)
Reyes’18 (RCT):
↑ MIP (d = 0.76) ↑ 2
cm H2 O for MIP after
IMST. Inzelberg’05
(RCT):
↑ 16 cm H2 O in MIP
Reyes’18 (RCT):
↑ v-PCF (d = 0.08)
Reyes’19 (RCT):
↑ MPT (d = 1.26)
Reyes’19 (RCT):
Peak SGP (d = 1.32)
Reyes’19 (RCT):
Peak sound pressure
level (d = 1.27)
Inzelberg’05 (RCT):
FVC: NS
Inzelberg’05 (RCT):
FEV1 : NS

Serious
imprecision
Serious risk
of bias

Not detected

Not detected

Not detected

NA

Very serious
indirectness

Serious
imprecision

Very serious
risk of bias

NA

Very serious
indirectness

Serious risk
of bias
Serious risk
of bias
Serious risk
of bias
Serious risk
of bias
High risk of
bias

NA
NA
NA
NA
Very serious
inconsistency

Serious risk
of bias
Serious risk
of bias
Serious risk
of bias
Serious risk
of bias

NA

Serious risk
of bias
Serious risk
of bias

NA

NA
NA
NA

NA

Not
detected
Detected

(+)(+)()()
Low
Not
detected

Not
detected

Not
detected

(+)()()()
Very low

Very serious
imprecision

Not
detected

Not
detected

Not
detected

Not
detected

(+)()()()
Very low

No serious
indirectness
No serious
indirectness
No serious
indirectness
Serious
indirectness
Very serious
indirectness

Serious
imprecision
Serious
imprecision
Serious
imprecision
Serious
imprecision
Very serious
imprecision

Not
detected
Not
detected
Not
detected
Not
detected
Not
detected

Not
detected
Detected

Not
detected
Not
detected
Not
detected
Not
detected
Not
detected

Not
detected
Not
detected
Not
detected
Not
detected
Not
detected

(+)(+)()()
Low
(+)(+)(+)()
Moderate
(+)(+)()()
Low
(+)()()()
Very low
(+)()()()
Very low

No serious
indirectness
No serious
indirectness
No serious
indirectness
No serious
indirectness

Very serious
imprecision
Serious
imprecision
Serious
imprecision
Serious
imprecision

Not
detected
Not
detected
Not
detected
Not
detected

Not
detected
Not
detected
Not
detected
Not
detected

Not
detected
Not
detected
Not
detected
Not
detected

(+)()()()
Very low
(+)(+)(+)()
Moderate
(+)(+)(+)()
Moderate
(+)(+)(+)()
Moderate

Very serious
indirectness
Very serious
indirectness

Very serious
imprecision
Very serious
imprecision

Not
detected
Not
detected

Not
detected
Not
detected

Not
detected
Not
detected

(+)()()()
Very low
(+)()()()
Very low

Not
detected
Not
detected
Not
detected

Not
detected
Detected
Detected
Detected

Not
detected
Not
detected
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Serious risk of NA
bias
Functional
33 (1)
dysphagia
scale by VFS
PDQ-39
13 (1)

(Continued)
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Intervention Outcome

BS + IS

a

No. of
Results
participants
(studies)

PmPeak

20 (1)

POD

20 (1)

QoL (SF-36)

20 (1)

Chest wall
volume

14 (1)

Inzelberg’05 (RCT):
↑ inspiratory muscle
endurance*
Inzelberg’05 (RCT):
↓ POD*
Inzelberg’05 (RCT):
QoL (SF-36): NS
Ribeiro’18 (RCT):
BS and IS: ↑ TV and
MV* IS: ↑ VT,rcp
and VT,rca*

Risk of
biasa

Inconsistencyb Indirectnessc

Imprecisiond

Publication Large
Biase
effect

Doseresponse

Residual
bias

Levels of
evidence
(GRADE)

Serious risk
of bias

NA

Very serious
indirectness

Serious
imprecision

Not
detected

Not
detected

Not
detected

Not
detected

(+)()()()
Very low

Serious risk
of bias
Serious risk
of bias
Low risk of
bias

NA

Very serious
indirectness
Very serious
indirectness
Serious
indirectness

Very serious
imprecision
Very serious
imprecision
Serious
imprecision

Not
detected
Not
detected
Not
detected

Not
detected
Not
detected
Not
detected

Not
detected
Not
detected
Not
detected

Not
detected
Not
detected
Not
detected

(+)()()()
Very low
(+)()()()
Very low
(+)(+)()()
Low

NA
NA

issues related to inadequate allocation concealment, incomplete outcome data, blinding of outcome assessors and missing data; b issues related to differences in trainings protocol, follow-up time,
intervention in control group, disease severity, outcome values, effect sizes; c issues related to indirect comparison of outcomes and use of control group, limit generalizability, only before-after
measurements; d issues related to small sample sizes, different effect sizes and confidence intervals. e no funnel plots, because limit number of studies per outcome; No., number; GRADE, Grading
of Recommendation Assessment, Development and Evaluation; NA, not applicable; EMST, expiratory muscle strength training; EMST + AS, expiratory muscle strength training + air stacking;
IMST, inspiratory muscle strength training; BS + IS, breath stacking + Incentive spirometer techniques; MEP, maximal expiratory pressure; v-PCF, voluntary peak cough flow; r-PCF, reflex peak
cough flow; PAS, penetration-aspiration scale; SVC, slow vital capacity; FVC, forced vital capacity; SGP, subglottic pressure; VFS, videofluoroscopic studies; PDQ-39 scale, Parkinson disease
questionnaire 39; MIP, maximal inspiratory pressure; MPT, maximum phonation time; FEV1 , forced expiratory volume in 1 s; PmPeak, inspiratory muscle endurance; POD, Perception of Dyspnea;
QoL, quality of life; SF-36, medical outcomes study 36-item short form health survey; TV, Tidal volume; MV, minute ventilation; VT,rcp, pulmonary rib cage tidal volume; VT,rca, abdominal
ribcage tidal volume.
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For EMST, 11 different outcomes were included in
the studies. The MEP was measured in four studies
and was scored as “very low”. Reasons for downgrading were a serious risk of bias, inconsistency because
of different outcome values and no comparison of
outcomes between intervention and control group,
indirectness by differences in follow-up time, a limited generalizability (severe PD was not included),
and imprecision by small sample sizes. Despite an
upgrade of evidence because of the large effect sizes
in the four studies, the “very low” score remains. VPCF and r-PCF were measured in two studies and
scored as “low” due to serious risk of bias, small
sample sizes and wide confidence intervals. All other
outcomes were only measured in one study. The PAS,
peak SGP and peak sound pressure level were scored
as “moderate” as they only showed limitations in
terms of small sample sizes and serious risk of bias
caused by reporting incomplete outcome data and
an unclear allocation concealment. Large effect sizes
upgraded the level of evidence for peak SGP and peak
sound pressure level. One study combined EMST
with AS and scored “moderate” for r-PCF because of
limitations due to a small sample size and an unclear
recruitment of participants.
For IMST, ten different outcomes were included.
The MIP was measured in two studies and was scored
as “very low” due to high risk of bias, inconsistency
because of different outcome values and effect sizes,
indirectness caused by differences in the population
for disease severity, differences in trainings protocols,
the control group had a different intervention, and
imprecision due to small sample sizes and unknown
confidence intervals. All other IMST outcomes were
measured in only one study. The MPT, Peak SGP and
peak sound pressure level was scored as “moderate”
showing limitations in terms of a serious risk of bias
and small sample sizes. Large effect sizes upgraded
the level of evidence for these outcomes.
One study combined BS with IS and was ranked as
“low” due to the small sample size and serious indirectness and imprecision (the latter because the study
only measured the effects directly after the intervention, without a follow-up).
All other outcomes scored “very low” or “low”.
The most important reasons for downgrading were:
1) a high risk of bias, 2) indirectness caused by
heterogeneity in the population (disease severity),
intervention, and treatment duration, and 3) imprecision because of small sample sizes (n = 10 per group).
Overseeing all results of the included studies we had
to much heterogeneities to do meta-analysis.
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DISCUSSION
The overall conclusion of this systematic review
is that all respiratory training interventions show
positive effects in people with PD, underlining that
respiratory training should be considered as a possible treatment option for people with PD. Our two
main findings are: (1) EMST significantly improves
swallowing safety (PAS score) and phonatory aspects
(Peak SGP and peak sound pressure level) and,
when EMST is combined with air stacking, improves
coughing (r-PCF), with large effect sizes and a moderate level of evidence; and (2) IMST improves
phonatory aspects (MPT, peak SGP and peak sound
pressure) with large effect sizes and a moderate level
of evidence.
This review provides good methodological quality scores for two different modalities of respiratory
training: respiratory strength training (EMST more
than IMST) and ‘volume- orientated’ training in
which volume variations of the chest wall increase
directly after breath-stacking combined with incentive spirometer techniques.[15] The methodological
quality of the study about breath-stacking plus incentive spirometer techniques was superior followed by
good to moderate quality for the five RCTs about
IMST and EMST, and a serious risk of bias for the
four CTs. Methodological limitations of all studies
included an unclear randomization and allocation
concealment, reporting of incomplete data, no blinding of outcome measurement, unclear intervention
protocol and an unclear intervention for the control
group.
The level of evidence measured by the GRADE
approach showed different reasons for downgrading
for most outcomes due to: 1) a serious risk of bias,
2) indirectness caused by heterogeneity in the population, intervention (for control group) and treatment
duration and 3) imprecision because of small sample
sizes (n = 10 per group).
Pre-post intervention studies (that had been
excluded from the analyses) showed similar positive effects for either strength training (EMST and
IMST) and other respiratory training techniques like
air stacking, or deep breathing exercises (plus upper
extremity exercises) and (global) postural training to
improve respiratory function tests, swallowing safety
and phonatory aspects.[24, 26–28, 31–37] This confirms that the positive results are robust, but also
indicates that more high-quality studies for both
respiratory strength training and volume-oriented
training techniques remain needed. The included
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studies all showed positive effects, but the magnitude
of the effects was different. For example, Sapienza et
al. [23] showed a 27% increase of MEP from pre- to
post-EMST after four weeks of training. In contrast,
Reyes et al. found an increase of MEP of only 8.5%
after 8 weeks EMST [25]. There are several possible
explanations for the differences in the magnitude of
the effects in the included studies. First, differences
might result from a lack of homogeneity of the training devices as two different devices were used for
IMST [25, 29] and two different devices for EMST
[22, 27]. Second, four out of the five included papers
who used a respiratory function tests as outcome
[24–26, 29] describe to measure according to the
statement of the American Thoracic Society (ATS)
and European Respiratory Society (ERS) [38]. This
procedure included the performance of respiratory
function tests. The ATS/ERS statement described the
performance of MIP and MEP as: the maximum
value of three inspiratory or expiratory maneuvers
that vary by less than 10%. However, this procedure
seems to attenuate the learning effect of repeated
measurements insufficiently [39]. A ‘warm up session’ prior to measuring is recommended to improve
the reliability, and this procedure should be incorporated in future studies having either MIP or MEP
as primary outcome [40]. However, the number of
repeating measurements differ in the five studies and
the starting position and use of a nose clip while
testing was different. The study of Sapienza et al.
didn’t describe to follow this statement and used
another measurement device to capture the MEP [23].
Third, heterogeneity was found for the training protocol as training duration varied from 4 weeks to 12
weeks.[22, 29] For EMST, training frequency of 5
sets, 5 repetitions, 6 days a weeks within an intensity of 75% of MEP showed the greatest effects on
MEP, PAS, and voice production.[22, 25, 30] Finally,
in four studies, EMST was provided as a combined
intervention with either IMST, air stacking and postural training.
Except improving respiratory (muscle) function
tests, there are also indications that respiratory training improves coughing (PCF), swallowing safety
(PAS score, VFS) and phonatory aspects (MPT, Peak
SGP and peak sound pressure level). Having these
positive outcomes the important question remains
where, in the course of the disease, should respiratory training be considered? In almost all included
studies, the disease severity ranged between H&Y
I to III. Respiratory dysfunction measured with the
MIP is already an early feature in PD. Also, notice

that when treatment with levodopa is started in the
early phase of PD, the MIP seems to improve, at least
initially [1]. So, it can be questioned if respiratory
training should be started that early in the disease. The
lack of evidence for the effects of respiratory training in H&Y stages IV and V is clinically relevant,
because coughing, speech and swallowing difficulties are more prevalent in advanced PD, and more
often lead to serious complications such as aspiration
pneumonia [5, 41]. In amyotrophic lateral sclerosis
(ALS), patient also experience speech, swallowing
and coughing problems [42]. We do know from ALS,
that respiratory training in terms of lung volumeorientated training strongly enhances cough efficacy
[10][43]. In ALS, lung volume-orientated training
is indicated if the peak cough flow is less than 270
liters per minute [44]. For that reason, future respiratory intervention studies in PD should include more
advanced PD patients and perhaps should consider to
start training based on the criteria of ALS.
The impact of respiratory dysfunction on daily
life is unknown, which makes it almost impossible to answer the question whether amelioration
in MIP and MEP by respiratory training leads to
meaningful improvements for the patient in daily
life. A better understanding how experienced signs
and symptoms relate to abnormal respiratory function tests is therefore needed. In addition, qualitative
research enquiring the impact of respiratory training
on daily functioning and respiratory symptoms could
provide more information about the clinical impact
of respiratory dysfunction in PD.
Despite the progressive and typically longstanding course of PD (which can extend to decades for
some), the effects of respiratory training have not
been investigated beyond a period of 3 months. Two
studies included in this review only measured the
effect of an intervention without a training period [15,
27]. Next to that, any possible changes resulting from
discontinuation of training are not well established,
so it remains unclear whether prolonged maintenance therapy (perhaps in the form of boost sessions)
is needed to ascertain a long-term efficacy [45].
The suggested pathophysiology underlying respiratory dysfunction in PD is diffuse and still somewhat
unclear [46]. Cardinal motor features of PD such as
bradykinesia, hypokinesia, rigidity and dystonia can
influence muscle control in the limbs, but can also
influence muscle strength and control in the respiratory system [13, 14]. Although the motor control
of respiratory muscles differs from that of skeletal
muscles, the respiratory training effects found in our
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review do show similarities with, e.g., the effects of
gait interventions in PD [47]. These gait interventions in PD have been studied in more detail, yielding
strong evidence that strength training of the skeletal
leg muscles as well as amplitude-oriented training
(by using compensatory strategies) can improve gait
functions [48]. The rationale behind these finding is
that a good strength in mainly the upper legs is a
prerequisite to walk, and that stressing these muscles by training improves gait function [49]. Similar
results are found for respiratory strength training in
terms of IMST and EMST. However, solely strength
training does not improve the decreased chest amplitudes due to bradykinesia, hypokinesia or akinesia
[50]. For gait, compensatory cueing strategies which
are applied consciously with the aim to improve
step length improve gait function as well [47].
Volume-oriented respiratory training interventions
like breath-stacking, air stacking or deep breathing
exercises (which are performed consciously) seem
to improve muscle control just as they do for gait.
From this viewpoint, conscious and deep breathing
exercises or existing techniques need to be considered and studied into more detail in future studies.
These future studies should particularly examine how
long the immediate effects found for volume-oriented
techniques like incentive spirometry persist.
Another viewpoint is that intensive exercise stimulates a deeper ventilation [48]. The effects of aerobic
exercise in PD have been studied extensively for outcomes related to balance, gait, functional mobility
or motor function (UPDRS) but none of these studies looked at the impact of exercise on respiratory
parameters such as FVC, MIP or MEP so far.
In summary, this review shows positive effects
of respiratory training in PD. EMST significantly
improves swallowing safety and phonatory aspects
and IMST improves phonatory aspects. Volumeorientated respiratory training seems to improve chest
amplitude, lung expansion and also the ability to produce an effective cough, the latter being a clinically
important mechanism that can help to prevent pneumonia.
This review also reveals important research questions that need to be answered to better understand
the implications for clinical practice. Future studies
should: 1) standardize training devices, instruments
to measure outcomes and protocols in respiratory
training; 2) investigate volume oriented techniques
and consciously performed breathing exercises; 3)
explore the determinants of respiratory dysfunction,
but also the impact of respiratory dysfunction on
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daily life functioning people with PD; and 4) include
people with advanced PD as well. This is important
to better understand the optimal timing of when to
start respiratory training, with the overall aim of preventing respiratory complications such as aspiration
pneumonia [6].
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