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Abstract

Introduction

Respiratory disorders are the most common cause of death in Parkinson’s Disease (PD).

Conflicting data exist on the aetiology of respiratory dysfunction in PD and few studies

examine the effects of exercise-based interventions on respiratory measures. This study

was conducted to better understand respiratory dysfunction in PD and to identify measures

of dysfunction responsive to an integrative exercise programme.

Objectives

The objectives were to compare baseline respiratory measures with matched, published

population norms and to examine immediate and longer-term effects of a 12-week inte-

grated exercise programme on these measures.

Design

Twenty-three people with mild PD (median Hoehn & Yahr = 2) self-selected to participate in

this exploratory prospective cohort study. Evaluation of participants occurred at three time

points: at baseline; following the 12-week exercise programme and at 4-month follow-up.

Outcome measures

Outcome measures included: Forced Vital Capacity (FVC), Forced Expiratory Volume in 1

second (FEV1), FEV1/FVC ratio, Peak Expiratory Flow (PEF), Inspiratory Muscle Strength

(MIP), Expiratory Muscle Strength (MEP), Peak Cough Flow (PCF), and Cardiovascular Fit-

ness measures of estimated VO2 max and 6-Minute Walk Test (6MWT).

Results

Compared to published norms, participants had impaired cough, reduced respiratory mus-

cle strength, FEV, FVC, PEF and cardiovascular fitness. Post exercise intervention,
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statistically significant improvements were noted in MEP, cardiovascular fitness, and PEF.

However only gains in PEF were maintained at 4-month follow-up.

Conclusions

Significant respiratory dysfunction exists, even in the early stages of PD. Metrics of respira-

tory muscle strength, peak expiratory flow and cardiovascular fitness appear responsive to

an integrative exercise programme.

Introduction

Impairments in Parkinson’s Disease (PD) include respiratory dysfunction, noted even in early

disease stages and asymptomatic patients [1]. Respiratory disorders including pneumonias are

the most common cause of death in PD [2] and are reported to cause diminished quality of life

[3]. While aspiration pneumonias secondary to dysphagia are typical in the advanced disease

stages [4], a review of hospital admissions for individuals with PD, found 32.5% of admissions

were as a result of respiratory system diseases, excluding aspiration pneumonias [5]. This find-

ing is replicated in other European research which noted increased hospital mortality, length

of stay and health care costs associated with respiratory system diseases in PD [6, 7].

Controversy and conflicting data exist in the literature about the aetiology of respiratory

dysfunction in PD [8–12]. A narrative review highlights restrictive, obstructive, central ventila-

tory control and drug related side effects (e.g., levodopa-induced diaphragmatic dyskinesis) as

the primary causes. Mechanisms of restrictive pulmonary disease in PD include myopathy,

autonomic dysregulation, and rigidity/bradykinesia. Direct basal ganglia involvement and

axial dystonia are presented as potential mechanisms in obstructive disease. Mechanisms for

central dysfunction include direct brainstem involvement and indirect ST-PAG-RTN pathway

hypofunction. Drug related side effects (intake and withdrawal), include pulmonary fibrosis,

dyskinesias and neuroleptic-like malignant syndrome [13]. A meta-analysis of respiratory

measures in PD in comparison to matched controls identifies a predominantly restrictive pat-

tern of dysfunction with reduced lung volumes, decreased inspiratory muscle strength and an

ineffective cough mechanism [14]. Both reviews conclude the growing need to test for pulmo-

nary dysfunction and identify appropriate preventative and management strategies in PD

[12, 13].

The benefits of exercise-based interventions on motor impairments in PD are well estab-

lished for outcomes of strength and cardiorespiratory fitness [15–17], motor components of

the UPDRS [18], gait [19, 20] and balance [17, 20, 21]. Interventions commonly used include

Resistance Training (RT), Endurance Training (ET) and Other Intensive Training Modalities

[17] that vary from boxing, dance, tai-chi to yoga. By comparison, a relatively small body of lit-

erature examines the effects of exercise-based interventions on respiratory function in PD.

Much of the existing literature in this area directly targets the respiratory muscles using

approaches such as incentive spirometry to improve lung volumes [22] or respiratory muscle

strength training to improve inspiratory muscle strength [23–25]. A systematic review of non-

pharmacological interventions to improve respiratory function in PD concluded that varied

forms of exercise can affect change in respiratory outcomes [26]. Pooled data from studies

examining RT, ET and functional task training demonstrated significant effects for outcomes

of inspiratory muscle strength, expiratory muscle strength and peak expiratory flow (PEF)

rate.
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Given the multifaceted potential benefits of exercise for managing PD, community-based

group exercise programmes are becoming more prevalent to support greater numbers of peo-

ple beyond the medical setting. This pilot study tests an integrative exercise regime comprising

three different types of opt-in exercise classes to improve both mobility and respiratory out-

comes in people with PD. The opt-in classes were high intensity interval training in the form

of spin classes; Tai Chi designed for people with chronic disease and a functional circuit train-

ing class catering to participants with different levels of mobility. Our study was carried out in

tandem with a feasibility study exploring the acceptability, scalability, safety, and sustainability

of the university-based, integrative exercise programme for a cohort of community-dwelling

people with PD [27].

To date, there are no published data available on respiratory dysfunction in people with PD

presenting to a community-based exercise programme. Given the availability of general exer-

cise programmes, it is important to establish if these programmes affect respiratory function in

people with PD. Therefore, this nested study was conducted to better understand common

respiratory dysfunction in people with PD presenting to a community-based exercise pro-

gramme and to identify what measures of respiratory function are potentially responsive to the

integrative exercise programme.

Materials & methods

Study design

An exploratory prospective cohort study. Data collection took place in a laboratory setting and

the exercise programme was delivered as part of a community initiative delivered at a univer-

sity gym setting.

Participants

Members of a local PD organisation were invited to participate in the exercise programme at

the university. An information leaflet was provided to all potential participants. All study par-

ticipants, volunteers by self-selection, provided written informed consent prior to participa-

tion. Evaluation of participants occurred at three time points during the study, an initial

baseline assessment, following completion of the 12-week programme and at 16-weeks post

programme completion. Ethical approval for the study was provided by the Human Research

Ethics Committee at the University (Ref: xx-xx-xx).

Pre-screening

Pre-Screening was a 3-phase process. Potential participants were first screened by phone for

study suitability against the following inclusion criteria; confirmed diagnosis of Parkinson’s

Disease, under the care of a consultant neurologist, mobile, of sufficient cognitive status to

give informed consent (later confirmed with the Mini-mental State Exam) and sufficient flu-

ency in English to understand the information and consent sheet; and exclusion criteria:

chronic respiratory disease diagnosis (e.g., COPD), acute respiratory tract infection, unstable

medical conditions (e.g. uncontrolled diabetes), and dementia. Screening for suitability to par-

ticipate in an exercise programme was conducted by phone using the Canadian Society for

Exercise Physiology “Get Active Questionnaire”. If deemed suitable, participants were invited

to the laboratory for comprehensive screening. Vitals including resting heart rate, blood pres-

sure, respiratory rate and oxygen saturation levels were recorded. Where vitals were outside

the safe limits for exercise participation as defined by the Canadian Society for Exercise Physi-

ology, (resting HR >100 bpm or systolic BP >160 mmHg or diastolic BP >90 mmHg)
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participants were excluded and referred to their general practitioner. The third level of screen-

ing included a six-minute submaximal graded cycle ergometer test (YMCA protocol) to esti-

mate VO2 max. Heart rate and blood pressure responses to exercise were monitored over the

test and for four minutes afterwards to screen for autonomic dysfunction manifesting as exer-

cise-induced hypotension. Those with abnormal cardiovascular responses to exercise were

excluded from the high intensity aerobic spinning classes.

Assessment protocol

Basic demographic details and history of PD and respiratory illnesses were recorded using a

proforma. Anthropometric measurements were taken. Participants were assessed using the

MDS-UPDRS [28] and total and subscale scores calculated [29]. Medication on or off phase

was recorded for those on levodopa medication. Respiratory rate was calculated with partici-

pants sitting in a chair, the number of breaths in a 60 second period was recorded while oxygen

saturation was being recorded.

Spirometry assessment. Lung volume (Forced Vital Capacity) and flow rates (Forced

Expiratory Volume in 1 second, ratio of Forced Expiratory Volume in 1 second to Forced

Vital Capacity (FEV1/FVC) and Peak Expiratory Flow (PEF) were measured using a Spirome-

ter (Micro1; Carefusion). The assessment protocol followed the ATS/ERS task force standardi-

sation of lung function testing guidelines [30]. Normative values were sourced from the

European Respiratory Society (ERS) task force Global Lung Function Initiative (GLI) pre-

dicted values [31] for FVC, FEV1 and FEV1/FVC. The National Health and Nutrition Exami-

nation Survey (NHANES)normal values [32] were used for PEF. The rationale for using these

specific normative values was to allow accurate ethic comparison. Normative values provide a

generalisable standard for reporting and interpretation of lung volume measurements. Inter-

pretation of pulmonary function tests (PFTs) involves the classification of observed values as

within/outside the normal range based on a reference population of healthy individuals.

Respiratory muscle strength assessment. Inspiratory Muscle Strength (MIP), Expiratory

Muscle Strength (MEP) and Sniff nasal inspiratory pressure (SNIP) were measured using a

pressure transducer (MicroRPM; Carefusion) and standardised using the ATS/ERS Statement

on Respiratory Muscle Testing. For comparison with normative data, allowing for accurate

ethic comparison, male and female normative values for MIP, MEP [33] and SNIP [34], were

obtained.

Cough assessment. Peak Cough Flow (PCF), a measure of gross respiratory function

(strength, flow rate, and respiratory hygiene composite measure) was measured using a PCF

meter (Vitalograph & facemask). As there is no standardised testing guideline for PCF, the test

was standardised by having participants in standing with the facemask placed over their nose

and mouth by the investigator and instructed to “take a breath in and then cough as strongly

as you can” following a demonstration by the examiner. The best of 3 attempts was docu-

mented as the PCF. For comparison with normative data, a PCF of 360+l/min was considered

to be an effective cough, in line with the published literature [35, 36]

Cardiovascular fitness assessment. VO2 max was estimated using the YMCA submaxi-

mal cycle ergometry test protocol [37], following the ACSM protocol [38]. Participants sat on

an upright cycling ergometer (Lode medical ergometer, corival cpet) and pedalled for 3 min-

utes at zero resistance as a warm-up. Initial work rate was then set at 50 watts for 3 minutes

and increased 3 minutes later (minute 6 of the testing protocol) to 70W. Participants pedalled

at this resistance for a further 3 minutes, followed by a 3-minute cool down pedalling period.

HR, BP and SaO2 were recorded at each 3-minute time point during testing. VO2 max was

estimated from the regression line generated between work rate and heart rate responses at
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each stage. The maximum HR (220-age) was used to estimate what the maximal work rate

would be. This work rate was converted to VO2 max (estimated) using the ACSM equation

(VO2 (ml.kg-1.min-1) = 7 + (1.8 x work rate) / body mass (wt. in kg)) for cycle ergometry. Nor-

mative reference range for non-athletic males and females by age group were used as the com-

parator value [39], with the higher value applied. The Six Minute Walk Test (6MWT) was

employed to assess functional cardiovascular fitness. This was standardised following the

American Thoracic Society (ATS) protocol for the six-minute walk test [40], where partici-

pants were asked to walk as far as they could along a marked 30m quiet corridor. The following

predictive equations derived age and gender matched normative values: males: 6MWT (m) =

867 - (5.71 x age in years) +(1.03 x height in cm), females: 6MWT (m) = 525 - (2.86 x age in

years) + (0.71 x height in cm)–(6.22 x BMI) [41].

Integrative exercise programme

The duration of the exercise programme tested was 12-weeks with three classes per week: a

functional circuit-based training class, a High-intensity Interval Training (HIIT) session using

a spin class facility and, a Tai Chi class as detailed in Table 1. Each class ran for one hour and

consisted of a warm-up, specific exercise intervention and cool down. All classes were taught

and/or supervised by a certified exercise instructor and clinician (i.e., physiotherapist or occu-

pational therapist), with modifications and extra assistance available for anyone who needed

them. Attendance at each session was recorded by the instructor.

Statistical analysis

Codified data, collected on a proforma were inputted to SPSS (v27) for analysis. Descriptive

statistics (mean (SD), median (range) and n (%)) summarised baseline data. Independent t-

tests explored differences in baseline respiratory measures against normative data for paramet-

ric data and Mann Whitney U tests for non-parametric data. A mixed ANOVA examined

whether change in respiratory measures over time was affected by H&Y stage. Where no effect

for H&Y stage was observed, the ANOVA was rerun reporting change overtime without H&Y.

A repeated measures ANOVA was performed to examine the difference in measures over the

three time points, pre-intervention, post intervention and at follow up. Post hoc analysis, with

Bonferroni correction, examined changes between the different time points. Where results

indicate a large variation in class attendances, further analysis examining the effects of atten-

dance rates will be conducted.

Results

Participant demographics

Twenty-three volunteers by self-selection participated in this study. No participant dropped

out of the exercise programme; two participants were excluded from the spinning classes due

to abnormal haemodynamic responses to aerobic exercise identified during pre-screening.

Table 2 summarises the baseline characteristics of all participants and identifies their stages of

PD using the Hoehn and Yahr scale.

Comparison of baseline respiratory measures and published normative

data

When baseline respiratory measures were compared to normative data, Table 3, the PD study

participants, had significantly lower values in respiratory muscle strength both inspiratory

(MIP and SNIP) and expiratory (MEP). Cough efficiency as measured by PCF was
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Table 1. Description of exercise classes.

FITT Principle Description Progression

F: Once per week

I: Moderate

T: 60mins

T: Functional Training, Circuit

class with 10 exercise stations

A class consisting of a warm-up, cool down and exercises to

improve performance of activities of daily living. Exercises

focused on lower limb, upper limb, and abdominal strength

training–using body weight, dumbbells or weighted ankle and

wrist straps, standing balance exercises using foam blocks and

agility exercises including agility ladders on the floor, throwing

balls, walking while carrying a glass of water, zigzagging between

cones. The rest time between exercises was 2 mins.

Exercises were progressed on an individual basis over the 12-week

period, through either increased weight, repetitions, speed of

execution or level of difficulty.

The exercises also changed across three phases a) an initial

adaptation phase with intensive instruction; b) an improvement

phase where everyone was supported to improve either

technically or in terms of loading; c) a challenge phase (final 4

weeks) where the circuit was changed to become more

challenging for all participants.

F: Once per week

I: High

T: 60mins

T: High Intensity Interval

Training, Spinning

A workout using stationary exercise bikes, with high intensity

efforts sitting and standing on the bike interspersed with low

intensity recovery periods.

The intensity and duration of these sessions were progressed over

time. Participants started with 25 seconds exercise and 25 seconds

rest, building up to 60 seconds on and 60 seconds rest by week 12.

Participants were invited to record their maximal revolution per

minute for one minute at the end of each class on the lightest gear

setting, and this reading was used to guide their effort in the

following week’s class, with some flexibility incorporated.

F: Once per week

I: Low

T: 60mins

T: Neurodynamic, Tai Chi

A Chinese martial art consisting of sequences of slow controlled

movements, focusing on flexibility, balance and lower limb

strengthening. Breathing cues i.e., deep breaths in and out

coordinated with movement are also an important feature of this

modality.

The class was progressed with respect to the complexity of the

routines performed by the participants, including more

challenging balancing movements.

https://doi.org/10.1371/journal.pone.0301433.t001

Table 2. Baseline characteristics of participants.

Patient (N) 23

Age in years (mean+/-SD) 65.52+/-7.489

Gender (Male/Female) 14/9

BMI (Mean+/-SD) 24.68+/-3.725

Disease Duration (Range, mean+/-SD) 1–19 Years, 6.39+/-5.375

On Levodopa Treatment (N) 23

Smokers/Non-smokers/Ex-smokers (N) 0/10/13

History of Respiratory Condition (N) 1

History of Pneumonia/Chest Infection (N) 4

Medication phase during assessment ON Phase– 23

OFF Phase—0

Hoehn & Yahr Scale Total Males Females

• Stage 0 (N) 1 1 0

• Stage 1 (N) 10 7 3

• Stage 2 (N) 10 4 6

• Stage 3 (N) 2 2 0

• Stage 4 (N) 0 0 0

Median H&Y 2 1 2

MDS-UPDRS Score Mean+/-SD

Part I: Non-Motor Aspects of Experiences of Daily Living (out of 16) 7.8+/-5.4

Part II: Motor Aspects of Experiences of Daily Living (out of 52) 8.4+/-6.7

Part III: Motor Examination (out of 108) 24.5+/-12.7

Part IV: Motor Complications (out of 23) 2.7+/-3.4

Total 43.5+/-22.4

N = number of participants, SD = standard deviation, BMI = Body Mass Index

MDS-UPDRS–Movement Disorders Society Unified Parkinson’s Disease Rating Scale.

https://doi.org/10.1371/journal.pone.0301433.t002
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significantly lower in those with PD. Mean PCF for the PD group (279l/min) was well below

the 360+l/min threshold for an effective cough and approaching 270l/min, a documented

threshold value to prevent pneumonia in other neuromuscular disorders [35, 42]. Spirometry

measures of FEV(1); FVC(1) and PEF were also significantly lower in PD than the published

normative data. Similarly lower and significant differences were observed in PD for the

6MWT, a measure of functional ability and exercise tolerance.

Effects of an integrated exercise programme on respiratory outcomes

The attendance rate at scheduled classes was high, despite the element of choice. The 2 partici-

pants who were excluded from the spin classes due to abnormal haemodynamic response to

exercise identified during pre-screening were not considered in attendance numbers. As high

attendance at all classes was noted 84% overall, (Tai Chi 84%, Functional Training 87%, Spin-

ning 81%), planned sub-analysis on the impact of class attendance on outcomes was not

conducted.

The mixed ANOVA identified no significant effect for H&Y stage on the performance of

measures over time; therefore, results are reported over time without H&Y stage consider-

ation. Table 4 summarises the pre, post and follow-up results for change over time in all out-

come measures of interest using a repeated measure ANOVA.

Table 3. Comparison of baseline respiratory measures in PD with normative data.

PD Normative P value Effect

Size

Male PD Male

Normative

P value Effect

Size

Female

PD

Female

Normative

P value Effect

Size

Spirometry

FEV1 (l) 2.5+/-0.7 2.9+/-0.7 0.04* 0.6 2.6+/-0.8 3.3+/-0.6 0.02* 1.7 2.36

+/-0.24

2.37+/-0.5 0.94 -0.034

FVC (l) 3.1+/-0.9 3.7+/-0.8 0.02* 0.7 3.4+/-0.7 4.2+/-0.7 0.01* 1 2.83+/-0.6 3.05+/-0.265 0.33 0.47

FEV1/FVC (%) 82

+/-15.8

77.5+/-1.2 0.182 -0.4 80.8

+/-19.3

76.9+/-1.2 0.45 -0.28 78.4+/-0.5 84+/-8.8 0.09 -0.882

PEF (l/min) 329

+/-100

745+/-162 <0.001* 3.06 356+/-121 841.3+/-135 <0.001* 3.7 291.9

+/-42

596.3+/-37.5 <0.001* 7.6

Respiratory Muscle Strength

MIP (cmH20) 45.1

+/-24.2

89.5+/-15.7 <0.001* 2.1 49+/-25.4 98.5+/-11.8 <0.001* 2.5 39.5

+/-22.6

75.5+/-9.5 <0.001* 2

MEP cmH20) 72

+/-27.7

112.4

+/-26.4

<0.001* 1.49 76.8

+/-31.2

130.7+/-15.2 <0.001* 2.2 64.7

+/-20.7

83.9+/-5.8 0.025* 1.3

SNIP (cmH20) 40.7

+/-24.5

89.6+/-11.3 <0.001* 2.5 46.4

+/-26.2

92.5+/-13 <0.001* 2.2 32.2

+/-19.8

85+/-6.4 <0.001* 3.6

Peak Cough Flow

PCF (l/min) 279

+/-113

360+/-0 0.002* 1.09 286.8

+/-132.7

360+/-0 0.05* 0.78 268.1

+/-78.6

360+/-0 0.003* 1.6

Cardiovascular Fitness

Estimated

VO2max (l/min)

32.9

+/-12.9

34.6+/-1.5 0.57 0.18 29.2+/-4.2 38.14+/-4.9 <0.001* 1.9 38.8

+/-19.4

30+/-0 0.24 -0.67

6MWT (m) 437

+/-110

656.5

+/-55.6

<0.001* 2.5 449+/-125 674.3+/-60 <0.001* 2.3 419.6

+/-86

628.7+/-35 <0.001* 3.2

Data are expressed as mean and SD. FEV1: Forced Expiratory Volume in 1 second, FVC: Forced Vital Capacity, PEF: Peak Expiratory Flow, MIP: Maximum Inspiratory

Pressure, MEP: Maximum Expiratory Pressure, SNIP: Sniff Nasal Inspiratory Pressure, PCF: Peak Cough Flow, l:litre, l/min: litre per minute, cmH2O: centimetres of

water

*:p�0.05

https://doi.org/10.1371/journal.pone.0301433.t003
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A statistically significant difference, with a large effect size, was noted in Total

MDS-UPDRS and MDS-UPDRS Part III scores over time, with significant and incremental

improvement evident at each timepoint. Statistically significant and incremental improve-

ments in PEF were also observed over time with large effect size (MD: 50.2, 95% CI: 2.8, 97.5,

p = 0.04). While MEP and 6MWT outcomes were observed to change over time with large

effect size, post hoc analysis using Bonferroni adjustment identified that MEP (MD: 13.8, 95%

CI: 2.5, 25.1, p = 0.013) and 6MWT (MD: 74.4, 95% CI: 40.6, 108.2 p<0.001) significantly

increased from baseline to post intervention but significantly decreased between this and 16

week follow up (MD: -13.5, 95% CI: -27, -0.07, p = 0.048 and (MD: -21.5, 95% CI: -42.7, -0.32,

p = 0.046 respectively).

Post intervention improvements were noted in the outcomes of FEV1/FVC, MIP, SNIP

and VO2max. These did not reach statistical significance and showed large (MIP) and medium

(FEV1/FVC, SNIP, VO2max) effect sizes. The measures of FVC, FEV1 and PCF did not show

improvement post intervention, rather values decreased over time.

Discussion

This study, which tested an opt-in, community based integrative exercise programme com-

prising three different types of exercise classes in PD, demonstrated statistically significant

reductions in MDS-UPDRS Scores over the 12 weeks, that were sustained at follow-up. This

was not an unexpected finding given evidence from both human and animal models that

Table 4. Outcome measures pre-post intervention.

Pre-intervention Post Intervention 16 weeks Post Intervention F Df P Partial ETA squared

MDS-UPDRS Scores

Medication State On—23 On -21 On -21 - - - -

Off-2 Off-1

Total MDS-UPDRS Scores 45.4+/-20.9 40.3+/-22.8 35.7+/-25.5++ 5.4 2 0.008* 0.2

MDS-UPDRS Part III 24.5+/-12.7 22.2+/-13.6 15.9+/-15.2 8.5 2 <0.001* 0.3

Respiratory Rate

RR (bpm) 17.1(2.7) 18(3.5) 17.4(2.4) 1.3 2 0.28 0.06

Spirometry

FEV1 (l) 2.4 (0.7) 2.4 (0.7) 2.6 (0.6) 1.9 2 0.16 0.08

FVC (l) 3.2 (0.9) 2.8 (0.8) 2.9 (0.5) 0.8 2 0.45 0.04

FEV1/FVC (%) 82.1 (15.6) 85.7 (10.6) 88.9 (8.6) 2.7 2 0.08 0.11

PEF (l/min) 320.9 (93.5) 368.0 (112.2) 371.1 (113.7) 3.6 2 0.04* 0.15

Respiratory Muscle Strength

MIP (cmH20) 43.9 (25.0) 48.9(23.7) 43.4 (23.6) 1.4 2 0.26 0.62

MEP (cmH20) 71.3 (28.1) 85.1 (26.8)+ 71.5 (29.1) – 5.6 2 0.007* 0.20

SNIP (cmH20) 42.0 (24.4) 47.8 (24.1) 37.2 (15) 2.6 2 0.09 0.11

Cough Flow

PCF (l/min) 278.5 (115.5) 270.4 (85.1) 259.1 (89.3) 0.4 2 0.669 0.02

Cardiovascular Fitness

Estimated VO2max (l/min) 30+/-15.5 31.2+/-8.5 30.6+/-7.5 1.3 1.6 0.28 0.06

6MWT (m) 426.5+/-99.0 501+/-85.8+ 479.4+/-93.3– 19.7 1.5 <0.001* 0.50

Data are expressed as mean and SD. FEV1: Forced Expiratory Volume in 1 second, FVC: Forced Vital Capacity, PEF: Peak Expiratory Flow, MIP: Maximum Inspiratory

Pressure, MEP: Maximum Expiratory Pressure, SNIP: Sniff Nasal Inspiratory Pressure, PCF: Peak Cough Flow

*P �0.05. Bonferroni adjusted post hoc testing: +significant improvement post intervention p<0.01, ++ significant improvement from baseline to long term follow up

p<0.005,—deteriorated from post intervention to follow-up p = 0.05.

https://doi.org/10.1371/journal.pone.0301433.t004
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exercise has a neuroprotective role and can improve motor impairments and physical condi-

tion in people with PD regardless of disease staging [43–45]. Measuring respiratory function

in PD is not standard practice despite evidence of obstructive, restrictive, mixed, and central

issues reported in the literature [13]. Similarly, inclusion of outcomes addressing the spectrum

of respiratory dysfunction is not routine in exercise trials in PD, with limited evidence to sup-

port their efficacy to affect improvements in respiratory function [26]. This study identified

significant baseline impairments in respiratory muscle strength (inspiratory and expiratory),

PCF rates and cardiovascular fitness (6MWT) and abnormalities in spirometry measures

addressing restrictive (FVC) and obstructive (PEF) dysfunction, in participants presenting to a

community-based exercise class for PD. These are interesting findings in the context of the

study population where the majority are in the early stages of disease progression (87% in

H&Y stages 1–2), although preclinical studies have previously highlighted early respiratory

impairments in PD [46, 47]. The 12-week opt-in integrative exercise programme targeting

resistance training and balance (functional circuit training classes and tai chi) and aerobic

training (spin classes) affected short term, statistically significant improvements in expiratory

muscle strength, PEF and the 6MWT. Non-significant improvements were noted in inspira-

tory muscle strength and estimated Vo2max. Improvements were not maintained long term

(except for PEF rate), suggesting ongoing input is required for maintenance. Resting respira-

tory rate remained largely unchanged and PCF rate was noted to decline over the testing

period. Elements of respiratory dysfunction identified in this study appear to be responsive to

exercise in people with PD in the short term. While the intervention tested in this study

allowed participants freedom of choice in their exercise program, all participants attended a

high proportion (>82%) of all classes. It was not possible to examine further which exercise

component/s may have offered greatest benefit to the respiratory metrics which improved

post-intervention.

Significant respiratory muscle weakness was evident in the PD group compared to norma-

tive values in this study for both inspiratory and expiratory muscle groups. Expiratory muscle

weakness is well established in published PD literature [10, 48–50] and non-pharmacological

interventions have been shown by meta-analysis to improve MEP by 19cmH20 (CI 7.79–

30.14) [26] with the main effect observed when expiratory muscle strength training is targeted

[24, 51]. Evidence from other populations supports moderate to vigorous intensity aerobic

exercise affects improvements in expiratory muscle strength [52–54]. This study now demon-

strates for the first time in PD, an integrated exercise programme, that included a high inten-

sity aerobic spin class, affected change in expiratory muscle groups. Increased MEP may be

because of improved thoracic expansion from Tai Chi, or the documented global effort exer-

cise, HIIT, and circuit based functional training has on strengthening the expiratory muscles.

Inspiratory muscle weakness, also well documented in PD [50, 55–57] and other degenerative

neurological conditions [58, 59] is responsive to exercise interventions, noted in a meta-analy-

sis of strength training [60], exergaming [61] and functional exercises [61] to improve MIP by

25.85cmH20 (CI 8.34–43.36). This current study echoes these results with large effect sizes

observed for both MIP and SNIP improvement following intervention. While these findings

did not achieve statistical significance, results may be a result of inadequate sample size power

or point to greater benefit accrual from more specific inspiratory muscle training programmes

[62] or resistance-based strength training interventions, also shown to increase inspiratory

muscle activation with increased effort and abdominal strengthening [60].

Motor impairments of cough, asymptomatic in up to 50% of people with PD, have been

reported in early disease stages, with both motor and sensory deficits prevalent in the later

stages [63–65]. In this study, baseline values recorded for voluntary cough flow were low and

deteriorated over the course of the study, indicating the predominantly early-stage PD
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participants are at risk of infection due to ineffective airways clearance. PCF values in excess of

360l/min are considered normal in a healthy population [66], with excess of 180l/min required

for effective mucus removal and prevention of pneumonia in neuromuscular diseases [67].

The notable dystussia identified in participants is important to note in PD where respiratory

disorders are the most common cause of death [2] and account for a third of all hospital

admissions [5]. Furthermore, reflex, and voluntary cough dysfunction is often concomitant

with dysphagia in people with PD [68–70]. Addressing cough impairment is not straightfor-

ward, as it can include motor and sensory aspects of impairment. Differences exist in the litera-

ture as to the most effective respiratory muscles to improve PCF, with some reporting a higher

correlation between inspiratory muscle strength and PCF for example in multiple sclerosis

[71], whereas others report improved cough function following expiratory muscle training in

populations with PD [24], stroke and other conditions [72–74]. Improvements in respiratory

muscle strength (MIP and MEP) have previously been associated with improved motor com-

ponents measured as PCF [75, 76], yet, despite improvements in MEP and MIP evident in this

study post intervention, PCF values continued to deteriorate over the course of the study.

Spirometry values, including PEF rate, were significantly lower in the PD group com-

pared with published normative data, however FEV1/FVC ratios suggested no airways

obstruction. Conflicting evidence again exists in relation to the pattern of respiratory dys-

function, with the prevalence of restrictive dysfunction varying from 28–94% and obstruc-

tive varying from 6.7–67% in the literature [13]. Recent meta-analyses point to a restrictive

pattern, indicated by reduced FVC and FEV1, and potentially caused by evident inspiratory

muscle weakness [14] like findings in this study. The lower PEF rates observed are not in

keeping with pooled meta-analytics previously published [14] and have no obvious explana-

tion as a measure reflecting large airways patency. Significant improvement in PEF rates

were seen post intervention, across all timepoints in this current study in contrast to all

other measures. While it is not anticipated that the exercise intervention would have

affected airway patency, PEF starts after a maximum inspiration and records how hard and

fast one can forcefully exhale. Therefore, improvements in thoracic expansion from Tai

Chi, or inspiratory and expiratory muscle strength may have influenced PEF where HIIT,

and circuit based functional training may have contributed. PEF has been previously shown

to improve significantly in people with PD following general exercise-based interventions

[26], a finding also seen in healthy individuals and those with asthma [77–79]. The effort

required to produce PEF is heavily influenced by muscle strength [80, 81] and this measure

may improve further with interventions which specifically target respiratory muscle

strengthening. The lack of improvement in other spirometry findings are more clearly ech-

oed in other studies investigating the effects of a non-specific exercise intervention on respi-

ratory metrics in people with PD [61, 82, 83]. Exercise interventions which include a

specific respiratory strength training component do appear to have positive outcomes on

some other aspects of spirometry function, namely FVC [60, 82, 84].

While measures of central pathogenesis of respiratory dysfunction in PD including sensitiv-

ity to oxygen and carbon dioxide levels were not feasible to perform in this study, mean resting

respiratory rate recorded (17breaths/min) was higher than the normal range (12–16 breaths/

min) [85] although not outside the range for older adults [86]. Pre-clinical studies on rats have

demonstrated a central respiratory disorder where changes in respiratory rate and altered

response to hypoxia and hypercapnia emerge soon after a lesion evoking degeneration of

dopaminergic neurons [87, 88]. Mechanisms for the increased respiratory rate in PD include

the presence of neurodegeneration in brainstem central respiratory centres causing central

pacing and chemosensitivity issues and diaphragmatic dyskinesis due to levodopa medication

[13]. The increased RR was not responsive to the exercise intervention despite evidence in
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healthy and sedentary populations of a reduction in resting respiratory rate after prolonged

exercise when compared with matched controls [89, 90].

Estimated VO2max was reduced in the PD group compared to published norms. This met-

ric, while improved post intervention, did not reach statistical significance, similar to previ-

ously published findings in PD [91]. This may result from an insufficient aerobic training

dosage to bring about a cardiovascular training response in the integrated exercise programme

[92] or from low study numbers with insufficient power. Disaggregation of VO2 max by sex,

Table 3 identified differences, whereby estimated VO2 max was higher than normative data in

females, most likely driven by one outlier in the group. In contrast and similar to other pub-

lished research [93], estimated VO2max was significantly reduced in male participants at base-

line. Submaximal tests, as used in this study, are known to overestimate true VO2max [38]

which suggests cardiovascular fitness in PD may be more reduced than findings presented.

Mean estimated VO2max reported in Table 2 is notably higher than findings published in a

systematic review of aerobic capacity in PD (22.2 mL O2�kg−1�min−1 and 21.9 mL

O2�kg−1�min−1 in ON and OFF phases respectively [94]). In addition, contrary to findings pre-

sented in this study, the systematic review reported no differences between individuals with

PD and healthy controls in their cardiovascular fitness. One explanation for this discrepancy

in findings may be many resources cite reference ranges rather than absolute values as norma-

tive data for V02max, therefore direct comparison with matched controls may be more reli-

able. Baseline 6MWT results compared to normative data, confirm significant loss of

functional fitness capacity in PD which appears to be responsive to the integrated exercise pro-

gramme. Improvement in 6MWT is most likely related to HIIT as demonstrated in other con-

ditions [95, 96] however strength training [97] and Tai Chi [98] may also have contributed.

Different modes of exercise have previously been proven to improve 6MWT distance includ-

ing walking [99], aerobic exercise [100], dance [101] and resistance training [102]. Cardiovas-

cular autonomic disturbance in PD is another factor to be considered in aerobic training in

PD. This study identified an altered cardiovascular response to aerobic exercise in two partici-

pants during screening. This finding suggests careful screening and monitoring of patients is

essential [103]. Endurance training has been found to be beneficial in alleviating cardiovascu-

lar autonomic dysfunction in PD, but further research is required [102].

Significant short-term improvements were observed in MEP, 6MWT and PEF. In the

absence of continuing exercise, benefits were not maintained for MEP or 6MWT. Exercise in

progressive neurological conditions such as PD, has been shown to benefit both motor and

nonmotor signs, improve physical function and reduce disability [104]. However, ongoing

maintenance programmes are required, to maintain improvements [105] and reduce the rate

of decline [106, 107] Therefore sustainable exercise programmes aiming to provide long term

improvement in and/or maintenance of respiratory measures in PD are needed.

The authors acknowledge a number of limitations in this research. Due to the small sample

size, the study may not be adequately powered to detect statistically significant change in mea-

sures which may have improved following the programme of exercise. The smaller sample size

also has implications on the generalizability of study findings. Sampling bias is possible based

on the non-probability sampling method employed and the opt-in nature of the selection pro-

cess may lead to self-selection bias, where participants may be more receptive to exercise and

have prior experience exercising. In the absence of a control group, changes in respiratory

metrics cannot be directly attributed to the exercise intervention with certainty. Most partici-

pants in this study had mild PD symptoms (H&Y 0–2) therefore the findings presented at

baseline and in response to exercise may not be representative of all PD patients. Effect sizes

for all changes in measures observed were medium or large, showing promise as preliminary

findings. Further research is now warranted in larger, adequately powered, and controlled
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studies across all stages of PD. Although perceived dyspnoea was not included in the current

study as an outcome of interest, given the presence of increased perception of dyspnoea in the

PD population [13], it’s impact on quality of life and its multifactorial nature, with central

peripheral and emotional processes hypothesised to be involved [88], inclusion of it as a mea-

sure in future trials is strongly recommended. All participants were taking levodopa medica-

tion and were in the ON phase during testing. Levodopa medication has been found to have

both positive; improved FVC, FEV1, Vital Capacity (VC), PEF, and respiratory muscle

strength, and negative effects; dyspnoea, tachypnoea, hyperventilation and dyskinesias. on the

respiratory system. There are conflicting data on the effects of exercise on levodopa, where

both increases [108–110] and decreases [108, 110] in levodopa absorption following exercise

have been demonstrated. Given this, the increase in PEF, MEP and 6MWT following exercise

may be an indirect effect of improved levodopa absorption leading to changes rather than

direct effects of exercise. Further research in both the ON and OFF phases and in patients who

are not taking levodopa medication is also recommended.

This study explored how an integrative, non-specific exercise programme could identify

impairments and enhance respiratory function in PD. This differs from previous studies that

employed targeted, clinical intervention/s that could be considered less ecologically valid in

comparison to community-based exercise programmes, available to large groups of people

outside of a medical setting. To ensure greater numbers of people with PD have access to effec-

tive exercise supports, future work is required to determine which sustainable community-

based exercise regimes offer the greatest improvement in respiratory function and greatest all-

round long-term benefits i.e., cardiovascular fitness, respiratory function, mobility; strength/

balance/coordination, enjoyment, social interaction and support, cognitive function.

Conclusion

This study identifies merit in including baseline and follow-up respiratory outcomes for exer-

cise interventions targeting individuals with PD. Significant respiratory dysfunction exists,

even in the early stages of PD. Metrics of respiratory muscle strength, peak expiratory flow rate

and functional aerobic capacity appear to be responsive to an opt-in integrative exercise pro-

gramme. The benefits are not well-preserved following programme completion suggesting

additional and ongoing maintenance strategies are required. These findings now warrant fur-

ther testing in an adequately powered randomised control trial.
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