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Background: Speech impairments are common with Parkinson’s disease (reported prevalence 68%), 
increasing conversational demands, reliance on family and social withdrawal.

Objective(s): The PD COMM trial compared the clinical and cost-effectiveness of two speech and 
language therapy approaches: Lee Silverman Voice Treatment LOUD and National Health Service speech 
and language therapy for the treatment of speech or voice problems in people with Parkinson’s disease 
to no speech and language therapy (control) and against each other.

Design: PD COMM is a phase III, multicentre, three-arm, unblinded, randomised controlled trial. 
Participants were randomised in a 1 : 1 : 1 ratio to control, National Health Service speech and language 
therapy or Lee Silverman Voice Treatment LOUD via a central computer-generated programme, using 
a minimisation procedure with a random element, to ensure allocation concealment. Mixed-methods 
process and health economic evaluations were conducted.

Setting: United Kingdom outpatient and home settings.

Participants: People with idiopathic Parkinson’s disease, with self-reported or carer-reported speech or 
voice problems. We excluded people with dementia, laryngeal pathology and those within 24 months of 
previous speech and language therapy.
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Interventions: The Lee Silverman Voice Treatment LOUD intervention included maximum effort drills 
and high-effort speech production tasks delivered over four 50-minute therapist-led personalised 
sessions per week, for 4 weeks with prescribed daily home practice. National Health Service speech  
and language therapy content and dosage reflected local non-Lee Silverman Voice Treatment speech and 
language therapy practices, usually 1 hour, once weekly, for 6 weeks. Trained, experienced  
speech and language therapists or assistants provided interventions. The control was no speech and 
language therapy until the trial was completed.

Main outcome measures: Primary outcome: Voice Handicap Index total score at 3 months. Secondary 
outcomes: Voice Handicap Index subscales, Parkinson’s Disease Questionnaire-39; Questionnaire on 
Acquired Speech Disorders; EuroQol-5D-5L; ICEpop Capabilities Measure for Older Adults; Parkinson’s 
Disease Questionnaire – Carers; resource utilisation; and adverse events. Assessments were completed 
pre-randomisation and at 3, 6 and 12 months post randomisation.

Results: Three hundred and eighty-eight participants were randomised to Lee Silverman Voice 
Treatment LOUD (n = 130), National Health Service speech and language therapy (n = 129) and 
control (n = 129). The impact of voice problems at 3 months after randomisation was lower for Lee 
Silverman Voice Treatment LOUD participants than control [−8.0 (99% confidence interval: −13.3, 
−2.6); p = 0.001]. There was no evidence of improvement for those with access to National Health 
Service speech and language therapy when compared to control [1.7 (99% confidence interval: −3.8, 
7.1); p = 0.4]. Participants randomised to Lee Silverman Voice Treatment LOUD reported a lower 
impact of their voice problems than participants randomised to National Health Service speech and 
language therapy [99% confidence interval: −9.6 (−14.9, −4.4); p < 0.0001]. There were no reports 
of serious adverse events. Staff were confident with the trial interventions; a range of patient and 
therapist enablers of implementing Lee Silverman Voice Treatment LOUD were identified. The economic 
evaluation results suggested Lee Silverman Voice Treatment LOUD was more expensive and more 
effective than control or National Health Service speech and language therapy but was not cost-
effective with incremental cost-effectiveness ratios of £197,772 per quality-adjusted life-year gained 
and £77,017 per quality-adjusted life-year gained, respectively.

Limitations: The number of participants recruited to the trial did not meet the pre-specified power.

Conclusions: People that had access to Lee Silverman Voice Treatment LOUD described a significantly 
greater reduction in the impact of their Parkinson’s disease-related speech problems 3 months after 
randomisation compared to people that had no speech and language therapy. There was no evidence 
of a difference between National Health Service speech and language therapy and those that received 
no speech and language therapy. Lee Silverman Voice Treatment LOUD resulted in a significantly lower 
impact of voice problems compared to National Health Service speech and language therapy 3 months 
after randomisation which was still present after 12 months; however, Lee Silverman Voice Treatment 
LOUD was not found to be cost-effective.

Future work: Implementing Lee Silverman Voice Treatment LOUD in the National Health Service 
and identifying alternatives to Lee Silverman Voice Treatment LOUD for those who cannot tolerate 
it. Investigation of less costly alternative options for Lee Silverman Voice Treatment delivery require 
investigation, with economic evaluation using a preference-based outcome measure that captures 
improvement in communication.

Study registration: This study is registered as ISRCTN12421382.

Funding: This award was funded by the National Institute for Health and Care Research (NIHR) 
Health Technology Assessment programme (NIHR award ref: 10/135/02) and is published in full in 
Health Technology Assessment; Vol. 28, No. 58. See the NIHR Funding and Awards website for further 
award information.



DOI: 10.3310/ADWP8001� Health Technology Assessment 2024 Vol. 28 No. 58

ixCopyright © 2024 Sackley et al. This work was produced by Sackley et al. under the terms of a commissioning contract issued by the Secretary of State for Health and  
Social Care. This is an Open Access publication distributed under the terms of the Creative Commons Attribution CC BY 4.0 licence, which permits unrestricted use, distribution, 
reproduction and adaptation in any medium and for any purpose provided that it is properly attributed. See: https://creativecommons.org/licenses/by/4.0/. For attribution the 
title, original author(s), the publication source – NIHR Journals Library, and the DOI of the publication must be cited.

Contents

List of tables	 xiii

List of figures	 xv

Glossary	 xix

List of abbreviations	 xxi

Plain language summary	 xxiii

Scientific summary	 xxv

Chapter 1 Background	 1
Introduction	 1

Parkinson’s disease	 1
Speech and voice problems experienced by people with Parkinson's disease and  
their families	 2

Evidence base for speech and language therapy for speech problems in 
Parkinson's disease	 4
Rationale and the need for the PD COMM trial	 4

Rationale for trial	 4
Trial design	 5
Rationale for choice of interventions	 5

Stakeholder involvement	 5

Chapter 2 Methods	 7
Objectives	 7
Research questions	 7
Trial design	 7
Participants	 8
Setting	 8
Interventions	 8

Lee Silverman Voice Treatment (LSVT LOUD)	 9
National Health Service speech and language therapy	 9
Control no speech and language therapy group	 10
Adherence to the interventions	 10
Training requirements	 10

Outcomes	 11
Primary outcome	 11
Secondary outcomes	 11

Outcome assessment time points	 13
Sample size	 13

Global rating scale (transition item)	 14
Randomisation	 14

Sequence generation and allocation concealment	 14
Recruitment and selection	 14
Blinding	 15
Statistical methods	 16
Oversight and monitoring	 17



x

NIHR Journals Library www.journalslibrary.nihr.ac.uk

Contents

Safety reporting	 17
Summary of any changes to the trial protocol	 18

Chapter 3 Results	 19
Recruitment	 19
Participant flow	 19
Baseline data	 19

Data completeness	 19
Adherence to treatment	 20
Interventions as given	 22

LSVT LOUD	 22
National Health Service speech and language therapy	 24

Effectiveness of speech and language therapies for  Parkinson’s disease-related speech 
and voice problems (dysarthria) after 3 months (primary outcome)	 24

Primary analysis	 24
Per-protocol analyses	 25
Sensitivity analyses to assess impact of missing data	 25

Exploration of the impact of potential confounders on the impact of voice  
problems at 3 months	 25
Effectiveness of speech and language therapies on the impact of voice problems  
over 12 months	 26
Effectiveness of speech and language therapies on the emotional, functional  
and physical impacts of voice problems (secondary outcome)	 26

Emotional subscale	 26
Functional subscale	 26
Physical subscale	 27

Effect of the interventions on participant’s dysarthria-specific quality of life  
(secondary outcome)	 27
Effectiveness of speech and language therapies on the participant’s Parkinson’s  
disease-specific quality of life (secondary outcome)	 27
Effectiveness of speech and language therapies on the participant’s general health 
status (secondary outcome)	 28
Effectiveness of speech and language therapies on carer’s quality of life  
(secondary outcome)	 30
Clinical data	 31
Adverse events	 32

Chapter 4 Meta-analysis	 33
Background and pilot trial design	 33
PD COMM pilot results	 33
Meta-analysis of PD COMM and PD COMM Pilot	 34

Chapter 5 Implementation of PD COMM interventions: process evaluation	 37
Process evaluation aims and objectives	 37
Methods	 38

Design	 38
Results	 40

Quantitative data: therapist questionnaires	 40
Qualitative semistructured interviews	 42
PD COMM therapists – identified themes	 45
PD COMM participants – identified themes	 48
Mapping of identified themes on to the normalisation process theory constructs	 52
An explanatory framework and model of ‘equipoise’ for the PD COMM trial interventions	 53



DOI: 10.3310/ADWP8001� Health Technology Assessment 2024 Vol. 28 No. 58

xiCopyright © 2024 Sackley et al. This work was produced by Sackley et al. under the terms of a commissioning contract issued by the Secretary of State for Health and  
Social Care. This is an Open Access publication distributed under the terms of the Creative Commons Attribution CC BY 4.0 licence, which permits unrestricted use, distribution, 
reproduction and adaptation in any medium and for any purpose provided that it is properly attributed. See: https://creativecommons.org/licenses/by/4.0/. For attribution the 
title, original author(s), the publication source – NIHR Journals Library, and the DOI of the publication must be cited.

Chapter 6 Content of Parkinson's disease COMM interventions: process evaluation	 57
Methods of capturing PD COMM intervention information	 57

Speech and language therapy treatment record forms	 57
Therapy notes	 58

Speech and language therapy intervention rationale and goals	 58
Materials used	 58

Technologies	 58
Biofeedback	 59
Numerical measurement	 59

Intervention procedures	 59
Intervention targets (speech subsystems)	 59
Other intervention targets	 59
Voice and speech cues	 59
Vocal activities	 60

Tailoring	 61
Home-based practice	 61

Chapter 7 Economic evaluation	 63
Overview	 63
Methods	 63
Outcome measures	 63
Resource use and costs	 64

Trial interventions	 64
Missing data	 65
Statistical analysis	 66
Economic evaluation	 66
Analysis of uncertainty	 66

Results	 68
Data completion	 68

Outcome measures	 68
Resource use and costs	 68

Trial interventions	 68
National Health Service and social services resource use	 70

Private health services	 72
Patient-incurred costs and productivity losses	 72

Total costs	 72
Economic evaluation	 75

Base-case analysis	 75
Sensitivity analysis	 76
Scenario analyses	 79

Chapter 8 Discussion and conclusions	 83
Summary of findings and interpretation	 83

Clinical outcomes	 83
Process evaluation findings	 83
Health economics findings	 84

Results in context	 85
Impact of voice problems	 85
Suitability and acceptability	 85
Health economics	 86

Strengths	 86
Trial design	 86
Pragmatic delivery of interventions	 86



xii

NIHR Journals Library www.journalslibrary.nihr.ac.uk

Contents

Primary outcome choice	 87
Limitations	 87

Conclusions	 89
Equality, diversity and inclusion	 89

Participant representation	 89
Reflections on your research team and wider involvement	 90

Patient and public involvement	 90
Implications for decision-makers	 90
Recommendations for future research	 91

Additional information	 93

References	 101

Appendix 1 Results	 109

Appendix 2 Health economics	 135



DOI: 10.3310/ADWP8001� Health Technology Assessment 2024 Vol. 28 No. 58

xiiiCopyright © 2024 Sackley et al. This work was produced by Sackley et al. under the terms of a commissioning contract issued by the Secretary of State for Health and  
Social Care. This is an Open Access publication distributed under the terms of the Creative Commons Attribution CC BY 4.0 licence, which permits unrestricted use, distribution, 
reproduction and adaptation in any medium and for any purpose provided that it is properly attributed. See: https://creativecommons.org/licenses/by/4.0/. For attribution the 
title, original author(s), the publication source – NIHR Journals Library, and the DOI of the publication must be cited.

TABLE 1 Outcome assessment time points	 13

TABLE 2 Baseline characteristics by randomisation arm	 21

TABLE 3 Treatment adherence in PD COMM by trial arm	 22

TABLE 4 Summary of the interventions as delivered	 23

TABLE 5 Primary outcome	 25

TABLE 6 Summary of clinical outcomes	 32

TABLE 7 PD COMM Pilot participant characteristics at randomisation	 33

TABLE 8 Primary analysis as per PD COMM of PD COMM Pilot VHI score at 3 months	 35

TABLE 9 Themes and subthemes identified as a result of data analysis of interviews 
with PD COMM therapists and participants	 44

TABLE 10 Identified themes and subthemes from interviews with PD COMM 
participants and therapists mapped on to the five constructs described in the NPT 
framework (May et al. 2007)	 53

TABLE 11 Speech and language therapy activities associated with treatment of people 
with dysarthria	 58

TABLE 12 Standard NHS SLT and LSVT LOUD procedures	 60

TABLE 13 Standard NHS SLT and LSVT LOUD interventions by reported therapy 
activities	 60

TABLE 14 Outcome measures at 12 months – base-case (imputed) and complete case 
analyses	 69

TABLE 15 Speech and language therapy resource and set-up costs	 70

TABLE 16 Mean NHS and social services resource use and costs per participant  
over 12 months by intervention group [complete resource use and cost data  
(2019–20 prices)]	 71

TABLE 17 Aggregated cost for all cost categories – base-case (imputed) and complete 
case analyses	 73

TABLE 18 Results of the economic evaluation for the base-case analysis – imputed data� 75

TABLE 19 Scenario analysis – alternative delivery of LSVT	 80

TABLE 20 Reasons for participant withdrawal	 111

List of tables



xiv

NIHR Journals Library www.journalslibrary.nihr.ac.uk

List of tables

TABLE 21 Form completion and response rates at baseline and follow-up	 112

TABLE 22 Summary of initial interview and log data by trial arm	 113

TABLE 23 Assessment of adherence	 114

TABLE 24 Sensitivity – analysis assuming different responses for missing scores	 115

TABLE 25 Subgroup analyses	 117

TABLE 26 Analysis excluding participants with 3-month VHI completed during COVID	 118

TABLE 27 Voice Handicap Index total scores over time	 118

TABLE 28 Voice Handicap Index subscale scores over follow-up 	 119

TABLE 29 Questionnaire on acquired speech disorders (living with dysarthria)	 120

TABLE 30  Parkinson’s Disease Questionnaire-39 summary index and subscale scores 
over follow-up 	 121

TABLE 31 Analysis and summary statistics for EQ5D-5L over time	 126

TABLE 32 ICEpop Capabilities Measure for Older Adults score	 128

TABLE 33 Carer participation by treatment	 129

TABLE 34 Carer PDQ-39	 130

TABLE 35 Adverse events	 133

TABLE 36 Cost of LSVT training and companion software per patient with Parkinson’s 
disease (PwPD)	 135

TABLE 37 Unit costs of resource use (UK £ 2019–20)	 135

TABLE 38 Form return rate and completion by intervention group	 138

TABLE 39 Mean utility score per participant by intervention group (EQ-5D-5L and 
ICECAP-O) over the 12-month period – complete data	 139

TABLE 40 Mean privately funded services, productivity costs and out-of-pocket 
expenses per participant over 12 months by intervention group – [complete resource 
use and cost data (2019–20 prices)]	 140

TABLE 41 Results of the sensitivity analyses	 141



DOI: 10.3310/ADWP8001� Health Technology Assessment 2024 Vol. 28 No. 58

xvCopyright © 2024 Sackley et al. This work was produced by Sackley et al. under the terms of a commissioning contract issued by the Secretary of State for Health and  
Social Care. This is an Open Access publication distributed under the terms of the Creative Commons Attribution CC BY 4.0 licence, which permits unrestricted use, distribution, 
reproduction and adaptation in any medium and for any purpose provided that it is properly attributed. See: https://creativecommons.org/licenses/by/4.0/. For attribution the 
title, original author(s), the publication source – NIHR Journals Library, and the DOI of the publication must be cited.

FIGURE 1 Intended trial participant flow	 15

FIGURE 2 Flow of participants	 20

FIGURE 3 Mean VHI total score profile plot over 12 months by intervention	 26

FIGURE 4 Mean VHI emotional subscale score profile plot with error bars over  
12 months by intervention	 27

FIGURE 5 Mean VHI functional subscale score profile plot with error bars over  
12 months by intervention	 28

FIGURE 6 Mean VHI physical subscale score profile plot with error bars over  
12 months by intervention	 28

FIGURE 7 Mean QASD profile plot over 12 months with error bars by intervention	 29

FIGURE 8 Mean PDQ-39 communication subscale profile plot with error bars over  
12 months by intervention	 29

FIGURE 9 Mean EQ5D index score profile plot with error bars over 12 months  
by intervention	 29

FIGURE 10 Mean EQ5D visual analogue score profile plot with error bars over  
12 months by intervention	 30

FIGURE 11 Mean ICECAP-O score profile plot with error bars over 12 months  
by intervention	 30

FIGURE 12 Mean PQD-carer summary index profile plot with error bars over  
12 months by intervention	 31

FIGURE 13 Mean PDQ-39 anxiety and depression subscale profile plot with error  
bars over 12 months by intervention	 31

FIGURE 14 Forest plot of LSVT vs. control from PD COMM and PD COMM pilot	 35

FIGURE 15 Forest plot of NHS SLT vs. control from PD COMM and PD COMM pilot	 35

FIGURE 16 Forest plot of NHS SLT vs. LSVT from PD COMM and PD COMM pilot	 35

FIGURE 17 PD COMM process evaluation flow chart	 38

FIGURE 18 Distribution of PD COMM speech and language therapists according to 
years of experience	 40

FIGURE 19 Distribution of SLTs according to years of experience and delivering  
LSVT as part of their current role	 40

List of figures



xvi

NIHR Journals Library www.journalslibrary.nihr.ac.uk

List of figures

FIGURE 20 Distribution of GSE scores across all PD COMM therapists with different 
levels of experience grouped depending on whether SLTs deliver LSVT as part of their 
current role	 41

FIGURE 21 Distribution of degree of familiarity of SLTs with LSVT and NHS SLT 
interventions across different levels of professional experience	 42

FIGURE 22 Mean score across four NPT constructs for each of the PD COMM 
interventions	 43

FIGURE 23 Mean scores (from 1 – ‘I don’t get it’ to 3 – ‘Got it’) for each of the eight 
sections of the LSVT skills questionnaire, across all therapists with different levels of 
experience	 43

FIGURE 24 Model of equipoise between PD COMM interventions	 55

FIGURE 25 Scatterplot on the cost-effectiveness plane representing 5000 estimates  
of incremental costs and QALYs for the base-case analysis (NHS perspective)  
comparing LSVT vs. no SLT (control)	 76

FIGURE 26 Scatterplot on the cost-effectiveness plane representing 5000 estimates  
of incremental costs and QALYs for the base-case analysis (NHS perspective)  
comparing LSVT vs. NHS SLT	 77

FIGURE 27 Scatterplot on the cost-effectiveness plane representing 5000 estimates  
of incremental costs and QALYs for the base-case analysis (NHS perspective)  
comparing NHS SLT vs. no SLT (control)	 77

FIGURE 28 Cost-effectiveness acceptability curve (CEAC) showing the probability 
of LSVT LOUD being cost-effective compared to no SLT (control) for the base-case 
analysis (NHS perspective)	 78

FIGURE 29 Cost-effectiveness acceptability curve (CEAC) showing the probability  
of NHS SLT being cost-effective compared to no SLT (control) for the base-case  
analysis (NHS perspective)	 78

FIGURE 30 Cost-effectiveness acceptability curve (CEAC) showing the probability  
of LSVT LOUD being cost-effective compared to NHS SLT for the base-case  
analysis (NHS perspective)	 79

FIGURE 31 Rate of recruitment against target recruitment	 109

FIGURE 32 Trial site recruitment	 110

FIGURE 33 Mean PQD-39 summary index profile plot with error bars over  
12 months by intervention	 124

FIGURE 34 Mean PDQ-39 mobility subscale profile plot with error bars over  
12 months by intervention	 124

FIGURE 35 Mean PDQ-39 activities of daily living subscale profile plot with  
error bars over 12 months by intervention	 124



DOI: 10.3310/ADWP8001� Health Technology Assessment 2024 Vol. 28 No. 58

xviiCopyright © 2024 Sackley et al. This work was produced by Sackley et al. under the terms of a commissioning contract issued by the Secretary of State for Health and  
Social Care. This is an Open Access publication distributed under the terms of the Creative Commons Attribution CC BY 4.0 licence, which permits unrestricted use, distribution, 
reproduction and adaptation in any medium and for any purpose provided that it is properly attributed. See: https://creativecommons.org/licenses/by/4.0/. For attribution the 
title, original author(s), the publication source – NIHR Journals Library, and the DOI of the publication must be cited.

FIGURE 36 Mean PDQ-39 emotional well-being subscale profile plot with error  
bars over 12 months by intervention	 125

FIGURE 37 Mean PQD-39 stigma subscale profile plot with error bars over  
12 months by intervention	 125

FIGURE 38 Mean PDQ-39 cognition subscale profile plot with error bars over  
12 months by intervention	 125

FIGURE 39 Mean PDQ-39 bodily discomfort subscale profile plot with error bars  
over 12 months by intervention	 127

FIGURE 40 Mean PDQ-carer social and personal activities subscale profile plot with 
error bars over 12 months by intervention	 132

FIGURE 41 Mean PDQ-carer self-care subscale profile plot with error bars over  
12 months by intervention	 132

FIGURE 42 Mean PQD-carer stress subscale profile plot with error bars over  
12 months by intervention	 132





DOI: 10.3310/ADWP8001� Health Technology Assessment 2024 Vol. 28 No. 58

xixCopyright © 2024 Sackley et al. This work was produced by Sackley et al. under the terms of a commissioning contract issued by the Secretary of State for Health and  
Social Care. This is an Open Access publication distributed under the terms of the Creative Commons Attribution CC BY 4.0 licence, which permits unrestricted use, distribution, 
reproduction and adaptation in any medium and for any purpose provided that it is properly attributed. See: https://creativecommons.org/licenses/by/4.0/. For attribution the 
title, original author(s), the publication source – NIHR Journals Library, and the DOI of the publication must be cited.

Glossary
Intention to treat Where an analysis is based on the initial treatment assignment regardless of 
subsequent treatment or not.

Behavioural compensatory strategies Modification to behaviour to compensate for a deficit, weakness, 
injury or inadequacy in a specific skill.

Dysarthria Difficulty with the muscle movements required to produce speech as a result of neurological 
changes or damage.

Equipoise Uncertainty regarding the relative value of therapeutic arms of a clinical trial.

Minimisation Method of adaptive stratified randomisation.
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Plain language summary

Most people with Parkinson’s disease develop difficulties with their speech and voice. 
Communicating becomes difficult. This affects their relationships, work, social life and how they 

feel about themselves. Our PD COMM trial compared two types of speech and language therapy to find 
out if they helped the speech and voice problems people with Parkinson’s have. We measured changes 
in the way their voice and speech problems affected their lives and how much therapy cost the National 
Health Service and families.

Everyone taking part had speech or voice problems because of their Parkinson’s disease. People could 
not take part if they had dementia, evidence of laryngeal pathology or previous laryngeal surgery or 
received speech and therapy for Parkinson’s disease in the last 2 years.

People who agreed to take part joined one of three groups, which were alike except for the therapy they 
received. A computer decided which group they joined by chance.

•	 National Health Service speech and language therapy
•	 Lee Silverman Voice Treatment LOUD
•	 No speech and language therapy for 12 months

The 388 people who took part came from 41 outpatient clinics in Scotland, England and Wales. Most 
were older men. The people that received Lee Silverman Voice Treatment LOUD felt better about their 
speech and voice after 3 months compared to people in the other groups. A year later, they still felt 
better about it. People that received National Health Service therapy had no benefit compared to people 
with no access to therapy. Analysis of cost-effectiveness indicated that Lee Silverman Voice Treatment 
LOUD did not offer value for money and the intervention cost more because more speech and language 
therapy time was needed to deliver it. Our next question is to ask how we can provide Lee Silverman 
Voice Treatment LOUD in a way that costs less, for example, using therapy assistants and computer 
packages or at home. Clear speech and language therapy approaches for people with Parkinson’s disease 
and speech or voice problems should be tested in trials that measure changes in people’s lives.
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Scientific summary

Background

Parkinson’s disease (PD) is a complex neurodegenerative disorder experienced by 6.1 million people 
worldwide in 2016. PD is more common in men (1.4 : 1.0) and mostly affects people over 50, with 
peak incidence between 85 and 89 years old. PD affects approximately 145,000 people in the UK. 
Symptoms of PD are classified as motor or non-motor. The initial diagnostic motor symptoms are 
unilateral tremor, slowness, stiffness and mild imbalance. However, as the condition progresses, more 
severe motor decline occurs with imbalance leading to falls and unpredictable freezing episodes, all of 
which are unresponsive to medication. Speech and voice problems (known as dysarthria) are common 
with a reported prevalence of 68%. These problems increase physical and mental demands during 
conversation, reliance on family and/or carers and the likelihood of social withdrawal reducing quality of 
life. Speech and language therapy (SLT) in the UK aims to improve communication for people with PD-
related dysarthria and their families. The NHS SLT or Lee Silverman Voice Treatment (LSVT) LOUD are 
two SLT approaches typically available in the UK, but evidence of their effectiveness is inconclusive.

Objectives

The primary objective of the PD COMM trial was to evaluate the clinical and cost-effectiveness of two 
SLT approaches: LSVT LOUD and NHS SLT compared with no SLT (control) for people with PD-related 
dysarthria. The primary comparisons were: LSVT LOUD versus no SLT control and NHS SLT versus no 
SLT (control). An additional objective was to evaluate and compare the clinical and cost-effectiveness of 
two types of SLT (LSVT LOUD vs. NHS SLT) in people with PD.

Methods

The PD COMM trial was a UK, multicentre, three-arm parallel group, unblinded, superiority, randomised 
controlled trial with a 12-month follow-up. Participants were randomised at the level of the individual 
to treatment with NHS SLT, LSVT LOUD or no SLT (control) in a 1 : 1 : 1 ratio. Participants randomised 
to the no SLT (control) group could be referred for SLT at the end of trial or if it became medically 
necessary, during the trial. The type and dose of SLT for those in the no SLT (control) group for whom it 
became necessary was determined by the therapists and clinicians responsible for the care plan of the 
participant. Recruitment took place at 41 sites throughout the UK and sites remained open until the trial 
finished. This trial was conducted in the UK in outpatient and home settings.

The trial interventions were intended to be provided as follows: LSVT LOUD consisted of personalised 
maximum effort drills and high-effort speech production tasks. NHS SLT reflected local non-LSVT 
practices: content, dose and frequency determined by the therapist in response to participant’s 
individual needs. NHS SLT was tailored to the individuals’ needs as per local practice, typically consisting 
of 6 to 8 weekly sessions; LSVT LOUD comprised 16 sessions of individual treatment with home-based 
practice, over 4 weeks (16 hours dosage). Suitably trained speech and language therapists or therapist 
assistants administered the interventions.

People with idiopathic PD where themselves or their carer reported speech or voice problems, were 
enrolled. We excluded people with a diagnosis of dementia, laryngeal pathology or those who have 
received SLT for speech or voice problems in the previous 2 years. Speech and language therapists or 
assistants trained in LSVT LOUD delivered the intervention. Speech and language therapists on the 
trial were provided with LSVT LOUD training by LSVT Global for free if they needed it to register or  
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re-register as a LSVT therapist. Participants were recruited from their routine outpatient appointments 
in geriatric/elderly care, neurology or SLT secondary care settings. Interventions were provided through 
secondary-care outpatient community-based SLT departments. For some participants who had specific 
needs, the intervention was provided at home.

Participants were randomised at the level of the individual via a central, secure, web-based computer-
generated randomisation system developed and controlled by the Birmingham Clinical Trials Unit 
(BCTU), thus ensuring concealment of next treatment allocation. To randomise a patient into the trial, 
staff delegated the task of randomising patients into the trial either logged onto the trial database 
or rang the BCTU randomisation telephone line. The randomisation process used a minimisation 
procedure. The following minimisation variables were used: age (≤ 59, 60–70, > 70 years); disease 
severity measured using the Hoehn and Yahr staging (1.0–2.5, 3.0–5.0) and severity of speech measured 
using the Voice Handicap Index (VHI) total score (≤ 33, mild 34–44, moderate 45–61, severe > 61). To 
avoid any possibility of the treatment allocation becoming predictable, a random element was included 
within the randomisation process. Once the participant was randomised into the trial, they were given a 
unique trial identifier and the treatment allocation was confirmed by e-mail to the site.

The primary outcome measure for the trial was patient-reported VHI total score at 3 months. The VHI 
measures the psychosocial consequences of voice disorders and provides an overall perception of 
effectiveness of voice-related communication. The VHI comprises of 30 questions (0–120 negatively 
scored) divided into emotional, functional and physical subscales (0–40 subscale score).

Secondary outcomes were: the VHI subscales; the Parkinson’s Disease Questionnaire-39, a validated, 
health-related quality-of-life measure specific to PD; the Questionnaire on Acquired Speech Disorders, 
self-reported participation restriction related to speech and communication; the participant-rated 
EuroQol5D (5-level version) which provides a simple descriptive profile and a single index value for 
health status; the ICEpop Capabilities Measure for Older Adults (ICECAP-O), a measure of capability 
in older people for use in economic evaluations; a disease-specific participant resource usage 
questionnaire; carer quality of life, measured using the PD Questionnaire – carer; and adverse events.

For participants in either SLT arm, any vocal strain or abuse believed to be associated with treatment 
was identified by the therapists at the participants’ SLT session and was reported in the adverse event 
log. All participant-reported resource usage forms completed for the trial were checked to ensure that 
no vocal strain or abuse had occurred in outpatient appointments with ENT specialists. At the 12-month 
clinical visit, the medical professional also checked whether any adverse events had occurred since 
entering the trial.

There were two nested studies within this trial: a process evaluation and an economic evaluation. A 
process evaluation of the content of the interventions examined participants’ and therapists’ reported 
content of a subset of the two SLT interventions. Individual participant therapy data recorded by 
participants and therapists during the PD COMM trial were extracted from treatment record forms and 
therapy notes. Extraction category headings were piloted and reflected the Template for Intervention 
Description and Replication intervention reporting guidelines, with ongoing refinement as extraction 
progressed and components of the interventions were identified which were inadequately accounted 
for in the initial framework. The process evaluation of the implementation of the interventions used 
normalisation process theory which is highly attuned to the challenges of complex interventions as it 
encourages looking at systems as a whole. We considered that its conceptual framework would assist 
the interpretation and synthesis of data and analysis to explain what implementation processes took 
place and the interactions and gaps between the PD COMM interventions, the changing context, 
speech and language therapists and their practice.

A within-trial economic evaluation in the form of cost–utility analysis was conducted from the 
perspective of the NHS. The primary results were expressed in terms of cost per quality-adjusted  
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life-year (QALY) gained at 12 months for the three trial comparisons. Additional secondary analyses were 
performed from the NHS, personal social services perspective, broader societal perspective and using 
the capability approach, which uses broader measures of capability well-being.

Results

The mean age of participants in PD COMM was approximately 70 years old, and 74% were male 
(286/388). The mean duration of PD was between 5 and 6 years, with a broad range from newly 
diagnosed to over 30 years, and the majority (61%) were in Hoehn and Yahr stage of 2 or less (< 5% 
were in Hoehn and Yahr stage 4 or more). The participants mostly lived with a significant other (83%) or 
lived alone (14%). The levodopa equivalency of the medication the participants were taking at baseline 
was similar in the two SLT intervention groups (551.4 and 557.2 mg/day) but was slightly higher (597.6 
mg/day) in the no SLT (control group). The majority of carers recruited into the trial were the spouses of 
the participants (177/194).

Lee Silverman Voice Treatment LOUD was delivered over a median of 16 sessions and a mean of 6.6 
(SD 6.5) weeks. The dose of the treatment was 1216 (SD 454) minutes, which consisted of 963 (SD 
330) minutes of SLT content [mean SLT content per session: 63 (SD 10) minutes], with 752 (SD 287) 
minutes dedicated to LSVT LOUD [mean LSVT content per session: 54 (SD 7) minutes]. NHS SLT was 
delivered over a median of five sessions over a mean of 11.4 (SD 11.4) weeks. The duration of NHS SLT 
was shorter than LSVT LOUD, totalling a mean of 404 (SD 234) minutes, with 298 (SD 171) minutes 
dedicated to SLT content. Mean active therapy time for NHS SLT was 149 (SD 113) minutes. The mean 
individual session length was similar to that of LSVT LOUD at a mean of 55 (SD 16) minutes.

The negatively scored VHI at 3 months was the primary outcome (lower scores reflect a better voice-
related quality of life). The analyses were performed based on the intention-to-treat (ITT) principle 
using a linear regression model to estimate differences between each of the three comparisons. Data 
were available at 3 months in 106, 102 and 98 in the LSVT LOUD, NHS SLT and no SLT (control) group, 
respectively. At 3 months, the VHI total score for the LSVT LOUD group was 8 points lower than for 
the no SLT (control) group [−8.0, 99% CI (−13.3 to −2.6); p = 0.0001]. For NHS SLT, at 3 months, the 
VHI total score was 1.7 points higher than the no SLT (control) group [1.7, 99% CI (−3.8 to 7.1); p = 0.4]. 
In the third comparison, the LSVT LOUD group was 9.6 points lower than the NHS SLT group [−9.6, 
99% CI (−14.9 to −4.4); p < 0.0001]. The main per-protocol analysis population included only those 
participants who both adhered to treatment and completed the 3-month VHI outcome assessment 
within the 1-month time window. This analysis gave similar results to the main ITT analysis: LSVT LOUD 
versus no SLT: −9.7, 99% CI (−16.0 to −3.4); NHS SLT versus no SLT: 1.1, 99% CI (−5.6 to 7.8); and LSVT 
LOUD versus NHS SLT: −10.8, 99% CI (−17.8, −3.8). Similar results were also seen for the two other 
per-protocol analyses. Various sensitivity analyses were undertaken to assess the impact of missing data. 
Different assumptions were made about the reasons for missing data to investigate the impact, if any, 
on our analysis of the primary outcome. All these analyses gave results that were in agreement with the 
primary ITT analysis. 

Analyses of the VHI total score at 6 and 12 months and over the whole 12 months using a repeated 
measures analysis gave similar results to that observed in the primary analysis at 3 months.

For the secondary outcomes, LSVT LOUD participants reported lower VHI emotional and functional 
subscale scores at 3 months than participants with no SLT (control) [−3.0, 99% CI (−5.1 to −0.9); 
p = 0.0003]; [−2.9, 99% CI (−4.8 to −1.1); p < 0.0001], while there was no evidence of a difference 
between NHS SLT and no SLT (control) groups. Similarly, LSVT LOUD participants described lower 
emotional, functional and physical subscale scores compared to NHS SLT participants [−3.2 99% 
CI (−5.3 to −1.1); p < 0.0001]; [−2.9, 99% CI (−4.7 to −1.1); p < 0.0001]; [−2.2, 99% CI (−4.1 to 
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−0.3); p = 0.003] at 3 months. There was no evidence of a difference between the other treatment 
comparisons at 3 months. 

For the Questionnaire on Acquired Speech Disorders (QASD) results, the LSVT LOUD scores were lower 
(i.e. better) than no SLT (control) [−5.4, 99% CI (−9.8 to −1.0); p = 0.002] and lower than for NHS SLT 
[−4.3, 99% CI (−8.7 to 0.1); p = 0.01], although this was a borderline difference, at 3 months. There was 
no evidence of a difference in the scores for NHS SLT compared to no SLT (control) at 3 months. For 
the participant-reported quality-of-life measure Parkinson’s Disease Questionnaire-39 (PDQ-39), there 
were lower scores for LSVT LOUD compared to no SLT (control) in the communication subscale [−6.2, 
99% CI (−11.9. −0.6); p = 0.004] at 3 months. There was no evidence of any difference in the three trial 
comparisons for the PDQ-39 or ICECAP-O scores at 3 months.

The carer quality-of-life score (Parkinson’s Disease Questionnaire–Carer) was higher (i.e. worse) after 
NHS SLT compared to no SLT (control) at 3 months [6.2 99% CI (0.1 to 12.3); p = 0.009]. The LSVT 
LOUD score was lower (i.e. better) than the NHS SLT score overall, using repeated measures [−6.3, 99% 
CI (−11.8 to −0.7); p = 0.004] with a borderline significant difference at 3 months [−5.6, 99% CI (−11.6 
to 0.4); p = 0.02]. The anxiety and depression subscale and the stress subscale supported these results. 
For LSVT LOUD compared to no SLT (control) there was no evidence of a difference at any time point for 
the overall score or the subscales. 

Participants reported positive engagement in the trial processes and with both active interventions. 
Therapists reported they were prepared for their engagement with the trial and intervention 
implementation, regardless of their professional history or pre-trial practice regimes. The LSVT LOUD 
intervention provided a clear structure for clinical work in contrast to the need to ‘pull together’ the 
NHS SLT intervention.

In regard to economic evaluation of the interventions, the results suggest that LSVT LOUD was 
associated with an incremental cost-effectiveness ratio (ICER) of £197,772 per QALY gained and 
£77,017 per QALY gained compared to no SLT (control) and NHS SLT, respectively. Using the capability 
outcome measure, the cost of achieving an additional year of full capability (YFC) for the LSVT LOUD 
group was £87,899 compared with no SLT (control) and £46,210 compared with NHS SLT. The ICERs 
using the year of sufficient capability (YSC) as the measure of outcome were £121,706 and £51,344 per 
YSC gained for LSVT LOUD versus no SLT (control) and NHS SLT, respectively. For all three outcomes, 
NHS SLT was dominated by no SLT (control) as it was less effective and more costly and was therefore 
not cost-effective. At NICE, threshold of £20,000 per QALY, the cost-effectiveness acceptability curves 
show that the probability of LSVT LOUD being cost-effective was 0% and 3% compared to no SLT 
(control) and NHS SLT, respectively. The probability of NHS SLT being cost-effective versus no SLT 
(control) was 2%. Considering the higher willingness-to-pay threshold of £30,000 per QALY, LSVT LOUD 
still had a low probability being cost-effective compared with NHS SLT and no SLT (control), with a 
probability of being cost-effective of 14% when compared with NHS SLT.

Conclusions

This is the first large-scale pragmatic randomised controlled trial comparing two SLT approaches and no 
treatment. LSVT LOUD is beneficial compared to no SLT (control) for reduction of PD-related speech 
impacts, which persists for at least 12 months from starting treatment. There is lack of evidence of 
effectiveness for NHS SLT, as currently provided, for PD-related speech or voice impacts. Both LSVT 
LOUD and NHS SLT were not cost-effective compared with no SLT (control). While LSVT LOUD was 
more effective than NHS SLT and control (no SLT) in terms of QALYs, it was also associated with 
higher costs due to the intensive delivery of the intervention. Alternative delivery models, with fewer 
supervised sessions allowing for more unsupervised sessions or engaging therapy assistants in the 
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delivery of some sessions, may reduce LSVT LOUD intervention costs sufficiently to approach cost-
effectiveness.
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This study is registered as ISRCTN12421382.
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Chapter 1 Background

Introduction

Parkinson’s disease

Epidemiology
Parkinson’s disease (PD) is a complex neurodegenerative disorder affecting around 6.1 million 
people worldwide in 2016.1 PD is more common in men (1.4 : 1.0) and mostly affects people aged 
over 50, with peak incidence between 85 and 89 years old. The reported prevalence of PD has 
increased substantially over the 20 years up to 2015, making it the fastest-growing neurological 
disorder worldwide.2

Risk factors/causes
Most cases of PD are sporadic and likely to be caused by a mixture of genetic and environmental risk 
factors. Rarely, single gene mutations can cause PD predominantly in younger onset patients.3

Over 60 environmental risk factors have been studied for their proposed association with PD including 
smoking, biomarkers, physical activity, drugs, exposure to environmental toxins and head-injury. 
Some risk factors such as smoking and physical activity have shown significant protective effects in 
larger studies.4

Symptoms/disease progression and prognosis
Symptoms of PD are classified as motor or non-motor. The initial diagnostic motor symptoms are 
unilateral tremor, slowness, stiffness and mild imbalance. However, as the condition progresses, more 
severe motor decline occurs with imbalance leading to falls and unpredictable freezing episodes, all of 
which are unresponsive to medication.

There is a high prevalence of non-motor symptoms in PD, the most severe of which concern mental 
health.5,6 Dementia occurs in around 40%, leading to a fluctuating state of confusion with visual 
hallucinations. There is a similar frequency of depression and anxiety. Sleep disturbances which include 
rapid eye movement sleep disorder (RBD), where people act out their dreams, are also common. 
Autonomic problems include orthostatic hypotension (low blood pressure on standing) which can lead to 
falls, and constipation requiring regular laxatives.

Parkinson’s disease is a progressive condition with severe motor decline and dementia leading to death 
over 15–20 years. Symptoms of PD and their progression can have an impact on the person with PD 
and their family and friends. However, there may be different types of PD with varying prognoses:7 
A predominantly tremulous form of the condition may have a more benign outcome, compared with 
those with little tremor and early balance problems who develop dementia early and have a shorter 
life expectancy.

Treatments
At present, there are no disease-modifying therapies for PD;8 all therapies are symptomatic.  
First-line symptomatic treatment for the motor symptoms is pharmacological therapy with 
levodopa, the precursor of the neurotransmitter dopamine.9 With disease progression, the dose of 
levodopa tends to be capped to avoid severe involuntary movements (dyskinesia), so in younger 
non-dementing patients adjuvant drugs are added to levodopa. These include dopamine agonists, 
monoamine oxidase B (MAOB) inhibitors and catechol-O-methyltransferase (COMT) inhibitors. 
The N-methyl-d-aspartate (NMDA) receptor antagonist amantadine is used to treat more severe 
dyskinesias if they occur.
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A minority of younger mentally healthy PD patients may need more interventional therapies for severe 
disease once maximal oral therapies have been tried.10 Continuous infusion of the dopamine agonist 
apomorphine can help smooth out gaps in ‘on’ time due to wearing off of oral medication. Surgical 
implantation of electrodes into the subthalamic nucleus can also provide a smoother response, but 
at the expense of potential postoperative complications of depression, speech disturbance, stroke 
and death.

Non-motor symptoms in PD are treated symptomatically as suggested in the National Institute for 
Health and Care Excellence (NICE) guidelines.10

Speech and voice problems experienced by people with Parkinson's disease and their 
families

Impact of speech problems
Speech impairments are common among people with PD, with a reported prevalence of 68% for patient-
perceived problems and 71% for listener-rated speech impairment.11 In a study of 125 people with PD,12 
38% placed speech among their top four concerns and, in another study, 29% of participants reported 
speech problems to be among their greatest present difficulties.13 Changes in communication led to 
increased physical and mental demands during conversation, an increased reliance on family members 
and/or carers and an increased likelihood of social withdrawal.14

Speech or voice problems experienced by people with PD are typically related to motor disorders of 
the muscles required to produce speech, known as dysarthria. Dysarthric speech is often perceived as 
imprecise, creating a social barrier to communication.15 Difficulty in successfully conveying emotions 
is also experienced by people with PD and their listeners.15,16 A qualitative study involving 24 people 
living with PD identified problems with speaking as an activity. The interviewees reported having to 
think more about speaking; weighing up the value versus the effort of speaking; having negative feelings 
about speaking; finding that speaking is influenced by different people and places; and having to adjust 
to the effect of speaking with the disease progression and their medication.17 Overall, impairments of 
speech have been recognised to reduce the quality of life of people with PD.15,18,19

Speech and language interventions
Speech and language therapy (SLT) in the UK aims to deliver interventions that improve communication 
for people with PD-related dysarthria and their families. Some interventions prescribe exercises to 
improve motor skills, others support the communication interaction and partnership between the person 
with PD and their communication partner, while others aim to augment, or provide alternative means 
of communication. SLT varies not only by intervention approach, content, materials and procedures but 
also by the component(s) of speech and voice targeted by the intervention(s) in addition to the therapy 
regimen [intensity, total hours of therapy (dosage), frequency and overall duration of the intervention] 
and tailoring to the individual (by functional needs and by level of difficulty).

The Lee Silverman Voice Treatment (LSVT) is an approach to SLT, which consists of protocol that can be 
personalised.20 The commercial developers have licenced the intervention as LSVT LOUD® for use by 
certified clinicians or certified and supervised assistants and students who undertake initial training and 
updates every 2 years. The most detailed description of the intervention is in the LSVT LOUD training 
manual. In contrasting LSVT LOUD with other interventions, the following components are highlighted 
as distinct to LSVT LOUD:

•	 standardised intensity (of dosage or regimen);
•	 number of task repetitions and perceived effort);
•	 a simple focus on LOUD;
•	 three daily tasks (maximum sustained movements; directional movements; functional movements);
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•	 a hierarchy of tasks to use from day one to move learning from daily tasks into context specific and 
variable speaking activities;

•	 use of modelling with minimal cognitive load to shape healthy vocal loudness;
•	 and sensory calibration through focusing attention on what ‘LOUD’ feels and sounds like (and training 

this through carryover activities and homework practice).

Surveys can help build a picture of reported practice. A 2016 survey of SLT practice for PD in Australia21 
found that education and support components were commonly used and for direct intervention, motor 
speech was the main therapy target. The components of SLT offered included two LSVT packages (LSVT 
LOUD and LSVT LOUD-X) as well as developing individualised self-monitoring and prompting cues; 
aided augmentative and alternative communication (AAC); traditional dysarthria exercises; a pacing or 
alphabet board to slow speech rate; and expiratory muscle strength training which are common in NHS 
SLT. Loud therapy, increasing client’s insight to changes and speech tasks with increased cognitive load 
were also offered components common in both LSVT and NHS SLT.

Based on 2011 data, SLT provision for PD in the UK22 frequently targeted breathing control, voice 
quality and intelligibility. Methods of addressing these targets overlap considerably and include LSVT, 
breathing exercises, pacing, relaxation, articulation, and loudness and voice exercises. Use of AAC, 
language and psychosocial components were reported less frequently. Due to service constraints, 
not all therapists report delivering LSVT to the specified intensity or in the form prescribed by 
its developers.

Parkinson’s disease was the most common patient group reported in the 2012 UK survey of SLT 
treatment practices among people with progressive dysarthria.23 The three most commonly reported SLT 
components for PD were general rate, volume and prosody work, functional communication and speech 
subsystems work.

For people with dysarthria as a consequence of PD in Australia in 201621 most sessions were individual 
and, for both individuals and groups, once-weekly therapy was usual. Similarly, therapy duration was 
most frequently reported to last 4 weeks or 6 weeks. Session length for individuals was varied from 
30 to 60 minutes. Of the LSVT LOUD certified therapists, 90% reported delivery issues due to service 
factors including allocated time, caseload sizes and the number of therapists working part-time.21

In 2011 in the UK, more than 50% of therapists saw PD patients as outpatients, with a third of patients 
needing hospital transport to participate.22 A median of six sessions was offered over a median period of 
42 days with each lasting a median of 45 minutes. Therapists reported expecting to spend 60% of their 
time face to face with the patient. An advice and review pattern of service delivery was dominant, and 
a lack of understanding of the evidence24 for motor learning principles such as regular intensive practice 
was also reported.

In the USA25 the most commonly recommended dosage for home education programmes by occupational 
therapists in the community for those with neurological injuries was 16–30 minutes a day. The content 
was focused on preparatory activities rather than being used directly to achieve a client’s goal. Most home 
practice was communicated through handouts and demonstration, with video rarely used.

Capability of and access to technology is growing rapidly, offering new opportunities for self-
management and service delivery. The LSVT training manual26 describes using devices to measure time, 
volume, pitch and voice quality. These can be low tech (e.g. a stopwatch/Sound Level Meter/pitch pipe/
tape recorder) or high tech (e.g. smartphone apps, Companion Software).

Clinical guideline recommendations
Many countries have national guidelines for PD and speech problems.27,28
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The NICE clinical guidelines10 for PD state that clinicians should consider referring people who are in 
the early stages of PD for assessment, education and advice from a speech and language therapist with 
experience of treating people with PD.

The guidelines state that people with PD who are experiencing problems with communication should be 
offered SLT, which should include strategies to improve speech and communication, such as attention-
to-effort therapies.

Evidence base for speech and language therapy for speech problems in 
Parkinson's disease

Two previous Cochrane reviews have been published in this field (Herd et al.29,30). Herd et al.29 evaluated 
the effectiveness of SLT interventions with placebo or no intervention. They concluded that there while 
there was some clinical improvement in vocal loudness (for reading and speaking), but overall, there 
was insufficient evidence based on three small trials (63 participants). In a linked synthesis, Herd et al.30 
compared the benefits of different types of SLT interventions. They identified six trials (159 participants) 
that used a variety of different restorative and compensatory approaches, but again concluded that 
while there were improvements in speech, there was insufficient evidence to support the selection of 
one SLT intervention over another.

An updated Cochrane systematic review (date of last searches 3 October 2022) builds on the two 
previously published Cochrane reviews.29,30 Quasi-RCT studies were excluded and a further 20 randomised 
controlled trials (RCTs) were identified and published since the previous reviews were conducted. For the 
RCTs excluding this (the PD COMM) trial, despite no high-to-certainty evidence supporting the use of SLT 
interventions being identified, the review provided further confidence in the evidence of benefit for SLT 
interventions for the communication outcome, and vocal loudness while reading or speaking a monologue. 
This was a consistent finding across all three comparisons: no intervention, placebo control and when 
compared with another SLT intervention (where data were available). All three Cochrane reviews were in 
agreement regarding the need for standardisation of outcome measures (P Campbell, Glasgow Caledonian 
University, 2022, personal communication). Other relevant systematic reviews and evidence syntheses 
were identified.31–35 Two recently published meta-analyses evaluated the effectiveness of LSVT with no 
intervention or another speech intervention in people with PD.32,35 Yuan 2020 identified nine studies 
for inclusion (date of last search March 2020); Pu 2021 identified ten (quasi-RCTs and RCTs) studies for 
inclusion (date of last search December 2021). Both reviews reported that LSVT was effective in increasing 
vocal loudness and functional communication. Reviews have also demonstrated that there is a lack of 
evidence on the cost-effectiveness of different SLT techniques compared with no SLT.

Rationale and the need for the PD COMM trial

Rationale for trial
From 2009, several National Institute for Health and Care Research Health Technology Assessment 
(NIHR HTA) commissioned calls were issued to assess methods of SLT for improving speech intelligibility 
and effectiveness of communication in people with Parkinson’s disease.

The call from which the PD COMM trial was successfully funded, called for a pragmatic RCT in people 
with PD to assess the clinical and cost-effectiveness of NHS SLT compared with no treatment. The 
specifications included a follow-up of at least 1 year and the trial should follow a pilot phase. This 
recommendation was based on several factors:

•	 dysarthria is common in PD and increases in severity and prevalence as the disease progresses;
•	 quality of life is negatively affected by speech problems;
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•	 speech and language therapy being offered by the NHS was variable;
•	 the lack of definitive studies investigating SLT for PD-related dysarthria.

Trial design
Driven by the HTA commissioned calls, the feasibility and acceptability of a large-scale SLT trial in people 
with PD were assessed and found to be acceptable in the PD COMM pilot trial36 funded by The Dunhill 
Medical Trust (grant R192/0511). The data from this pilot trial informed the design of the definitive 
RCT (PD COMM) to assess the clinical and cost-effectiveness of these SLT interventions. The pilot trial 
assessed eligibility, recruitment and retention, participant acceptability and treatment compliance. It also 
provided data to help inform the sample size calculations and to refine the choice of outcome measures 
including those used for the economic evaluation.

The 2017 NICE guideline10 for PD states that SLT should be offered to people with PD who have 
communication problems. The optimum treatment regimen including delivery method and theoretical 
basis were not and continue to remain unclear.35 To progress the understanding of how SLT interventions 
are delivered and the mechanism of action, the PD COMM trial included a process evaluation.

Rationale for choice of interventions
Before the trial, guidance on SLT best practice for people with PD-related dysarthria as a result of PD 
could be found in two historical resources from the Royal College of Speech and language therapists.37,38 
Two Cochrane systematic reviews29,30 of the evidence published in 2012 were also available but could 
not provide clear, evidence-based recommendations for practice. These sources of evidence were not 
robust enough to be clear about the optimum treatment approach for PD-related dysarthria. The choice 
of treatments for the PD COMM trial was taken based on testing two commonly chosen treatment 
options in the UK in direct response to the HTA commissioned call.

Stakeholder involvement

This trial was supported by the Parkinson’s UK, The Dunhill Medical Trust and the Local Clinical Research 
Network, Division 4: Neurology.
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Chapter 2 Methods

Material in this chapter has been adapted from the PD COMM trial protocol by Sackley et al. www.
ncbi.nlm.nih.gov/pmc/articles/PMC7251680/). This is an Open Access article distributed in 

accordance with the terms of the Creative Commons Attribution (CC BY 4.0) licence, which permits 
others to distribute, remix, adapt and build upon this work, for commercial use, provided the original 
work is properly cited. See: https://creativecommons.org/licenses/by/4.0/. The text below includes 
minor additions and formatting changes to the original text. The Creative Commons Public Domain 
Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made 
available in this article, unless otherwise stated in a credit line to the data.

The trial was reported using the following reporting guidelines: CONSORT and extension for non-
pharma trials, extension for three-arm trials and abstracts, GRIPP2, CHEERS and Template for 
Intervention Description and Replication (TIDieR) guidelines.

Objectives

The primary objective of the PD COMM trial was to evaluate the clinical and cost-effectiveness of two 
approaches to SLT (LSVT LOUD and NHS SLT) compared with no SLT treatment in people with PD.

An additional objective was to evaluate and compare the clinical and cost-effectiveness of two types of 
SLT (LSVT LOUD vs. NHS SLT) in people with PD.

The primary comparisons were:

Lee Silverman Voice Treatment LOUD versus no SLT (control)
National Health Service SLT versus no SLT (control).

An additional comparison was:

Lee Silverman Voice Treatment LOUD versus NHS SLT.

Research questions

•	 Do people with PD-related speech or voice problems who are treated with NHS SLT report less voice 
handicap than those who have no SLT treatment at 3 months after randomisation?

•	 Do people with PD-related speech or voice problems who are treated with LSVT LOUD treatment 
report less voice handicap than those who have no SLT treatment at 3 months after randomisation?

•	 Do people with PD-related speech problems who are treated with LSVT LOUD report less voice 
handicap than those who are treated with NHS SLT treatment at 3 months after randomisation?

Trial design

The PD COMM trial was a pragmatic UK, multicentre, three-arm parallel group, unblinded, 
superiority, RCT with a 12-month follow-up. Participants were randomised at the level of the 
individual to receive either: LSVT LOUD, NHS SLT or no SLT (control) in a 1 : 1 : 1 ratio. There were 
two nested studies within this trial: a process evaluation and an economic evaluation. Participants 
randomised to the no SLT (control) group could be referred for SLT at the end of trial or, if it became 
medically necessary, during the trial. The type and dose of SLT for those in the control group for 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7251680/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7251680/
https://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
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whom treatment became necessary were determined by the local therapists responsible for the 
care plan of the participant. Non-compliance with trial treatment did not constitute the participant’s 
withdrawal from the trial.

The trial received ethical approval on 7 December 2015 by the West Midlands NHS Research Ethics 
Committee (REC) (15/WM/0443). Version 4.0 (14 November 2018) of the protocol is currently in effect. 
Sponsored by the University of Birmingham (Research Governance Team, University of Birmingham, 
Birmingham), participating centres each obtained local research and development approval.

Participants

People were eligible to be included in the trial if the following criteria were met:

•	 diagnosis of idiopathic PD as defined by the 1988 UK PDS Brain Bank Criteria39

•	 the person with PD or their carer report problems with the person with PD’s speech or voice.

People were excluded from the trial if they met any of the following criteria:

•	 dementia, usually defined clinically by the person with PD’s clinician
•	 evidence of laryngeal pathology including vocal nodules or a history of vocal strain or previous 

laryngeal surgery as LSVT may not be appropriate in such contexts40

•	 received SLT for PD speech or voice-related problems in the previous 2 years as there is some 
evidence that benefits of LSVT may persist for 24 months.41

Setting

Recruitment took place at 41 sites throughout the UK, except Northern Ireland. Distribution of sites 
across the UK was not uniform as attempts to recruit trial sites in the whole of Northern Ireland were 
not successful and were only minimally successful in the southeast of England. The main reason for not 
joining given by potential sites contacted was a lack of capacity in their SLT service.

Participants were recruited from their routine outpatient appointments. These appointments took place 
in geriatric/elderly care, neurology or SLT secondary care settings.

The interventions were provided through secondary care outpatient community-based SLT departments. 
For some participants who had specific needs, or as a service delivery choice, the intervention was 
provided at home.

Interventions

Participants were encouraged to be fully compliant with their randomised treatment allocation. We 
anticipated that it was possible that some may have received SLT as arranged by other health or social 
care providers not associated with the trial. As any access to SLT for their dysarthria could dilute the 
intervention effect, at each assessment participants in the no SLT (control) group were asked whether 
they had received any SLT.

Participants randomised to either of the SLT treatment arms completed brief home-based therapy 
diaries to determine the level of home-based practice prescribed and undertaken by participants outside 
of the therapy sessions.
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In order to monitor intervention delivery, therapists providing the SLT interventions completed a SLT 
Initial Interview Log including the abbreviated mental test42 and after each SLT session delivered, the 
therapists completed a treatment record form (TRF). These forms were used to monitor participant 
adherence (including missed or cancelled appointments), and therapist adherence to these programme 
protocols. In addition, for the NHS SLT intervention, the forms were used to further explore what SLT 
delivered within the NHS entailed.

We maintained a supportive environment to encourage therapists to make and maintain a distinction 
between the two SLT intervention approaches throughout the trial, including continuing professional 
development opportunities such as therapists’ days and an online network, and a proactive approach to 
encouraging queries.

Lee Silverman Voice Treatment (LSVT LOUD)
The focus of LSVT LOUD is to ‘think loud’, improving phonation and vocal loudness through better 
vocal fold adduction.40 The intervention aimed to replicate the dose and content recommended by 
the originators and delivered in clinical practice and previous ‘standard’ LSVT trials. The LSVT LOUD 
intervention consisted of four face-to-face or remote 50-minute sessions per week delivered over 
4 weeks.40 Remote sessions were provided through the LSVT Companion software and could support 
remote intervention delivery for up to 8 of 16 sessions. Each session follows a similar structure which 
can be personalised for each patient: 25 minutes of repeated and intensive maximum effort drills, and 
25 minutes of high-effort speech production tasks.40 Participants were also prescribed 5 to 10 minutes 
of home-based practice tasks on treatment days, and up to 30 minutes of home-based practice tasks 
on non-treatment days.43 The content of the intervention consisted of repeated repetitions of sustained 
‘ah’ phonation, maximum fundamental frequency range high and low pitch glides, and functional 
sentence repetition for the first half of each session, and exercises using speech production hierarchy 
that progresses throughout the duration of the treatment programme (single word, phrases, sentences, 
paragraph reading, conversation) during the second half of the sessions.43 Throughout all of the sessions, 
the focus of the intervention was to ‘think loud’, maintaining the vocal loudness produced during vowel 
phonation throughout all other tasks during the treatment.40 Delivery of LSVT LOUD in the trial was as 
typical within an NHS setting.

National Health Service speech and language therapy
The content, intensity and dose of NHS SLT for people with PD-related voice or speech problems are 
poorly defined within the published literature. For this reason, the NHS SLT group took a pragmatic 
approach to the intervention and encompassed all local standard NHS SLT practices and techniques 
with the exception of LSVT (as per the LSVT LOUD Protocol). Therapists were free to tailor therapy to 
individual participant’s needs. NHS SLT could potentially include interventions targeted at rehabilitation 
of the underlying movement disorder functions that resulted in dysarthria, behavioural or compensatory 
strategies and AAC strategies to improve communicative function and participation.44 The therapist 
involved participant’s family members or carer(s) as appropriate.

Treatments targeted at impairments of the underlying speech production movements may include 
exercises focused on improving capacity, control and co-ordination of respiration, techniques for 
improving phonation intensity and co-ordination with respiration (but not LSVT), and exercises to 
improve the range, strength and speed of the articulatory muscles.45,46 Behavioural therapy includes 
interventions that target the reduction of prosodic abnormality47,48 such as exercises targeting pitch, 
intonation, stress patterns and volume variation,45–49 and techniques to address the overall rate of 
speech45,46 including the use of therapeutic devices such as pacing boards.50,51 AAC strategies such as 
topic and alphabet supplementation through communication books and boards may be employed,44 
along with AAC devices such as voice amplifiers, delayed auditory feedback systems and masking 
devices.52–54
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Pitch limiting voice treatment55 may also be utilised within the NHS SLT intervention. The above NHS 
SLT approaches may include techniques that are also used in LSVT LOUD (e.g. vocal intensity exercises) 
but will be distinct from that intervention as it was anticipated, based on the available literature, that 
they would be delivered in combination with other SLT strategies and at a different intensity and dose. 
Though dose and frequency were to be determined by the local therapist in response to participants’ 
individual needs, it was anticipated that it would reflect the median dose as reported in a survey of 
current UK SLT practice for PD by Miller et al.,22 of six sessions delivered over 42 days. The PD COMM 
Pilot trial36 also found the median NHS SLT intervention dose to be six sessions (range 1–14) over an 
average of 9.6 weeks (standard deviation 6.1 weeks).

Control no speech and language therapy group
Participants were randomly allocated to the no SLT (control) arm for PD-related speech or voice 
problems for 12 months participation in the PD COMM trial. Participants may still receive SLT 
for swallowing problems (dysphagia). Since there is insufficient evidence to prove or disprove the 
benefit of SLT in PD, equipoise still exists. Therefore, it is ethical to randomise between SLT and no 
SLT. Investigators, however, remained vigilant throughout the 12-month trial follow-up period for 
participants randomised to the no SLT (control) group, who deteriorated to the point of needing therapy 
urgently for their speech or voice problems received SLT without delay via the usual local NHS services. 
At the end of the trial after their 12 months of patient and clinical assessments, participants in the 
control arm could be referred for SLT for their dysarthria by their usual care specialist through local NHS 
referral pathways.

Adherence to the interventions
As this was a pragmatic trial of two existing interventions in the NHS, our approach to fidelity was 
multidimensional.56 The PD COMM pilot established that dosage was a key differentiating factor. For the 
practical purposes of statistical analysis, LSVT LOUD treatment adherence was defined as participants 
randomised to the LSVT LOUD arm receiving at least 14 out of the 16 prescribed LSVT LOUD sessions 
and having completed these sessions within 3 months of randomisation. A session was considered an 
LSVT LOUD session if at least 30 minutes of time was attributed to LSVT LOUD on the SLT treatment 
log (supervised or unsupervised). As a secondary assessment of LSVT adherence, we only included those 
who received all 16 sessions of LSVT within 3 months of randomisation. The first measure of adherence 
used a pragmatic approach, for example, a participant may have missed one session due to taking a 
holiday, whereas the second measure of adherence is strictly looking at those participants who received 
the intervention as prescribed.

As NHS SLT is not a prescriptive intervention, participants were considered adherent if they completed 
their SLT sessions within 3 months of randomisation that is they had their last session within 3 months 
of randomisation. These sessions should also not have any time attributed to LSVT LOUD. The NHS SLT 
was deemed to have been completed for a participant when a returned SLT log has been answered as 
‘Yes’ to this being the last treatment session of the therapy course.

Adherence to the no SLT (control) arm was monitored through the resource usage form where 
participants could record whether they had received any SLT. If a participant in the no SLT (control) arm 
reported receiving SLT over the course of the 12-month follow-up, then they were considered non-
adherent. The only exception to this was if SLT had been prescribed for the treatment of dysphagia only.

Training requirements
Prior to commencing recruitment, all site staff involved with the trial had to complete good clinical 
practice training. Key members of the site research team were required to attend either a meeting or 
a teleconference covering aspects of the trial design, protocol procedures, adverse event reporting, 
collection and reporting of data and record keeping. All therapists who took part were registered 
with UK regulatory body, the Health and Care Professions Council (HCPC), which sets standards for 
education, training and practice.
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Only speech and language therapists or therapist assistants trained in LSVT LOUD, which includes 
a detailed manual and 2-year updates, could deliver the LSVT LOUD intervention. Therapists were 
provided with LSVT LOUD training through the trial by LSVT Global20 for free if they had not done this 
training or needed it to reregister as an LSVT therapist.

Ideally every therapist delivering LSVT therapy should have conducted at least three treatment sessions 
before delivering the intervention to trial participants; however, this was at the discretion of the trial sites.

Three workshops were held early into the trial, which brought together site speech and language 
therapists, research nurses and the research team to explore the PD COMM interventions. The workshop 
participants explored what was considered ‘core’ and ‘peripheral’ for each intervention and the barriers and 
challenges of delivering the interventions. The workshops helped to ensure that the trial ran smoothly.

Outcomes

In the pilot trial, extensive vocal assessments were carried out alongside the participant-reported 
outcomes. We decided not to undertake vocal assessments within the PD COMM trial as:

1.	 the additional time involved was prohibitive;
2.	 there was concern that since one of the trial interventions (LSVT LOUD) specifically focussed on 

vocal loudness that the results might be skewed in favour of this intervention;
3.	 the focus of the trial was on the participants’ self-perception of functional communication rather 

than vocal loudness.

Primary outcome
The primary outcome measure was the patient-reported Voice Handicap Index (VHI)57 total score 
at 3 months. The VHI comprises of 30 questions divided into emotional, functional and physical 
subscales.57 It aims to assess the psychosocial consequences of voice disorders, and can be used to 
gain an overall perception of effectiveness of voice-related communication. The VHI total score ranges 
from 0 to 120 (with 0 being the best score and 120 the worst score) and the subscales range from 0 
to 40.

Many previous trials have used vocal loudness as their primary outcome. It has been used as an 
outcome measure in an extended LSVT trial for PD16 and was also collected in the PD COMM 
Pilot trial.36 The VHI was chosen as it was a patient-reported outcome that took little time to 
complete, was well-completed in our pilot trial36 and better reflected the focus of the PD COMM 
trial objectives.

Secondary outcomes
Patient-reported measures were used to assess the participant’s perception of how their voice impacted 
on daily activities and their quality of life, and to complement the primary outcome. The secondary 
outcome measures were:

•	 subscales of the VHI;57

•	 Parkinson’s Disease Questionnaire-39 (PDQ-39).58

Quality of life was measured using the PDQ-39.59 This is a validated, health-related quality-of-life 
measure specific to PD,59 and was the most widely used disease-specific quality-of-life rating scale for PD 
completed by the participant. It comprises of 39 questions divided into the following dimensions: mobility, 
activities of daily living, emotional well-being, stigma, social support, cognition, communication and bodily 
discomfort. The PDQ-39 summary index and each of the individual dimensions provide a score that can be 
converted into a 0–100 metric where 0 = no problem at all and 100 = worst or maximum level of problem.
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•	 Questionnaire on Acquired Speech Disorders (QASD)60

Participation restriction related to speech and communication were assessed using the self-reported 
QASD.60 The QASD questionnaire comprises of 30 questions which are scored 0–3 giving a total score 
that ranges from 0 to 90, where lower scores were better.

•	 EuroQol5D (5-level version).61

The EQ-5D-5L61,62 is a well-established standardised instrument for use as a measure of health outcome. 
It provides a simple descriptive profile and a single index value for health status. It is completed by the 
participant, and comprises of the following five dimensions: mobility, self-care, usual activities, pain/
discomfort and anxiety/depression. Each dimension can take one of five responses: no problems, slight 
problems, moderate problems, severe problems or extreme problems. There is also a 100-point visual 
analogue scale. It is often used together with resource utilisation questionnaires (see below) to provide 
data to inform the cost-effectiveness analysis.

•	 ICEpop Capabilities Measure for Older Adults (ICECAP-O).

The ICECAP-O63 is a measure of capability in older people for use in economic evaluations. Unlike 
most profile measures used in economic evaluations, the ICECAP-O focuses on well-being defined 
in a broader sense, rather than health. The measure covers attributes of well-being that were found 
to be important to older people in the UK and is completed by the participant. It comprises of five 
attributes: attachment (love and friendship); security (thinking about the future without concern); 
role (doing things that make you feel valued); enjoyment (enjoyment and pleasure) and control 
(independence).

•	 Adverse events (AEs) (see Chapter 2, Safety reporting).
•	 Hoehn and Yahr stage.

The Hoehn and Yahr stage64 is a clinician-rated measure of disease severity in PD. It is a standard staging 
scale for PD that is required to document the severity of PD in the participant population.

•	 Carer quality of life (Parkinson’s Disease Questionnaire – Carers).

Carer quality of life will be measured using the Parkinson’s Disease Questionnaire – Carer.65 This is the 
first disease-specific measure of quality of life for carers of people with PD and is a validated and reliable 
tool. It is completed by the carer and comprises of 29 questions with 5 responses (Never/Occasionally/
Sometimes/Often/Always). It is made up of four discrete scales: social and personal activities (12 items), 
anxiety and depression (6 items), self-care (5 items) and stress (6 items). The raw score of each scale 
can be calculated and converted to a 0–100 metric where 0 = no problem at all and 100 = worst or 
maximum level of problem. The sum of the scale scores can provide a single figure used to assess the 
overall quality of life of the individual questioned.

•	 Resource utilisation (collected for the Health Economic Evaluation).

Developed for use in the PD COMM Pilot, a disease-specific Resource Usage questionnaire was 
used to collect information on participant resource usage data. The questionnaire included items on 
primary care and secondary care healthcare utilisation, including the use of therapy services, and 
outpatient appointments. Further questions related to use of social services, including provision 
of meals and formal care. Finally, information was collected on time off work, participants’ out-of-
pocket costs (e.g. travel, medication) and costs incurred by informal carers, to inform analysis from a 
societal perspective.
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Outcome assessment time points

Assessments were made following informed consent, and prior to randomisation (baseline assessment), 
and then at 3 months (i.e. after treatment if in the SLT arms), 6 and 12 months after randomisation ([ee 
the trial record forms at (URL: www.birmingham.ac.uk/research/bctu/trials/pd/pd-comm/investigators/
documentation)]. Assessments completed by the participants at 3, 6 and 12 months were returned to 
the Birmingham Clinical Trials Unit (BCTU) by post. The participants had clinical assessments at baseline 
and then again at 12 months after randomisation (Table 1).

Sample size

The primary outcome was the mean difference in the VHI total score at 3 months across the three 
comparisons: LSVT LOUD versus no SLT (control); NHS SLT versus no SLT (control); and LSVT LOUD 
versus standard NHS SLT. Data from the PD COMM Pilot trial were used to inform the sample size 
calculations for this trial as the minimal clinically important differences (MCID) for the VHI had not been 
established in PD patients. In the PD COMM Pilot trial,36 a difference of around 10 points in VHI total 

TABLE 1 Outcome assessment time points

Measure Completed by

Assessment time

Baseline 3 months 6 months 12 months

Randomisation form Clinician ✓

Clinical data entry: Entry 
form or 12-month CRF

Education and 
living arrangements

Clinician ✓

Height Clinician ✓

Weight Clinician ✓ ✓

PD Medication Clinician ✓ ✓

Hoehn and Yahr 
stage

Clinician ✓ ✓

 VHI Participant ✓ ✓ ✓ ✓

 PDQ-39 Participant ✓ ✓ ✓ ✓

 QASD Participant ✓ ✓ ✓ ✓

 EQ-5D-5L Participant ✓ ✓ ✓ ✓

 ICECAP-O Participant ✓ ✓ ✓ ✓

Resource usage questionnaire Participant ✓ ✓ ✓

 Transition item Participant and 
carer

✓ ✓ ✓

 PDQ-Carer Carer ✓ ✓ ✓ ✓

 Adverse event log Clinician ✓a

 Initial Interview Log (first session only) and 
treatment record form (all seasons).

Speech and lan-
guage therapist

✓b

 Home-based therapy diary Participant ✓c

a	 Only required for participants randomised to a treatment arm.
b	 Following each therapy session for participants in the two SLT treatment arms only.
c	 Completed at home by the participant as recommended in their SLT therapy session.
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score was observed at 3 months between SLT and no SLT (control) for both types of SLT (NHS SLT and 
LSVT LOUD). To detect a 10-point difference in VHI total score between arms at 3 months (using a 
two-sided t-test and the upper standard deviation of 26.27 obtained from the VHI baseline data from 
the pilot trial; effect size 0.38), with 80% power and α = 0.01, we needed to recruit 163 participants 
included per arm. Allowing for 10% dropout this increased to 182 participants per arm, meaning the trial 
had a planned sample size of 546 participants.

Global rating scale (transition item)
The transition item is a single question asked at the 3-month time point to the participant and carer: 
‘Compared to 3 months ago (when you joined the trial), has your ability to communicate using speech 
changed?’ with seven levels of response ranging from ‘much worse’ to ‘much better’ or ‘Compared 
to 3 months ago (when your partner/family member/friend joined the trial), has his/her ability to 
communicate using speech changed’ is used for the participant and carer respectively. It measures 
whether the participant or carer has noticed any change in communication by voice or speech since the 
participant (with PD) entered the trial. The transition item was used to calculate the MCID for the VHI.

Randomisation

Sequence generation and allocation concealment
Following informed consent and completion of all baseline data collection, the participant could be 
randomised into the trial. Participants were randomised at the level of the individual via a central, 
secure, web-based computer-generated randomisation system developed and controlled by the BCTU, 
thus ensuring concealment of next treatment allocation. To randomise a patient into the trial, staff 
delegated the task of randomising patients into the trial either logged onto the trial database or rang 
the BCTU randomisation telephone line. The randomisation process used a minimisation procedure. The 
following minimisation variables were used:

•	 age (≤ 59, 60–70, > 70 years);
•	 disease severity measured using the Hoehn and Yahr staging64 (1.0–2.5, 3.0–5.0); and
•	 severity of speech measured using the VHI57 total score (≤ 33, mild 34–44, moderate 45–61, severe > 61).

To avoid any possibility of the treatment allocation becoming predictable, a random element was 
included within the randomisation process. Once the participant was randomised into the trial, they 
were given a unique trial identifier and the treatment allocation was confirmed by e-mail to the site.

Recruitment and selection

The trial was designed to reflect routine care, thus minimising the burden for people with PD and 
difficulties with movement and fatigue. Participants were usually identified during routine clinic 
appointments with their specialist clinician or PD specialist nurse. The healthcare professional then 
informed potentially eligible patients of the trial and provided a copy of the participant information 
sheet (PIS). Patients were given time to review the PIS and/or go through it with a member of the team, 
typically the research nurse, and given the opportunity to ask questions. Given the low-risk nature of 
the trial, and the mobility limitations of the population, potential participants could join the trial on the 
same day that they had discussed the trial and received the PIS or they could come back at a later date if 
they preferred.

Prior to randomisation, the availability of speech and language therapists at the site was checked. 
Availability of SLT interventions locally was investigated before randomisation in order to reduce delays 
between randomisation and the start of treatment. Once randomised into the trial, the aim was to start 
providing the NHS SLT intervention within 4 weeks and the LSVT LOUD intervention within 7 weeks 
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of randomisation, thereby allowing for potential Ear, Nose and Throat (ENT) referrals prior to starting 
the intervention, and enabling the intervention to be completed prior to the primary analysis time 
point (at 3 months post randomisation). Randomisation could be deferred if the SLT intervention could 
not be initiated within the set time frames (e.g. if the therapist was on leave, or there was no service 
capacity to engage in LSVT LOUD at that time). However, the participant’s baseline questionnaire had 
to be completed within 2 weeks prior to randomisation, so this was factored into any planned delay of a 
patient’s randomisation. Provision of treatment at a location different to the randomisation location was 
permitted within the trial, depending on local practice. Participant’s General Practitioner was informed 
of their patient’s randomisation into the trial.

Typically, the research nurse obtained informed consent and enrolled the participant into the trial 
including randomising the participant via the BCTU web-based system or by telephoning BCTU 
telephone randomisation service. They also liaised with the local speech and language therapists to 
ensure that SLT, should they be randomised to therapy, started within the required time frame (Figure 1).

Blinding

Given the nature of the intervention, the trial was not blinded; participants, trial assessors or treatment 
providers were all aware of the intervention group to which the participant had been randomised.

Patients who have PD and problems with their
speech or voice are identified by physician,

nurse or therapist

Physician, nurse or therapist discusses trial 
and provides potential participant with

patient information sheet

Physician, nurse or therapist confirm eligibility,
answer any outstanding questions and take

consent

Following consent, baseline assessments are
performed, and then the participant is

randomised into the trial

LSVT LOUD® NHS SLT No SLT (Control)

3-, 6- and 12-month follow-up assessments

Complete trial

FIGURE 1 Intended trial participant flow.
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Statistical methods

The primary comparisons within the PD COMM trial compared (1) those randomised to receive LSVT 
LOUD compared to no SLT (control) and (2) those randomised to receive NHS SLT compared to those 
randomised to no SLT (control). A third comparison compared those randomised to LSVT LOUD to those 
randomised to NHS SLT. All primary analyses were based on the intention-to-treat (ITT) principle, with 
participants analysed in the treatment groups to which they were randomised.

For all tests, summary statistics (e.g. mean differences) are reported along with 99% confidence intervals 
(CI) and p-values from two-sided tests. A p-value of < 0.01 was considered statistically significant, as per 
the sample size calculations to take into account the multiple treatment comparisons being undertaken. 
For the primary comparisons, the no SLT (control) group was the reference group. In the secondary 
comparison, the NHS SLT group was the reference group. All analyses were undertaken using SAS®, 
version 9.4 [SAS Institute Inc., Cary, NC, USA (SAS and all other SAS Institute Inc. product or service 
names are registered trademarks or trademarks of SAS Institute Inc. in the USA and other countries. ® 
indicates USA registration)], or Stata®, version 17 (StataCorp LP, College Station, TX, USA).

The primary outcome measure was the VHI total score at 3 months. A linear regression model was used 
to estimate differences in the VHI total score at 3 months between the two arms of interest, with the 
VHI baseline score and the minimisation variables: age and severity of PD (Hoehn and Yahr) included 
in the model as covariates. Statistical significance of the treatment estimate was evaluated using the 
corresponding p-value in the model. Three per-protocol analyses were performed on the primary 
outcome only. These were:

•	 analysing those who were adherent (see Adherence to interventions for adherence definition) to 
randomised intervention and those who completed the 3-month assessment form inside the 
assessment window (± 1 month)

•	 analysing only those who were adherent
•	 analysing only those who completed the 3-month assessment form within the assessment window.

Sensitivity analyses to investigate the impact of missing data were also restricted to the primary 
outcome and included assuming worst score and best score in place of missing responses, with different 
combinations by intervention group; assuming mean score of domain in place of missing response; and 
multiple imputation using important prognostic variables (e.g. treatment allocation; baseline value) to 
predict the missing response.

The majority of the secondary outcome measures (e.g. PDQ-39) are continuous measures and were 
analysed in the same way as for the primary outcome: a linear regression analysis adjusting for relevant 
baseline score and all of the minimisation variables (baseline VHI, age and severity of PD). Mean 
differences were reported alongside 99% CIs. The primary analysis of the secondary outcomes was at 
3 months as per the primary outcome.

Participant-completed questionnaires were also completed at 6 and 12 months post randomisation. 
Secondary analyses assessed these data at both 6 and 12 months using linear regression analysis adjusting 
for relevant baseline score and minimisation variables as per the primary analysis. Continuous outcomes were 
also analysed using repeated measures models using all available data. Baseline value of the measure and 
time were included in the model along with the minimisation variables as fixed effects. Time was assumed 
to be a categorical (fixed) variable. To allow for a varying treatment effect over time, a time-by-treatment 
interaction parameter was included in the model. If the p-value of this interaction was significant, then mean 
differences between the groups were reported from this model, else the interaction term was removed 
before reporting mean differences. A general ‘unstructured’ covariance structure was assumed.

Adverse events and safety data were summarised descriptively by treatment arm and the number of 
events and percentage of participants experiencing any AE reported.
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Subgroup analyses were performed for the primary outcome only to assess whether there were 
differences in the treatment effect by the minimisation variables: VHI total score (≤ 33; mild 
34–44; moderate 45–61; severe > 61); age (≤ 59; 60–70; > 70 years); and PD severity as measured 
by Hoehn and Yahr staging (1–2.5; 3–5). The trial was not powered to detect for differences in 
treatment effect in these subgroups and, therefore, these analyses were to be treated as purely 
hypothesis generating.

Oversight and monitoring

Interim data analyses of the primary outcome and AE were supplied in confidence to the Data 
Monitoring Committee (DMC), which gave advice on whether the accumulated data from the trial, 
together with the results from other relevant research, justified the continuing recruitment of further 
participants. The DMC could recommend discontinuation of the trial if the recruitment rate or data 
quality were unacceptable, or if any issues were identified which may compromise participant safety. 
The trial would have stopped early if interim analyses or new evidence emerged showing differences 
between treatments that were deemed to be convincing to the clinical community.

The DMC was able to advise the chair of the trial steering committee (TSC) if, in their view, any of the 
randomised comparisons in the trial had provided both (1) ‘proof beyond reasonable doubt’66 that for all, 
or for some, types of patient one particular treatment is definitely indicated or definitely contraindicated 
in terms of a net difference in the major end points, and (2) evidence that might reasonably be expected 
to influence the patient management of many clinicians who are already aware of the other main trial 
results. The TSC would then have had to decide whether to close or modify any part of the trial. Unless 
this happened, however, the Trial Management Group (TMG), TSC, the investigators and all the central 
administrative staff (except the statisticians who supply the confidential analyses) remained unaware of 
the interim results.

Safety reporting

A risk assessment of the PD COMM trial was performed with the SLT interventions considered to be 
of low risk. From the literature, the only reported AE associated with the interventions was a small 
increased risk of vocal strain or abuse; however, none were reported in the PD COMM pilot trial. This 
risk was minimised as speech and language therapists are trained to identify and rehabilitate vocal strain. 
No other risks were expected to arise from taking part in the trial and therefore it was reasonable to 
collect only targeted AEs.

For participants in either treatment arm, any vocal strain or abuse believed to be associated with treatment 
was identified by the therapists at the participants’ SLT session and reported in the AE log. In all trial 
arms, the participant-reported resource usage form was checked to ensure that no vocal strain or abuse 
occurred following participants reporting outpatient appointments with ENT specialists. At the 12-month 
clinical visit, the medical professional also checked whether any AEs occurred since entering the trial.

Serious adverse events (SAEs) are events that cause death, are life-threatening, require or extend 
an existing hospitalisation, result in persistent or significant disability or incapacity; birth defect or 
congenital abnormality; or are otherwise considered medically significant by the investigator. SAEs that 
are not related to vocal strain or abuse were excluded from expedited notification during the course of 
the trial and were collected in the resource usage and 12-month clinical case report form (CRF).

Treatment-related AEs associated with vocal strain or abuse will be documented and reported from the 
date of commencement of protocol-defined SLT treatment until 30 days after the administration of the 
last treatment. AEs associated with vocal strain or abuse that are not considered treatment related [i.e. 
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AEs experienced on the no SLT (control) arm] were reported from randomisation until 12 months post 
randomisation via the resource usage questionnaire.

Summary of any changes to the trial protocol

The following amendments and/or administrative changes were made to this study since the 
implementation of the first approved protocol.67

Original application was submitted with version 1.0 of the protocol. Substantial changes to the protocol 
and participant CRFs were made to satisfy requirements from the REC.

Resubmitted to REC as version 1.1 and the protocol was approved subject to minor changes. This 
version was released to trial sites at the start of recruitment of the trial.

Version 2 of the protocol added an exclusion criterion that the investigator had to be certain that the 
participant would not require SLT in the 12-month trial period. A note was also added which stated that 
should it become medically necessary, participants in the ‘no treatment’ control group could be given 
SLT treatment. The severity measure H&Y was removed from 3- and 6-month data collection and height 
and weight were removed from the 6-month data collection. The CRFs were removed from the clinician-
reported outcome measures.

Version 3 was not approved and so was not an active version of the trial protocol.

Version 4 added that participants could be contacted by letter or phone by a member of the clinical team 
to inform them of the trial prior to them attending clinic or afterwards should this be more practical or 
appropriate. The need for participants to explicitly consent to members of the research team and or 
members and representatives of the sponsors to be given direct access to their medical records was 
added. The protocol was also amended to confirm that a participant’s GP was only informed of the 
participant’s involvement in the trial, if they had given their consent for this to happen.

The ability to defer randomisation due to SLT service availability was added. The baseline questionnaire 
had to be completed within 2 weeks prior to randomisation and consent was reconfirmed if the delay 
was longer than 3 weeks.

For the qualitative interviews, the timeframe of interview was changed to between 3 and 6 months 
assessments and the length of the interviews was amended to 30 minutes from 30 minutes to 1 hour. 
Providing a participant information sheet for the process evaluation was amended from optional 
to mandatory.
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Chapter 3 Results

Recruitment

The PD COMM trial opened to recruitment on 26 September 2016 and was suspended on 16 March 
2020, before the recruitment target of 546 participants was achieved, due to the impact of the 
coronavirus disease discovered in 2019 (COVID-19) pandemic (see Appendix 1, Figure 31). Following 
discussions among the coinvestigator group and then with the TSC and the funder, it was decided that 
the COVID-19 pandemic meant that recruitment to the trial and delivering the trial interventions in 
the same way as pre-pandemic would have been difficult. The decision was made to not reopen the 
trial and recruitment closed in November 2020 without reaching this target. As of 16 March 2020, 
388 participants were recruited to the trial; 130 participants were all allocated to LSVT LOUD, 129 
participants were allocated to NHS SLT and 129 participants were allocated to no SLT (control).

There were 42 centres across England, Scotland and Wales opened to recruitment, of which 41 recruited 
at least one participant. The centres were a diverse range of secondary care facilities and SLT services 
based in hospitals in large urban centres to small centres serving rural communities. The numbers 
of participants recruited at each centre were skewed (see Appendix 1, Figure 32) with a few centres 
recruiting a large number of participants and the majority of centres recruiting low numbers. The highest 
recruiting centres were in large urban centres in Scotland. The median number of participants recruited 
at each centre was 8 (range 2–32).

Participant flow

The participants were randomised to treatment and progressed through the trial (Figure 2) to complete 
a 12-month follow-up appointment; the two active SLT intervention arms had to complete the therapy 
within the 3 months from randomisation. Of the 388 participants randomised, a total of 31 did not 
start an active trial intervention (see Appendix 1, Table 20) for a range of different reasons. None of the 
reasons were recorded for more than two participants. Of those that started active treatment or no 
SLT (control), 7 participants (2%) died during the trial, 30 participants (8%) withdrew from the trial, 2 
participants were lost to follow-up and 10 participants (3%) partially withdrew from the trial: 7 (2%) of 
these provided clinical data only and 3 (1%) provided participant completed data only.

Baseline data

The mean age of participants in PD COMM was approximately 70 years old, and 74% were male 
(286/388) (Table 2). The mean duration of Parkinson’s was between 5 and 6 years, with a broad range 
from newly diagnosed to over 30 years, and the majority (61%) were in Hoehn and Yahr stage of 2 or 
less (< 5% were in Hoehn and Yahr stage 4 or more). The participants mostly lived with a significant other 
(83%) or lived alone (14%). The levodopa equivalency (see Table 6) of the medication the participants 
were taking at baseline was similar in the two SLT intervention groups (551.4 and 557.2 mg/day) but was 
slightly higher (597.6 mg/day) in the no SLT (control) group.

Data completeness
Data returns and data completeness were good throughout the trial (see Appendix 1, Tables 21 and 22). 
The participant completed VHI, PDQ-39 and QASD had response rates of over 85% at each time point. 
As did the quality-of-life questionnaire completed by the carer (PDQ-Carer). The clinician-completed 
forms had a response rate of over 90% (99% at baseline; 94% at 12 months).
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Adherence to treatment

Of the 130 participants randomised to LSVT LOUD, 109 (84%) started LSVT LOUD and of these 105 
completed LSVT LOUD. Twenty-one participants did not start LSVT LOUD for a variety of reasons (see 
Appendix 1, Table 20). Of the 129 participants randomised to NHS SLT, 119 (92%) started NHS SLT, with 
118 participants considered to have completed their NHS SLT. Ten participants did not start NHS SLT, 
again for a variety of different reasons. In the no SLT (control) group, 120 (93%) participants received no 
SLT, with 9 participants receiving SLT (1 LSVT LOUD, 8 NHS SLT) (Table 3 and Figure 2).

388 patients randomised

LSVT (N = 130)

Dead (n = 1)
Withdrawn (n = 3)
Lost to follow-up (n = 2) 

Dead (n = 1)
Withdrawn (n = 4)

LSVT (N = 130)
21 patients did not start LSVT
109 patients started LSVT
• 105 patients completed LSVT
• 4 patients did not complete
 LSVT

NHS SLT (N = 129)
10 patients  did not start NHS SLT
119 patients started NHS SLT
• 118 patients completed NHS SLT
• 1 patient did not complete NHS
 SLT

Control (N = 129)
120 patients  received no therapy
9 crossed-over to SLT
• Crossed-over to LSVT, n = 1
• Crossed-over to NHS SLT, n = 8

Baseline: 130 forms expected
• Returned, n = 130
• Not returned, n = 0

3 months: 124 forms expected
• Returned, n = 111
• Not returned, n = 13

6 months: 120 forms expected
• Returned, n = 104
• Not returned, n = 16

12 months: 115 forms expected
•  Returned, n = 102
•  Not returned, n = 13

12 months: 114 forms expected
•  Returned, n = 98
•  Not returned, n = 16

12 months: 113 forms expected
•  Returned, n = 100
•  Not returned, n = 13

6 months: 119 forms expected
• Returned, n = 100
• Not returned, n = 23

6 months: 116 forms expected
• Returned, n = 102
• Not returned, n = 14

3 months: 124 forms expected
• Returned, n = 105
• Not returned, n = 19

3 months: 127 forms expected
• Returned, n = 107
• Not returned, n = 20

Baseline: 129 forms expected
• Returned, n = 128
• Not returned, n = 1

Baseline: 129 forms expected
• Returned, n = 128
• Not returned, n = 1

NHS SLT (N = 129) Control (N = 129)

Withdrawn (n = 2)

Withdrawn (n = 5)

Withdrawn (n = 3)
Partial withdrawal (n = 1)

Withdrawn (n = 3)
Partial withdrawal (n = 2)

Dead (n = 1)
Partial withdrawal (n = 2)

Dead (n = 2)
Withdrawn (n = 4)
Partial withdrawal (n = 2)

Dead (n = 2)
Withdrawn (n = 6)

FIGURE 2 Flow of participants.
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TABLE 2 Baseline characteristics by randomisation arm

LSVT NHS SLT Control

Number of patients randomised 130 129 129

Number of randomisation notepads available 130 129 129

Number of entry forms available 130 129 127

Demographics

Age (years) N 130/130 129/129 129/129

Mean (SD) 69.9 (8.4) 69.7 (9.4) 70.2 (8.1)

Range 40.6–93.1 37.8–90.8 47.6–86.6

Age group (years) N 130/130 129/129 129/129

< 60 (%) 16 (12) 17 (13) 14 (11)

60–69 (%) 42 (32) 42 (33) 43 (33)

70–79 (%) 59 (46) 52 (40) 61 (47)

≥ 80 (%) 13 (10) 18 (14) 11 (9)

Gender N 130/130 129/129 129/129

Male (N, %) 91 (70) 100 (78) 95 (74)

Weight (kg) N 129/130 128/129 126/127

Mean (SD) 75.4 (15.5) 77.5 (14.3) 76.6 (14.1)

Range 39.9–118.8 25.3–120.7 41.8–114.3

Height (m) N 128/130 129/129 123/127

Mean (SD) 1.71 (0.10) 1.72 (0.09) 1.70 (0.11)

Range 1.45–1.93 1.47–1.90 1.31–1.96

Body mass index (kg/m2) N 128/130 128/129 123/127

Mean (SD) 25.6 (4.4) 26.2 (4.5) 26.6 (4.7)

Range 15.6–41.0 11.5–38.4 18.4–44.0

Stage of Parkinson’s disease

Duration of PD (years) N 130/130 129/129 127/127

Mean (SD) 5.8 (5.8) 5.1 (4.6) 6.1 (6.1)

Median (IQR) 3.9 (1.5–8.9) 3.7 (1.4–7.5) 4.1 (1.7–8.7)

Range 0.008–32.7 0.1–21.3 0.04–29.8

Hoehn and Yahr stage N 130/130 129/129 129/129

≤ 2.0 (%) 78 (60) 83 (64) 73 (57)

2.5 (%) 17 (13) 10 (8) 22 (17)

3.0 (%) 29 (22) 31 (24) 33 (25)

≥ 4.0 (%) 6 (5) 5 (4) 1 (1)



22

NIHR Journals Library www.journalslibrary.nihr.ac.uk

Results

In the LSVT LOUD group, 28 of the 105 participants who completed the treatment were considered 
non-adherent (27%) as they did not complete 14 or more sessions of LSVT LOUD within 3 months of 
randomisation. Of the participants in the LSVT LOUD group who did not complete the intervention, 
most had no intervention (18/25, 72%); the rest either withdrew from treatment (3/25, 12%), did not 
have confirmation of treatment completion (2/25, 2%) or had no treatment data in their trial records 
(1/25, 4%) or died (1/25, 4%). For the NHS SLT group, 48 of 118 participants (41%) were considered 
non-adherent as they did not have a final session confirmed by their treating therapist within 3 months 
of randomisation. For those who did not finish the NHS SLT intervention, the most common reason was 
that they did not receive the intervention (8/11, 73%). There was no treatment information available for 
two participants and one withdrew from treatment (see Table 3) (see Appendix 1, Table 20).

Interventions as given

The provision of the two active speech and language therapies used for this trial was monitored and 
recorded to provide information about the interventions as delivered (Table 4). For greater detail on the 
content of the interventions as delivered, see Chapter 6.

LSVT LOUD
Lee Silverman Voice Treatment LOUD was delivered over a median of 16 sessions and a mean of 6.6 (SD 
6.5) weeks. The dose of the treatment was 1216 (SD 454) minutes, which consisted of 963 (SD 330) 
minutes of SLT content [mean SLT content per session: 63 (SD 10) minutes], with 752 (SD 287) minutes 
dedicated to LSVT LOUD [mean LSVT LOUD content per session: 54 (SD 7) minutes]. Participants 
were encouraged to continue with home-based practice and completed homework diaries. Ninety-six 
participants completed at least 1 week of the home-practice diary. Diary completion was high with a 
median completion of 4 weeks.

TABLE 3 Treatment adherence in PD COMM by trial arm

LSVT LOUD NHS SLT Control

Number randomised to SLT 130 129 129

Number completed intervention 105 118 –

Adherent (%)a 77 (73) 70 (59) 120 (93)

Non-adherent (%) 28 (27) 48 (41) 9 (7)

Number not completed interventionb 25 11 –

Crossover to control 8 (32%) 0 (–) –

Died 1 (4%) 0 (–) –

No confirmation of treatment completion 2 (8%) 0 (–) –

No intervention 10 (40%) 8 (73%) –

No treatment data available 1 (4%) 2 (18%) –

Withdrew 3 (12%) 1 (9%) –

a	 LSVT LOUD: ≥ 14 sessions completed within 3 months of randomisation.
b	 These are participants who never started intervention as well as those who started and did not complete.

Notes
NHS SLT: all sessions completed within 3 months of randomisation and last session marked as yes.
Control: received no SLT during 12-month follow-up.
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TABLE 4 Summary of the interventions as delivered

LSVT NHS SLT

No. of participants randomised 130 129

No. of participants with log data 107 118

No. of participants had last session 105 118

N 107 118

Number of sessions Median (IQR) 16 (16–17) 5 (4–7)

Range 1–22 1–15

N 107 –

Number of sessions of LSVT LOUD Median (IQR) 16 (14–16) –

Range 0–18 –

N 107 118

Total time (mins) Mean (SD) 1216.3 (453.6) 404.1 (233.5)

Range 70–2080 50–1331

N 107 118

SLT contenta time Mean (SD) 962.9 (330.4) 298.2 (171.2)

Range 45–1670 40–1065

SLT activities by type N = 107 N = 118

 Assessment and review time (mins)b Mean (SD) 132.9 (86.1) 84.3 (51.1)

Range 0–415 0–295

 Goal setting (mins)b Mean (SD) 25.8 (33.2) 25.3 (26.0)

Range 0–125 0–130

 Information provision and advice (mins)b Mean (SD) 36.1 (44.3) 38.8 (32.1)

Range 0–315 0–175

 Therapy~ (mins)b Mean (SD) 15.0 (45.0) 148.9 (112.7)

Range 0–300 0–550

 LSVT (mins)b Mean (SD) 751.8 (287.3) –

Range 0–1105 –

 Indirect contact (mins)c Mean (SD) 5.4 (26.3) 1.3 (6.0)

Range 0–195 0–40

 Liaison/onward referral (mins)c Mean (SD) 4.6 (14.0) 5.7 (17.9)

Range 0–105 0–130

 Other for example, writing notes, phone calls (mins)c Mean (SD) 243.4 (184.8) 98.8 (76.9)

Range 0–710 0 - 380

Time per session (minutes) N 107 118

Mean (SD) 79.7 (15.9) 74.2 (21.1)

Range 46.3–127.5 40.0–165.0

SLT contentd time per session N 107 118

continued
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National Health Service speech and language therapy
National Health Service SLT was delivered over a median of five sessions over a mean of 11.4  
(SD 11.4) weeks. The duration of NHS SLT was shorter than LSVT LOUD, totalling a mean of 404 
(SD 234) minutes, with 298 (SD 171) minutes dedicated to SLT content. Mean active therapy time 
for NHS SLT was 149 (SD 113) minutes. The mean individual session length was similar to that 
of LSVT LOUD at a mean of 55 (SD 16) minutes. Therapy assistants provided a small number of 
treatment sessions across interventions and a few participants received the course of therapy in a 
group setting.

Effectiveness of speech and language therapies for  Parkinson’s disease-related 
speech and voice problems (dysarthria) after 3 months (primary outcome)

Primary analysis
The impact of the speech or voice problems at baseline across the three randomised groups was similar: 
a mean of 44.6 (SD 21.9, n = 130) in the LSVT LOUD group, 46.2 (SD 24.8, n = 129) in the NHS SLT 
group and 44.3 (SD 22.3, n = 129) in the no SLT (control) group. At 3 months all three group’s voice 
impact scores were lower compared with baseline, indicating less impact from speech or voice problems: 
the LSVT LOUD group had a mean score of 35.0 points (SD 20.1, n = 106), the NHS SLT group had a 
mean score of 44.4 points (SD 24.8, n = 102) and the no SLT (control) group had a mean score of 40.5 
points (SD 21.5, n = 98) (Table 5).

The interventions were compared against each other for relative impact of speech or voice problems at 
3 months by calculating the mean difference in VHI total score between groups. At 3 months, the VHI 
total score for the LSVT LOUD group was 8 points lower than for the no SLT (control) group [−8.0, 99% 
CI (−13.3 to −2.6); p = 0.0001]. For NHS SLT, at 3 months, the VHI total score was 1.7 points higher than 

LSVT NHS SLT

Mean (SD) 62.7 (9.5) 55.0 (15.6)

Range 30.9–91.7 23.7–100.0

LSVT LOUD time per session (minutes) N 98e –

Mean (SD) 54.3 (7.1) –

Range 34.1–69.3 –

Treatment duration (weeks)f N 107 118

Mean (SD) 6.6 (6.5) 11.4 (11.4)

Range 0–54 0–69

a	 SLT therapy based on the SLT treatment log included: assessment and review; goal setting or review of previous 
therapy log; information provision and advice to person with PD or caregiver; impairment-based therapy; 
compensatory therapy; augmentative and alternative communication strategies; generalisation/functional therapy; 
training of caregiver or LSVT LOUD.

b	 SLT content.
c	 Indirect content.
d	 Includes: impairment-based therapy; compensatory therapy; augmentative and alternative communication strategies; 

and generalisation/functional therapy.
e	 Nine patients started intervention and had one to four sessions but none of these sessions had any LSVT 

LOUD content.
f	 Note that duration is taken from initial interview assessment. So, if a participant had an initial interview and only one 

SLT log on the same day then their treatment duration is 0 week.

TABLE 4 Summary of the interventions as delivered (continued)
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the no SLT (control) group [1.7, 99% CI (−3.8 to 7.1); p = 0.4]. In the third comparison, the LSVT LOUD 
group was 9.6 points lower than the NHS SLT group [−9.6, 99% CI (−14.9 to −4.4); p < 0.0001] (see 
Table 5).

Per-protocol analyses
The main per-protocol analysis population included only those participants who both adhered to 
treatment and completed the 3-month VHI outcome assessment within the 1-month time window. This 
analysis gave similar results to the main ITT analysis: LSVT LOUD versus no SLT: −9.7, 99% CI (−16.0 to 
−3.4); NHS SLT versus no SLT: 1.1, 99% CI (−5.6 to 7.8); and LSVT LOUD versus NHS SLT: −10.8, 99% CI 
(−17.8 to −3.8). Similar results were also seen for the two other per-protocol analyses (see Appendix 1, 
Table 23).

Sensitivity analyses to assess impact of missing data
Various sensitivity analyses were undertaken to assess the impact of missing data. Different assumptions 
were made about the reasons for missing data to investigate the impact, if any, to our analysis of the 
primary outcome. All these analyses gave results that were in agreement with the primary ITT analysis 
(see Appendix 1, Table 24). For example, the sensitivity analysis using multiple imputation gave the 
following results: LSVT LOUD versus no SLT: −6.9, 99% CI (−10.9 to −2.9); NHS SLT versus no SLT: 1.8, 
99% CI (−2.3 to 5.9); and LSVT LOUD versus NHS SLT: −8.7, 99% CI (−12.7 to −4.7).

Exploration of the impact of potential confounders on the impact of voice  
problems at 3 months

Subgroup analyses were pre-specified and performed on the minimisation variables: VHI category (≤ 33 
negligible; mild 34–44; moderate 45–61; severe > 61); Age category (≤ 59; 60–70; > 70 years) and 
Hoehn and Yahr (1–2.5; 3–5) to assess whether one particular subgroup may benefit more (or less) from 
the SLT interventions. There was no evidence that the effect of the interventions differed according to 
age (test for interaction, p = 0.7) or Hoehn and Yahr stage (test for interaction, p = 0.7) (see Appendix 1, 
Table 25). There was, however, evidence that the intervention effect may differ depending on the 
baseline VHI score (test for interaction, p = 0.007). Across all three comparisons, the treatment effect 
generally increased as the baseline VHI increased; for example, for LSVT LOUD greater benefits were 
observed in those with more severe VHI scores at baseline. A post hoc analysis excluding participants 

TABLE 5 Primary outcome

Mean (SD, n) Mean difference (99% CI)

LSVT NHS SLT Control LSVT vs. control NHS SLT vs. Control LSVT vs. NHS SLT

N = 130 N = 129 N = 129

Baselinea 44.6 (21.9, 130) 46.2 (24.8, 129) 44.3 (22.3, 129) – – –

Baselineb 45.4 (22.4, 106) 45.3 (24.2, 102) 42.3 (21.5, 98) – – –

3 monthsc 35.0 (20.1, 106) 44.4 (24.8, 102) 40.5 (21.5, 98) −8.0 (−13.3 to −2.6); 
p = 0.0001

1.7 (−3.8 to 7.1); 
p = 0.4

−9.6 (−14.9, −4.4); 
p < 0.0001

a	 For all available data.
b	 For all those included in the primary analysis.
c	 Primary adjusted analysis.

Notes
Voice Handicap Index: ranges from 0 to 120, where low score is good and high score is bad.
Negative difference favours SLT treatment for comparison of SLT vs. no SLT (control); and favours LSVT LOUD for 
comparison of LSVT LOUD vs. NHS SLT.
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who recorded the 3-month VHI score after the start of COVID restrictions was also performed (see 
Appendix 1, Table 26).

Effectiveness of speech and language therapies on the impact of voice problems  
over 12 months

The effectiveness of the trial interventions was monitored over 12 months. The VHI total score was 
assessed at 6 and 12 months separately as well as over the whole 12 months using a repeated measures 
analysis. These were secondary analyses for the trial. LSVT LOUD scores were lower (i.e. better) than no 
SLT (control) and there was no evidence of a difference between NHS SLT and no SLT (control) across 
these time points. LSVT LOUD also had lower VHI scores (i.e. better) than NHS SLT (see Figure 3 and 
Appendix 1, Table 27).

Effectiveness of speech and language therapies on the emotional, functional and 
physical impacts of voice problems (secondary outcome)

The VHI outcome measure comprises of three different subscales: emotional, functional and physical, 
which were assessed separately as secondary outcomes with the aim building a detailed picture of which 
particular voice-related impacts were improved.

Emotional subscale
At 3 months, the LSVT LOUD group had a lower score (i.e. better) than the no SLT (control) group [−3.0 
(−5.1, −0.9); p = 0.0003], while there was no difference for standard NHS SLT compared to no SLT 
(control) [0.2 (−1.9, 2.4); p = 0.8]. LSVT LOUD resulted in a lower (i.e. better) emotional subscale score 
compared to standard NHS SLT [−3.2 (−5.3, −1.1); p < 0.0001] at 3 months. Similar results were seen for 
the comparisons at 6 and 12 months, and over the whole 12-month trial follow-up period (see Figure 4 
and Appendix 1, Table 28).

Functional subscale
At 3 months, the LSVT LOUD group had a lower score (i.e. better) than the no SLT (control) group [−2.9 
(−4.8, −1.1); p < 0.0001], while there was no difference for NHS SLT compared to no SLT (control) [−0.0 
(−1.9, 1.9); p = 1.0]. LSVT LOUD resulted in a lower (i.e. better) functional subscale score compared to 
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NHS SLT [−2.9 (−4.7, −1.1); p < 0.0001] at 3 months. Similar results were seen for the comparisons at 
6 and 12 months, and over the whole 12-month trial follow-up period (see Figure 5 and Appendix 1, 
Table 28).

Physical subscale
Only LSVT LOUD resulted in a lower (i.e. better) physical subscale score compared to NHS SLT [−2.2 
(−4.1, −0.3); p = 0.003] at 3 months. Similar results were seen for the comparisons at 6 and 12 months, 
and over the whole 12-month trial follow-up period (see Figure 6 and Appendix 1, Table 28).

Effect of the interventions on participant’s dysarthria-specific quality of life 
(secondary outcome)

To assess what impact the interventions may have on quality of life particularly associated with dysarthria 
(voice or speech problems), the QASD was used. At 3 months, the QASD scores were lower (i.e. better) 
in the LSVT LOUD group when compared to both the no SLT (control) [−5.4 (−9.8, −1.0); p = 0.002] and 
the NHS SLT [−4.3 (−8.7, 0.1); p = 0.01] groups. There was no evidence of a difference in the scores for 
NHS SLT compared to no SLT (control) at 3 months. Similar results were seen for the comparisons at 6 and 
12 months, and over the whole 12-month trial follow-up period (see Figure 7 and Appendix 1, Table 29).

Effectiveness of speech and language therapies on the participant’s Parkinson’s 
disease-specific quality of life (secondary outcome)

The participant assessed the quality-of-life measure PDQ-39 assesses the impact on mobility, activities 
of daily living, emotional well-being, stigma, social support, cognition, communication and bodily 
discomfort. The plots and results of the analyses for the different domains are provided in the Appendix 
(see Appendix 1, Table 30, Figures 33–39). Not surprisingly, the largest differences were observed in the 
communication domain for the comparison of LSVT LOUD and no SLT (control). At 3 months, the mean 
difference between groups was −6.2 points (99% CI −11.9 to −0.6; p = 0.004) (Figure 8).
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Effectiveness of speech and language therapies on the participant’s general health 
status (secondary outcome)

The general health-related quality of life for participants was measured using the EQ-5D-5L and there 
was no evidence of differences between interventions (see Figures 9 and 10 and Appendix 1, Table 31).

For measuring participants’ well-being, ICECAP-O was used in this trial. This is helpful for economic 
evaluation and consists of the total score made up of attachment, security, role, enjoyment and control 
domains. There was no evidence of a difference between interventions for the ICECAP-O total score at 
any time point (see Figure 11; and Appendix 1, Table 32).

40

35

30

25

20

15

10

5

0
0

128
130
127

100
108
104

99
101
98

98
99
94

3

Months from randomisation

Patients

M
ea

n
 fu

n
ct

io
n

al
 d

o
m

ai
n

 s
co

re

6 12

Cont
LSVT
NHS

FIGURE 5 Mean VHI functional subscale score profile plot with error bars over 12 months by intervention.
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FIGURE 7 Mean QASD profile plot over 12 months with error bars by intervention.
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FIGURE 8 Mean PDQ-39 communication subscale profile plot with error bars over 12 months by intervention.
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Effectiveness of speech and language therapies on carer’s quality of life  
(secondary outcome)

Carers were also recruited and these were mainly the spouse of participant, with a small number being a 
son, daughter or friend of the participant and a small number of carers with another relationship to the 
participant (see Appendix 1, Table 33).

The effect of the interventions on the quality of life of carers of people with Parkinson’s disease was 
assessed. There was a mixed pattern; the carer quality of life [Parkinson’s Disease Questionnaire–Carer) 
was higher (i.e. worse) after NHS SLT compared to no SLT (control) at 3 months [6.2 (0.1, 12.3); 
p = 0.009], but the strength of the evidence reduced when assessing the data over the whole follow-up 
period [5.4 (−0.4, 11.1); p = 0.02]. Conversely, the LSVT LOUD score was lower than the NHS SLT 
score overall [−6.3 (−11.8, −0.7); p = 0.004] with a borderline difference at 3 months [−5.6 (−11.6, 0.4); 
p = 0.02].

For the anxiety and depression subscale, NHS SLT had higher scores (i.e. worse) at 3 months [7.5 (0.8, 
14.3); p = 0.004] compared to no SLT (control) and overall there was a borderline difference [5.9 (−0.3, 
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FIGURE 10 Mean EQ5D visual analogue score profile plot with error bars over 12 months by intervention.
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12.1); p = 0.01]. The LSVT LOUD score was lower (i.e. better) than the NHS SLT score [−7.2 (−13.8, 
−0.7); p = 0.005] at 3 months and overall [−6.9 (−12.9, −0.9); p = 0.003].

For the stress subscale, there was a borderline difference in favour of no SLT (control) compared to NHS 
SLT at 3 months and across the trial period overall. There were lower scores for LSVT LOUD versus 
standard NHS SLT overall, but little evidence of a difference at 3 months.

For LSVT LOUD compared to no SLT (control), there was no evidence of a difference at any time point 
for the overall score or the subscales (see Figures 12 and 13; Appendix 1, Table 34 and Figures 40–42).

Clinical data

Clinical outcomes included assessing Hoehn and Yahr (excluding any reference to communication, 
speech or voice abilities) and PD-related medication (assessed using levodopa equivalency) at 
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FIGURE 12 Mean PQD-carer summary index profile plot with error bars over 12 months by intervention.
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12 months. There was a median Hoehn and Yahr value of 2.0 across all groups at baseline, and apart 
from a slightly higher median in the no SLT (control) group at 12 months of 2.5 (IQR 2.0–3.0), Parkinson’s 
disease severity remained the same over 12 months.

The amount of Parkinson’s treatment given was similar across the two active treatment groups at both 
baseline and 12 months and was slightly higher in the no SLT (control) group at both time points. In all 
groups, the amount of treatment given at 12 months had increased since baseline (Table 6).

Adverse events

There were no SAEs reported. A total of 139 AEs were recorded among a trial population of 388 
participants. There were no AEs reported in the no SLT (control) group. The LSVT LOUD group reported 
93 AEs which occurred in 36 (28%) participants, of which the majority (80 events) were vocal strain 
with a small number of throat ache (6 events), cold virus (5 events) and perceived hard glottal attack (2 
events). Almost all the 46 events experienced by 16 participants receiving NHS SLT were vocal strain (45 
events) and there was one throat infection (see Appendix 2, Table 35).

TABLE 6 Summary of clinical outcomes

LSVT NHS SLT Control

N = 130 N = 129 N = 129

Hoehn and Yahr stage

N = 130 N = 129 N = 129

 Baseline Median (IQR) 2.0 (2.0–3.0) 2.0 (1.5–3.0) 2.0 (2.0–3.0)

N = 87 N = 91 N = 82

 12 months Median (IQR) 2.0 (2.0–3.0) 2.0 (2.0–3.0) 2.5 (2.0–3.0)

Levodopa equivalency (mg/day)

N = 130 N = 129 N = 127

 Baseline Mean (SD) 551.4 (342.8) 557.2 (365.1) 597.6 (416.9)

N = 110 N = 109 N = 108

 12 months Mean (SD) 573.0 (352.7) 569.7 (327.3) 633.7 (371.8)
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Chapter 4 Meta-analysis

Background and pilot trial design

Prior to submission of the application for NIHR funding for the PD COMM study, a pilot study funded by 
The Dunhill Trust was conducted to assess the feasibility of undertaking a large-scale trial comparing LSVT 
LOUD, NHS SLT and a no SLT intervention control in PD, as well as determine the procedures, outcome 
measures and sample size for a full-scale trial. The PD COMM pilot trial results have been published.36

In summary, the PD COMM pilot was a multicentre, assessor-blinded, three-armed parallel group RCT. 
People with idiopathic PD, with self-reported or carer-reported problems with speech, were randomised 
in a 1 : 1 : 1 ratio to receive either LSVT LOUD; NHS SLT; or no treatment in first 6 months unless 
deemed medically necessary. Potential participants diagnosed with dementia, judged as likely to need 
SLT in the near term or given SLT in the previous 2 years were excluded. Outcomes were assessed at 
baseline (prior to randomisation), and then at 3, 6 and 12 months post randomisation.

PD COMM pilot results

The trial opened to recruitment in May 2012. Over a period of 23 months, a total of 89 patients were 
recruited from 12 sites and randomised to the three arms of the trial (30 LSVT LOUD, 30 NHS SLT, 
29 control). The trial was completed by 27/30 (90%) participants in both therapy arms and 29/29 
(100%) participants in the control arm. Data return rates were excellent, with the participant-completed 
questionnaires returned for > 90% of expected forms across all time points. Participants entering the 
trial were on average 67 years old, male (78%), and had a BMI of 27 kg/m2. On average participants had 
PD for 5.5 years and were in Hoehn and Yahr stage ≤ 2.0 (66%) (Table 7). Participants were taking on 
average the equivalent of 580 mg a day of levodopa in PD medication at entry.

There were a total of six withdrawals: three in the LSVT LOUD and three in the NHS SLT group. 
In the LSVT LOUD group, participants had a median of 16 sessions lasting on average 61 minutes 
over 4.7 weeks. In the NHS SLT group, participants had a median of six sessions lasting on average 
54 minutes over 9.6 weeks. In total, seven participants randomised to LSVT LOUD either did not start 

TABLE 7 PD COMM Pilot participant characteristics at randomisation

LSVT NHS SLT Control

Number of patients randomised 30 30 29

Demographics

Age (years) Mean (SD) 67 (8.4) 68 (10.3) 65 (7.5)

Range 45–80 42–86 49–79

Age group (years) < 60 (%) 5 (17) 5 (17) 8 (28)

60–69 (%) 11 (37) 10 (33) 11 (38)

70–79 (%) 13 (43) 12 (40) 10 (34)

≥ 80 (%) 1 (3) 3 (10) 0 (-)

Gender Male (N, %) 23 (77) 23 (77) 23 (79)

continued
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LSVT LOUD (n = 3) or stopped the LSVT LOUD early (i.e. did not complete 16 sessions; n = 4). The four 
participants that did not complete all 16 sessions of LSVT LOUD received 1, 2 or 3 sessions. Three of 
these seven participants withdrew from the trial all citing the intensity and time commitment of LSVT 
LOUD as the reason for withdrawal. One participant randomised to NHS SLT did not start therapy. The 
reason for not starting therapy was that the participant could not receive therapy within the designated 
time period as their daughter was taken ill, and then the participant had a planned operation. This 
participant withdrew from the trial. One participant in the control group was referred to SLT within 
6 months of randomisation.

The PD COMM Pilot study was not powered to detect differences between the groups in any of the 
outcome measures included. However, the direction of the outcome measures was in favour of the SLT 
groups. The PD COMM trial demonstrated that a full-scale trial would be feasible as trial procedures 
worked well and the interventions were well accepted by patients with no AEs. Furthermore, the 
design of the full-scale trial was refined, determining the sample size and thus the number of sites and 
recruitment time required, reducing the burden on both participants and speech and language therapists 
(Voice Related Quality of Life Questionnaires and vocal recording measurements were removed) and the 
VHI was chosen as the primary outcome.

Meta-analysis of PD COMM and PD COMM Pilot

As the populations from both PD COMM Pilot and PD COMM are similar, with trial design comparable, 
a meta-analysis has been performed to combine results from both trials. Analysis was rerun on the pilot 
trial data (Table 8) to match with the analysis of the full trial (see Table 2).

The data from the 388 participants in the PD COMM trial and the 89 participants in the PD COMM 
Pilot trial were combined using random-effects meta-analysis methods. These meta-analyses included 
372 participants [126 in LSVT LOUD group; 123 in NHS SLT group and 123 in the no SLT (control) 
group]. A difference of 8.0 points in the VHI total score at 3 months in favour of LSVT LOUD was found 
when compared with no SLT (control) [−7.9, 99% CI (−12.7 to −3.0); p < 0.01] (Figure 14). There was 
no evidence of a difference between NHS SLT and no SLT (control) in the meta-analysis [−0.08, 99% 
CI (−7.3 to 7.2); p = 0.2] (Figure 15), and borderline evidence of a difference when LSVT LOUD was 
compared with NHS SLT [−7.4, 99% CI (−15.9 to 1.0); p = 0.02] (Figure 16).

LSVT NHS SLT Control

Stage of PD

Duration of PD (years) N 30 30 29

Mean (SD) 6.1 (3.7) 5.6 (4.2) 4.9 (3.4)

Median (IQR) 5.4 (4.0–8.3) 4.8 (2.5–8.3) 4.9 (2.5–7.2)

Range 0.3–16.8 0.2–14.7 0.06–11.7

N 30 29 26

Hoehn and Yahr stage ≤ 2.0 (%) 20 (67) 16 (55) 20 (77)

2.5 (%) 5 (17) 2 (7) 5 (19)

3.0 (%) 4 (13) 9 (31) 1 (4)

≥ 4.0 (%) 1 (3) 2 (7) 0 (–)

TABLE 7 PD COMM Pilot participant characteristics at randomisation (continued)
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TABLE 8 Primary analysis as per PD COMM of PD COMM Pilot VHI score at 3 months

Mean (SD, n) Mean difference (99% CI)

LSVT NHS SLT Control LSVT vs. control NHS SLT vs. control LSVT vs. NHS SLT

Baseline 42 (20.2, 26) 42 (25.5, 28) 42 (21.0, 26) – – –

3 monthsa 33 (22.4,22) 36 (21.2, 22) 46 (25.1, 28) −7.25 (−19.0 to 4.5) −4.7 (−16.9 to 7.6) −2.6 (−14.9 to 9.7)

a	 Analysis adjusted for VHI baseline score; age and Hoehn and Yahr category (1–2.5; 3–5).

Notes
Voice Handicap Index: ranges from 0 to 120, where low score is good and high score is bad.
Negative difference favours SLT treatment for comparison of SLT vs. control; and favours LSVT LOUD for comparison of 
LSVT LOUD vs. NHS SLT.

 Study with 99%  CI (%) 

PD COMM –7.98 [–13.34 to –2.63]  82.75

PD COMM pilot    –7.25 [–18.98 to 4.48]  17.25

Overall –7.86 [–12.73 to –2.99]

Effect size                Weight

Favours LSVT

Random-effects REML model

Favours control

–20 –10 0 10

Heterogeneity: T2 = 0.00, I2 = 0.00%, H2 = 1.00

Test of �i = �j :  Q(1) = 0.02, p = 0.88

Test of � = � : z = –4. 15, p = 0.00

FIGURE 14 Forest plot of LSVT vs. control from PD COMM and PD COMM pilot.

 Study with 99%  CI (%) 

PD COMM 1.65 [–3.75 to 7.06] 72.67

PD COMM pilot –4.67 [–16.89 to 7.55] 27.33

Overall –0.08 [–7.33 to 7.18]

Effect size                Weight

Favours NHS SLT

Random-effects REML model

Favours control

–20 –10 0 10

Heterogeneity: T2 = 6.51, I2 = 32.60%, H2 = 1.48

Test of �i = �j :  Q(1) = 1.48, p = 0.22

Test of � = 0 : z = –0. 03, p = 0.98

FIGURE 15 Forest plot of NHS SLT vs. control from PD COMM and PD COMM pilot.

 Study with 99%  CI (%) 

PD COMM –9.64 [–14.92 to –4.35]  68.70

PD COMM pilot –2.58 [–14.89 to 9.73] 31.30

Overall –7.43 [–15.86 to 1.00]

Effect size                Weight

Favours LSVT

Random-effects REML model

Favours NHS SLT

–20 –10 0 10

Heterogeneity: T2 = 11.38, I2 = 45.70%, H2 = 1.84

Test of �i = �j :  Q(1) = 1.84, p = 0.17

Test of � = 0 : z = –2. 27, p = 0.02

FIGURE 16 Forest plot of NHS SLT vs. LSVT from PD COMM and PD COMM pilot.
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Chapter 5 Implementation of PD COMM 
interventions: process evaluation

Material in this chapter has been adapted from the PD COMM trial process evaluation protocol 
by Masterson-Algar et al. (https://trialsjournal.biomedcentral.com/articles/10.1186/s13063-

017-2130-1). This is an Open Access article distributed in accordance with the terms of the Creative 
Commons Attribution (CC BY 4.0) licence, which permits others to distribute, remix, adapt and 
build upon this work, for commercial use, provided the original work is properly cited. See: https://
creativecommons.org/licenses/by/4.0/. The text below includes minor additions and formatting changes 
to the original text. The Creative Commons Public Domain Dedication waiver (http://creativecommons.
org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated in 
a credit line to the data.

This chapter describes the work carried out as part of the process evaluation alongside the PD COMM 
trial. As the Medical Research Council guidance68 suggests, process evaluations serve a very important 
role, not only when checking whether the trial intervention was delivered as planned (fidelity) but also in 
providing detailed insight into the experiences of those who engage with the complex intervention.69,70 
By carrying out a process evaluation it will be possible to identify if observed impacts are solely due to 
the trial intervention, or if these impacts are a result of a number of external and internal variables that 
are closely linked to the environment and the context in which the interventions take place. Pragmatic 
trials of complex interventions, such as PD COMM, which include a process evaluation will produce 
higher quality results that can help clarify the potential generalisability and optimisation of PD COMM 
interventions in routine practice.68,71

In order to identify the causal processes around intervention implementation and fidelity taking place 
during the PD COMM trial, this process evaluation has used the normalisation process theory (NPT) 
which is highly attuned to the challenges of complex interventions as it encourages looking at systems 
as a whole.72 This sociological theory has been widely used to understand how healthcare interventions 
are implemented, embedded and finally integrated into a healthcare setting.73 The major focus of 
analysis within NPT is the individual and collective work that is undertaken to implement and enact, in 
this case, the PDCOMM trial and the interventions. This work is considered within four domains, in this 
case, as follows:

•	 Coherence: the work undertaken to understand and make sense of what is required.
•	 Cognitive participation: the degree to which people become and remain engaged and committed.
•	 Collective action: the work undertaken to implement what is required.
•	 Reflexive monitoring: what is done to reflect on and evaluate the trial and interventions.

We considered that its conceptual framework74 would assist the interpretation and synthesis of data and 
analysis to explain what implementation processes took place and the interactions and gaps between 
the two PD COMM SLT interventions, the changing context, speech and language therapists and 
their practice.

Process evaluation aims and objectives

The overall aim of this process evaluation was to evaluate and understand PD COMM intervention trial 
implementation and fidelity in order to provide insights that will assist in the interpretation of the PD 
COMM trial results.

https://trialsjournal.biomedcentral.com/articles/10.1186/s13063-017-2130-1
https://trialsjournal.biomedcentral.com/articles/10.1186/s13063-017-2130-1
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
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Specific objectives were to:

1.	 investigate therapists’ experience of implementation and familiarity with PD COMM interventions, 
identifying the actual practices received by participants, likely tailoring to contexts, and other influ-
ences on implementation within the healthcare setting

2.	 investigate the influence of therapists’ factors pre-trial, including their:
•	 relevant skills and training
•	previous experience of LSVT and NHS SLT and familiarity with its methods and procedures
•	 level of acceptance of the interventions both at a personal level and in their implementation  

context
•	expectations in terms of intervention provision within the context of a pragmatic trial and 

intervention impact.
3.	 identify therapists’ learning over time and its potential impact on implementation outcomes
4.	 investigate study participants’ experiences, views and level of engagement in the PD COMM study, 

and their influence on participants’ participation, motivation and (where relevant) adherence to 
therapy for those in treatment and control groups

5.	 synthesise all process evaluation data collected and link it to the explanation of trial findings.

Methods

Design
The process evaluation was conducted as an integral part of the PD COMM trial (Figure 17) and it 
applied NPT to examine normalisation from the perspectives of both staff delivering the intervention 
and patient participants who needed to embed the trial interventions into their daily routine. All details 
of the process evaluation design and methods were published as a protocol for the study.75

This process evaluation used a variety of data collection methods.75

NPT and LSVT literature

Therapist questionnaire
(Descriptive data)

Interviews with
therapists

Initial themes and subthemes
identified

Initial themes and subthemes
identified

All themes/data mapped on to NPT Framework and
systhesised during 2 one-day research workshops

Interviews with
patients

PD COMM Interventions:
Explanatory Framework

Interview schedule informed by NPT
(Gallagher et al. 2011 p. 237)

FIGURE 17 PD COMM process evaluation flow chart.
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Therapist questionnaire (TQ): All speech and language therapists and SLT assistants involved in the trial 
were asked to complete an online questionnaire at two time points: prior to the start of intervention 
delivery and after they had treated their last PD COMM participant. The TQ consisted of three sections 
A, B and C. Section A collected data on therapists’ roles and years of experience; section B consisted 
of an adapted version of the NPT NoMAD tool76 to evaluate attitudes towards the LSVT and NHS SLT 
interventions across the four NPT domains and the therapists’ self-efficacy as measured by the general 
self efficacy (GSE) questionnaire.77 Section C comprised the LSVT skill set questionnaire78 to evaluate 
therapists’ confidence with completing LSVT in practice settings.

Semistructured in-depth interviews with study participants. Purposeful sampling ensured engagement 
of trial participants with different ages, PD severity (Hoehn and Yahr stage) and the presence of a 
family carer.

Semistructured in-depth interviews with study therapists responsible for delivering the two active 
treatment arms. Interviews were carried out at two time points: estimated midway through therapists’ 
involvement in the trial, and at least 1 year after they joined the trial.

All interviews were digitally recorded and fully transcribed and then checked by the interviewer, keeping 
all names of participants anonymous. All participants were asked to give consent to the recording prior 
to the start of the interview.

Quantitative and qualitative sets of data were analysed independently before being combined.

Quantitative data
Descriptive statistics were carried out on the data from the TQ to explore the frequency of responses to 
items and investigate where therapists have shown a more positive or negative response.

Qualitative data
All interviews were recorded and transcribed verbatim after anonymisation. The software package Atlas.
ti (ATLAS.ti Scientific Software Development GmbH, Berlin, Germany) was used to facilitate analysis.

All interview data were coded around a theoretical coding framework informed by the NPT constructs72 
(More details are available at https://www.birmingham.ac.uk/research/bctu/trials/pd/pd-comm/
investigators/process-evaluation). The analysis followed the phases of thematic analysis described by 
Braun and Clarke.79 First, two of the authors (PMA and MC) read and re-read all transcripts and notes 
to gain familiarity with the data. The researchers then coded all data informed by the coding framework 
and assigned relevant data extracts to each code. New codes were created for data falling outside of the 
coding framework to avoid missing important concepts.

Themes were identified as meaningful patterns across coded data and were then reviewed and agreed 
by all authors. The qualitative data analysis was conducted within source prior to synthesis across data 
sources. Following the process described in Figure 17, all identified themes generated from the analysis 
of both, participant and therapists’ interviews were mapped onto and synthesised with the rest of the 
data from TQs. The quantitative data (TQ) on therapists’ level of experience and familiarity with the 
interventions together with qualitative themes on participants’ engagement in the trial and therapist’s 
experiences were synthesised during two, one-day workshops with all researchers in the team. 
Workshops were informed by:

1.	 Previous research carried out by two of the report authors identified the ‘balancing’ act and the 
‘learning overtime’ that takes place when therapists have a research role and

2.	 The NPT framework. As a result of this workshop an explanatory framework emerged from the 
data.

https://www.birmingham.ac.uk/research/bctu/trials/pd/pd-comm/investigators/process-evaluation
https://www.birmingham.ac.uk/research/bctu/trials/pd/pd-comm/investigators/process-evaluation
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Results

Quantitative data: therapist questionnaires
The online TQ was completed by 71 therapists prior to start of intervention delivery (time point 1). Of 
those therapists, 26 (36.6%) went on to complete the questionnaire approximately 1 year into the trial 
(time point 2). Therapists who completed the questionnaire were spread across all trial sites. Descriptive 
statistics were carried out to indicate the frequency of responses. Due to the limited sample size for 
time point 2 no within-group and between-group analyses were possible.

Of those therapists who completed the TQ 8% were Agenda for Change Band80 5, 39% were band 6 and 
53% were band 7 or above. Therapists had different levels of experience of working as SLTs (Figure 18).

Sixty-nine per cent of therapists delivered LSVT LOUD as part of their current role in their Trust. Among 
different years of experience there was a similar spread across those who normally delivered LSVT as 
part of their role and those who did not (Figure 19).

How many years have you been practising as a speech and language  therapist?
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FIGURE 18 Distribution of PD COMM speech and language therapists according to years of experience.
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FIGURE 19 Distribution of SLTs according to years of experience and delivering LSVT as part of their current role.
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Eighty-four per cent of the therapists had a GSE Total Score of 30 or higher. All therapists had high 
scores regardless of their years of experiences practising as a speech and language therapist (Figures 20 
and 21).

The answers to questions included in the adapted version of the NoMAD tool (Part B of the TQ) that 
addressed issues around familiarity with PD COMM interventions, the results show that therapists 
were overall familiar with both NHS and LSVT interventions and saw them as a normal part of their 
role. Therapists showed equipoise when it came to both interventions regardless of whether or not they 
delivered LSVT as part of their normal everyday job. Therapists were asked to rank from 1 to 10 how 
familiar both interventions felt to them. Survey data show a similar spread of responses across both 
interventions (see Figure 21).

All questions/items in section B of the TQ were grouped according to four of the NPT constructs that 
they represented (Coherence, Cognitive participation, Collective action and Reflexive monitoring). Data 
were analysed to describe the spread of responses (1 – Strongly disagree up to 5 – Strongly agree) and 
the mean value for each of the constructs for each of the interventions. Results show further evidence 
that confirms balance across both interventions (Figure 22).

The last section of the questionnaire, section C (LSVT Skills level questionnaire), which explored 
therapists’ level of confidence in their ability to deliver all components of LSVT, showed that overall, all 
therapists who completed the questionnaire felt they were able to implement all aspects of the LSVT 
intervention (3 – ‘Got it’). This was true even for those who had recently completed their pre-registration 
training (Figure 23).

In summary, data collected in this questionnaire provided clear evidence of equivalence across 
PD COMM therapists with regard to their familiarity and preparedness to deliver both PD COMM 
SLT interventions.
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Qualitative semistructured interviews

Therapist interviews
A total of 20 PD COMM SLTs consented were interviewed over the phone at time point 1, 
approximately midway through therapists’ involvement in the trial. Among these, nine completed an 
interview at time point 2, approximately 1 year into the trial. Therapists who were interviewed worked 
across 17 study sites and had different levels of experience. Speech and language therapists were highly 
engaged and interested in discussing the work they had carried out during their involvement in the trial. 
Overall, they were aware of the need for research evidence to support their professional practices.
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Trial participant interviews
A total of 24 trial participants consented to complete a phone interview. Interviews were carried out 
between July 2017 and April 2019. Out of the 24, 19 had a carer and 5 lived on their own. Ten were 
randomised to the control group, eight to LSVT and six to NHS SLT. For those from whom a score could 
be accessed, 13 participants had a Hoehn and Yahr score of between 1 and 2.5 and 5 participants had 
a score between 3 and 5. Apart from six participants who were younger, all the rest were older than 
65 years of age.

Interviews produced in-depth descriptions of experiences and engagement of participants throughout 
their involvement in the PD COMM trial. A number of themes and subthemes were identified for both 
sets of interviews (Table 9).

TABLE 9 Themes and subthemes identified as a result of data analysis of interviews with PD COMM therapists 
and participants

Themes Subthemes

PD COMM therapists

Before the trial •	 Personal motivations to join research
•	 Awareness of the need for research evidence
•	 Following up from previous research experience (e.g. PD COMM Pilot)
•	 Dealing with expectations of what research will entail

Research – a ‘new’ part of my role •	 What PD COMM intervention do I (and my service) drive?
•	 Balancing following the protocol vs. normal practice
•	 ‘Putting together’ the NHS standard intervention

Am I (and my service) ready for this? •	 Planning ahead – allowing time to ‘put things into place’ before 
randomisation

•	 Working as a team – sharing LSVT therapy
•	 Understanding randomisation and its impact

Do I feel supported? •	 Are the members of my team ‘behind me on this?’
•	 Availability and links to trial team
•	 The value of incentives

The impact of what I am doing •	 It has been a learning curve
•	 Feeling reassured – what I do works
•	 Reflecting on future individual (and service) clinical practice
•	 Will the changes I have seen be reflected on the ‘paperwork?’

PD COMM participants

Before the trial •	 Trying to continue ‘live as normal’ after diagnosis
•	 ‘Taking control’ of my health
•	 Awareness of illness progression
•	 Understanding the condition and dealing with symptoms and medication
•	 Changes to what I do – personal and working life
•	 Where do I go for support?

Being a research participant •	 Giving something back (contribution to society)
•	 Accepting randomisation
•	 Role of family members (mainly spouses)
•	 Committed and trying their best – being ‘up for a challenge’

Experiencing change/impact •	 People can hear me a lot better
•	 Depending on impact of PD (severity of symptoms) prior to the trial
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PD COMM therapists – identified themes

Before the trial
Data show that PD COMM therapists had different personal motivations to join the trial. In some cases, 
therapists’ interest in research drove them to ask their team members and line managers about joining the 
trial when they became aware of it. For other SLTs this was not the case, and it was their trust/service that 
decided to join the trial with little involvement or decision-making on the part of the therapist.

Overall, SLTs reported a strong awareness of the need for research to show the effectiveness of the 
interventions they regularly deliver as part of their professional role. Hence, their wish to be evidence-
based practitioners was reported as a strong motivation to want to join the trial. This was particularly 
true for those therapists who had been involved in the PD COMM pilot study and had found the 
experience highly rewarding.

Furthermore, for some of those therapists who had never been involved in research, taking part in PD 
COMM was perceived as a ‘great opportunity’ for professional development.

Although some therapists had a pre-conceived idea of what being involved in research would be like 
(this is particularly true for those who had been involved in the pilot or in other research trials), data 
show that for some of them research was an ‘unknown’. Therapists overwhelmingly reported that the 
time-consuming nature of it (often linked to paperwork and administrative tasks) was by far the biggest 
surprise for them.

Research – a ‘new’ part of my role
Interview data show that prior to the trial, each service, to a certain extent had a clinical pathway that 
drove them to use one intervention in preference of the other. This was directly linked to the value that 
each service team as a whole attributed to each of the therapies. Similarly, each therapist (and very 
closely linked, their practice/Trust) had a particular approach to practice that was driven by:

1.	 LSVT principles focusing on a different degree of treatment intensity or
2.	 National Health Service approaches (often very varied).

Therapists’ approaches were mirrored by the whole service itself. Those practices with little LSVT 
ethos were often the ones where no therapists, prior to PD COMM, were LSVT trained. On the other 
hand, in services where the higher-grade speech and language therapists were LSVT trained, the ‘LSVT 
philosophy’ often cascaded down to all junior members of the team.

However, data from interviews also indicate that therapists showed an ability to develop ‘equipoise’ with 
respect to the trial interventions, and therapists were able to have a balanced perspective on both of 
the interventions. This is clear in the data that show how throughout their involvement in PD COMM 
therapists succeeded at balancing any natural tendency to apply their normal clinical ways of working 
(focusing on addressing patients’ needs) with the need to follow the trial protocol. This was because they 
did not perceive trial interventions as a ‘threat’ to their normal way of working, and that they were aware 
of the importance for both trialled interventions to be ‘different’ in terms of content and delivery.

Sticking to protocol was described as more or less challenging depending on which intervention 
therapists were talking about. Following the LSVT LOUD protocol was often described as a 
straightforward task due to its strong prescriptive nature that was widely considered ‘fit for purpose’, 
reducing the demands on the therapist to tailor it to patients’ needs. Tailoring did take place but, as 
therapists explained, not in the content of the intervention, which remained highly standard. However, 
necessary practical adaptations such as the use of the ‘LSVT companion software’ or the sharing of 
therapy sessions between two therapists were made.
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Following the NHS SLT intervention protocol was unanimously described by therapists as more 
challenging. One of the reasons for this being that in services driven by LSVT, therapists were in charge 
of ‘putting together’ the protocol (content) for the NHS intervention, which was often new to them and 
often described as a ‘watered down LSVT’. The way in which therapists and services as a whole followed 
a pragmatic approach to make decisions on the content of the NHS intervention could have resulted in 
a potential degree of overlap between both trialled interventions. However, most therapists did not see 
this necessarily as a weakness of the NHS intervention and reported feeling confident about it being 
clearly different from the LSVT intervention.

Am I (and my service) ready for this?
Most therapists reported being aware of the fact that taking part in research would potentially have 
an impact on service capacity. This impact was more acutely linked to the delivery of LSVT LOUD, as 
it was seen as resource intense, involving 4 hours a week for 4 weeks. Data show that therapists and 
their service were proactive at taking the necessary steps to minimise the impact on service capacity. 
Two strategies were most popular among those therapists who were interviewed. Firstly, speech and 
language therapists reported having a system in place by which they would regularly communicate 
with their service research nurse to limit the number of patients’ being randomised and match it to the 
service capacity at that point in time.

Secondly, as already mentioned above, most services decided that LSVT LOUD would be delivered by a 
team of two therapists in order to be able to deliver the 4 hours per week for 4 weeks.

All therapists discussed their opinions and experiences of the randomisation process. Those with little 
or no research experience explained that it was a new concept that needed adjusting. A number of 
therapists showed some frustration at the fact that although, as previously explained, they had planned 
ahead of starting the trial in order to be able to deliver LSVT LOUD due to randomisation, they ended up 
with only participants in the no SLT (control) group.

Some therapists reported feeling that randomisation had challenged their clinical decision-making as it 
had impacted on their ability to decide which patients to refer for LSVT. As they explained, this led them 
to deliver LSVT LOUD to patients who, in normal (outside of research) circumstances would have been 
deemed as ‘not appropriate for LSVT’ due to its intensity or high level of commitment.

Therapists considered that randomisation also had, at times, a negative impact on recruitment as the 
risk of ‘ending up in the control group’ had often been mentioned by participants as a reason to decline 
the invitation to take part in the trial. As therapists explained, this was particularly true in those services 
where there was no waiting list to receive LSVT (at that point in time) or the waiting time, on average, 
was short. In contrast, in those services with long waiting lists for LSVT or where LSVT was not normally 
offered, patients who had heard about LSVT and its potential positive impact were happy to take the 
risk just to have some chances of being randomised to the LSVT LOUD group.

Therapists explained that randomisation was not the only factor impacting on recruitment; issues 
around patient/therapy fit were equally important. Therapists were aware that, in some cases patients 
had declined to take part because they felt they could not commit to the intensity and prescriptive 
nature of LSVT LOUD.

Do I feel supported in my role as a researcher?
Most therapists reported having been engaged in regular team meetings within their service in order to 
discuss and plan issues related to their involvement in PD COMM. For a number of therapists, this ‘team 
working spirit’ was seen as a potential positive outcome of being involved in research at both, a personal 
level and at service level.
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Unanimously, therapists felt supported by the trial team throughout their involvement. This support was 
reflected in a number of ways. Firstly, therapists valued the prompt replies from the trial’s administration 
team whenever they contacted them with a query, very often linked to paperwork completion. Secondly, 
therapists valued their participation in the ‘collaborators/therapists one day events’ organised throughout their 
involvement in the study. Overall, therapists saw these events as ‘great networking opportunities’ that gave 
them the chance to ‘bounce ideas’ with colleagues and also address some of the challenges and voice their 
concerns in a safe and understanding environment. Finally, therapists valued the monetary incentives that the 
trial had provided such as, budget to train more LSVT therapists or ‘up the hours’ of some of the therapists in 
order to be able to do the research work (this was only included in the budget for sites in Scotland).

An online discussion platform (JISCMAIL list) set up as an alternative method for therapists to be able to 
be in touch with each other was well received and a number of therapists used it in order to distribute 
or disseminate delivery plans or ‘site specific’ plans that could help other sites struggling with similar 
challenges (e.g. time allocation planning prior to randomisation – in preparation in case it was LSVT LOUD).

The impact of what I am doing
Therapists reported their research experience as a ‘learning curve’. For example, they reported that 
they had needed time to adapt and learn how to deal, for example, with paperwork and ‘admin tasks’ 
linked to the research process. As time passed, these tasks, which at the beginning were perceived as 
tedious and time-consuming, became a natural part of their role often thanks to the support of trial 
team members or support from a colleague with more research experience. For therapists this learning 
curve meant that with time they were able to focus their energy in, as they reported the ‘important bit’, 
delivering the interventions.

With time, therapists also became better at delivering the trial interventions. This was particularly 
true for those therapists who had recently completed their LSVT training. They reported that as time 
went on, they had become more relaxed and more familiar with LSVT components and this had in turn 
allowed them to ‘enjoy’ the sessions with patients more. Therapists for whom the NHS SLT intervention 
was ‘new’ reporting similar feelings.

Data show that taking part in PD COMM had an impact on therapists’ normal way of working and future 
clinical decision-making. Therapists acknowledged how their preconceptions or assumptions in regard 
to PD COMM interventions had been ‘put to the test’. For example, a number of therapists explained 
that they had found themselves (for reasons out of their control, such as randomisation) delivering LSVT 
LOUD successfully to patients who, in normal circumstances (outside of their research role) they would 
have never identified as ‘appropriate’ for LSVT.

For a number of LSVT driven therapists delivering the NHS SLT intervention had also been, in some 
cases, an ‘eye opener’ that had forced them to come out of their comfort zone. This sort of impact was 
also seen at a service level. Therapists explained witnessing positive outcomes for patients receiving the 
NHS SLT intervention that they had ‘put together’ as part of their involvement in the trial. Witnessing 
this positive impact had led to the therapists (and the service) deciding to continue to deliver this type of 
intervention even after the trial was completed.

However, therapists also explained that although, as previously mentioned, taking part in the trial had 
had an impact on both their individual and their team’s practice. Further implementation after the trial 
or sustainable changes/adaptations to reflect the outcomes of research would heavily rely on whether 
managers were interested and invested in driving evidence-based practice linked to research or had 
access to the necessary funding.

Data show that for most therapists, being able to take part in the study and witnessing the 
improvement, or not, of PD patients has helped them feel reassured about what works for whom. 
Therapists reported feeling excited/expectant about the prospect of having confirmation of the impact, 



48

NIHR Journals Library www.journalslibrary.nihr.ac.uk

Implementation of PD COMM interventions: process evaluation

or not, of the interventions with trial results. In some cases, therapists were able to explain, during the 
interview, how they had seen a very clear positive impact of LSVT LOUD. They had witnessed how the 
intervention had improved the person’s well-being significantly and how patients had been very grateful 
for it. This being particularly true for those patients who had been extremely motivated and engaged 
throughout the process.

Overall, therapists did not have strong feelings regarding the appropriateness of the chosen outcome 
measures and record forms. A number of therapists did voice a concern about the complex structure of 
home-based diaries, which made them difficult for some patients to complete. SLTs worked around this 
problem in different ways such as spending the first minutes of each session with a participant going 
through the diaries and making sure they were correctly completed.

Finally, therapists were aware that regardless of what they had experienced and the impact they had 
witnessed during their time delivering the PD COMM interventions to participants, it would be the final 
results of the trial that would determine its impact on future services.

PD COMM participants – identified themes

Before the trial
Participants had been impacted by their health in different ways. Although most participants reported 
that their health condition made them feel low in mood at times, participants also explained how they 
were trying to make every effort to continue to ‘live as normal’, not letting the illness ‘bring them down’. 
One participant explained ‘generally speaking, I feel different 10% of the time and 90% I am my usual self’.

During the interviews, participants explained how getting a diagnosis was in some way perceived as a 
relief. One participant explained that it was ‘good to have a name and something to work on’. For some 
participants, being diagnosed provided an explanation as to why they were not coping at work or at 
home with everyday tasks or why they were quieter than normal.

Overwhelmingly, participants explained that after the diagnosis they had decided to ‘take control’ of their 
health. Participants also described this as ‘helping oneself’. As one participant explained: 

‘I decided that it wasn’t going to take me, as such. And I started doing the Wii Fit, the yoga and balance 
and all that sort of stuff. And I used to run a lot as well. I was running a lot before I was diagnosed so I just 
carried that on’.

Participants’ attitude towards the illness played a major role in their ability to deal with its impacts. 
However, one participant explained that it is hard to remain positive: 

‘It’s difficult on a day-to-day to keep positive and keep going. [ … ] Three years after I was diagnosed, I was 
walking with a walking stick and I changed my car to an automatic because I thought my left leg wouldn’t 
last much longer. So, I made myself into an invalid. About a year after that, I thought, "Bugger this!" 
Excuse the language. I’ve not used a walking stick since. A lot of it is state of mind. I could quite easily, 
tomorrow, make myself disabled and very needy. But I feel I’ve got to keep positive and keep pushing’.

Understanding the illness by learning and reading about it, its trajectory and medication options was 
described by participants as an effective coping strategy. Most participants explained how they were 
aware of the progressive nature of PD and how the uncertainty of the condition worsening with time 
was a worry to them: 

‘I realise that there’s no cure for this disease, which is not very good. It’s a negative thought, isn’t it? And 
I know these drugs I’m taking; they’re supposed to delay everything. I don’t quite know whether they are 
delaying it’.
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Another participant explained: 

‘It’s quite a strange feeling. I’m guessing that I’ll eventually become … take over or try and take over. [ … ] It 
just creeps up behind you and off you go. So, I’m watching and monitoring it’.

For many participants, learning about medication was vital but understanding how it worked best 
for them was often a slow complex process that often needed ‘tweaking’ and regular reviewing. One 
participant explained: 

‘It’s been a real problem, but I think we’ve got the solution now. I’ve had about six months, really, of trying 
out various combinations of things to find a new treatment that’s better than what I was on before. I think 
we’ve finally got there’.

The unpredictable nature of the condition and the daily variability in the intensity of symptoms such as 
tiredness, slowness and mobility difficulties were seen as difficult to adapt to. Participants explained that 
it was hard to never know whether it will be a good or a bad day: 

‘On the days I’m having a hard time, I feel quite miserable about it. And days like today, I just don’t think 
about it’. Another participant explained: ‘I do have days when my voice breaks up and it may be all day, 
may be half a day, may be for an hour, and may be for ten minutes’.

Participants explained how important it was for them to live an independent life and ‘to be in control’, 
not becoming a burden to others (mainly spouses). However, they also admitted that it was equally 
important to learn how to manage expectations and be realistic about their own limitations. Taking 
the right precautions and making the necessary adaptations was seen as vital in order to increase 
their chances of success at doing what they want to do. Not driving long distances or using shopping 
areas with sitting areas for resting were some of the examples mentioned by participants. One 
participant explained: 

‘I’ve had to re-learn the way I play (the guitar). I did stop playing at one point. I stopped playing for about 
six months because I was so frustrated that I couldn’t play as much as I used to, but then I missed playing 
so much, I decided to give it a go again. I found different ways of playing, different ways of managing, 
lowering my expectations about what I can play and keeping things simple’.

Another participant reported: 

‘I do the things that I always did, I just have to do them in moderation now. Still go out and socialise but 
it’s not like I can go out until 11/12 o’clock. I go out a bit earlier and come home a bit earlier. Just got to 
tailor it. I still do the things I enjoy, which for me is a big thing, really. Like I say, that’s a message. Just try 
and keep doing the things that you like and enjoying it. You have to moderate and tailor them. Try not to 
let it beat you and stop you doing the things that you like. It’s tough’.

However, a number of participants explained how these adaptations/changes were often imposed 
on them and driven by the intensity of symptoms, not by their own choice. In regard to work, several 
participants explained that they had had to ‘scale down’ (e.g. work part-time) very much against their will 
but rather forced to by the condition. As one participant explained: 

‘I was a teacher and then I was doing teacher training and at that point, training courses and teaching 
demonstration lessons, things like that, were becoming increasingly difficult, partly because of the fatigue, 
partly because of my voice, and also there was the concern because my balance wasn’t very good at times, 
I might actually fall on a child and hurt them. So, I think that was the point that they said, “Would you like 
to take early retirement?” So, I did that last year, which was a bit of a pain. I didn’t want to, but it seemed 
like the sensible thing to do’.
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The condition has stopped many participants from doing what they want to do because as one 
participant explained, 

‘I just can’t seem to make my body do things that I want it to do’. This was described by participants as 
‘being very hard’.

Participants described a number of sources of support such as the PD nurses involved in their care and 
overall had felt supported by NHS. As one participant explained: 

‘Just a no-nonsense approach. I don’t want people to pity me. I mean, I like the Parkinson’s nurse I’ve got. 
She’s attentive and curious and knowledgeable and well clued-up, has her own opinions and is not afraid 
to tell me, to make it clear. That’s the kind of support I need’.

Participants described the different sources of support available to them (e.g. support groups, exercise 
classes) and were clear as to which ones were ‘their thing’ and which ‘just not for me’.

However, unanimously, it was family members, wives/husbands that were described as the main 
source of support. As one participant put it: ‘I rely on her 100%, she is with me 100% of the way’. Another 
participant explained: ‘It’s enormous. It’s a great help. They nag me all the time to make sure I’m doing things. 
[Laughs] They are concerned about me and they do try to help all the time’.

Being a research participant
All participants were happy with the role they had played as trial participants, and that there were a 
range of reasons that drove them to take part in the trial. Firstly, taking part in research gave them a 
purpose and made them feel proactive in terms of dealing with their illness. Secondly, they explained 
that they felt like they wanted to contribute to society where they could and give something back.

Other reasons for taking part in PD COMM were rarely mentioned, such as ‘skipping waiting lists’ or 
getting better or faster treatment. One participant explained: 

‘Our local hospital is small and there tends to be a little bit of a wait, particularly for non-urgent. I, 
personally, feel that I got speech therapy faster than I would have. It’s circumstantial, I know, that this 
study happened to be running but I personally felt that I got the treatment that I needed, that was good 
for me, faster through this route than I would have by saying I needed speech therapy and an appointment 
and a referral from my GP’.

As previously discussed, overall participants were aware of the randomisation process and had a 
pragmatic approach to it. As put by one participant: ‘I thought I’d take my chances and got lucky’. Those 
that were randomised to the LSVT LOUD group reported feeling ‘pleased’: ‘I was quite pleased about 
it because the nurse recommended it strongly, yeah. Pleased to get into the right section’. However, not all 
participants felt the same, particularly those randomised to the control group: ‘I wish it was a different 
group because I’ve not been very happy in the control group’.

Another participant explained: ‘I knew nothing about Lee Silverman. I knew I didn’t want to be in the placebo 
group. But as an aside, I was hoping that I might derive benefit from being part of the study. I was keen to get 
treatment. The NHS stuff was, for my purposes, more than adequate, because it was about mitigation rather 
than cure’.

Not all participants joined the trial hoping to be randomised to the LSVT LOUD group; data show that 
some had been worried about being allocated to it mainly due to two reasons. Firstly, because they were 
worried about the high level of commitment that LSVT LOUD required and secondly because they did not 
consider the severity of their symptoms to be serious enough (or affecting them enough): ‘In fact, we were 
discussing it with my therapist and I was saying that the Lee Silverman would’ve been pretty intensive for me. It 
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would’ve been more difficult for me to fully participate’. Or: ‘I didn’t feel in urgent need of speech therapy, so I 
wasn’t disappointed on that score. And like I say, I was just a little bit concerned about how much time and effort 
I need to put into the lessons. Because if I do something, I like to do it properly. Put my best effort in’.

Overall, participants were happy with the PD COMM paperwork they were asked to complete. 
However, data show that some participants found the home practice diaries hard to follow and time-
consuming. Participants reported: ‘I found it quite frustrating, which she explained it would be. I mean, even 
doing it myself, I tried to do it myself to the best of my ability but it’s never quite the same as if you’ve got a 
professional with you, with anything, I suppose. But she would remind me if I was dropping my voice or various 
things. It was quite different’.

Participants, in some cases, reported for example, not fully understanding the scales in the outcome 
measures, or not feeling like the items in the questionnaires reflect accurately what they wanted to 
convey: ‘All these questionnaires, the tick-boxes, the answers aren’t always exactly what you would have said’.

Overall, participants reported feeling supported by the trial team throughout their involvement in the 
trial and valuing the way the trial was run: 

‘I thought the trial was incredibly well-run, really. I didn’t have any criticisms with the way it was run, the 
way it works. I know it was an intensive one because I had to go to [Hospital] four times a week but I can 
see why that was essential. There’s no other real way of doing it, I suppose. I suppose the therapist could 
have come to me but that wouldn’t have helped her with her time-management. She’s got loads of other 
things to do, I guess. I’ve got no fault, really, with the way the trial was run. It was excellent, really. It all 
worked really well’.

The role of spousal partners was instrumental in the running of the trial as they played a vital role in 
supporting participants to, for example, attend sessions or complete the paperwork. As one participant 
explained: ‘My writing is pretty poor at the moment so when we filled it in, it was rather a long questionnaire 
and my wife filled it in, did the writing, and I told her what to put. Then she had to fill one in as the carer, 
except she doesn’t like to be called a carer for some reason’.

During the interviews participants explained how they were highly committed to the study and ‘up for 
a challenge’. One participant explained: ‘It was a lot more concentrated than I thought it would be, because 
I was going like five times a week for four weeks. But even that wasn’t a problem’. Participants were keen 
to keep their commitment particularly when they noticed a positive impact: ‘I thought it was my own 
advantage that I attend the appointment, so I didn’t find it inconvenient’. This commitment was maintained, 
in the case of LSVT LOUD, regardless of its intensity and frequency of appointments. Participants and in 
many cases their close family members organised themselves and found support around them in order 
to travel the distance to appointments four times a week. The commitment of participants was clear in 
the data, as this example shows: ‘The last meeting for that, we ended up parking in the wrong place and got 
a £40 fine for it because we couldn’t find anywhere to park. Even though the carpark would let us in, there was 
no spaces. So my wife was driving around while I went to the appointment’.

However, a number of participants admitted that their involvement had only been possible/feasible 
because they lived in close proximity to the hospital and, as they explained, if this hadn’t been the case 
they wouldn’t have been able to attend appointments. For example: ‘It worked because it’s only half a mile 
up the road from me. On my doorstep’.

Participants’ commitment was also reflected in their efforts at completing the paperwork as best as 
they could: 

‘Oh no, got to do it again. But no, since I was going to see her every day, I didn’t want to let her down 
because I was on the course and everything. Although it felt like proper homework like at school, it’s 
still something that I wanted to do’. However, as this participant explains, it wasn’t always possible to 
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complete it: ‘It took a lot of time to keep the – a lot of discipline – to keep the home side of it up. It’s 
tempting to leave it but there were occasions where I didn’t do my homework. I did notice a difference. It 
was really worth doing home-based therapies, but I had to be really strict about it’.

Experiencing change/impact
Trial interventions had an impact on study participants’ well-being. Participants who received a trial 
intervention reported noticing a difference in the way they were able to communicate with others. As 
one participant put it: 

‘I’m speaking to neighbours now that I’ve been living beside for 14 years and that was from before and I 
was saying hello to them and they’re saying hello back. So I’ve been reaching out, taking advice from the 
therapist, and if I can manage then I must be doing something right’.

For those participants that, prior to the trial, had experienced a negative impact of PD on their speaking 
volume, the intervention had shown a greater, more noticeable impact. One participant explained: ‘In 
a nutshell, it’s made me normal again. So therapy has helped me with that for a different reason, but it has 
opened up a bit. But it’s hard to describe. It’s more than restoring self-confidence, it’s sort as if you’ve had 
something you haven’t had before, to communicate’.

Another participant explained: ‘Huge, huge change, actually. Made a very big difference. It was about two 
weeks that I started to notice that my voice felt a lot more strength and people could hear me a lot better 
than before’.

Participants reported how, as a result of the intervention they had been able to resume normal everyday 
activities such as speaking on the phone: 

‘I speak better. If you’d have asked me 10 weeks ago, you wouldn’t have been able to understand me on 
the phone. The main therapy is speaking loud. I think I’m shouting most of the time but the girls said, “No, 
don’t worry. That’s correct. You’re not shouting. You’re speaking like I would speak normally.” So I found it 
very helpful, yeah, indeed’.

For others, the impact had been more subtle: ‘I can read something out, I produce quite good sound and 
pronunciation of the words, but then when I’m speaking off-the-cuff to people and in conversations, I can do it 
ok but I’m not as good at it as I used to be’.

This was also particularly true for those participants who didn’t consider that the PD had significantly 
impacted on the volume of their voice prior to the trial. As one participant explained: 

‘Well, not terribly. I think I realised it did strengthen my voice a bit. I tried to keep up, as it were, in certain 
ways, with the exercises, because as she explained, it’s repetition building up, like doing any exercise. 
So I did notice perhaps an increase in volume when I was singing, maybe. But I don’t think I was having 
huge problems with it before. [Laughs] So it was slightly difficult to say, “Oh yes, that’s made a massive 
difference to me,” or not’.

Mapping of identified themes on to the normalisation process theory constructs
Once all themes from participants’ and therapists’ interviews were described in detail the research team 
mapped them on to the NPT framework74 and its five constructs (Table 10). This exercise revealed that 
for both, therapists and participants:

1.	 the trial and its aims ‘made sense’ in its own right
2.	 that they were ready to ‘drive it’ and ‘make it happen’
3.	 that they considered it the ‘right thing to do’ in order to bring about a positive outcome for those 

people affected by PD, their therapists and their SLT services
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TABLE 10 Identified themes and subthemes from interviews with PD COMM participants and therapists mapped on to 
the five constructs described in the NPT framework (May et al. 2007)

NPT construct

PD COMM

Therapists Participants

Coherence
Does it make sense?
How is it different from 
something else?
Does everyone involved 
understand their roles and 
the changes they will need 
to make?

The trial made sense to speech and 
language therapists: therapists being the 
ones ‘Wanting’ to take part in the trial and 
pushing for it within their service.
Interventions not posing a ‘threat’ to 
speech and language therapists’ normal 
way of working – overall the trial did not 
ask therapists for significant changes to 
their normal routine.
Speech and language therapists aware of 
the need to reach ‘equipoise’ – a balanced 
perspective on both interventions but 
balanced with the reality of their own 
working environments: therapists and the 
practice ‘driving one’ of the interventions 
depending on the value attributed to each 
of them – chance for ‘unconscious bias’.

Taking part in research makes sense because it is 
in line with participants:
•	 Being proactive and ‘taking control’ of their 

health
•	 Trying hard to ‘live as normal’ and retain as 

much independence as possible vs. feeling 
‘down’ sometimes and unable to always 
remain positive

•	 Explaining that diagnosis came as ‘a relief’, 
providing certainty regarding what was wrong 
vs. difficulty coming to terms with it

•	 Aware of illness progression and its role as a 
motivator to ‘make the most of the mo-
ment’ vs. the challenge of not knowing what 
tomorrow will bring or medication not always 
working

•	 Wanting to learn and understanding more 
about the illness

•	 Identifying and reaching out to the sources of 
support that they have and that ‘suit them’

•	 Being aware that they need to be realistic and 
manage expectations vs. no longer being able 
to do some of the things they want and like 
to do (e.g. having to ‘retire’ to reduce working 
hours)

Speech and language therapists confident 
that both interventions were ‘different 
enough’:
•	 Therapists have worked on keeping to 

the protocol – balancing the prescrip-
tive nature of LSVT LOUD with the 
more pragmatic and tailored character-
istics of the NHS SLT intervention.

•	 Speech and language therapists often 
describing the NHS SLT intervention as 
a ‘watered down LSVT’ intervention.

Cognitive participation
Relational work
Who is willing/or not to 
drive this?
Who thinks it is the right 
thing to do/or not?

Speech and language therapists being 
involved in the trial ‘just because’ their 
service is, ‘by default’ vs. therapists 
actively seeking support from line 
managers and service to be able to join 
the trial.
It makes sense to be involved in research: 
therapists wanting to gain ‘research 
experience’ (they see this as a part of their 
role).
Identifying the need for the trial: speech 
and language therapists keen to help 
produce robust evidence to back up the 
interventions they are already delivering.

Participants reported a number of reasons for 
wanting to take part in the trial. Health benefits 
were not the only reason. Taking part in research 
was also seen as:
•	 Giving participants a purpose
•	 Giving participants a chance to ‘give some-

thing back’ and contribute to society
•	 An option to ‘skip the queue’ in some areas 

where there is a waiting list for LSVT

continued

4.	 that therapists and participants were able to identify their own and the trial’s limitations and how 
these could play a role in the final outcome of the study.

An explanatory framework and model of ‘equipoise’ for the PD COMM trial 
interventions
The analysis and final synthesis of all data from all sources show that, via carrying out this process 
evaluation, the research team has been able to understand the process by which therapists have 
been able to deliver and implement and PD COMM intervention and participants have received 
such interventions. Based on the data, we are confident that equipoise between both PD COMM 
interventions was reached; in other words, there are no data to suggest that such equipoise has been 
compromised (Figure 24).
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NPT construct

PD COMM

Therapists Participants

Participants and their close family members 
(mainly spouses) motivated to take part in the 
trial regardless of the chance of being assigned 
to the control group.

Collective action
How did (someone) make 
it happen?
Who is doing/not doing 
what needs to be done to 
make it happen?
What resources have been 
used to help get it done?

Speech and language therapists with prior 
research experience (e.g. involvement in 
the pilot) ready to start vs. speech and 
language therapists with no research 
experience taking more time to ‘get going’. 
Therapists learning over time to deal with 
research tasks (e.g. trial admin).
Speech and language therapists are able 
and confident to follow a prescriptive 
LSVT LOUD protocol vs. a more pragmatic 
and tailored NHS SLT intervention 
protocol.
A whole team approach – each service 
team (e.g. therapists, research nurses, 
site PI) ‘planned ahead’ and discussed 
potential ‘capacity issues’ and set up clear 
communication pathways:
speech and language therapists sharing 
LSVT LOUD delivery with a member of the 
team.
Therapists and research nurses com-
municating in order to plan ahead of 
randomisation.

Those participants randomised to an interven-
tion arm have planned ahead of intervention 
delivery:
•	 Taking precautions, adapting routines and 

‘planning ahead’ so changes of success are 
higher

•	 Organising logistics (e.g. transport) to be able 
to make it to appointments. In some cases, 
LSVT only possible because the participant 
living very near the hospital

•	 Vital role of close family members (mainly 
spouses) – great impact on ‘keeping up with 
LSVT’ and completing questionnaires

Versus challenges such as:
•	 Speech and language therapists not 

always in agreement with trial proce-
dures (e.g. playing a role in recruiting 
participants)

•	 Fast turnover of staff (e.g. research 
nurse) impacting on communication 
pathways and the running of the trial 
at each site

•	 In some cases, lack of top-down sup-
port with a negative impact on ‘getting 
things done’

Participants felt supported by SLTs (e.g. help 
with home-based diaries and trial paperwork, 
community visits) and this increased their level of 
motivation/engagement in the trial.
Participants supported by family members 
(mainly spouses) – great impact on adhering to 
the intensity of LSVT and completing outcome 
measures.

Speech and language therapists felt well 
supported by trial team and this has 
helped the process:
•	 Therapists feeling they knew who to 

contact in the trial team if they had a 
query

•	 Therapists benefited from ‘trial days’ 
and JISCMAIL

•	 ‘Trial monetary incentives’ well 
received by speech and language ther-
apists

TABLE 10 Identified themes and subthemes from interviews with PD COMM participants and therapists mapped on to 
the five constructs described in the NPT framework (May et al. 2007) (continued)
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NPT construct

PD COMM

Therapists Participants

Reflexive monitoring
Appraisal work, was it 
worth doing?
How and who is noticing 
that it is or is not working?
What has been the impact 
on therapists/patients and 
how do they feel about it?
What would you have 
done differently?

Speech and language therapists’ reflec-
tions on the trial process:
•	 Uncertainty of whether the trial ‘out-

come measures’ will show an impact 
of interventions – were they the right 
measures?

•	 Therapists not confident that data 
home practice diaries is completely 
reliable

Overall participants were positive about having 
taken part in the trial and they felt it was a 
worthwhile experience.
Participants understanding the randomisation 
process and accepting the trial arm they 
were assigned to vs. a number of participants 
disappointed with being assigned to the control 
arm.
Participants who had more severe symptoms 
prior to taking part in the trial reporting an 
impact of the intervention (particularly LSVT) 
vs. participants with mild impact on their voice 
reporting less/no impact.

Speech and language therapists' ‘pre-
assumptions’ being challenged (e.g. what 
does the ‘ideal’ LSVT LOUD patient look 
like?):
•	 Re-thinking their professional 

decisions and thinking about changing 
their (and the service) practice vs. 
being aware that changes to practice 
will often depend heavily on NHS 
funding

•	 Therapists reaching equipoise and 
identifying that they did not ‘buy-into’ 
to only one of the PD COMM inter-
ventions.

Participants reflected on the fact that they 
were not sure to what level they had adhered to 
completing ‘home practice’ exercise in both of 
the intervention arms.
Participants also reflected that the level of 
support (from SLTs and family members) to 
enhance home practice was, in some cases, low.

Speech and language therapists ‘seeing’ 
that what they are doing as part of their 
research role (delivering PD COMM 
interventions) works – witnessing impact 
on participants.

TABLE 10 Identified themes and subthemes from interviews with PD COMM participants and therapists mapped on to 
the five constructs described in the NPT framework (May et al. 2007) (continued)

Service Context

Practice

THERAPISTS
Intervention differentiation

Staff balancing bias

THERAPISTS
Therapists realising that both
interventions have ‘benefits’

SERVICE USER
‘Giving back’ vs. Individual benefit

(patients want to contribute rather
than just benefit)

SERVICE USER
(Complementarity vs. elitism)

Did either of the trialled interventions
require a particular type of person?

EQUIPOISE
achieved

Start of
trial

Start of
trial

TRIAL
OUTCOMES

TRIAL
OUTCOMES

Resources

Service Context

Practice Resources

FIGURE 24 Model of equipoise between PD COMM interventions.



56

NIHR Journals Library www.journalslibrary.nihr.ac.uk

Implementation of PD COMM interventions: process evaluation

Throughout their involvement in PD COMM, speech and language therapists have successfully balanced 
the demands placed on them as both, therapists and researchers. They have also been able to reach 
agreement balancing their clinical decision-making versus their need to remain true to the PD COMM 
intervention protocol. This balancing act has been a direct result of the learning that has taken place 
over time.
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Chapter 6 Content of Parkinson's disease 
COMM interventions: process evaluation

The PD COMM used active interventions: NHS SLT and LSVT LOUD as well as a no SLT control 
group. To replicate current clinical practice as closely as possible, the exact content of the SLT was 

not prescribed in detail for the trial and instead with the specific exclusion of LSVT LOUD approaches, 
local SLTs developed an intervention program that drew from a range of possible SLT approaches and 
techniques in response to each participant’s needs. In contrast, the LSVT LOUD intervention was more 
formally defined but also reflected the way in which this intervention was delivered in the NHS setting 
in the UK. In this chapter, we consider the nature and content of the two SLT approaches delivered 
by therapists within the PD COMM trial based on the treatment records provided by participants and 
therapists. We compared the reporting of the rationale for the therapy approaches, the materials and 
procedures used, the mode and location of delivery, tailoring and modifications.

At the point of therapy data analysis, we had access to 187 individual participants’ data (IPD) of 
which only 105 met our inclusion criteria; LSVT LOUD (n = 51) and NHS SLT (n = 54). We excluded 
participants’ data where SLT intervention was ongoing (n = 17), we lacked three or more TRFs (n = 19) 
or therapy notes (TNs) (n = 39). Thus, 105 (LSVT n = 51; standard NHS n = 54) therapy records were 
included in our therapy data extraction.

Methods of capturing PD COMM intervention information

Individual participant data (IPD) recorded by participants and therapists during the PD COMM trial was 
extracted from TRFs and TNs.

To enable comparison between NHS and LSVT LOUD interventions, individual participant therapy data 
were entered using the same headings for the TRFs and the TNs.

We developed extraction category headings iteratively and then applied them systematically. These 
headings were shaped by:

1.	 the TIDieR81 reporting checklist for complex interventions
2.	 the TRF therapy coding categories
3.	 inductive analysis of eight sets of Standard NHS therapy notes
4.	 LSVT training manual and proformas
5.	 background literature review
6.	 ongoing refinement of the categories continued as data extraction progressed.

Speech and language therapy treatment record forms
Speech and language therapists or assistants completed one TRF for each therapy session. They 
documented minutes spent undertaking broad categories of therapy activities.

Broad categories for intervention components (Table 11) were agreed and piloted36 prior to the 
development of the TRF. Categories reflected clinical dysarthria management guidelines from the 
Royal College of Speech and Language Therapists which recommend a combination of educational, 
physiological, compensatory and augmentative approaches within a framework of body function and 
structures (impairment), activity, participation and contextual factors.
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Therapy notes
Speech and language therapists (or assistants) routinely completed TNs as part of their usual practice 
after each therapy session. Data extraction from TNs was conducted under the following categories:

1.	 why the therapy was being done (rationale, goals and delivery plans)
2.	 what materials and equipment were reported as being used (technologies, biofeedback, numerical 

measurement, named approaches)
3.	 what therapy processes were reported (targets, cues, vocal activities, practice structure)
4.	 tailoring (personal and interpersonal).

Meanwhile, TRFs recorded the number of sessions (with/without direct contact), nature of sessions 
delivered (assessment/intervention), the provider (SLT/assistant/supervised student), duration of 
therapy (first to last session), therapy location, mode of delivery, time allocation assessment, goal setting, 
information provision and therapy (impairment, compensatory, AAC, generalisation, training, LSVT), use 
of LSVT companion, other therapist activities relating to patient treatment (liaison, other).

Speech and language therapy intervention rationale and goals

Based on the subset of data reviewed, we found that almost all NHS SLT interventions had a rationale 
recorded from therapist’s and participant’s perspective. Documentation of a rationale in LSVT LOUD 
TNs was less likely from either perspective.

Therapy goals were commonly recorded in NHS treatment notes unlike LSVT LOUD treatment notes. 
Participant’s goals were recorded across both interventions [NHS SLT n = 22 (41%); LSVT LOUD n = 14; 
(27%)] and where these were unreported, therapist-led goals were recorded (outcomes, task or session 
based) more frequently in NHS LOUD® (n = 30; 56%) than in LSVT LOUD treatment notes (n = 7; 14%).

Materials used

Technologies
Use of exercise materials was reported for almost all participant intervention sessions for both the NHS 
SLT and the LSVT LOUD; sheets, lists, pictures for description, reading passages and participant’s own 

TABLE 11 Speech and language therapy activities associated with treatment of people with dysarthria

Assessment and review

Goal setting

Information provision (to the person or the caregiver)

Impairment exercises

Compensatory strategies

Alternative and augmentative communication strategies

Generalisation activities

Training of caregivers

LSVT

Indirect contact/liaison

Other
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materials such as magazines or books. LSVT-specific materials such as LOUD card prompts and sheets 
from the manual are featured.26 Reference to using telephones or video calls as part of intervention 
(whether in the session or as a home-based practice task) was made in 69% of LSVT LOUD but only 
13% of NHS LOUD® notes.

The reported use of apps differed between the two therapy interventions (LSVT LOUD 37%; NHS SLT 
17%), but the range of apps reported was more varied in NHS LOUD® (which uniquely featured Voice 
Meter Pro,82 DAF pro,83 Bla Bla Bla84 and a trial of ClaroCom85 as AAC). In contrast, 10/19 reported apps 
used in the LSVT LOUD interventions specified Voice Analyst,86 and one used an app to encourage vocal 
effort through creating background noise. Parkinson’s UK apps87 and Decibel 1088 were reported in 
both interventions.

Biofeedback
Where biofeedback was mentioned in therapy activities, it was difficult to extract where visual or 
auditory biofeedback was being used. Visual biofeedback was described in 86% (44/51) LSVT LOUD 
and 57% (31/54) NHS LOUD® interventions. Auditory biofeedback was reported in 41% (21/51) LSVT 
LOUD and 37% (20/51) NHS SLT interventions. Use of both visual and auditory biofeedback was 
reported in 37% (19/51) LSVT LOUD and 27% (14/54) NHS SLT interventions.

Numerical measurement
Numerical measurement was common in LSVT LOUD, whether from an object (such as a sound meter; 
78%, n = 40/51) or Companion Software (16%; n = 8/51). This is compared with 52% (n = 28/54) 
of participants receiving NHS SLT using numerical measurement and two participants (4%) that 
used Companion Software. Use of self-rating scales was reported in 53% (n = 27/51) of LSVT 
LOUD and 39% (n = 21/54) of NHS SLT notes. Self-rating of effort is an expected component of 
LSVT interventions.

Intervention procedures

Intervention targets (speech subsystems)
A high proportion of LSVT LOUD interventions had one speech impairment target. Few had two. In 
contrast, half of NHS SLT interventions described a focus on three or more speech subsystems followed 
by two subsystems and the remaining interventions focused on one speech subsystem impairment 
target. The most common speech subsystems focused on within NHS SLT were phonation and breath 
support. Effectively all LSVT LOUD targeted one impairment target – phonation; one was ‘unreported’ 
due to limited participant therapy (Table 12).

Other intervention targets
Therapists described activities to increase participants’ insight into what was different in their 
communication as a consequence of PD, why this would make it harder for other people to understand 
them, and what they need to do to address it. In LSVT interventions this re-training of sensory 
perceptions is referred to as calibration. Both NHS SLT and LSVT LOUD interventions had high numbers 
of therapy reports targeting improved insight, with LSVT LOUD higher than the NHS SLT intervention. 
Both interventions reported a similarly low-level use of strategies to modify the environment (e.g. by 
reducing background noise) or deliberate use of background noise to encourage participants to use their 
loud voice.

Voice and speech cues
‘Loud’ or ‘Think Loud’ was reported by almost all LSVT LOUD records and in most cases, was the only 
recorded cue. In comparison, although a majority of NHS SLT cues reported were also ‘Loud’ or ‘Think 
Loud’ there was more variation with another cue referencing volume such as ‘strong’ voice described. 
Other cues documented in NHS SLT included ‘clear’ referencing articulation; those that referenced 
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exaggerated movements; and those that cued ‘slow’ or ‘chunking’ of speech into smaller groups of words 
with pauses.

Vocal activities
Vocal activities were reported and there were differences in the use of most of the activities mentioned 
between the SLT treatment groups (Table 13).

TABLE 13 Standard NHS SLT and LSVT LOUD interventions by reported therapy activities

Vocal activities NHS SLT (n = 54) (%) LSVT LOUD (n = 51) (%)

Non-speech oral motor exercise (NSOME) 19a < 1b

Automatic speech 28 0

Vocal play 30 12

C/V/CV 69 98

Functional phrases and hierarchical speech – 96

Interaction 22 67

Functional-everyday phrases 50 –

Hierarchical activities 83 –

a	 NSOMEs were reported in Standard NHS notes, although this appeared to target drooling rather than speech.
b	 In LSVT LOUD, there was one mention of non-speech oral motor exercises (NSOMEs).

TABLE 12 Standard NHS SLT and LSVT LOUD procedures

Intervention procedures NHS SLT (n = 54) (%) LSVT LOUD (n = 51) (%)

Targets

 One speech subsystem 19 86

 Two speech subsystems 28 8

 Over two speech subsystems 52

 Phonation 78 98

 Breath support 67

Insight (calibration) 76 92

Strategies to modify the environment 22 16

Voice cues

 ‘Loud’ or ‘Think Loud’ 70 96

 ‘clear’ 26 –

 ‘slow’ 17 –

 referencing exaggerated movements 28 –

 referencing volume 22 –

 referencing chunking of words 9 –
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Tailoring

Tailoring materials to a participant’s interests (such as scuba diving, cars, DIY, model railway, yoga) was 
described in 75% (n = 38/51) of LSVT LOUD interventions compared to 35% (n = 19/54) of NHS SLT. 
Tailoring to a client’s interactions was reported in 67% (n = 34/51) LSVT LOUD and 37% (n = 20/54) 
of NHS SLT. Descriptions of tailoring to participants’ communication goals, however (e.g. practising a 
planned lecture), were reported in 24% (n = 12/51) of LSVT LOUD interventions and 39% (n = 21/54) 
of NHS SLT. Although intensive therapeutic interventions can raise tolerance concerns, tailoring of 
NHS SLT interventions to the PD COMM participants’ health was documented in both NHS SLT (39%, 
n = 21/54) and LSVT LOUD records (33%, n = 17/51).

In LSVT LOUD, therapists are taught to model communication behaviours (‘do as I do’) and to avoid 
explanation. Use of modelling was reported in 73% (n = 37/51) of LSVT LOUD and 54% (n = 29/54) of 
NHS SLT records. Task titration or facilitating an augmentative response to a task was reported in both 
interventions (LSVT LOUD 96%, n = 49/51; NHS SLT 89%, n = 48/54). Advice and educational elements 
to therapy were more commonly reported in NHS SLT (89%, n = 48/54) than in LSVT LOUD (65%, 
n = 33/51). Therapists in both interventions used encouragement (LSVT LOUD 45%, n = 23/51; NHS 
SLT 50%, n = 27/54) and described involving others to provide feedback to the participant (LSVT LOUD 
31%, n = 16/51; NHS SLT 31%, n = 17/54).

Home-based practice

Prescription of home-based practice was reported in almost all LSVT LOUD notes in our sample 
(98%, n = 50/51). Prescribed home-based practice was also reported in 98% (n = 53/54) of NHS SLT 
notes. Some NHS SLT home-based practice content was similar to LSVT LOUD: practise of ‘ahs’ (44%, 
n = 24/54), everyday (functional) phrases (52%, n = 28/54), hierarchical tasks (76%, n = 41/54) and 
applied (carryover) tasks (41%, n = 22/54). A LOUD or volume focus was reported in 67% (n = 36/54). 
The structure of the prescription also had similarities, with 87% (n = 47/54) advising daily practice and 
91% (n = 49/54) prescribing exercises.
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Chapter 7 Economic evaluation

Overview

The chapter reports the economic evaluation conducted alongside the PD-COMM clinical trial using 
data collected within the trial. The economic evaluation aimed to estimate the cost-effectiveness of 
LSVT LOUD with NHS SLT and no SLT (control group) in patients with PD who have dysarthria.

Methods

The NICE recommendations89 were used to guide the methods of the PD COMM trial economic 
evaluation and the analysis was reported in accordance with the Consolidated Health Economic 
Evaluation Reporting Standards (CHEERS) guidelines.90

A within-trial economic evaluation in the form of cost–utility analysis was conducted from the 
perspective of the UK NHS. The primary results were expressed in terms of cost per quality-adjusted 
life-year (QALY) gained at 12 months for the three comparisons. Additional secondary analyses 
were performed from the NHS and personal social services (PSS) perspective, and broader societal 
perspective and using the capability approach utilising broader measures of capability well-being.

Outcome measures

The PD-COMM pilot study suggested that EQ-5D scores were related to voice impairment and would 
capture improvement in voicing/speech between trial arms. Therefore, this measurement was used for 
the economic evaluation.91 Health-related quality of life (HRQoL) was measured using the EuroQol5D 
(5-level version) (EQ-5D-5L) completed by participants or their carer92 at baseline, 3, 6 and 12 months. 
The EQ-5D-5L questionnaire comprises five domains: mobility, self-care, usual activities, pain/
discomfort and anxiety/depression. Each domain consists of five levels ranging from no problems to 
extreme problems or unable to perform.61 In line with NICE recommendations,92 the crosswalk value set 
was applied to participant responses for mapping the 5L responses to 3L preference-based summary 
scores.93 Health utility values over 12-month follow-up were summarised by trial arm and assessment 
time point and QALY was generated for individual participant.

 The ICECAP-O63 was used to capture changes in participant’s capability at 12 months, allowing a 
broader assessment of benefit in participants with PD that may not be captured with EQ-5D-5L. 
ICECAP-O is a preference-based measure of capability and well-being for older people over the 
age of 65, and consists of five attributes (attachment, security, role, enjoyment and control).94 It is 
recommended by NICE in the economic evaluation of social care, has been used in several studies in 
the UK, and is a validated instrument to measure capability well-being.95,96 Although the pilot study 
found that ICECAP-O was weakly correlated with voice measures, some PD-related QoL dimensions 
could be captured using this outcome measure and we felt it was important to capture wider aspects of 
well-being.

A set of tariff values has been elicited for ICECAP-O from a sample of older people in the UK using 
best-worst scaling. The scale ranges from one (a measure of 44444 reflecting a full capability) to zero 
(a measure of 11111 reflecting no capability).63 These values are used to generate a capability score 
that is combined with time to generate a secondary outcome expressed as year of full capability 
(YFC).97 To explore an alternative decision rule, the sufficient capability approach was used where a 
measure of ‘33333’ represents the threshold for maximum capability instead of ‘44444’.98 Years of 
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sufficient capability (YSCs) were generated from rescaled ICECAP-O utility scores to represent gains 
in sufficient capability over time.98 Utility scores from EQ-5D-5L and capability scores from ICECAP-O 
were separately combined with time and analysed using the trapezium rule (the area under the curve 
approach), to generate QALYs, YFCs and YSCs at 12 months, respectively.99

Resource use and costs

Trial interventions
All resource use involved in the delivery of the trial interventions was obtained from the SLT TRFs, 
where the number and duration of NHS SLT and LSVT LOUD sessions attended by each participant 
were recorded. Details on who conducted the session, location and type of the session (one to one/
group) were also collected. Additional sessions that were recorded in the SLT Initial Interview Log and 
not in the SLT treatment log were also added.

Sessions were costed individually based on the duration and location assuming that all sessions 
were conducted one to one. Both PD COMM SLT interventions were mainly delivered by a therapist, 
therefore, a cost of a therapist time in minutes (average of band 6 and 7) was used for all sessions. The 
cost of time of a therapist was multiplied by duration of contact (in minutes) to determine the total cost 
of the intervention per patient for LSVT LOUD and NHS SLT. The duration of contact included the time 
spent for data management, preparation and delivering the intervention and these were considered 
in the cost of the intervention. However, the duration of PD COMM SLT content was also estimated 
to calculate the cost of SLT content and presented as a subcategory of cost. Where a session was 
conducted in the participant’s home, 60 minutes of travel time was added to the total session time. For 
LSVT LOUD remote sessions, the costs of a computer loan from the NHS and companion software were 
added, and NHS SLT remote sessions were assumed to have delivered over the phone. The cost of LSVT 
training for therapists per patient was estimated using national data from SLT service providers with 
assumptions (see Appendix 2, Table 36) and was also included in the cost of the intervention. Experts 
were consulted to confirm that the assumptions were appropriate.

Additional SLT sessions for speech and/or dysphagia (outside the trial interventions) reported by 
participants were recorded and costed as 60 minutes standard sessions by a therapist. Reported SLT 
sessions in the treatment log by participants randomised to the control arm who had NHS SLT were 
considered as additional sessions outside the trial intervention. To avoid double counting, therapist 
reported SLT sessions and SLT services from the follow-up questionnaire completed by participants were 
compared and trial sessions were deducted from total additional SLT services (primary or secondary).

NHS resource use/costs
Data on visits to primary care, therapists and other healthcare professionals, secondary care and social 
care services related to PD were collected using a patient-completed resource usage questionnaire at 
3, 6 and 12 months, with 3- and 6-month questionnaires referring to the previous 3 months and the 
12-month questionnaire, the previous 6 months. Data were collected on the number of primary care 
contacts such as the number of visits to GP practices, PD specialist nurses and health visitors in addition 
to secondary care (outpatient appointments) attendance. In addition, data on the use of other health 
services including visits to psychotherapists, occupational therapists, additional SLT for speech and/or 
dysphagia (other than the trial interventions) were also captured.

Details on PD medication were obtained at baseline and an average dose of medication was calculated 
and multiplied by the unit cost over a 12-month period. Given that SLT is not affected by medication, it 
was assumed that medication was not changed within the trial period. All health and social services were 
considered to occur within the NHS unless otherwise stated.
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Unit costs were obtained from national sources such as Unit Costs of Health and Social Care, The 
British National Formulary and NHS reference costs.100–102 Where different categories associated with 
a resource use were identified, weighted averages were used. Where participants recorded that a 
healthcare service was used without providing the number of contacts, a minimum number of contacts 
was assumed. For example, if a GP visit was reported without further data, it was assumed that there 
had been one GP visit. A micro-costing approach was used and assigned costs to each component 
of resource use to capture participant-level variation in costs.103 Total costs were calculated for each 
patient and total mean per patient costs estimated by trial arm.

Social care costs
Data on resources related to use of social services, including home help, provision of meals and formal 
care were also reported. The average number of visits, days or meals per week was provided at each 
time point and the total number of services utilised over 12 months follow-up was calculated.

Productivity losses
The questionnaire also captured the loss of productivity due to reduced working hours as a result of 
PD. Questions asked if participants were in paid employment, and those who responded positively 
were requested to report the reduced number of working hours per week due to PD. These estimates 
were converted to total working hours over the 12-month period to calculate any loss of earnings 
associated with reduced productivity. Where a loss of working time was reported but actual hours were 
not given, the minimum reported number of working hours lost was imputed. Participants who were 
not currently employed were asked to report if they had completely stopped working due to PD during 
the recall period of the questionnaire (3 months or 6 months). These responses were used to generate 
the work loss at each follow-up point assuming that they worked 26 hours per week (average of full- 
and part-time job) as participants were not asked for data on their average working hours. Using the 
human capital approach104–106 the average wage for employees over the age of 60, obtained from annual 
earnings data106 was used to assign costs to the lost value of productivity.

Patient-incurred costs
Data on the use of private healthcare services and out-of-pocket expenditure on travel, medications 
and any other PD-related costs incurred by participants were also obtained from the questionnaire. 
In the absence of national unit cost estimates for private healthcare use, NHS equivalent costs were 
assumed to represent the costs of private health services. Where out-of-pocket costs were stated but 
not specified, the minimum amount of reported cost was imputed.

In the initial PD COMM SLT interview, participants were asked to provide information on the method of 
transportation and the number of miles travelled to attend PD COMM SLT sessions. The recorded miles 
were doubled to estimate the total distance travelled to attend a single session. This value was then 
combined with the number of attended outpatient sessions for each participant to calculate the total 
cost of travel in the trial. Unit costs for different methods of transportation were obtained from national 
sources (see Appendix 2, Table 37).

Costs were reported in UK currency [Great British pounds (£GBP)] for 2019–20. Cost estimates from 
earlier years were inflated, using the Hospital and Community Health Services Pay and Prices Index to 
2019–20 prices.100 Relevant items of health and social care resource use, employment and travel and 
out-of-pocket costs with their associated unit costs, description and the source from which these costs 
were obtained can be found in Appendix 2, Table 37.

Missing data
Participants who returned the follow-up questionnaire (resource use and effectiveness) at any 
follow-up time point were included in the base-case analysis. A multiple imputation approach was 
applied to replace missing values for costs and health and capability outcomes, under the assumption 
that the variables with missing values were Missing At Random (MAR). This approach replaces missing 
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observations with a set of plausible predicted values, derived from a posterior predictive distribution 
of the missing data given the available data.107 Twenty-five data sets were imputed (reflecting the 
percentage of missing data), which were then combined using Rubin’s rules.108 Age, sex, severity of PD 
(Hoehn and Yahr) and severity of speech impairment (VHI) were included in the imputation models. 
Total costs over 12 months were imputed for different cost components, whereas missing values for the 
EQ-5D-5L and ICECAP-O were imputed at each time point.

For participants who were known to have died after the first follow-up visit, a value of zero at the 
next follow-up point was assigned to EQ-5D-5L and ICECAP-O scores based on the date of death. For 
participants who died, resource use and costs were given a value of zero for all subsequent follow-up 
time points. EQ-5D-5L and ICECAP-O overall scores were considered as missing if the participant 
failed to respond to all questionnaire items. For all participants, if they returned the resource usage 
questionnaire and a response to an individual item was not completed, it was considered that the 
service was not utilised.

To explore the impact of missing data on cost-effectiveness, a complete case analysis was carried out 
where only patients with complete data on outcome measures and costs were included.

Statistical analysis
Outcome measures, resource use and costs were presented as means and standard deviations (SDs) and 
mean bootstrapped differences between interventions with 95% CIs, where applicable. Due to cost data 
being positively skewed, 95% CIs around the mean difference in costs were calculated using the bias-
corrected and accelerated (BCa) bootstrap method using the analyses of 1000 resamples.109 If the CIs of 
the difference in mean costs or outcomes between treatment arms did not cross zero, this indicated a 
significant difference between treatment arms.109

Differences between treatments for all outcomes and cost components were adjusted for age at 
randomisation, outcome and sex as well as severity of PD (Hoehn and Yahr) and severity of dysarthria 
(VHI). The baseline score (EQ-5D-5L and ICECAP-O) was also included in the adjustment for outcome 
measures and calculation of total QALYs, YFC and YSC.110

All analyses were performed using Stata® version 16 (StataCorp LP, College Stations, TX, USA).

Economic evaluation
The first stage of the analysis involved reporting resource use, costs and health outcomes in a 
disaggregated manner by treatment arm.103

The base-case analysis took the form of a cost–utility analysis (CUA) from the perspective of the UK 
NHS using total costs and QALYs for each trial arm of the trial. In line with the statistical analysis, 
economic analyses were conducted on an ITT basis. Differences between treatment arms in total 
costs were divided by differences in the outcome measure (QALYs) to calculate the incremental cost-
effectiveness ratio (ICER), expressed as the additional cost per QALY gained. ICERs were generated 
for three comparisons: LSVT LOUD versus no SLT (control) NHS SLT versus no SLT (control); and LSVT 
LOUD versus NHS SLT. The NICE upper and lower thresholds of £30,000 and £20,000 per QALY were 
used to determine if an intervention was cost-effective.89 Secondary analyses presenting the incremental 
cost per YFC and YSC calculated from ICECAP-O were also conducted. Given that trial involvement was 
for only 12 months, discounting was not applied to either the costs or outcomes. Further analyses were 
undertaken from the NHS/PSS perspective to include social care costs and a wider societal perspective 
to include the costs incurred by the participants and productivity losses.

Analysis of uncertainty
Bootstrapping was used to account for the overall uncertainty that occurs because of variations 
in sampling, by jointly bootstrapping mean cost and QALY differences.111 The technique generated 
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5000 paired values of incremental costs and QALYs for the three treatment comparisons and were 
presented on a cost-effectiveness plane as a scatterplot to aid interpretation.111,112 A cost-effectiveness 
acceptability curve (CEAC) was then constructed to reflect the probability that an intervention is cost-
effective at different willingness-to-pay values per QALY gained.113

Deterministic sensitivity analyses were conducted to explore the uncertainty in assumptions related to 
the delivery of the intervention and resource use. A series of different scenarios for LSVT LOUD delivery 
were explored by varying the location of session delivery (online or face to face), the staff grade of 
the session supervisor and supervised or unsupervised sessions. These scenarios were discussed with 
experts to agree on a typical scenario and sensible alternative options to reflect potential modes of 
delivery. Session delivery settings (outpatient or home delivery), level of session supervisors (therapist or 
therapy assistant), the method of delivery (face to face, online) and supervised or unsupervised sessions 
were varied using a combination of scenarios.

The following scenarios were explored:

A.	 All sessions are delivered by a therapist.

Scenario 1: 100% of session in an outpatient setting.
Scenario 2: 50% of the sessions are face to face in an outpatient setting and 50% as online sessions.
Scenario 3: 50% of the sessions are in an outpatient setting and 50% at participant’s home.
Scenario 4: 50% of the sessions are face to face at participant’s home and 50% as online sessions.
Scenario 5: 100% of sessions at participant’s home.

B.	 50% of the sessions are delivered by a therapist and 50% by a trained therapy assistant.

Scenario 6: 100% in an outpatient setting.
Scenario 7: 50% of the sessions are face to face in an outpatient setting and 50% as online sessions.
Scenario 8: 50% of the sessions are in an outpatient setting and 50% at participant’s home.
Scenario 9: All sessions delivered by a therapist where 50% of the sessions are face to face at partici-

pant’s home and 50% as online sessions.
Scenario 10: 100% at participant’s home.

C.	 50% of sessions are supervised and 50% are unsupervised.

Scenario 11: 50% of the sessions are in an outpatient setting and the remaining 50% unsupervised at 
participant’s home.

Scenario 12: 50% of the sessions are supervised at participant’s home and the remaining 50% unsuper-
vised at participant’s home.

A single scenario for NHS SLT was used assuming that sessions were conducted in an outpatient setting. 
Online LSVT LOUD sessions and a mix of face-to-face and unsupervised LSVT LOUD sessions were 
assumed to be as effective as face-to-face sessions in terms of quality of life and speech outcomes.114 
Therefore, the QALY values for intervention groups from the trial data were held constant and used to 
calculate cost per QALY for each scenario. Further analyses were carried out. The first was related to 
adherence where only participants who were adherent to SLT interventions were included. The second 
assuming a vocal folds examination by an ENT consultant was undertaken for participants in the LVST 
LOUD arm before their first SLT initial session.
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Results

Data completion
Complete EQ-5D-5L data at baseline, 3, 6 and 12 months were available for 273 participants (92 LSVT 
LOUD, 89 NHS SLT and 92 no SLT (control)) out of 388 participants recruited, and 270 participants [91 
LSVT LOUD, 89 NHS SLT and 90 no SLT (control)] had completed ICECAP-O at all time points.

The SLT TRF was completed by therapists or therapy assistants for 107 (82%) participants in the LSVT 
LOUD group and 117 (91%) in the NHS SLT group. Resource use data at all time points were available 
for 93 participants in the LSVT LOUD arm, 92 in the NHS SLT arm and 92 in the no SLT (control) arm. A 
total of 116 (88% of recruited) participants in the LSVT LOUD arm returned follow-up questionnaires 
(on effectiveness and resource use) at any time point, 113 (88%) in the NHS SLT and 112 (87%) in the no 
SLT (control) groups and were included in the base-case analysis where missing values were imputed.

Of the 388 participants randomised in the trial, 253 (63%) had complete data on resource use, 
treatment, EQ-5D-5L and ICECAP-O. Details on data completion and proportion of returned forms/
questionnaires are presented in Appendix 2, Table 38.

Outcome measures

Mean EQ-5D-5L and ICECAP-O scores per participant with complete outcome data for each trial arm at 
baseline, 3, 6 and 12 months are presented in Appendix 2, Table 39). At baseline, participants in the LSVT 
LOUD arm had higher EQ-5D-5L and ICECAP-O scores compared to those in the NHS SLT and no SLT 
(control) groups. On average, there was a reduction in EQ-5D-5L and ICECAP-O scores in the three trial 
arms over the 12-month follow-up period.

Total imputed and adjusted QALYs, YFC and YSC over 12 months were calculated and are presented 
in Table 14. In the base-case analysis LSVT LOUD was slightly more effective with an average 0.008 
(95% CI, −0.020 to 0.040) QALYs gained compared with no SLT (control) and 0.012 (95% CI, −0.017 to 
0.042) additional QALYs compared with NHS SLT. In terms of capability measures, LSVT LOUD was also 
associated with improved YFC and YSC compared with both no SLT (control) and NHS SLT (see Table 14). 
NHS SLT was less effective than no SLT (control) with 0.005 (95% CI, −0.039 to 0.026) fewer QALYs, 
and gave lower capability scores for YFC and YSC. Mean differences for all three comparisons were not 
statistically significant for all outcome measures except for YFC and YSC when comparing LSVT LOUD 
versus NHS SLT.

In the complete case analysis, the mean difference in QALY, YFC and YSC between LSVT LOUD and 
no SLT (control) was much greater, and NHS SLT was associated with improved QALYs, YFC and YSC 
compared with no SLT (control).

Resource use and costs

Trial interventions
Table 15 presents the mean resource use and costs for trial interventions per participant including 
therapist time and travel time with additional costs including phone calls, LSVT training, companion 
software and laptop loan. The average cost of LSVT LOUD was £1315.55 (SD, 570.47) and £412.06 (SD, 
275.01) for NHS SLT. Total session time was higher in LSVT LOUD group (1232.70 minutes compared 
with 412.31 minutes in the NHS SLT arm) and contributed to almost 82%–88% of the total cost of the 
SLT interventions. Very few participants used the LSVT companion software. The average number of SLT 
sessions was 16 for LSVT LOUD and 6 for NHS SLT.
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TABLE 14 Outcome measures at 12 months – base-case (imputed) and complete case analyses

Mean (SD) Mean adjusteda bootstrapped difference (95% CI)

LSVT LOUD NHS SLT No SLT (control) LSVT LOUD vs. no SLT (control) NHS SLT vs. no SLT (control) LSVT LOUD vs. NHS SLT

Base-case analysis – Imputedb

 n 116 113 112

 QALYs 0.606 (0.205) 0.583 (0.215) 0.598 (0.193) 0.008 (−0.020 to 0.040) −0.005 (−0.039 to 0.026) 0.012 (−0.017 to 0.042)

 YFC 0.800 (0.136) 0.780 (0.126) 0.797 (0.123) 0.018 (−0.002 to 0.039) −0.003 (−0.023 to 0.018) 0.020 (0.003 to 0.036)

 YSC 0.889 (0.139) 0.871 (0.131) 0.891 (0.127) 0.013 (−0.008, 0.035) −0.006 (−0.020 to 0.018) 0.018 (0.002 to 0.038)

Complete case analysisc

 n 82 81 90

 QALYs 0.630 (0.197) 0.607 (0.204) 0.597 (0.195) 0.019 (−0.015 to 0.051) 0.004 (−0.031 to 0.040) 0.014 (−0.020 to 0.048)

 YFC 0.821 (0.120) 0.794 (0.123) 0.795 (0.124) 0.030 (0.007 to 0.054) 0.006 (−0.018 to 0.028) 0.023 (0.000 to 0.042)

 YSC 0.912 (0.120) 0.887 (0.127) 0.889 (0.128) 0.026 (0.001 to 0.053) 0.004 (−0.022 to 0.029) 0.021 (−0.002 to 0.043)

a	 Adjusted for EQ-5D-5L or ICECAP-O score at baseline, age, disease severity Hoehn and Yahr scoring and VHI score at baseline.
b	 QALY range (−0.187 to 1.000), YFC range (0.231–1.000), YSC range (0.263–1.000).
c	 QALY range (−0.187 to 1.000), YFC range (0.259–1.000), YSC range (0.298–1.000).

Notes
CI, confidence interval; LSVT, Lee Silverman Voice Treatment; n, number of participants; QALY, quality-adjusted life-year; SD, standard deviation; SLT, speech and language therapy; YFC, 
year of full capability; YSC, year of sufficient capability.
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The data from the treatment log showed that the majority of therapy sessions took place in an 
outpatient setting (73% in LSVT LOUD group vs. 77% in NHS SLT group). Almost 94% of LSVT LOUD 
sessions and 92% of NHS SLT sessions were supervised by a therapist. Only 26% of LSVT LOUD 
sessions took place in participants’ homes (6% of these sessions were unsupervised) compared with 
16% of NHS SLT sessions. Remote sessions contributed to 1% of LSVT LOUD sessions and 6% of NHS 
SLT sessions.

Participants in both LSVT LOUD and NHS SLT arms required non-trial additional SLT sessions (an 
average of 2.53 per participant for LSVT and 2.01 for NHS SLT) with a small number of sessions 
reported by those in the no SLT (control) arm (average 0.90). These additional sessions were in part due 
to outliers, where 7 LSVT LOUD participants had attended at least 10 additional sessions. The clinical 
reason for these additional sessions (e.g. speech or voice problems, dysphagia) was not recorded.

National Health Service and social services resource use
Disaggregated mean resource use and costs per participant for those with complete resource use data 
over 12 months are presented by treatment group in Table 16. The level of resource utilisation was 
similar across treatment arms. The main cost drivers of primary care and therapy services were GP 
practice visits and PD nurse and physiotherapy appointments. PD-related outpatient appointments and 

TABLE 15 Speech and language therapy resource and set-up costs

LSVT LOUD (n = 107) NHS SLT (n = 118)

Resource unit, 
mean (SD)

Cost (£),  
mean (SD)

Resource unit, 
mean (SD)

Cost (£),  
mean (SD)

 No SLT 
(control)

Trial session and intervention set up

SLT therapist time (minutes)

 �Total session 
time

1232.70 (449.61) 1084.87 (395.65) 412.31 (239.75) 362.83 (210.98) – –

 SLT contenta 963.76 (330.85) 848.11 (291.15) 306.50 (178.68) 269.72 (157.24)

 Travel time 235.51 (367.07) 207.25 (323.02) 54.41 (128.90) 47.88 (113.43) – –

Phone call 
(minutes)

0 0 19.41 (76.64) 1.36 (5.36) – –

LSVT training – 21 0 – –

Companion 
software

– 0.45 (2.65) 0 – –

Computer loan – 2.07 (12.27) 0 – –

Total cost of trial 
intervention

1315.55 (570.47) 412.06 (275.01)

Non-trial additional SLT sessions – (60 minutes per session)

N 93 92 92

Mean (SD)b 2.53 (6.45) 133.92 (341.66) 2.01 (3.07) 106.83 (162.83) 0.90 (2.72) 47.81 (144.25)

LSVT, Lee Silverman Voice Treatment; n, number of participants; SD, standard deviation; SLT, speech and language  
therapy.

a	 SLT content time includes: SLT content on the SLT treatment log was assessment and review; goal setting; information 
provision and advice; impairment-based therapy; compensatory therapy; augmentative and alternative communication 
strategies; generalisation/functional therapy; training of caregiver and LSVT time.

b	 15 patients who completed SLT log had 10 or more additional sessions (7 in LSVT arm, 4 NHS SLT and 3 no therapy).

Notes
The average number of SLT sessions was 16 for LSVT and 6 for NHS SLT. Bold values are the total costs - bolded for 
emphasis.
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consultations were comparatively more frequent in the NHS SLT arm compared to LSVT LOUD and no 
SLT (control) arms.

Social services resource use was reported by 20 (17%) LSVT LOUD, 17 (15%) NHS SLT and 16 
(14%) no SLT (control) participants. Use of social services resources was much greater per person in 
the LSVT LOUD arm compared to NHS SLT and no SLT (control) arms and home help was the main 

TABLE 16 Mean NHS and social services resource use and costs per participant over 12 months by intervention group 
[complete resource use and cost data (2019–20 prices)]

Resource item

LSVT LOUD
n = 93

NHS SLT
n = 92

No SLT (control)
n = 92

Mean visits 
(SD) Mean cost £ (SD)

Mean visits 
(SD) Mean cost £ (SD)

Mean visits 
(SD) Mean cost £ (SD)

NHS

Primary and community services

 GP home 0.09 (0.38) 8.65 (38.27) 0.16 (0.76) 16.40 (76.45) 0.07 (0.44) 6.56 (44.25)

 GP practice 2.96 (3.93) 115.32 (153.21) 2.82 (3.01) 109.79 (117.35) 2.73 (2.64) 106.40 (102.80)

 Nurse Home  0.28 (1.80) 5.87 (37.71) 0.41 (1.42) 8.67 (29.89) 0.14 (0.51) 2.97 (10.59)

 Nurse practice 1.37 (2.48) 14.82 (26.85) 1.51 (2.38) 16.39 (25.86) 1.16 (1.57) 12.62 (17.04)

 PD nurse  2.48 (2.56) 69.55 (71.82) 2.16 (2.10) 60.57 (58.74)  2.05 (2.10) 57.52 (58.46)

 Health visitor  0.15 (0.74) 2.86 (13.99) 0.18 (0.82) 3.51 (15.67)  0.065 (0.32) 1.24 (6.17)

Therapists and other professional staff

 Physiotherapist 2.31 (4.41) 122.53 (233.52) 2.14 (3.38) 113.49 (178.93) 2.33 (5.44) 123.28 (288.49)

 �Occupational 
therapist

0.71 (2.18)  37.61 (115.53) 0.64 (1.61) 33.99 (85.56) 0.50 (1.35)  26.50 (71.37)

 Other servicesa 0.27 (0.82)  13.73 (36.38) 0.50 (1.75) 22.22 (78.83) 0.22 (0.97) 8.49 (29.76)

Secondary care

 �Outpatient 
appointment

2.04 (2.20) 337.21 (321.49) 2.30 (2.78) 391.43 (442.75) 1.87 (1.80) 339.69 (331.81)

Social services

 �Home care/
home help  
(an hour visit)b

20.41 (97.04) 816.34 (3881.79) 9.18 (29.89) 367.39 (1195.61) 7.21 (30.00) 288.26 (1200.14)

 Day centre (days) 2.10 (16.63) 127.90 (1014.53) 2.26 (14.24) 137.91 (868.76) 3.25 (16.42) 198.25 (1001.87)

 �Luncheon Club 
(meal)

1.26 (7.19) 8.81 (50.32) 2.83 (13.19) 19.78 (92.32) 0.85 (5.72) 5.93 (40.03)

 �Sitting service 
(days)

– – 0.42 (4.07)  50.87 (487.92) – –

 �Institutional care 
(days)c

1.94 (18.67) 342.58 (3303.73) 0.98 (9.38) 749.11 (2240.57) – –

LSVT, Lee Silverman Voice Treatment; SD, standard deviation; SLT, speech and language therapy.
a	 Primarily chiropractors, chiropodists and podiatrists.
b	 Five LSVT arm outliers (four patients reported a total of over 200 visits over 12 months in the LSVT arm), 2 patients in 

no SLT (control) arm had 183 and 195 visits 2 in NHS SLT arm had 130 home care visits each.
c	 Only two patients used this service.
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cost component due to the presence of a small number of outliers. An observation was considered 
to be an outlier where the patient had over 120 visits over the 12-month period. Given that SLT 
interventions are highly unlikely to have any impact on physical functioning, normal daily activities or 
the requirement for institutional care, a decision was made to deviate from the original protocol and to 
exclude social services costs for the base-case analysis. Therefore, the base case was presented for the 
NHS perspective.

The results indicated that all arms had large standard deviations for the costs, particularly in the LSVT 
LOUD arm, driven by the skewed cost data caused by outliers.

Private health services

Privately funded health care and social services were required by a small number of participants in all 
treatment arms (see Table 40). Participants in the LSVT LOUD arm required more frequent physiotherapy 
sessions and institutional care compared with those in NHS SLT and no SLT (control) arms.

Patient-incurred costs and productivity losses

Details on the mean PD-related out-of-pocket expenses and loss of earnings as a result of reduced 
productivity are presented in Appendix 2, Table 40. Other PD-related expenses were greatest in the in 
the no SLT (control) arm. Travel costs obtained from the initial SLT interview form were higher in the 
LSVT LOUD arm, directly related to the greater number of sessions required for delivery of LSVT LOUD 
compared with NHS SLT. These direct SLT travel costs were included in the total societal cost. General 
travel costs were also reported in patient questionnaires which included both travel to SLT appointments 
and visits not specifically related to the intervention. As there was a high likelihood of double counting 
of SLT travel costs, these are presented as part of the disaggregated costs (see Appendix 2, Table 40) but 
not included in final total societal costs.

Very few participants were in paid employment across the treatment arms, reflecting the age of 
participants and the presence of PD. Overall, participants in the LSVT LOUD arm had reduced their 
working hours more than those in the other treatment arms and more participants receiving the NHS 
SLT intervention had to stop work completely (see Appendix 2, Table 40).

Total costs
The mean total costs per participant for different cost categories across treatment arms are presented in 
Table 17. The greatest costs were PD medications, the cost of the SLT interventions and visits to primary 
care services and therapists. The cost of medication was highest for participants in the LSVT LOUD arm, 
who also had a higher mean baseline severity of PD. The aggregated cost of primary care, therapist and 
secondary care services were similar across treatment arms.

In terms of mean cost differences by category of resource use (see Table 17), the greatest differences 
were for the LSVT LOUD and NHS SLT interventions, both compared with each other and the no SLT 
(control) arm, and differences were statistically significant. Differences in the cost of additional SLT 
sessions were also statistically significant for both SLT interventions versus no SLT (control) but not 
when LSVT LOUD and NHS SLT were compared.

The mean total NHS cost differences indicated that LSVT was associated with additional costs of 
£1582.18 (95% CI, £1325.21 to £1892.23) and £652.76 (95% CI, £381.69 to £934.26) compared with 
no SLT (control) and NHS SLT, respectively. NHS SLT was £924.20 (95% CI, £641.08 to £1219.78) more 
expensive than no SLT (control). Differences in total costs were statistically significant. There were only 
small differences between trial arms for primary care services, therapists, secondary care services and 
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TABLE 17 Aggregated cost for all cost categories – base-case (imputed) and complete case analyses

LSVT LOUD NHS SLT No SLT (control)
LSVT LOUD vs. no SLT  
(control)

NHS SLT vs. no SLT  
(control) LSVT LOUD vs. NHS SLT

Cost (£), mean (SD) Mean adjusteda bootstrapped difference (£) (95% CI)

Base-case analysis – Imputeda

 n 116 113 112

Healthcare costs

 Trial intervention 1341.47 (521.90) 414.71 (264.61) - 1342.99 (1253.08 to 1433.07) 414.95 (367.90 to 467.42) 924.21 (824.39 to 1032.84)

 �Additional SLT 
sessions

133.64 (306.99) 105.34 (148.67) 52.38 (132.53) 83.08 (31.33 to 146.06) 53.86 (16.25 to 86.20) 28.77 (−26.41 to 96.23)

 �Primary and 
community care and 
therapists

389.62 (307.96) 383.90 (341.78) 348.26 (335.70) 44.18 (−39.66 to 131.36) 44.56 (−52.35 to 119.73) 2.43 (−80.33 to 80.19)

 Secondary care 340.19 (290.19) 391.54 (402.64) 338.79 (302.61) 5.45 (−76.45 to 87.62) 64.31 (−24.76 to 174.27) −55.60 (−148.10 to 31.27)

 Medications 1402.71 (874.93) 1383.11 (855.03) 1290.21 (809.13) 106.48 (−114.84 to 319.94) 75.07 (−133.76 to 291.63) 24.38 (−188.58 to 232.85)

 Total NHS costs 3607.63 (1165.01) 2677.60 (1157.76) 2029.65 (1026.04) 1582.183 (1325.21 to 1892.23) 652.76 (381.69 to 934.26) 924.20 (641.08 to 1219.78)

 Social servicesb 1183.57 (4660.48) 697.57 (2027.56) 486.52 (2013.38) 795.92 (−20.57 to 1874.39) 247.18 (−138.84 to 712.22) 412.45 (−331.91 to 1394.22)

 Total NHS/PSS costs 4791.36 (5067.15) 3375.17 (2409.37) 2516.17 (2013.38) 2378.10 (1554.54 to 3586.44) 899.93 (386.37 to 1435.69) 1336.65 (426.94 to 2411.46)

Wider costs

 Productivity cost 794.88 (2655.16) 1932.68 (4347.68) 1318.25 (3662.85) −731.16 (−1559.11 to -55.95) 262.85 (−689.36 to 115.25) −1038.44 (−1909.89 to -280.69)

 �Private health  
services

125.41 (407.07) 101.84 (305.51) 71.03 (210.71) 56.54 (−18.73 to 160.03) 102.05 (−834.08 to 1036.32) 22.62 (−61.35 to 124.12)

 �Out-of-pocket 
expenditurec

430.79 (1315.01) 246.07 (564.69) 468.90 (1572.24) −41.16 (−436.77 to 366.21) −218.03 (−618.77 to 47.45) 175.06 (−41.96 to 480.49)

 Travel costd 57.94 (140.69) 24.31 (63.73) 0 55.96 (39.51 to 86.45) 24.31 (15.57 to 39.44) 33.98 (14.49 to 73.74)

 Total societal costs 5016.09 (3144.11) 4980.73 (4675.37) 3887.04 (4093.56) 922.56 (−26.65 to 1788.62) 754.03 (−251.52 to 1757.57) 118.67 (−834.29 to 1022.71)

 �Total societal/PPS 
costs

6199.67 (6072.71) 5678.30 (4990.53) 4373.56 (4564.23) 1718.48 (490.00 to 3403.83) 1001.20 (−183.49 to 2120.68) 531.12 (−555.82 to 1927.70)

continued
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LSVT LOUD NHS SLT No SLT (control)
LSVT LOUD vs. no SLT  
(control)

NHS SLT vs. no SLT  
(control) LSVT LOUD vs. NHS SLT

Cost (£), mean (SD) Mean adjusteda bootstrapped difference (£) (95% CI)

Complete case analysis

 n 82 81 90

 Trial intervention 1393.61 (548.82) 423.91 (274.67) - 1390.00 (1272.63 to 1514.59) 424.07 (363.50 to 488.71) 962.11 (842.74 to 1095.28)

 �Additional SLT 
sessions

124.10 (290.80) 104.04 (162.37) 48.88 (145.68) 74.19 (14.68 to 154.62) 52.94 (5.13 to 95.76) 21.06 (−48.01 to 91.85)

 �Primary and 
community care and 
therapists

378.20 (348.09) 361.70 (354.09) 352.08 (369.83) 21.48 (−87.28 to 124.54) 25.23 (−79.19 to 140.10) 6.14 (−105.20 to 109.39)

 Secondary care 341.70 (333.17) 392.34 (454.89) 343.08 (334.72) −6.04 (−103.08 to 84.39) 63.68 (−63.47 to 178.22) −61.76 (−190.94 to 63.11)

 Medications 1297.93 (783.07) 1317.15 (808.65) 1296.98 (817.48) 7.72 (−227.37 to 257.08) 26.70 (−196.21 to 270.90) −13.49 (−248.35 to 244.19)

 Total NHS costs 3535.55 (1024.37) 2599.13 (1137.22) 2026.61 (1093.30) 1487.34 (1175.47 to 1823.01) 592.62 (300.05 to 919.79) 914.06 (591.50 to 1208.67)

CI, confidence interval; LSVT, Lee Silverman Voice Treatment; n, number of participants; SD, standard deviation; SLT, speech and language therapy.
a	 Adjusted for age, disease severity Hoehn and Yahr (H&Y) scoring and VHI score at baseline.
b	 This cost was not included in the total NHS cost in the base-case analysis.
c	 Includes costs of PD medication, and other costs paid by the participants due to PD.
d	 Cost of travel paid by participants obtained from the SLT Initial Interview Log. The cost per session was applied to all outpatient sessions (from the SLT Treatment record form) for all 

participants.

TABLE 17 Aggregated cost for all cost categories – base case (imputed) and complete case analyses (continued)
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medication. The NHS/PSS cost difference between LSVT LOUD and the other trial arms was much greater 
due to high social services costs reported by a small number of participants in the LSVT LOUD arm.

When considering the wider societal perspective with PSS costs, the difference in costs between 
LSVT LOUD and no SLT (control) was lower, and LSVT LOUD was associated with an additional cost 
of £922.56 (95% CI, £−26.65 to £1788.62). Compared with NHS SLT, LSVT LOUD had slightly higher 
costs of £118.67 (95% CI, £−834.29 to £1022.71). The difference in costs between NHS SLT and no SLT 
(control) was £754.03 (95% CI, £−251.52 to £1757.57). All differences were not statistically significant 
except for the difference between LSVT LOUD and no SLT (control). The reduced cost difference when 
the societal perspective was adopted was mainly related to the inclusion of productivity costs. These 
cost differences increased when social services costs were also included.

Economic evaluation

Base-case analysis
Results of the base-case analyses from the perspective of the UK NHS are presented in Table 18. 
The results suggest that LSVT LOUD was associated with an ICER of £197,772 per QALY gained and 
£77,017 per QALY gained compared to no SLT (control) and NHS SLT, respectively. Using the capability 
outcome measure, the cost of achieving an additional YFC for the LSVT LOUD arm was £87,899 
compared with no SLT (control) and £46,210 compared with NHS SLT. The ICERs using the YSC as 
the measure of outcome were £121,706 and £51,344 per YSC gained for LSVT LOUD versus no SLT 
(control) and NHS SLT, respectively. For all three outcomes, standard NHS SLT was less effective and 

TABLE 18 Results of the economic evaluation for the base-case analysis – imputed data

Incremental cost (£)
Mean (95% CI)

Incremental 
effectiveness
Mean (95% CI)

ICER
Cost (£) per outcome

Primary outcome – QALY gained

 LSVT vs. no SLT 
(control)

1582.18 (1325.21 to 1892.23) 0.008 (−0.020 to 0.040) 197,772

 NHS SLT vs. no SLT 
(control)

652.76 (381.69 to 934.26) −0.005 (−0.039 to 0.026) Dominated

 LSVT vs. NHS SLT 924.20 (641.08 to 1219.78) 0.012 (−0.017 to 0.042) 77,017

Secondary outcome – YFC gained

 LSVT vs. no SLT 
(control)

1582.18 (1325.21 to 1892.23) 0.018 (−0.002 to 0.039) 87,899

 NHS SLT vs. no SLT 
(control)

652.76 (381.69, 934.26) −0.003 (−0.023 to 0.018) Dominated

 LSVT vs. NHS SLT 924.20 (641.08 to 1219.78) 0.020 (0.003 to 0.036) 46,210

Secondary outcome – YSC gained

 LSVT vs. no SLT 
(control)

1582.18 (1325.21 to 1892.23) 0.013 (−0.008 to 0.035) 121,706

 NHS SLT vs. no SLT 
(control)

652.76 (381.69 to 934.26) −0.006 (−0.020 to 0.018) Dominated

 LSVT vs. NHS SLT 924.20 (641.08 to 1219.78) 0.018 (0.002 to 0.038) 51,344

CI, confidence interval; LSVT, Lee Silverman Voice Treatment; QALY, quality-adjusted life-year; SD, standard deviation; 
SLT, speech and language therapy; YFC, year of full capability; YSC, year of sufficient capability.
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more costly than no SLT (control) and is therefore by definition ‘dominated’ by no SLT (control) and was 
not cost-effective.

The distribution of bootstrapped incremental costs and incremental effects (QALYs) presented on the 
cost-effectiveness planes supported the base-case results. The replications for LSVT LOUD versus 
no SLT (control) were in the north-west and north-east quadrants (Figure 25) showing that LSVT 
LOUD was more costly, with great uncertainty around the effectiveness (either more effective or 
marginally less effective). Similarly, compared with NHS SLT, LSVT LOUD was also more expensive 
and associated with both marginally more and fewer QALYs as illustrated in Figure 26. Estimates of 
incremental costs and QALYs between NHS SLT and no SLT (control) were also located in the northeast 
and northwest quadrants as demonstrated in Figure 27, with more points showing fewer QALYs. 
Overall, the wide spread of the replications with outliers reveals the degree of uncertainty around the 
effectiveness results.

At NICE’s threshold of £20,000 per QALY, the CEACs show that the probability of LSVT LOUD being 
cost-effective was 0% and 3% compared to no SLT (control) NHS SLT, respectively (Figure 28). The 
probability of NHS SLT being cost-effective versus no SLT (control) was 2% (Figure 29). Considering the 
higher willingness-to-pay threshold of £30,000 per QALY, LSVT still had a low probability being cost-
effective compared with NHS SLT and no SLT (control), with a probability of being cost-effective of 14% 
compared when compared with NHS SLT (Figure 30).

Sensitivity analysis
A number of sensitivity analyses were conducted to explore the impact of including social care costs, 
considering the wider societal perspective (with and without social care costs), missing data, adding 
the cost of ENT examination at the beginning of the treatment and participant adherence with the 
SLT protocol. Almost all the findings supported the results from the results of base-case analysis (see 
Appendix 2, Table 41). For the societal perspective (with and without social care costs) LSVT LOUD was 
also not cost-effective when compared to no SLT (control) if the society’s willingness to pay was £20,000 
per QALY. However, when excluding social care costs, for LSVT LOUD versus NHS SLT the ICER was 
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FIGURE 25 Scatterplot on the cost-effectiveness plane representing 5000 estimates of incremental costs and QALYs for 
the base-case analysis (NHS perspective) comparing LSVT vs. no SLT (control).
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FIGURE 26 Scatterplot on the cost-effectiveness plane representing 5000 estimates of incremental costs and QALYs for 
the base-case analysis (NHS perspective) comparing LSVT vs. NHS SLT.
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FIGURE 27 Scatterplot on the cost-effectiveness plane representing 5000 estimates of incremental costs and QALYs for 
the base-case analysis (NHS perspective) comparing NHS SLT vs. no SLT (control).
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£9899 per QALY, suggesting that LSVT LOUD may be cost-effective. This result was due to the lower 
productivity costs in the LSVT LOUD arm. For both productivity costs and social services costs, the 
results were influenced by outliers from a very small number of participants. These costs are unlikely to 
be related to the intervention and therefore these estimates should be interpreted with caution.

The inclusion of only patients with complete data on all NHS costs and outcomes reduced the ICER 
to £78,281 per QALY for LSVT LOUD versus no SLT (control) £65,290 per QALY versus NHS SLT. 
Participant adherence resulted in greater QALY gains for the LSVT LOUD arm and a reduced ICER for 
LSVT LOUD versus NHS SLT of £32,291 per QALY.
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FIGURE 28 Cost-effectiveness acceptability curve (CEAC) showing the probability of LSVT LOUD being cost-effective 
compared to no SLT (control) for the base-case analysis (NHS perspective).
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Scenario analyses
Alternative scenarios were explored for the delivery of LSVT LOUD sessions. The cost of LSVT LOUD 
from each scenario was used to replace the trial LSVT LOUD cost and added to the other healthcare 
costs to generate the total cost per participant from the perspective of the NHS. The results of the 
scenario analysis are presented in Table 19 and show the new cost of delivering LSVT LOUD, the mean 
differences in costs and QALYs and the ICERs for each scenario. The analysis demonstrated that the 
least expensive scenario for LSVT LOUD delivery was a combination of supervised and unsupervised 
sessions. This scenario reduced the ICER to £27,808 per QALY compared with NHS SLT. If all sessions 
were supervised, conducting all sessions in an outpatient setting was the least costly method to deliver 
LSVT LOUD where sessions delivered by a mix of therapists and therapy assistants less costly than all 
sessions conducted by a therapist.
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FIGURE 30 Cost-effectiveness acceptability curve (CEAC) showing the probability of LSVT LOUD being cost-effective 
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TABLE 19 Scenario analysis – alternative delivery of LSVT

Scenario

Cost of 
LSVT LOUDa 
intervention (£) Comparisons

Incremental total cost (£)
Mean (95% CI)

Incremental QALY
Mean (95% CI)

ICER
Cost (£) per QALY

Session’s supervisor: therapist

16 outpatient sessions 866 LSVT LOUD vs. no SLT (control) 1101.49 (837.89 to 1359.77) 0.008 (−0.020 to 0.040) 137,686

NHS SLT vs. no SLT (control) 433.72 (163.45 to 732.84) −0.005 (−0.039 to 0.026) Dominated

LSVT LOUD vs. NHS SLT 666.10 (389.26 to 957.29) 0.012 (−0.017 to 0.042) 55,508

8 outpatient sessions + 8 online 
sessions

956 LSVT LOUD vs. no SLT (control) 1191.49 (932.58 to 1460.59) 0.008 (−0.020 to 0.040) 148,936

LSVT LOUD vs. NHS SLT 756.10 (461.96 to 1077.71) 0.012 (−0.017 to 0.042) 63,008

8 outpatient sessions + 8 
participant’s home sessions

1288 LSVT LOUD vs. no SLT (control) 1523.89 (1251.72 to 1783.23) 0.008 (−0.020 to 0.040) 190,486

LSVT LOUD vs. NHS SLT 1088.50 (798.83 to 1381.26) 0.012 (−0.017 to 0.042) 90,708

8 participant’s home + 8 online 
sessions

1378 LSVT LOUD vs. no SLT (control) 1613.89 (1346.62 to 1918.38) 0.008 (−0.020 to 0.040) 201,736

LSVT LOUD vs. NHS SLT 1178.50 (881.47 to 1449.14) 0.012 (−0.017 to 0.042) 98,208

16 participant’s home sessions 1711 LSVT LOUD vs. no SLT (control) 1946.29 (1666.39 to 2215.93) 0.008 (−0.020 to 0.040) 243,286

LSVT LOUD vs. NHS SLT 1510.90 (1249.65 to 1803.25) 0.012 (−0.017 to 0.042) 125,908

Session’s supervisor: therapist + therapy assistant

16 outpatient sessions 693 LSVT LOUD vs. no SLT (control) 928.69 (659.66 to 1185.23) 0.008 (−0.020 to 0.040) 116,086

LSVT LOUD vs. NHS SLT 493.30 (213.68 to 778.66) 0.012 (−0.017 to 0.042) 41,108

8 outpatient sessions + 8 online 
sessions

783 LSVT LOUD vs. no SLT (control) 1018.69 (768.19 to 1283.56) 0.008 (−0.020 to 0.040) 127,250

LSVT LOUD vs. NHS SLT 583.30 (307.12 to 863.88) 0.012 (−0.017 to 0.042) 48,608

8 outpatient sessions + 8 
participant’s home sessions

1029 LSVT LOUD vs. no SLT (control) 1264.69 (999.01 to 1543.61) 0.008 (−0.020 to 0.040) 158,086

LSVT LOUD vs. NHS SLT 829.30 (551.60 to 1140.67) 0.012 (−0.017 to 0.042) 69,108

8 participant’s home + 8 online 
sessions

1119 LSVT LOUD vs. no SLT (control) 1354.69 (1088.50 to 1623.43) 0.008 (−0.020 to 0.040) 169,336

LSVT LOUD vs. NHS SLT 919.30 (665.85 to 1217.97) 0.012 (−0.017 to 0.042) 76,608



D
O

I: 10.3310/A
D

W
P8001�

H
ealth Technology A

ssessm
ent 2024 Vol. 28 N

o. 58

81
Copyright ©

 2024 Sackley et al. This w
ork w

as produced by Sackley et al. under the term
s of a com

m
issioning contract issued by the Secretary of State for H

ealth and  
Social Care. This is an O

pen Access publication distributed under the term
s of the Creative Com

m
ons Att

ribution CC BY 4.0 licence, w
hich perm

its unrestricted use, distribution, 
reproduction and adaptation in any m

edium
 and for any purpose provided that it is properly att

ributed. See: htt
ps://creativecom

m
ons.org/licenses/by/4.0/. For att

ribution the 
title, original author(s), the publication source – N

IH
R Journals Library, and the D

O
I of the publication m

ust be cited.

Scenario

Cost of 
LSVT LOUDa 
intervention (£) Comparisons

Incremental total cost (£)
Mean (95% CI)

Incremental QALY
Mean (95% CI)

ICER
Cost (£) per QALY

16 participant’s home sessions 1365 LSVT LOUD vs. no SLT (control) 1600.69 (1332.83 to 1867.38) 0.008 (−0.020 to 0.040) 200,086

LSVT LOUD vs. NHS SLT 1165.30 (873.64 to 1428.48) 0.012 (−0.017 to 0.042) 97,108

Supervised and unsupervised sessions

8 outpatient sessions + 8 online 
sessions

533 LSVT LOUD vs. no SLT (control) 769.09 (486.29 to 1026.58) 0.008 (−0.020 to 0.040) 96,136

LSVT LOUD vs. NHS SLT 333.70 (33.19 to 620) 0.012 (−0.017 to 0.042) 27,808

8 participant’s home sessions + 8 
online sessions

869 LSVT LOUD vs. no SLT (control) 1105.09 (830.97 to 1377.58) 0.008 (−0.020 to 0.040) 138,136

LSVT LOUD vs. NHS SLT 669.70 (384.39 to 975.77) 0.012 (−0.017 to 0.042) 55,808

CI, confidence interval; LSVT, Lee Silverman Voice Treatment; n, number of participants; SD, standard deviation; SLT, speech and language therapy.
a	 LSVT LOUD assumption: 16 sessions, each session lasts 60 minutes (960 minutes total).

Notes
NHS SLT assumption: Five sessions, each session lasts 45 minutes (225 minutes total). The cost on NHS SLT intervention is £198.
The scenarios assume that LSVT delivery mode will not have an impact on the effectiveness and NHS healthcare resource use.
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Chapter 8 Discussion and conclusions

Summary of findings and interpretation

Clinical outcomes
LSVT LOUD was more effective at reducing participant-assessed impact of voice and speech problems 
than NHS SLT and no SLT (control) after 3 months. These results remain robust when the potential 
effects of non-adherence to treatment were investigated. The continued benefit at 12 months of LSVT 
LOUD on the impact of voice problems compared to NHS SLT and no SLT (control) is encouraging, but 
it remains possible that re-intervention may be required should the treatment effect wear off beyond 
12 months. There was a benefit in communication-related quality of life for participants shortly 
after LSVT LOUD which exceeded the MCIC. In terms of AEs, the higher rate of vocal strain with 
LSVT LOUD treatment is generally a minor issue and is at an acceptable rate in relation to the level 
of benefit.

National Health Service SLT, which reflected current non-LSVT practice, was not effective when 
compared to both no SLT (control) or LSVT LOUD after 3 months. Moderately wide confidence limits 
perhaps reflect the variability in the pragmatically provided treatment and therefore do not rule out a 
beneficial effect for NHS SLT or alternative protocolised SLT approaches, delivered to a heterogeneous 
PD population with dysarthria.

Although we found benefits for LSVT LOUD in the voice-related outcomes, there were no differences in 
the scores for all three treatment comparisons in any of the general quality-of-life secondary outcomes: 
EQ-5D-5L, ICECAP-O and PDQ-39.

Severity of speech disorder measured by VHI measure at baseline showed a significant interaction with 
treatment and, although hypothesis generating only, provides a signal which may be worth exploring 
further. There was no evidence that the intervention effect differed according to age, Parkinson’s 
disease severity and receiving treatment during the COVID-19 pandemic.

Process evaluation findings

Implementation of the interventions
Investigating implementation fidelity through high-quality process evaluations can increase 
understanding of why a complex intervention works or fails. To date, there are a limited number of 
published process evaluation protocols, the number being even lower when linked to trials investigating 
rehabilitation therapies. Regardless of this, there has been a significant increase in the funding allocated 
to carry out process evaluations. In line with what other researchers115 have already argued, there 
is no single way to design and carry out a process evaluation; this is particularly true when dealing 
with complex interventions such as the ones investigated in the PD COMM trial. The explanatory 
burden being placed on process evaluations is often unrealistic116 and can lead the researcher into a 
mis-design ending up with ‘too much’ data for a high cost. The complex multicomponent nature of the 
PD COMM interventions means that the research team was faced with choices about what aspects 
of the intervention and its delivery to focus on, and what methods to select in order to address these 
while avoiding the collection of unnecessary data. By having a strong theoretical frame underpinning 
our design choices and by tailoring the evaluation to meet the intrinsic characteristics of this trial this 
process evaluation can provide an understanding of the implementation of PD COMM interventions 
and influencing factors. It aimed to bring clarity as to how therapists’ level of ‘preparedness’ and 
therapist learning and tailoring throughout the implementation of a complex intervention can impact on 
implementation outcomes.
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Rehabilitation interventions such as PD COMM interventions are likely to be tailored, as therapists 
become more experienced and ‘learn’ how to best target participants’ needs while staying true to 
the protocol. In today’s healthcare research, where client-centredness plays a major role, there is an 
increased awareness of the need to tailor interventions to patients’ needs and cultural background.117 
This process evaluation will have a role in monitoring how this is done while exploring individual 
contexts; this may help to explain variations in the effectiveness of the intervention.

Content of the interventions
We identified similarities and differences in the reported provision of the two SLT interventions. 
Encouraging participants’ use of insight or ‘calibration’ was often mentioned, as was targeting phonation 
and using the word ‘loud’ or ‘think loud’ as a cue. Descriptions of exercise materials (sheets, list and 
pictures) were common in both types of SLT. The extent to which auditory feedback, daily practice 
and home-based practice review were reported was also very similar between approaches as was 
the amount of time spent on information provision. Tailoring of the SLT interventions according to 
participant’s health or titration of tasks or facilitating an augmentative response to a task was mentioned 
in TNs a similar number of times across interventions. Therapists recorded the use of encouragement 
and involving others to provide feedback a similar number of times in both types of SLT.

In addition to the differences in the therapy regimen (average number of weekly therapy hours and 
sessions and total therapy hours), the two SLT interventions had documented differences in content 
and procedures. LSVT LOUD TNs commonly described the use of numerical measurements (tools 
or software), therapeutic use of telephones or video calls and a focus on a single speech system 
impairment. In contrast, NHS SLT rarely mentioned these tools, and more commonly targeted three or 
more speech subsystems and the use of breath support. The use of everyday/functional phrases and 
hierarchical activities were commonly described LSVT LOUD TNs but less so in NHS SLT. In contrast, the 
use of automatic speech, ‘clear’ and ‘slow’ voice cues, encouraging exaggerated movements, volume and 
chunking of words was reported for NHS SLT but not for LSVT LOUD where applied tasks and tailoring 
to the participant’s interest and interactions were more commonly documented.

Health economics findings
The base-case economic evaluation demonstrated that LSVT LOUD was not a cost-effective 
intervention when compared with either NHS SLT or no SLT (control). Over a 12-month follow-up 
period, primary analysis from the NHS perspective estimated the ICER for LSVT versus no SLT (control) 
to be £197,772 per QALY gained and £77,017 per QALY gained versus NHS SLT. NHS SLT was more 
expensive but lacked evidence that it was any more effective (in terms of QALYs) than no SLT (control) 
and was therefore by definition ‘dominated’. The LSVT LOUD arm had a high cost per participant and 
this cost was primarily driven by the predominantly therapist-led delivery of the intensive intervention, 
and while QALY gains were demonstrated with LSVT for both comparisons, the differences were small. 
Therefore, at the NICE willingness-to-pay threshold of £20,000–30,000 per QALY gained, both LSVT 
LOUD and NHS SLT were not cost-effective.

The high additional cost of delivering LSVT LOUD was not surprising given the intensity of the 
intervention which comprised of four sessions weekly for 4 weeks and a total of 16 sessions (if delivered 
as per protocol). The cost of therapist time to deliver the sessions contributed to over 80% of the total 
cost, consistent with results from a recent Australian LSVT study.118 Analysis of alternative LSVT LOUD 
delivery scenarios revealed that the involvement of therapy assistants in LSVT LOUD sessions reduced 
the overall cost. Assuming the first eight sessions were supervised by a therapist with an assistant 
then conducting the remaining eight sessions, the ICER versus NHS SLT was reduced to £41,108 per 
QALY gained. Given that remote interventions have evolved in recent years, we also explored scenarios 
containing online sessions; however, these incurred extra one-off costs of companion software and 
laptop loan. This approach was also advocated by Saiyed et al., who suggested that moving to online 
(supervised) delivery would be optimal to patients living in rural/remote areas where there is limited 
access to SLT services and significant travel costs incurred in traveling to urban centres.118 The most 
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cost-effective approach to delivering LSVT LOUD was a combination of supervised and unsupervised 
sessions where the LSVT LOUD intervention was delivered using the LSVT companion software, 
and resulted in an ICER of £27,808 per QALY. However, the scenario analysis assumed the same 
effectiveness as LSVT LOUD delivery in the trial and it is unknown whether unsupervised sessions are 
as effective as supervised sessions and have the same impact on the quality of life. Further analysis 
explored including only those participants who were fully compliant with the protocol, and this resulted 
in greater QALY gains and a lower ICER of £32,291 per QALY compared with NHS SLT.

When considering capability as the measure of effect, LSVT LOUD resulted in greater levels of capability 
compared with NHS SLT and no SLT (control), with an ICER of £46,210 per YFC versus NHS SLT. There is 
no agreed willingness-to-pay threshold per YFC, although preliminary work has suggested the threshold 
may be in the region of £33,500 per YFC,119 suggesting LSVT LOUD may not be cost-effective when 
using a broader measure of well-being.

The use of other healthcare services was similar for all participants in all treatment groups, and this was 
expected as the SLT interventions are unlikely to affect the physical health of patients with PD. The 
severity of PD is an important predictor of resource use and this study showed that patients randomised 
to different treatment groups had similar severity.120 However, social services utilisation was higher in 
LSVT LOUD arm, and this was driven by the presence of a number of outliers, amplified by the relatively 
modest sample size of approximately 115 per trial arm. Social care utilisation is most likely to be related 
to physical symptoms and abilities unrelated to difficulty in communication; therefore, while the initial 
analysed proposed the NHS/PSS perspective, a decision was made to present the NHS perspective as 
the primary analysis. The SLT interventions remained not cost-effective when compared with no SLT 
(control) from the broader societal perspective. However, the cost per QALY gained for LSVT LOUD 
compared to NHS SLT was significantly reduced to £9889 due to less work absence, but this finding 
should be treated with extreme caution due to the small number of participants contributing to this and 
the presence of outliers.

Results in context

Impact of voice problems
This trial does not provide any evidence about the relative benefits of NHS SLT and LSVT LOUD at any 
dosage apart from that delivered in the trial. For LSVT LOUD treatment, there is a protocol which must 
be followed and sets the dosage; however, NHS SLT reflects a multitude of possible approaches as 
chosen by the local therapist in response to the individual patient needs and thus did not have a defined 
protocol. Similarly, the dose was set by therapists though we did expect that the treatment would end 
within 3 months which may have curtailed long-term follow-up and review plans in this therapy arm. 
There is evidence that the dose of a therapy can alter the effectiveness of therapy interventions. The 
dose of NHS SLT which participants were receiving was not constrained, in order to replicate the clinical 
reality of using this intervention and no difference in the impact on voice problems was found compared 
to not receiving SLT. The extent to which any SLT approach is protocolised and the dosage regulated is 
an area which needs attention when considering whether to give SLT other than LSVT LOUD.

Suitability and acceptability
LSVT LOUD can be effectively delivered in the NHS context and appeared to be acceptable to most 
participants with few crossing-over from their allocated group, and a very small number citing the 
intensity of the intervention as a reason for cross-over or withdrawal. We are however also aware that 
LSVT LOUD has been recognised as ‘a selective and elective therapy’121 and the required intensity may 
have influenced some patients’ decisions about participation in the trial.

Thus, taking the limitations of the trial in account, on average, people with PD-related dysarthria will 
benefit more from LSVT LOUD than usual care and therapists should use the findings to challenge their 
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perception about who is and is not suitable for LSVT LOUD. The choice about participation in LSVT 
LOUD should be given to people with Parkinson’s disease and UK SLT speech and language therapists 
should therefore offer LSVT to people with Parkinson’s who report problems with their speech or voice 
and avoid making that decision for the patient.

Health economics
The analysis of clinical effectiveness, concentrating on a speech-specific outcome, showed statistically 
significant results in favour of LSVT LOUD. In contrast, the EQ-5D-5L utility scores used as the health 
economic outcome measure and the total QALYs calculated from EQ-5D-5L showed positive but non-
significant differences. Given that EQ-5D-5L dimensions focus on pain and discomfort, self-care and 
mobility and exclude a focus on speech and communication may thus be inadequately captured using 
this generic quality-of-life measure, and in turn the effectiveness of LSVT LOUD (and other speech and 
communication services) may be underestimated.122 Previous studies have also questioned the validity 
of the EQ-5D-5L questionnaire in other patients with communication difficulties such as aphasia.123,124 
Therefore, there is a tension between using a frequently used questionnaire to calculate QALYs, a 
common outcome measure used by decision-makers for comparing interventions across diseases, and 
using an alternative outcome measure focusing solely on patient communication, but prohibiting across 
disease comparison of cost-effectiveness.

Strengths

Trial design
Establishing a minimum clinically significant change for the primary outcome measure, the VHI, was 
one of the aims of this trial. We used a transitional outcome measure but did not conclusively establish 
an MCIC for VHI using anchor-based methods and ROC analysis curves as the sample size of the trial 
was not large enough. There was a signal that the MCIC for VHI may be a 3- to 4-point difference so 
the 8- and 9.6-point differences established for LSVT LOUD compared to NHS SLT and no SLT may be 
clinically relevant.

This is the first full economic evaluation evaluating the cost-effectiveness of SLT interventions within 
the UK NHS in patients with PD. The analysis has provided a comprehensive summary of different 
costs and outcomes from several perspectives and detailed resource use of health and social services 
follow-up costs and those concerned with delivery of the intervention. Different evaluative spaces 
have also been explored to assess the effect of SLT intervention on maximising not only health but 
also capability/well-being. The collection of patient-reported resource use (as primary and secondary 
care services) and SLT treatment logs completed by supervisors ensured all SLT sessions were captured 
and were not double counted. The analysis also explored a variety of LSVT LOUD delivery scenarios to 
provide information for commissioners of SLT services and the costs of each scenario were estimated 
to determine typical scenarios for LSVT LOUD delivery by local SLT service providers. These scenarios 
were validated by experienced therapists and clinicians working within different service providers within 
the NHS.

Pragmatic delivery of interventions
The applicability of these trial results is high as the pragmatic nature of the trial allowed for close 
replication of the interventions as they are, or can be, currently provided through the NHS. Large 
pragmatic trials in SLT for PD-related dysarthria are a relatively recent development, and PD COMM is 
the first large-scale trial to test SLT interventions which as closely as possible replicate those provided to 
people with PD-related dysarthria in a clinical setting.

However, LSVT LOUD is unusual within UK SLT interventions in a number of ways. Firstly, it is highly 
protocolised in content, dosage and delivery, which involves considerable reorganisation from standard 
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practice. Secondly, therapists can only deliver it if they participate in mandatory training and 2-yearly 
updates (managed centrally by LSVT Global) and they receive ongoing support with access to trainers 
and an online community. Thirdly, patients are expected to meet certain criteria and demonstrate 
a high level of commitment to LSVT from the outset. Thus LSVT LOUD is a relatively ‘homogenous’ 
intervention which supported the intervention delivery and evaluation of its effectiveness.

Primary outcome choice
Most previous trials of PD-related dysarthria have used clinician-assessed vocal loudness as a primary 
outcome measure. This is the first large definitive RCT to use the participant-rated outcome measure of 
VHI which measures how the participant perceives the impact their voice problems are having on their 
daily activities and their quality of life.

Limitations

The PD COMM trial closed early at the start of the COVID-19 pandemic due to the impact on 
the impact of participants and potential participants in clinic, the availability of SLT services with 
redeployment of therapists to other roles (or training to support redeployment). Consequently, the 
trial did not recruit the planned 388 participants. The original sample size was based on having 
sufficient (80%) power to detect a 10-point difference in the VHI total score at 3 months. To help to 
understand the impact of not reaching the intended power for the trial, a conditional power calculation 
was performed which showed that when comparing LSVT LOUD with NHS SLT, had we recruited the 
intended 163 in each arm, we would have had at least 90% power even if the remaining data had been 
following the null hypothesis that is that there was no difference between the three trial comparisons.

The nature of the interventions made blinding unfeasible for this trial. Participant’s, carers’ and 
therapists’ knowledge and expectations about the different trial interventions, particularly receiving no 
treatment, could have contributed to performance or detection bias in the results.

There were unavoidable differences in delivery of the interventions across different sites. These 
differences arose from normal variation in clinical practice across the NHS: the different resources 
available to sites, variation in what was ‘standard’ practice locally, and site size and geographical location. 
The highest recruiting sites for this trial were in large urban settings. Particularly, the proportion of home 
and remote visits compared to outpatient sessions may have limited the external validity of the results.

A limitation with general quality-of-life outcomes is that they are less likely to pick up benefits due 
to a specific improvement in communication alone as this is only one facet out of multiple subscales, 
including anxiety and depression. This does not mean that improvement in communication cannot 
confer a general improvement in quality of life. While general quality-of-life measures were used for this 
trial, as they were necessary to assess cost-effectiveness, they may not have been able to adequately 
detect an improvement due to reduction of communication difficulties.

As this was a trial to assess the effectiveness of SLT interventions, it could be argued that only collection 
of resource use data related to communication difficulties was necessary in the economic evaluation. 
However, for completeness all PD-related resource use was considered and for the majority of resource 
use categories, this was broadly similar across arms and did not influence the results. The two areas 
where outliers had an impact on the results were social care use and productivity losses. A decision 
was made to deviate from the protocol and exclude the costs of social care services from the base-case 
analysis due to outliers, although this may have underestimated the total cost across all treatment arms. 
An alternative approach could be implemented in the analysis by excluding the outliers instead of social 
care costs. However, LSVT LOUD was not cost-effective irrespective of the inclusion of social care 
costs. Productivity losses were reported by only a small number of participants and but changed the 
results from the societal perspective to favour LSVT LOUD versus standard NHS SLT. However, data on 
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participants’ baseline employment status were not collected; therefore, it was not possible to determine 
if the intervention had a direct impact on time off work or work continuity. Furthermore, data were not 
collected on presenteeism in those who worked, although speech problems may have an impact on a 
person’s ability to do their job. Therefore, the results of this analysis of productivity costs may be limited 
in their usefulness.

It was difficult to determine from the SLT log the time spent on PD COMM trial activity, so the overall 
cost of sessions may also include protocol-driven costs. Within-trial patient compliance and severity 
of PD may have underestimated or overestimated the actual time spent by a therapist to deliver SLT 
interventions and the effect on health-related and capability outcomes. Therefore, we also conducted 
a per-protocol analysis to see if the recommendation would change if the participants adhered to the 
recommended method of delivery. Our estimates for the cost of medication were higher than previous 
studies that reported the average annual cost of PD medication to be within the range of £300–600 
per patient;125,126 however, there were only small differences between trial arms and these costs did not 
influence the results.

Inevitably, the limitations of this process evaluation relate principally to the challenges of engaging 
with participants due to practical issues, such as other demands on therapists’ time, and participants’ 
willingness to engage in telephone interviews. Changes within the workforce such as staff turnover also 
made it challenging to follow the same participants up over time, and so we did not focus on this aspect 
of our planned analysis. People with dysarthria have described a reluctance to engage in telephone 
conversations127 and thus some trial participants may have been reluctant or less able to engage in 
telephone interviews. The components of the process evaluation reported in this chapter were framed 
principally around NPT, and so there is some potential for data collection and analysis to have missed 
some issues. However, we paid attention to data that sat outside of our analytical framework and 
explored the credibility of alternative interpretations throughout the analysis process. Our analysis of 
therapy content depended on therapy records, and thus if a particular approach, tool or method was not 
documented in the TNs, it did not necessarily reflect that it had not occurred.



DOI: 10.3310/ADWP8001� Health Technology Assessment 2024 Vol. 28 No. 58

89Copyright © 2024 Sackley et al. This work was produced by Sackley et al. under the terms of a commissioning contract issued by the Secretary of State for Health and  
Social Care. This is an Open Access publication distributed under the terms of the Creative Commons Attribution CC BY 4.0 licence, which permits unrestricted use, distribution, 
reproduction and adaptation in any medium and for any purpose provided that it is properly attributed. See: https://creativecommons.org/licenses/by/4.0/. For attribution the 
title, original author(s), the publication source – NIHR Journals Library, and the DOI of the publication must be cited.

Conclusions
This is the first large-scale pragmatic RCT comparing two SLT approaches and no treatment. LSVT LOUD 
is beneficial compared to no SLT (control) for reduction of PD-related speech or voice impacts, which 
persists to at least 12 months from starting treatment. There is lack of evidence of effectiveness for 
‘standard’ NHS SLT, as currently provided, for PD-related speech impacts. Both LSVT LOUD and NHS 
SLT were not cost-effective compared with no SLT (control) and while LSVT LOUD is more effective 
in terms of QALYs it is also associated with high cost due to the intensive delivery of the intervention. 
Alternative delivery models may reduce LSVT LOUD intervention costs sufficiently to approach 
cost-effectiveness.

Equality, diversity and inclusion

Participant representation
People with communication impairment such as dysarthria related to PD are an under-researched 
population often excluded from research activities because of the challenges associated with their 
involvement. The trial population not only had a communication impairment, but additionally had 
a progressive disease which involves mobility and impacts on participation, raising questions about 
involvement and gatekeeping (participant health, cognitive concerns, support from others for attendance 
at therapy, etc., in addition to ability to participate). These concerns were taken into account when 
deciding the inclusion criteria including levels of PD severity and the details of trial design.

Steps taken included:

1.	 we conducted a successful pilot to demonstrate the feasibility of recruitment in this population;
2.	 an inclusive approach to recruitment where all levels of PD severity and dysarthria severity were 

eligible to enrol on the trial;
3.	 this was a UK-wide study, with the aim of recruiting regardless of geographical location;
4.	 the trial team worked with SLTs and gerontologists to highlight the need for high-level RCT evi-

dence from trials such as PD COMM in order to inform clinical use of common interventions.

Speech-related problems associated with PD do not typically impact on language abilities and so 
accessible information sheets and consent forms were not necessary. Previous Cochrane reviews 
highlighted the paucity of data. Rapid searching identified few additional RCTs on treating PD-related 
speech problems and all of them were small and underpowered. People with dementia were excluded 
and are not routinely included in these clinical interventions and so further work is required to 
understand how to include people with substantial cognitive impairments.

Geographical areas with high proportions of different ethnic groups were included (Birmingham, 
Glasgow, London) and our previous work found that recruiting via the NHS was the most effective 
approach.128 However, we did not record ethnicity in the screening logs and so cannot comment.

Future PD rehabilitation trials should refer to the recent Include Ethnicity Framework in the 
development of the trial, which aims to support the relevance and facilitate the inclusion of under-
represented ethnic groups.
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Reflections on your research team and wider involvement
There is a range of experience and expertise across the research team. The team was balanced in age 
and gender and included people from a range of ethnic and cultural backgrounds.

Patient and public involvement

In total the pilot trial and the main trial have taken over 10 years. In this time, we have accessed patient 
and public involvement (PPI) in different ways, via Parkinson’s UK, both local and national involvement, 
through a group of individuals (and their carers) and via individuals.

People with PD and their carers have been involved by the NIHR in the identification of the call 
question, in the design of the study, the conduct, the oversight, the reporting and dissemination. 
However, we have not completed the dissemination at the time of writing this report and will be 
working with individuals and Parkinson’s UK on this aspect.

A questionnaire was shared with the PPI group prior to the grant application and 25 responses 
were received which helped clarify the application. There was a patient representative on TSC. 
PPI representatives reviewed HBT diaries, consent forms and the participant information sheets. 
Participants were invited to a PD COMM workshop to discuss the process evaluation of the PD COMM 
trial in 2017. The Birmingham Clinical Trial Unit Parkinson’s PPI Group meeting was held in 2019.

A patient representative attended the final results meeting in February 2022 and the health economics 
final results meeting in March 2022 as well as the collaborator’s final results meeting in April 2022. The 
same patient representative also reviewed the final statistical results report. We informed all patients 
and public representatives who were involved with the trial of the results of the trial as soon as this 
was feasible.

A number of recommendations have been made regarding PPI input in health economics since the 
economic evaluation was designed for PD COMM. PPI input within economic evaluation analysis is now 
required in the UK to advise and comment on methods to collect cost and outcome data. However, 
this requires careful selection of suitable tasks that are relevant to the research, prior training and 
maintaining involvement over the research period.

Implications for decision-makers

This is the first large-scale, pragmatic trial comparing two commonly used speech and language 
therapies against each other and against no treatment. There is a robust, strong signal that 3 months 
of LSVT LOUD is beneficial compared to no SLT (control) for reduction of PD-related speech problems, 
which persists to at least 12 months from starting treatment. There is lack of evidence of effectiveness 
for ‘standard’ NHS SLT, as currently provided, for PD-related speech problems.

The main finding from the economic evaluation was that both LSVT LOUD and NHS SLT were not 
cost-effective compared with no SLT (control) and while LSVT LOUD is more effective in terms of 
QALYs it was also associated with high cost due to the intensive delivery of the intervention in this 
trial. Alternative modes of delivery may sufficiently reduce the cost of LSVT LOUD for the intervention 
to approach cost-effectiveness at a threshold of £30,000/QALY. Patient preferences should also be 
considered when exploring different options for LSVT LOUD delivery to evaluate what factors could 
affect patient uptake and adherence. With the advancement in technology, the move to virtual therapy 
may affect SLT service uptake and patient compliance. LSVT LOUD can be delivered virtually as remote 
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sessions instead of in an outpatient setting at a slightly higher cost, especially for PD patients who have 
problems in their functional mobility. Costs associated with the delivery of remote LSVT LOUD must 
consider the cost of training, companion software and computer loan where applicable.

An informed discussion about the shape and nature of SLT provision in this population should be 
progressed, with the evidence of benefit for LSVT LOUD as a foundation. The gap between the NHS 
cost-effectiveness threshold and the cost-effectiveness of LSVT LOUD is an important consideration for 
decisions related to the provision of SLT for PD-related speech problems, particularly with respect to the 
delivery format.

Attention should also be focused on factors beyond the treatment content when determining the 
make-up and delivery of future SLT services: the current availability of speech and language therapists 
in the UK and their support staff such as assistants and administrators; access to outpatients, home 
and remote visits, virtual therapy, costs and frequency of treatment required. As services seek to 
rebuild following the COVID-19 pandemic, there are further questions to address around LSVT 
implementation and cost-effectiveness; how do we ensure UK services have the capacity and resources 
to offer LSVT, whatever their size or geography? Do the costs of LSVT reduce over time as it becomes 
embedded in practice? Health service and delivery research would be useful to address some of the 
unknowns. Can the modifications in delivery models we proposed lower the cost of LSVT LOUD without 
reducing effectiveness?

The PD COMM findings should also generate discussions about alternative approaches to LSVT. Where 
LSVT is unacceptable to a patient, what effective therapy intervention should be offered in its place? 
Would the effectiveness of standard NHS SLT improve if a more intensive regimen was adopted?

In including NHS SLT as a second version of a control arm (i.e. usual care in all its guises other than 
LSVT), PD COMM has provided vital evidence about the current content, delivery and implementation 
of ‘standard’ care which future RCTs can build upon including the evaluation of new interventions with 
different treatment targets such as conversation partner training. This is particularly important when our 
findings have drawn attention to carers and the potential for therapy to impact negatively on them.

In PDCOMM the NHS SLT intervention was characterised by heterogeneous content, approaches, 
speech system targets and delivery models delivered at a low dose. It is possible that alternative SLT 
approaches exist that should be formally defined, protocolised and empirically tested in the context of 
an RCT.

Recommendations for future research

This is the largest and most impactful study of SLT in PD. The findings are really important and have the 
potential to improve patient outcomes. One obvious next step would be to look at the implementation 
of LSVT LOUD in the NHS. Acknowledging the limitations of the inclusion and exclusion criteria and the 
cost-effectiveness, it would still be valuable to investigate implementation models that incorporated 
different delivery patterns and therefore have different cost-effectiveness.

Future research on the effects of SLT dose and delivery effectiveness could provide valuable information 
when investigating alternatives to LSVT LOUD. Some patients could not tolerate LSVT LOUD and so 
understanding how NHS could be better tailored for those patients has the potential to be useful. Both 
SLT interventions were found to have questionable cost-effectiveness based on current UK NICE rates 
of payment; however, modelling a change in delivery mode for LSVT LOUD to more online delivery 
did reduce the high cost burden of this treatment. The effects of adjusting both types of SLT to a more 
online delivery format should be investigated. SLT has a wide scope to be provided at wide range of 
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doses and delivery methods. The signal that the intervention effect differed according to baseline 
severity of VHI score may also be worth investigating.

The impact of speech and language therapies on carers was mixed, with some evidence of improvement 
in quality of life for LSVT LOUD. As carers are vital for those with PD-related speech problems accessing 
care and supporting home practice, investigating further the impact of SLT on carers is important. We 
would suggest more detailed qualitative work would be required to better understand carer burden and 
how that can be addressed.

Building on the earlier PD COMM pilot, this RCT adopted the VHI at 3 months as the primary outcome 
measure which is a self-reported measure of the impact of speech and voice problems on the individual. 
Historically, much emphasis was placed on changes in outcome measurement instruments that captured 
aspects such as vocal loudness. Few included PROMS in trials of SLT for PD-related dysarthria. Our PD 
COMM trial demonstrated the effectiveness of one SLT intervention over a ‘standard’ care and a no 
therapy control group based on changes experienced by people with PD-related dysarthria in their VHI 
rated-functional physical and emotional impacts. We would encourage future trials to also use PROMS 
such as the VHI to capture important impacts of SLT interventions from the perception of people 
with PD. Similarly, following participants up for 12 months is vital to capture changes over time and 
therapy maintenance.

There are several areas where further research could be conducted in health economics. The lack 
of sensitivity of the EQ-5D-5L measure in the economic evaluation to changes in speech and voice 
suggests that more responsive preference-based outcome measures are required for the calculation 
of QALYs. Future research could include the use of alternative measures such as the Health Utilities 
Index 3 (HUI3) which has a version with a speech attribute, or the development of a speech ‘bolt-on’ 
dimension for the more commonly used EQ-5D. Speech and communication changes may have positive 
or negative spillover effects on carers, therefore future economic evaluations need to consider carer’ 
quality of life using HRQoL outcome measures or carer-specific measures, such as the Carer Experience 
Scale or CarerQol. Future economic evaluations are also encouraged to conduct subgroup analyses to 
explore differential responses to SLT interventions in specific groups of patients. Finally, a more robust 
evaluation of the effectiveness and cost-effectiveness of different delivery methods and doses of the 
intervention is required to test the simplifying assumptions made in the analysis presented here.

The PD COMM trial successfully built both research and clinical capacity in SLT for PD and the wider 
neurological specialism. People with PD experience other problems which are managed by SLT. For 
example, the network established for PD COMM could be used to investigate swallowing problems 
in PD.
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Appendix 1 Results
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TABLE 20 Reasons for participant withdrawal

LSVT (N = 130) Reason

21 patients did not start LSVT

 − Cross-over to control (7) Outside catchment for SLT

Patient caring for family then uncontactable

Patient felt no issue with voice

Site told patient they were randomised to control

SLT too intense

Travel issues (2)

 − Dead (1) Died before they could start intervention

 − No intervention (9) Change in diagnosis after consent

Declined SLT due to pandemic

Hospitalised

No record of intervention at site

Did not get a response to parking cost refund

No SLT available due to pandemic (2)

Uncontactable for SLT (2)

 − No treatment data available (1) No staff to complete forms

 − Withdrew (3) Felt SLT too troublesome

Not well enough for SLT

SLT too intense

109 patients started LSVT

 − 105 patients completed LSVT

 − 4 patients did not complete LSVT

 − Cross-over to control (1) Outside catchment area for SLT

 − No confirmation of treatment completion (2) Had 6 sessions but no confirmation if they had their last session

Had 2 sessions but no confirmation if they had their last session

 − No intervention (1) Incomplete investigation of swallowing

NHS SLT (N = 129)

10 patients did not start NHS SLT

 − No intervention (7) Did not attend SLT sessions

Moved away, unable to have SLT

No SLT available due to pandemic (3)

Patient did not need SLT

Staffing issue at site

 − No treatment data available (2) Forms not completed by site

No staff to complete forms

 − Withdrew (1) Deteriorating condition

continued
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TABLE 21 Form completion and response rates at baseline and follow-up

No. of
forms
expected

Returned
(comp) (%)

Returned
(incomp) (%)

Not
returned (%)

Response
rate (%)

Median time to completion
(months) (range)

VHI

 Baseline 388 382 (98) 4 (1) 2 (1) 99 0.0 (−1.9–9.1)

 3 months 375 306 (82) 17 (4) 52 (14) 86 3.0 (1.8–12.2)

 6 months 355 294 (83) 12 (3) 49 (14) 86 6.0 (4.9–15.5)

 12 months 342 285 (83) 15 (5) 42 (12) 88 12.1 (11.6–26.0)

PDQ-39

 Baseline 388 370 (95) 16 (4) 2 (1) 99 0.0 (−1.9–9.1)

 3 months 375 310 (83) 15 (4) 50 (13) 87 3.0 (1.8–12.2)

 6 months 355 290 (82) 16 (4) 49 (14) 86 6.0 (4.9–15.5)

 12 months 342 288 (84) 12 (4) 42 (12) 88 12.1 (11.6–26.0)

QSAD (LwD)

 Baseline 388 368 (95) 18 (4) 2 (1) 99 0.0 (−1.9–9.1)

 3 months 375 306 (82) 18 (5) 51 (13) 86 3.0 (1.8–12.2)

 6 months 355 289 (82) 15 (4) 51 (14) 86 6.0 (4.9–15.5)

 12 months 342 286 (84) 15 (4) 41 (12) 88 12.1 (11.6–26.0)

Carer QoL

 Baseline 194 184 (95) 4 (2) 6 (3) 97 0.0 (−1.6–2.8)

 3 months 189 160 (85) 5 (2%) 24 (13) 87 3.0 (2.5–6.6)

 6 months 175 154 (88) 2 (1) 19 (11) 89 6.0 (5.5–10.1)

 12 months 169 139 (82) 3 (2) 27 (16) 84 12.1 (0.1–14.5)

Clinical data

 Baseline 388 354 (91) 32 (8) 2 (1) 99 0.0 (−1.8–51.5)

 12 months 347 224 (64) 103 (30) 20 (6) 94 13.4 (8.6–57.1)

LSVT (N = 130) Reason

119 patients started NHS SLT

 − 118 patients completed NHS SLT

 − 1 patient did not complete NHS SLT

 − No intervention (1) No information on treatment at site

TABLE 20 Reasons for participant withdrawal (continued)



DOI: 10.3310/ADWP8001� Health Technology Assessment 2024 Vol. 28 No. 58

113Copyright © 2024 Sackley et al. This work was produced by Sackley et al. under the terms of a commissioning contract issued by the Secretary of State for Health and  
Social Care. This is an Open Access publication distributed under the terms of the Creative Commons Attribution CC BY 4.0 licence, which permits unrestricted use, distribution, 
reproduction and adaptation in any medium and for any purpose provided that it is properly attributed. See: https://creativecommons.org/licenses/by/4.0/. For attribution the 
title, original author(s), the publication source – NIHR Journals Library, and the DOI of the publication must be cited.

TABLE 22 Summary of initial interview and log data by trial arm

LSVT NHS SLT

Number randomised 130 129

Initial interview

Not returned 21 11

Returned 109 118

 Completed 0–1 week after randomisation (%) 10 (9) 12 (10)

 Completed 1–2 weeks after randomisation (%) 14 (13) 14 (12)

 Completed 2–3 weeks after randomisation (%) 26 (24) 32 (27)

 Completed 3–4 weeks after randomisation (%) 21 (19) 29 (25)

 Completed 4–6 weeks after randomisation (%) 20 (19) 18 (15)

 Completed 6–8 weeks after randomisation (%) 9 (8) 6 (5)

 Completed > 8 weeks after randomisation (%) 9 (8) 7 (6)

Intervention logs

Not returned 2 1a

Returned 107 118b

Has had last session 105 118

 Completed intervention within 3 months of randomisationc 88 (84%) 70 (59%)

 Completed intervention within 3–4 months of randomisation 10 (9%) 13 (11%)

 Completed intervention within 4–5 months of randomisation 1 (1%) 13 (11%)

 Completed intervention within 5–6 months of randomisation 1 (1%) 5 (4%)

 Completed > 6 months after randomisation 5 (5%) 17 (15%)

a	 One participant had initial interview but no further treatment.
b	 One participant had no initial interview but returned 2 SLT logs.
c	 The definition of completion is that the participant received their last session within 3 months. For the LSVT arm this 

means that they finished the intervention but may not have received at least 14 sessions.
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TABLE 23 Assessment of adherence

Sensitivity – adherence

Mean (SD, n) Mean difference (99% CI)a

LSVT NHS SLT Control LSVT vs. control NHS SLT vs. control LSVT vs. NHS SLT

Per-protocol analysis

 Baseline 49.5 (23.6, 67) 47.0 (26.4, 55) 43.0 (21.2, 83) – – –

 3 months 35.0 (20.6, 64) 44.3 (26.4, 52) 39.9 (20.9, 77) −9.7 (−16.0 to −3.4); p < 0.0001 1.1 (−5.6 to 7.8); p = 0.7 −10.8 (−17.8 to −3.8); p < 0.0001

Analysis including just those adherent to treatment

 Baseline 47.9 (23.7, 75) 46.1 (26.0, 61) 42.0 (21.5, 98) – – –

 3 months 34.6 (20.3, 71) 43.2 (25.8, 58) 40.1 (21.5, 92) −9.8 (−15.8 to −3.9); p < 0.0001 −0.2 (−6.5 to 6.2); p = 0.9 −9.7 (−16.3 to −3.0); p = 0.0002

Analysis including just those who completed VHI within the assessment window (3 ± 1 months)

 Baseline 46.7 (22.8, 93) 46.1 (24.8, 96) 43.6 (21.1, 88) – – –

 3 months 34.7 (19.6, 89) 45.2 (25.7, 91) 39.9 (20.7, 81) −7.8 (−13.6 to −2.0); p = 0.0005 2.7 (−3.1 to 8.5); p = 0.2 −10.5 (−16.1 to −4.9); p < 0.0001

a	 Analysis adjusting for baseline VHI score; age; and Hoehn & Yahr Stage (1–2.5; and 3–5).

Notes
Voice Handicap Index: ranges from 0 to 120, where low score is good and high score is bad.
Negative difference favours SLT treatment for comparison of SLT vs. control; and favours LSVT for comparison of LSVT vs. NHS.
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TABLE 24 Sensitivity – analysis assuming different responses for missing scores

Sensitivity - analyses for missing scores

Mean (SD, n) Mean difference (99% CI)a

LSVT NHS SLT Control LSVT vs. control NHS SLT vs. control LSVT vs. NHS SLT

 Assuming worst score for missing response

 Baseline 45.8 (22.4, 111) 45.1 (24.5, 107) 43.1 (21.6, 105) – – –

 3 months 36.5 (21.4, 111) 44.3 (25.2, 107) 41.6 (21.9, 105) −7.2 (−12.6 to −1.7); p = 0.0007 1.1 (−4.3 to 6.6); p = 0.6 −8.3 (−13.7 to −2.9); p < 0.0001

 Assuming best score for missing response

 Baseline 45.8 (22.4, 111) 45.1 (24.5, 107) 43.1 (21.6, 105) – – –

 3 months 36.4 (21.1, 111) 44.1 (25.2, 107) 41.2 (21.7, 105) −7.0 (−12.4 to −1.6); p = 0.0009 1.3 (−4.1 to 6.7); p = 0.5 −8.3 (−13.6 to −2.9); p < 0.0001

Assuming worst score in LSVT and NHS SLT arm and best score in control

 Baseline 45.8 (22.4, 111) 45.1 (24.5, 107) 43.1 (21.6, 105) – – –

 3 months 36.5 (21.4, 111) 44.3 (25.2, 107) 41.2 (21.7, 105) −6.8 (−12.2 to −1.4); p = 0.001 1.5 (−4.0 to 6.9); p = 0.5 −8.3 (−13.7 to −2.9); p < 0.0001

Assuming best score in LSVT and NHS SLT arm and worst score in control

 Baseline 45.8 (22.4, 111) 45.1 (24.5, 107) 43.1 (21.6, 105) – – –

 3 months 36.4 (21.1, 111) 44.1 (25.2, 107) 41.6 (21.9, 105) −7.3 (−12.7 to −1.9); p = 0.0005 1.0 (−4.5 to 6.4); p = 0.7 −8.3 (−13.6 to −2.9); p < 0.0001

Assuming best score in LSVT and Control arm and worst score in NHS SLT arm

 Baseline 45.8 (22.4, 111) 45.1 (24.5, 107) 43.1 (21.6, 105) – – –

 3 months 36.4 (21.1, 111) 44.3 (25.2, 107) 41.2 (21.7, 105) −7.0 (−12.4 to −1.6); p = 0.0009 1.5 (−3.9 to 6.9); p = 0.5 −8.5 (−13.8 to −3.1); p <0.0001

Assuming best score in LSVT and worst score in NHS SLT and control arm

 Baseline 45.8 (22.4, 111) 45.1 (24.5, 107) 43.1 (21.6, 105) – – –

 3 months 36.4 (21.1, 111) 44.3 (25.2, 107) 41.6 (21.9, 105) −7.3 (−12.7 to −1.9); p = 0.0005 1.1 (−4.3 to 6.6); p = 0.6 −8.5 (−13.8 to −3.1); p < 0.0001

continued
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Sensitivity - analyses for missing scores

Mean (SD, n) Mean difference (99% CI)a

LSVT NHS SLT Control LSVT vs. control NHS SLT vs. control LSVT vs. NHS SLT

Assuming mean score of complete responses per domain

 Baseline 45.8 (22.4, 111) 45.1 (24.5, 107) 43.1 (21.6, 105) – – –

 3 months 36.5 (21.3, 111) 44.2 (25.3, 107) 41.4 (21.9, 105) −7.0 (−12.4 to −1.6); p = 0.0009 1.2 (−4.2 to 6.7); p = 0.6 −8.2 (−13.6 to −2.9); p < 0.0001

Using multiple imputation

 3 months 36.0 (2.0, 20)b 44.2 (2.4, 20)b 40.8 (2.1, 20)b −6.9 (−10.9 to −2.9); p = 0.0008 1.8 (−2.3 to 5.9); p = 0.4 −8.7 (−12.7 to −4.7); p < 0.0001

a	 Analysis adjusting for baseline VHI score; age; and Hoehn and Yahr Stage (1–2.5; and 3–5).
b	 n is number of imputed sets.
Notes
Voice Handicap Index: Ranges from 0 to 120, where low score is good and high score is bad.
Negative difference favours SLT treatment for comparison of SLT vs. control; and favours LSVT for comparison of LSVT vs. NHS.

TABLE 24 Sensitivity – analysis assuming different responses for missing scores (continued)
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TABLE 25 Subgroup analyses

Mean (SD, n)
Interaction
p-value

Mean difference (99% CI)a

LSVT NHS SLT Control LSVT vs. control NHS SLT vs. control LSVT vs. NHS SLT

VHI subgroup

 VHI ≤ 33 21.6 (16.0, 34) 24.3 (13.1, 31) 18.6 (12.1, 30) 0.007 −0.6 (−10.1 to 8.9) 4.0 (−5.7 to 13.6) −4.6 (−13.9 to 4.8)

 VHI 34−44 (mild) 31.9 (13.4, 19) 34.2 (18.5, 20) 38.5 (14.7, 22) −6.5 (−18.2 to 5.3) −3.4 (−15.0 to 8.3) −3.1 (−15.2 to 9.0)

 VHI 45−61 (moderate) 39.4 (15.6, 27) 49.3 (12.6, 31) 49.6 (15.7, 27) −10.0 (−20.2 to 0.3) −1.3 (−11.2 to 8.6) −8.6 (−18.5 to 1.3)

 �VHI > 61
 (severe)

50.1 (21.6, 26) 78.4 (19.7, 20) 64.4 (10.3, 19) −16.0 (−27.4 to −4.7) 8.2 (−4.2 to 20.5) −24.2 (−35.5 to −12.9)

Age subgroup

 Age ≤ 59 years 40.6 (19.3, 10)  65.5 (28.4, 13) 56.7 (22.4, 9) 0.7 −11.6 (−28.9 to 5.7) 0.9 (−15.5 to 17.3) −12.5 (−28.5 to 3.4)

 Age 60–70 years 30.5 (21.7, 43) 40.3 (25.0, 38) 35.0 (21.0, 35) −8.8 (−17.4 to −0.2) 3.1 (−5.7 to 11.9) −11.9 (−20.3 to −3.5)

 Age > 70 years 37.5 (18.5, 53) 42.1 (21.3, 51) 41.4 (20.5, 54) −6.0 (−13.3 to 1.3) 0.6 (−6.7 to 8.0) −6.6 (−14.0 to 0.8)

Hoehn and Yahr subgroup

 H&Y 1–2.5 33.0 (20.2, 78) 41.4 (23.0, 77) 38.1 (22.4, 75) 0.7 −8.5 (−14.7 to −2.2) 0.6 (−5.6 to 6.8) −9.0 (−15.2 to −2.9)

 H&Y 3–5 40.5 (19.1, 28) 53.8 (28.1, 25) 48.4 (16.2, 23) −6.4 (−17.2 to 4.3) 5.0 (−6.0 to 16.0) −11.4 (−22.0 to −0.9)

Pre- vs. post-COVID-19 subgroup

 Pre COVID 34.6 (20.0, 98) 45.1 (25.2, 96) 41.2 (21.0, 90) 0.1 −8.9 (−14.5 to −3.4) 1.8 (−3.8 to 7.3) −10.7 (−16.1 to −5.2)

 During COVID 39.6 (22.7, 8) 33.0 (14.5, 6) 32.1 (25.6, 8) 3.5 (−15.6 to 22.5) −0.2 (−20.8 to 20.4) 3.6 (−16.9 to 24.2)

a	 Analysis adjusting for baseline VHI score; age; Hoehn and Yahr Stage (1–2.5; and 3–5); and relevant subgroup variable.
Notes
Voice Handicap Index: ranges from 0 to 120, where low score is good and high score is bad.
Negative difference favours SLT treatment for comparison of SLT vs. control; and favours LSVT for comparison of LSVT vs. NHS.
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TABLE 26 Analysis excluding participants with 3-month VHI completed during COVID

Mean (SD, n) Mean difference (99% CI)a

LSVT NHS SLT Control LSVT vs. control NHS SLT vs. control LSVT vs. NHS SLT

N = 103 N = 101 N = 97

Baseline 46.5 (22.5, 103) 45.9 (24.8, 101) 43.9 (21.8, 97) – – –

3 months 34.6 (20.0, 98) 45.1 (25.2, 96) 41.2 (21.0, 90) −8.9 (−14.5 to −3.4); p < 0.0001 1.7 (−3.8 to 7.3); p = 0.4 −10.7 (−16.1 to −5.2); p < 0.0001

a	 Analysis adjusting for baseline VHI score; age; and Hoehn and Yahr Stage (1–2.5; and 3–5).

Notes
Voice Handicap Index: ranges from 0 to 120, where low score is good and high score is bad.
Negative difference favours SLT treatment for comparison of SLT vs. control; and favours LSVT for comparison of LSVT vs. NHS.

TABLE 27 VHI total scores over time

Mean (SD, n) Mean difference (99% CI)a

p-valuebLSVT NHS SLT Control LSVT vs. control NHS SLT vs. control LSVT vs. NHS SLT

 Baseline 44.6 (21.9, 130) 46.2 (24.8, 129) 44.3 (22.3, 129) – – –

 6 months 36.7 (24.1, 100) 43.6 (25.0, 96) 40.6 (22.4, 98) −7.2 (−13.3 to −1.1) −0.01 (−6.2 to 6.2) −7.2 (−13.3 to −1.0)

 12 months 38.2 (24.0, 97) 42.0 (24.1, 92) 42.5 (22.4, 96) −6.7 (−12.6 to −0.8) −1.1 (−7.1 to 4.9) −5.6 (−11.5 to 0.4)

 Overallc – – – −6.7 (−11.4 to −2.0); p = 0.0002 0.6 (−4.2 to 5.3); p = 0.8 −7.3 (−12.0 to −2.6); p < 0.0001 0.6

a	 Analysis adjusting for associated baseline domain score; baseline VHI score; age; and Hoehn and Yahr Stage (1–2.5; and 3–5).
b	 Interaction p-value from repeated measures analysis.
c	 Estimate obtained from repeated measures analysis (without interaction term if p is not statistically significant).
Notes
 VHI total score: ranges from 0 to 120, where low score is good and high score is bad.
Negative difference favours SLT treatment for comparison of SLT vs. control; and favours LSVT for comparison of LSVT vs. NHS.
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TABLE 28 VHI subscale scores over follow-up 

Mean (SD, n) Mean difference (99% CI)a

p-valuebLSVT NHS SLT Control LSVT vs. control NHS SLT vs. control LSVT vs. NHS SLT

Emotional subscale

 Baseline 13.3 (8.8, 130) 14.2 (10.1, 127) 13.6 (9.0, 126) – – –

 3 months 9.7 (8.0, 110) 13.0 (9.6, 106) 12.2 (8.4, 104) −3.0 (−5.1 to −0.9); p = 0.0003 0.2 (−1.9 to 2.4); p = 0.8 −3.2 (−5.3 to −1.1); p < 0.0001

 6 months 9.8 (9.0, 102) 12.8 (9.6, 99) 11.7 (8.8, 100) −3.0 (−5.5 to −0.6) −0.3 (−2.7 to 2.2) −2.8 (−5.2 to −0.4)

 12 months 10.8 (9.0, 102) 12.6 (9.6, 97) 12.7 (8.2, 99) −2.6 (−5.0 to −0.3) −0.4 (−2.8 to 2.0) −2.2 (−4.6 to 0.1)

 Overallc – – – −2.7 (−4.5 to −0.9); p = 0.0002 0.001 (−1.9 to 1.9); p = 1.0 −2.7 (−4.5 to −0.9); p = 0.0001 0.7

Functional subscale

 Baseline 15.3 (7.4, 130) 15.7 (8.6, 127) 15.1 (8.0, 128) – – –

 3 months 12.5 (6.8, 108) 15.3 (8.7, 104) 14.6 (7.7, 100) −2.9 (−4.8 to −1.1); p < 0.0001 −0.0 (−1.9 to 1.9); p = 1.0 −2.9 (−4.7 to −1.1); p < 0.0001

 6 months 12.7 (7.8, 101) 15.4 (8.8, 98) 14.0 (7.7, 99) −2.5 (−4.5 to −0.6) −0.1 (−2.0 to 1.9) −2.5 (−4.4 to −0.5)

 12 months 13.9 (8.0, 99) 14.4 (8.3, 94) 14.4 (7.9, 98) −1.5 (−3.5 to 0.5) −0.4 (−2.4 to 1.6) −1.1 (−3.0 to 0.9)

 Overallb − – – -2.2 (−3.8 to −0.6); p = 0.0004 −0.1 (−1.7 to 1.5); p = 0.9 −2.1 (−3.7 to −0.5); p = 0.0006 0.4

Physical subscale

 Baseline 16.0 (7.9, 130) 16.7 (7.6, 126) 15.8 (6.8, 128) – – –

 3 months 13.7 (7.5, 110) 16.0 (7.9, 106) 14.4 (6.8, 103) −1.5 (−3.4 to 0.4); p = 0.04 0.7 (−1.3 to 2.6); p = 0.4 −2.2 (−4.1 to −0.3); p = 0.003

 6 months 14.2 (8.4, 102) 15.5 (7.0, 99) 14.5 (7.2, 102) −1.5 (−3.6 to 0.5) −0.3 (−2.4 to 1.7) −1.2 (−3.2 to 0.8)

 12 months 14.3 (8.5, 100) 15.8 (8.2, 97) 15.4 (7.6, 99) −2.0 (−4.1 to 0.1) −0.4 (−2.5 to 1.7) −1.6 (−3.7 to 0.5)

 Overallc – – – −1.5 (−3.2 to 0.1); p = 0.02 0.1 (−1.6 to 1.8); p = 0.8 −1.7 (−3.3 to −0.02); p = 0.009 0.6

a	 Analysis adjusting for associated baseline domain score; baseline VHI score; age; and Hoehn and Yahr stage (1–2.5; and 3–5).
b	 Interaction p-value from repeated measures analysis.
c	 Estimate obtained from repeated measures analysis (without interaction term if p is not statistically significant).

Notes
VHI emotional, functional and physical subscale scores: ranges from 0 to 40 where low score is good and high score is bad.
Negative difference favours SLT treatment for comparison of SLT vs. control; and favours LSVT for comparison of LSVT vs. NHS.
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TABLE 29 Questionnaire on acquired speech disorders (living with dysarthria)

Mean (SD, n) Mean difference (99% CI)a

p-valuebLSVT NHS SLT Control LSVT vs. control NHS SLT vs. control LSVT vs. NHS SLT

 Baseline 29.9 (19.9, 123) 31.5 (19.9, 122) 30.2 (19.0, 123) – – –

 3 months 23.5 (19.4, 103) 27.6 (21.0, 100) 26.6 (19.1, 103) −5.4 (−9.8 to −1.0); p = 0.002 −1.1 (−5.6 to 3.3); p = 0.5 −4.3 (−8.7 to 0.1); p = 0.01

 6 months 24.6 (21.3, 98) 28.0 (20.6, 92) 26.4 (20.0, 99) −4.0 (−8.6 to 0.7) −1.0 (−5.8 to 3.7) −2.9 (−7.7 to 1.8)

 12 months 25.6 (21.2, 94) 30.4 (21.6, 95) 28.1 (19.4, 97) −4.6 (−9.8 to 0.6) 0.3 (−4.9 to 5.5) −4.8 (−10.1 to 0.4)

 Overallc – – – −4.9 (−8.7 to −1.1); 
p = 0.0009

−0.8 (−4.7 to 3.0); p = 0.6 −4.1 (−7.9 to −0.3); p = 0.006 0.7

a	 Analysis adjusting for associated baseline QASD score; baseline age; baseline VHI score; and Hoehn and Yahr Stage (1–2.5; and 3–5).
b	 Interaction p-value from repeated measures analysis.
c	 Estimate obtained from repeated measures analysis.

Notes
QASD: ranges from 0 to 90 where low score is good and high score is bad.
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TABLE 30  Parkinson’s Disease Questionnaire-39 summary index and subscale scores over follow-up 

Mean (SD, n) Mean difference (99% CI)a

p-valuebLSVT NHS SLT Control LSVT vs. control NHS SLT vs. control LSVT vs. NHS SLT

Summary index

 Baseline 27.9 (16.6, 130) 29.5 (16.5, 128) 28.4 (15.2, 128) – – –

 3 months 27.6 (17.6, 111) 28.8 (16.1, 107) 29.2 (15.9, 107) −2.2 (−5.6 to 1.1); p = 0.08 −1.2 (−4.6 to 2.2); p = 0.4 −1.0 (−4.4 to 2.3); p = 0.4

 6 months 27.4 (18.4, 104) 29.2 (17.7, 100) 27.6 (15.7, 102) −1.6 (−5.4 to 2.2) −0.03 (−3.9 to 3.8) −1.6 (−5.4 to 2.2)

 12 months 28.5 (17.6, 102) 31.6 (17.1, 98) 29.8 (16.8, 100) −2.1 (−6.1 to 2.0) 1.1 (−3.0 to 5.2) −3.1 (−7.2 to 0.9)

 Overallc – – – −1.8 (−4.9 to 1.4); p = 0.1 −0.4 (−3.5 to 2.8); p = 0.8 −1.4 (−4.5 to 1.7); p = 0.2 0.3

Mobility

 Baseline 34.9 (28.6, 130) 32.6 (27.6, 128) 35.2 (27.9, 128) – – –

 3 months 35.1 (28.7, 111) 33.9 (28.6, 107) 34.3 (27.3, 107) −0.4 (−5.7 to 4.9); p = 0.9 1.5 (−3.9 to 6.9); p = 0.5 −1.9 (−7.2 to 3.4); p = 0.4

 6 months 36.0 (29.0, 104) 33.7 (28.4, 100) 33.8 (26.6, 102) 0.6 (−5.1, 6.2) 1.1 (−4.6, 6.8) −0.5 (−6.2 to 5.1)

 12 months 37.1 (29.9, 102) 38.5 (29.4, 98) 37.5 (28.1, 100) −1.0 (−7.6 to 5.7) 2.9 (−3.8 to 9.7) −3.9 (−10.6 to 2.8)

 Overallc – – – 0.1 (−4.8 to 4.9); p = 1.0 1.5 (−3.4 to 6.3); p = 0.4 −1.4 (-6.2 to 3.4); p = 0.5 0.4

Activities of daily living

 Baseline 35.6 (25.5, 130) 36.0 (23.8, 128) 34.1 (22.0, 128) – – –

 3 months 35.3 (25.3, 111) 32.9 (23.7, 107) 35.1 (23.4, 107) −2.9 (−7.8 to 2.0); p = 0.1 −4.8 (−9.7 to 0.2); p = 0.01 1.8 (−3.0 to 6.7); p = 0.3

 6 months 35.3 (26.1, 104) 34.2 (25.0, 100) 34.0 (21.8, 102) −1.3 (−6.6 to 4.1) −3.0 (−8.4 to 2.4) 1.7 (−3.7 to 7.1)

 12 months 36.8 (26.0, 102) 38.7 (24.6, 98) 36.7 (23.5, 100) −2.4 (−8.8 to 3.9) −0.4 (−6.8 to 6.0) −2.1 (−8.4 to 4.3)

 Overallc – – – −2.1 (−6.6 to 2.3); p = 0.2 −3.8 (−8.3 to 0.7); p = 0.03 1.7 (−2.8 to 6.1); p = 0.3 0.2

continued



122

N
IH

R Journals Library w
w

w
.journalslibrary.nihr.ac.uk

A
ppendix


 1 

Mean (SD, n) Mean difference (99% CI)a

p-valuebLSVT NHS SLT Control LSVT vs. control NHS SLT vs. control LSVT vs. NHS SLT

Emotional well-being

 Baseline 25.7 (20.1, 130) 28.9 (21.7, 128) 26.6 (19.1, 128) - - -

 3 months 25.7 (21.2, 111) 28.3 (21.0, 107) 29.1 (19.6, 107) −4.3 (−8.9 to 0.3); p = 0.02 −3.1 (−7.7 to 1.5); p = 0.09 −1.2 (−5.8 to 3.4); p = 0.5

 6 months 25.0 (22.3, 104) 29.0 (22.6, 100) 26.8 (19.1, 102) −3.6 (−8.8 to 1.5) −1.0 (−6.3 to 4.2) −2.6 (−7.8 to 2.6)

 12 months 26.2 (21.8, 102) 29.6 (20.9, 98) 29.1 (19.8, 100) −3.5 (−8.9 to 1.9) −1.0 (−6.4 to 4.5) −2.6 (−8.0 to 2.9)

 Overall~ -– -– – –

Stigma

 Baseline 19.0 (22.9, 130) 21.4 (23.3, 128) 19.6 (18.0, 128) – – -

 3 months 18.4 (21.5, 111) 18.4 (21.6, 107) 17.7 (19.7, 107) 0.3 (−4.8 to 5.4); p = 0.9 −0.02 (−5.2 to 5.2); p = 1.0 0.3 (−4.8 to 5.4); p = 0.9

 6 months 19.8 (22.5, 104) 19.5 (22.5, 100) 17.9 (20.8, 102) 0.01 (−5.4 to 5.4) 0.3 (−5.2 to 5.7) −0.2 (−5.6 to 5.1)

 12 months 19.4 (22.0, 102) 21.0 (22.9, 98) 19.1 (19.8, 100) −0.8 (−6.7 to 5.2) 1.0 (−5.0 to 7.0) −1.8 (−7.8 to 4.1)

 Overallc – – – 0.3 (−4.1 to 4.8); p = 0.8 0.2 (−4.3 to 4.6); p = 0.9 0.2 (−4.3 to 4.6); p = 0.9 0.8

Social support

 Baseline 9.3 (15.5, 130) 11.0 (17.7, 128) 11.6 (16.4, 128) – – –

 3 months 10.8 (16.0, 111) 12.4 (18.3, 107) 12.5 (16.1, 107) −1.3 (−6.2 to 3.6); p = 0.5 −0.4 (−5.3 to 4.6); p = 0.8 −0.9 (−5.8 to 4.0); p = 0.6

 6 months 11.6 (17.4, 104) 13.4 (19.1, 100) 11.9 (16.0, 102) −0.001 (−5.3 to 5.3) 1.7 (−3.6 to 7.0) −1.7 (−6.9 to 3.6)

 12 months 10.6 (15.9, 102) 14.5 (20.8, 98) 13.1 (18.6, 100) −2.1 (−7.9 to 3.7) 1.6 (−4.3 to 7.4) −3.7 (−9.4 to 2.1)

 Overallc – – – −0.3 (−4.7 to 4.0); p = 0.8 0.9 (−3.5 to 5.3); p = 0.6 −1.2 (−5.5 to 3.1); p = 0.5 0.6

 Cognition

TABLE 30 PDQ-39 summary index and subscale scores over follow-up (continued)
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Mean (SD, n) Mean difference (99% CI)a

p-valuebLSVT NHS SLT Control LSVT vs. control NHS SLT vs. control LSVT vs. NHS SLT

 Baseline 27.5 (21.2, 130) 33.8 (22.4, 128) 29.9 (21.0, 128) – – –

 3 months 28.7 (22.0, 111) 31.1 (19.8, 107) 32.4 (23.3, 107) −1.6 (−7.0 to 3.8); p = 0.4 −2.1 (−7.5 to 3.4); p = 0.3 0.5 (−4.9 to 5.9); p = 0.5

 6 months 28.1 (22.0, 104) 32.7 (21.8, 100) 31.1 (22.5, 102) −2.3 (−8.0 to 3.4) −0.6 (−6.4 to 5.2) −1.7 (−7.5 to 4.0)

 12 months 29.1 (21.7, 102) 34.5 (21.0, 98) 32.3 (20.7, 100) −1.7 (−6.9 to 3.5) 1.5 (−3.8 to 6.8) −3.2 (−8.5 to 2.0)

 Overallc – – – −1.3 (−5.7 to 3.1); p = 0.4 0.4 (−4.0 to 4.9); p = 0.8 −1.7 (−6.2 to 2.7); p = 0.3 0.3

Communication

 Baseline 34.7 (22.0, 130) 35.4 (23.3, 128) 34.4 (24.2, 128) – – –

 3 months 29.5 (24.6, 111) 32.6 (22.4, 107) 33.4 (23.9, 107) −6.2 (−11.9 to −0.6); 
p = 0.004

−2.7 (−8.4 to 3.0); p = 0.2 −3.5 (−9.1 to 2.1); p = 0.1

 6 months 26.5 (22.7, 104) 32.0 (23.1, 100) 29.4 (20.7, 102) −5.8 (−11.6 to −0.05) −0.7 (−6.5 to 5.1) −5.1 (−10.9 to 0.7)

 12 months 29.8 (24.0, 102) 33.6 (22.7, 98) 31.1 (21.6, 100) −3.8 (−9.8 to 2.1) 1.0 (−5.0 to 7.1) −4.9 (−10.9 to 1.1)

 Overall~ – – – –

Bodily discomfort

 Baseline 36.5 (26.3, 130) 37.3 (24.3, 128) 35.5 (21.6, 128) – – –

 3 months 37.7 (26.0, 111) 40.5 (25.0, 107) 39.1 (23.0, 107) −3.0 (−9.1 to 3.1); p = 0.2 1.3 (−4.9 to 7.5); p = 0.6 −4.3 (−10.4 to 1.8); p = 0.07

 6 months 36.6 (25.1, 104) 38.9 (24.7, 100) 36.0 (24.9, 102) −2.0 (−8.5 to 4.5) 1.6 (−4.9 to 8.2) −3.6 (−10.1 to 2.9)

 12 months 38.6 (25.4, 102) 42.3 (24.7, 98) 39.7 (23.8,100) −2.2 (−8.8 to 4.4) 1.6 (−5.1 to 8.3) −3.7 (−10.4 to 2.9)

 Overallc – – – −2.2 (−7.2 to 2.7); p = 0.2 1.8 (−3.3 to 6.8); p = 0.4 −4.0 (−8.9 to 1.0); p = 0.04 1.0

a	 Analysis adjusting for associated baseline PDQ-39 score; baseline age; baseline VHI score; and Hoehn and Yahr stage (1–2.5; and 3–5).
b	 Interaction p-value from repeated measures analysis.
c	 Estimate obtained from repeated measures analysis.
Notes
Parkinson’s Disease Questionnaire-39 score: ranges from 0 to 100, where 0 = no problem at all and 100 = maximum level of problem.
~ The model failed to converge.
Negative difference favours SLT treatment for comparison of SLT vs. control; and favours LSVT for comparison of LSVT vs. NHS.



124

NIHR Journals Library www.journalslibrary.nihr.ac.uk

Appendix 1 

100

90

80

70

60

50

40

20

10

30

0
0

128
130
128

107
111
107

102
104
100

100
102
98

3
Months from randomisation

Patients

M
ea

n
 a

ct
iv

it
ie

s 
o

f d
ai

ly
 li

vi
n

g 
sc

o
re

6 12

Cont
LSVT
NHS

FIGURE 35 Mean PDQ-39 activities of daily living subscale profile plot with error bars over 12 months by intervention.
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FIGURE 34 Mean PDQ-39 mobility subscale profile plot with error bars over 12 months by intervention.
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FIGURE 33 Mean PQD-39 summary index profile plot with error bars over 12 months by intervention.
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FIGURE 38 Mean PDQ-39 cognition subscale profile plot with error bars over 12 months by intervention.
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FIGURE 37 Mean PQD-39 stigma subscale profile plot with error bars over 12 months by intervention.
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FIGURE 36 Mean PDQ-39 emotional well-being subscale profile plot with error bars over 12 months by intervention.
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TABLE 31 Analysis and summary statistics for EQ5D-5L over time

Mean (SD, n) Mean difference (99% CI)a

LSVT NHS SLT Control LSVT vs. control NHS SLT vs. control LSVT vs. NHS SLT p-valueb

EQ5D index score

 Baseline 0.64 (0.20, 129) 0.61 (0.23, 128) 0.61 (0.22, 128) - - -

 3 months 0.61 (0.22, 111) 0.61 (0.23, 106) 0.63 (0.22, 106) −0.02 (−0.08 to 0.03); p = 0.3 −0.02 (−0.07 to 0.04); p = 0.5 −0.01 (−0.07 to 0.05); p = 0.7

 6 months 0.61 (0.23, 104) 0.59 (0.23, 100) 0.60 (0.22, 101) 0.01 (−0.05 to 0.07) −0.0009 (−0.06 to 0.06) 0.01 (−0.05 to 0.07)

 12 months 0.59 (0.24, 102) 0.56 (0.24, 98) 0.56 (0.23, 100) 0.02 (−0.04 to 0.09) −0.01 (−0.07 to 0.05) 0.03 (−0.03 to 0.10)

 Overallc - - - 0.002 (−0.5 to 0.05); p = 0.9 −0.01 (−0.05 to 0.04); p = 0.7 0.01 (−0.04 to 0.06); p = 0.7 0.4

EQ5D visual analogue score

 Baseline 68.2 (18.1, 130) 67.4 (16.6, 128) 67.5 (18.7, 128) – -– –

 3 months 66.1 (20.8, 110) 67.5 (18.9, 107) 68.1 (17.6, 105) −0.9 (−5.9 to 4.2); p = 0.7 1.3 (−3.8 to 6.4); p = 0.5 −2.1 (−7.1 to 2.8); p = 0.3

 6 months 65.4 (20.4, 103) 66.4 (18.1, 99) 66.0 (19.2, 101) 0.9 (−4.9 to 6.7) 2.5 (−3.4 to 8.4) −1.6 (−7.4 to 4.3)

 12 months 68.0 (18.9, 102) 64.7 (19.7, 99) 65.1 (19.2, 100) 3.2 (−2.7 to 9.1) 1.7 (−4.3 to 7.6) 1.6 (−4.4 to 7.5)

 Overallc – – – 0.7 (−3.7 to 5.1); p = 0.7 1.6 (−2.9 to 6.1); p = 0.4 −0.9 (−5.3 to 3.5); p = 0.6 0.3

a	 Analysis adjusting for associated baseline EQ5D score; baseline age; baseline VHI score; and Hoehn and Yahr Stage (1–2.5; and 3–5).
b	 Interaction p-value from repeated measures analysis.
c	 Estimate obtained from repeated measures analysis.
Notes
EQ5D index score: ranges from −0.594 to 1.0 where low score is bad and high score is good.
EQ5D visual analogue scale (VAS) score: ranges from 0 to 100 where low score is bad and high score is good.
Positive difference favours SLT treatment for comparison of SLT vs. control; and favours LSVT for comparison of LSVT vs. NHS
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FIGURE 39 Mean PDQ-39 bodily discomfort subscale profile plot with error bars over 12 months by intervention.
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TABLE 32 ICEpop Capabilities Measure for Older Adults score

Mean (SD, n) Mean difference (99% CI)a

p-valuebLSVT NHS SLT Control LSVT vs. control NHS SLT vs. control LSVT vs. NHS SLT

 Baseline 0.81 (0.13, 129) 0.81 (0.11,128) 0.81 (0.13, 128) – – –

 3 months 0.80 (0.15,109) 0.80 (0.11, 107) 0.82 (0.12, 106) 0.001 (−0.03 to 0.03); p = 0.9 −0.003 (−0.03 to 0.03); p = 0.8 0.004 (−0.03 to 0.04); p = 0.7

 6 months 0.80 (0.15,103) 0.79 (0.13, 99) 0.80 (0.12, 100) 0.02 (−0.01 to 0.05) 0.005 (−0.03 to 0.04) 0.01 (−0.02 to 0.05)

 12 months 0.80 (0.15, 102) 0.76 (0.16, 98) 0.79 (0.14, 100) 0.02 (−0.01 to 0.06) −0.02 (−0.06 to 0.02) 0.04 (0.003 to 0.08)

 Overallc – – – 0.01 (−0.02 to 0.04); p = 0.4 −0.003 (−0.03 to 0.02); p = 0.8 0.01 (−0.01 to 0.04); p = 0.2 0.2

a	 Analysis adjusting for associated baseline ICECAP-O score; baseline age; baseline VHI score; and Hoehn and Yahr stage (1–2.5; and 3–5).
b	 Interaction p-value from repeated measures analysis.
c	 Estimate obtained from repeated measures analysis.
Notes
ICECAP-O score: ranges from 0 to 1 where low score is bad and high score is good.
Positive difference favours SLT treatment for comparison of SLT vs. control; and favours LSVT for comparison of LSVT vs. NHS.
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TABLE 33 Carer participation by treatment

LSVT NHS SLT Control

N = 130 N = 129 N = 129

Participants with carer (%) 78 (60) 86 (67) 83 (64)

Number of consented carers (%) 67/78 (86) 67/86 (78) 60/83 (72)

Relation of carer

 Spouse (%) 64 (96) 61 (91) 52 (86)

 Child (%) 2 (3) 2 (3) 4 (7)

 Friend 1 (1%) 0 (–) 0 (–)

 Other 0 (–) 4 (6%) 4 (7%)
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TABLE 34 Carer PDQ-39

Mean (SD, n) Mean difference (99% CI)a

LSVT NHS SLT Control LSVT vs. control NHS SLT vs. control LSVT vs. NHS SLT p-valueb

Summary index

 Baseline 28.4 (19.9, 61) 24.8 (19.2, 65) 24.9 (17.1, 58) – – –

 3 months 27.5 (22.6, 54) 29.9 (22.5, 56) 22.8 (19.3, 50) 0.6 (−5.6 to 6.9); p = 0.8 6.2 (0.1 to 12.3); p = 0.009 −5.6 (−11.6 to 0.4); p = 0.02

 6 months 26.4 (22.7, 55) 31.2 (23.1, 54) 25.1 (20.5, 45) −3.3 (−10.3 to 3.6) 3.7 (−3.2 to 10.6) −7.0 (−13.6 to −0.4)

 12 months 30.9 (21.4, 51) 34.1 (25.0, 48) 28.6 (21.0, 40) −1.3 (−9.5 to 7.0) 6.2 (−2.1 to 14.5) −7.5 (−15.3 to 0.3)

 Overallc – – – −0.9 (−6.6 to 4.9); p = 0.7 5.4 (−0.4 to 11.1); p = 0.02 −6.3 (−11.8 to −0.7); p = 0.004 0.5

Social and personal activities

 Baseline 26.5 (19.7, 62) 24.9 (18.1, 66) 24.4 (16.6, 58) – – –

 3 months 27.4 (21.1, 55) 30.0 (20.4, 57) 23.7 (18.2, 51) 0.6 (−5.3 to 6.5); p = 0.8 4.3 (−1.5 to 10.1); p = 0.06 −3.7 (−9.3 to 1.9); p = 0.09

 6 months 26.9 (22.1, 55) 30.2 (21.6, 54) 25.0 (20.7, 46) −2.2 (−9.1 to 4.7) 1.9 (−5.0 to 8.8) −4.1 (−10.6 to 2.4)

 12 months 30.4 (19.5, 52) 33.2 (23.9, 49) 27.1 (20.0, 40) 0.01 (−8.4 to 8.4) 5.4 (−3.0 to 13.9) −5.4 (−13.2 to 2.4)

 Overallb – – – −0.2 (−5.7 to 5.4); p = 0.9 4.0 (−1.6 to 9.5); p = 0.06 −4.2 (−9.5 to 1.2); p = 0.04 0.7

Anxiety and depression

 Baseline 26.1 (19.6, 63) 22.8 (19.1, 65) 22.7 (16.5, 59) – – –

 3 months 23.5 (21.2, 56) 29.0 (23.4, 57) 21.3 (19.8, 50) 0.3 (−6.5 to 7.1); p = 0.9 7.5 (0.8 to 14.3); p = 0.004 −7.2 (−13.8 to −0.7); p = 0.005

 6 months 23.6 (22.0, 56) 28.5 (22.9, 54) 24.1 (20.6, 46) −3.5 (−11.4 to 4.4) 2.9 (−5.0 to 10.8) −6.4 (−14.0 to 1.1)

 12 months 27.0 (21.4, 51) 28.7 (23.8, 50) 25.9 (19.3, 40) −1.5 (−9.5 to 6.6) 3.6 (−4.5 to 11.8) −5.1 (−12.8 to 2.5)

 Overallb – – – −1.0 (−7.1 to 5.2); p = 0.7 5.9 (−0.3 to 12.1); p = 0.01 −6.9 (−12.9 to −0.9); p = 0.003 0.6
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Mean (SD, n) Mean difference (99% CI)a

LSVT NHS SLT Control LSVT vs. control NHS SLT vs. control LSVT vs. NHS SLT p-valueb

Self-care

 Baseline 29.4 (22.0, 63) 25.5 (22.2, 66) 23.3 (19.4, 59) – – –

 3 months 26.0 (24.1, 56) 28.3 (26.0, 56) 20.2 (20.4, 51) 1.1 (−7.2 to 9.3); p = 0.7 5.8 (−2.4 to 14.0); p = 0.07 −4.8 (−12.7 to 3.2); p = 0.1

 6 months 26.5 (25.6, 55) 29.9 (24.8, 54) 24.0 (21.7, 45) −2.8 (−11.8 to 6.2) 2.8 (−6.0 to 11.7) −5.7 (−14.1 to 2.8)

 12 months 29.3 (23.7, 52) 34.2 (26.7, 50) 27.9 (23.0, 40) −3.7 (−13.8 to 6.3) 6.3 (−3.7 to 16.4) −10.1 (−19.5 to −0.6)

 Overallb – – – −1.3 (−8.8 to 6.1); p = 0.6 4.3 (−3.1 to 11.8); p = 0.1 −5.7 (−12.8 to 1.5); p = 0.04 0.3

Stress

 Baseline 33.3 (25.9, 62) 26.8 (22.7, 66) 29.1 (22.9, 59) – – –

 3 months 30.7 (27.7, 56) 32.9 (26.1, 57) 25.6 (24.9, 51) 1.8 (−6.0 to 9.6); p = 0.6 7.7 (−0.0 to 15.4); p = 0.01 −5.9 (−13.4 to 1.7); p = 0.04

 6 months 29.2 (26.2, 56) 36.2 (27.6, 54) 27.6 (24.2, 45) −2.7 (−11.1 to 5.8) 6.5 (−1.9 to 15.0) −9.2 (−17.2 to −1.2)

 12 months 35.3 (27.0, 52) 37.2 (30.7, 49) 33.6 (27.4, 40) 0.6 (−9.8 to 11.0) 7.0 (−3.5 to 17.5) −6.4 (−16.3 to 3.4)

 Overallb – – – −0.6 (−7.7 to 6.5); p = 0.8 6.4 (−0.6 to 13.4); p = 0.02 −7.0 (−13.8 to −0.2); p = 0.008 0.4

a	 Analysis adjusting for associated baseline PDQ-Carer score; baseline age; baseline VHI score; and Hoehn and Yahr stage (1–2.5; and 3–5).
b	 Interaction p-value from repeated measures analysis.
c	 Estimate obtained from repeated measures analysis.

Notes
Negative difference favours SLT treatment for comparison of SLT vs. control; and favours LSVT for comparison of LSVT vs. NHS.
PDQ-Carer: all scores range from 0 to 100 where low score is good and high score is bad.

TABLE 34  Carer PDQ-39 (continued)
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FIGURE 40 Mean PDQ-carer social and personal activities subscale profile plot with error bars over 12 months by 
intervention.
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FIGURE 41 Mean PDQ-carer self-care subscale profile plot with error bars over 12 months by intervention.
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FIGURE 42 Mean PQD-carer stress subscale profile plot with error bars over 12 months by intervention.



DOI: 10.3310/ADWP8001� Health Technology Assessment 2024 Vol. 28 No. 58

133Copyright © 2024 Sackley et al. This work was produced by Sackley et al. under the terms of a commissioning contract issued by the Secretary of State for Health and  
Social Care. This is an Open Access publication distributed under the terms of the Creative Commons Attribution CC BY 4.0 licence, which permits unrestricted use, distribution, 
reproduction and adaptation in any medium and for any purpose provided that it is properly attributed. See: https://creativecommons.org/licenses/by/4.0/. For attribution the 
title, original author(s), the publication source – NIHR Journals Library, and the DOI of the publication must be cited.

TABLE 35 Adverse events

AEs and SAEs by treatment group

LSVT NHS SLT Control

N = 130 N = 129 N = 129

Adverse events

 Number of AEs 93 46 0

 Description of AE

 Throat infection 0 1 –

 Throat ache 6 0 –

 Hard glottal attack 2 0 –

 Vocal strain 80 45 –

 Cold virus 5 0 –

 Number of participants who had an AE N (%) 36 (28) 16 (12) –

Serious adverse events

 Number of SAEs 0 0 0

 Number of participants who had an SAE N (%) – – –
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Appendix 2 Health economics

TABLE 36 Cost of LSVT training and companion software per patient with Parkinson’s disease (PwPD)

Description of costs Values Assumptions

Number of trained LSVT SLTs per 
service

2 From the pilot study – most services were staffed 
with 1–3 full time equivalent therapists seeing 
PwPD. We are assuming that the therapist will 
work for 5 years.

Cost for training + update £1374 over 5 years (£275 per 
year)

LSVT training cost of $580 (£440) per therapist 
plus estimate of £100/person travel plus $200 
(£147) representing the cost of LSVT training 
update (every 2 years).
The cost is spread over 5 years.

Companion software – clinician 
edition

£1020 over 5 years (£204 per 
year)

Cost of $683 (£510) per therapist over 5 years.

Average PwPD on SLT service 
caseload per year

13 From the pilot study – estimated from 65 services 
with a combined caseload of 820 PwPD.

Cost of training per PwPD £21 per year

Cost of companion software per 
PwPD – clinician edition

£16 per year All PwPD in a service will at least use the 
software one time.

Sources: Bank of England. www.bankofengland.co.uk/statistics/exchange-rates (accessed 17 January 2022).

TABLE 37 Unit costs of resource use (UK £ 2019–20)

Type of resource use NHS cost (£)
Unit of 
measure Description/assumptions Source

Trial intervention

Training and set up 21 /participant Details in Table 15 Scobie et al. 
202191

LSVT companion software 16 /participant LSVT Website20

NHS–laptop loan 74 /participant Palmer et al. 
2020129

Phone call 0.07 /minute

Speech and language therapy

Community-based sessions by 
a therapist

0.88 /minute Scientific and professional staff 
average of band 6 and 7

PSSRU 2020100

Community-based sessions by 
an assistant therapist

0.52/minute /minute Scientific and professional staff 
band 4

PSSRU 2020100

Primary care and social care

GP at practice 39 /visit 9.22 minutes contact PSSRU 2020100

GP home visit 100.62 /visit 11.4 minutes consulta-
tion + 12 minutes travel

PSSRU 2020100

Nurse at practice 10.85 /visit 15.5 minutes contact

continued

https://www.bankofengland.co.uk/statistics/exchange-rates
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Type of resource use NHS cost (£)
Unit of 
measure Description/assumptions Source

Nurse home visits 21 /visit 30 minutes including travel time PSSRU 2020100

PD nurse specialist 28 /visit Hospital-based nurse – band 6 
assumes 30 minutes contact

PSSRU 2020100

Health visitor 19 /visit 20 minutes direct care (inflated to 
2020 costs)

PSSRU 2015130

Therapists and other healthcare professionals (community based)

Physiotherapist 53 /session Scientific and professional staff 
average of band 6 and 7

PSSRU 2020100

Occupational therapist 49 /session Community occupational therapist 
(local authority)

PSSRU 2020100

Additional SLT 53 /session Scientific and professional staff 
average of band 6 and 7

PSSRU 2020100

Chiropodist/podiatrist 
specialist

48 /session Scientific and professional staff 
average of band 6

PSSRU 2020100

District nurse 42 /session – NHS reference 
cost 19/20102

Secondary care

Outpatient

 A&E 99.91 /visit Outpatient – non-consultant-led/
follow-up visit

NHS reference 
cost 19/20102

 Audiology Medicine 80.59 /visit Outpatient – non-consultant-led/
follow-up visit

NHS reference 
cost 19/20102

 ENT 109.23 /visit Outpatient – consultant-led/
follow-up visit

NHS reference 
cost 19/20102

 Geriatric medicine 250.08 /visit Outpatient – consultant-led/
follow-up visit

NHS reference 
cost 19/20102

 Liaison psychiatrist 258.78 /visit Outpatient – consultant-led/
follow-up visit

NHS reference 
cost 19/20102

 Neurology 187.17 /visit Outpatient – consultant-led/
follow-up visit

NHS reference 
cost 19/20102

 Neurology nurse 147.08 /visit Neurology outpatient –  
non-consultant-led/follow-up  
visit

NHS reference 
cost 19/20102

 Pain 192.45 /visit Outpatient – consultant-led/
follow-up visit

NHS reference 
cost 19/20102

 Physiotherapy 60.80 /visit Outpatient – consultant-led/
follow-up visit

NHS reference 
cost 19/20102

 Urology 110.52 /visit Outpatient – consultant-led/
follow-up visit

NHS reference 
cost 19/20102,131

Social services

 Home care 40 /hour Community care package for older 
person

PSSRU 2014131

 Day centre 61 /attendance Community care package for older 
person

PSSRU 2014131

TABLE 37 Unit costs of resource use (UK £ 2019/20) (continued)
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Type of resource use NHS cost (£)
Unit of 
measure Description/assumptions Source

 Luncheon Club 7 /meal Community care package for older 
person – meal on wheel

PSSRU 2014131

 Sitting service 120 /day Private 
company

Medication

 �Levodopa
Levodopa/Entacapone
Dopamine
MAOB inhibitor
COMT inhibitor

Participant 
specific

BNF101

Institutional care

 �Residential or nursing home 
(NHS)

177 /day Local authority own-provision 
residential care for older people 
(age 65+)

PSSRU 2020100

 �Residential or nursing home 
(privately funded)

123 /day Private sector nursing homes for 
older people (age 65+)

PSSRU 2020100

Productivity

Full time 15.64 /hour Hourly pay – average for male and 
female/full time and part time 
over the age of 60 years

ONS 2020106

Transportation

Bicycle 0.20 /mile Travel–mileage and fuel rates and 
allowances (business mile)

HR revenue and 
customs132

Bus Free /mile Assuming over 60s concessionary 
bus pass

Car 0.25 /mile Travel–mileage and fuel rates and 
allowances (business mile)

HR revenue and 
customs132

Taxi 2.8 /mile Obtained from private company Online source133

Train 0.11 /mile Price for people over 60s 
assuming that they pay 2/3 of the 
original price

Online source134

TABLE 37 Unit costs of resource use (UK £ 2019/20) (continued)
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TABLE 38 Form return rate and completion by intervention group

Questionnaire LSVT NHS SLT No SLT (control)

n (%) 130 129 129

EQ-D

Intention to treat

 Completed any follow-up data (%) 116 (89) 113 (88) 112 (87)

Available data

 Completed – baseline 129 128 128

 Completed – 3 months 111 106 107

 Completed – 6 months 104 101 103

 Completed – 12 months 102 100 103

Complete data

 Completed at all time points (%) 92 (71) 89 (69) 92 (71)

ICECAP-O

Intention to treat (any follow-up data)

Completed any follow-up data (%) 116 (89) 113 (88) 112 (87)

Available data

 Completed – baseline 129 128 128

 Completed – 3 months 109 107 106

 Completed – 6 months 103 100 101

 Completed – 12 months 102 99 102

Complete data

Completed at all time points (%) 91 (70) 89 (69) 90 (70)

Resource use

Intention to treat (any follow-up data)

(%) 116 (89) 113 (88) 112 (87)

Complete data

Completed at all time points (%) 93 (72) 92 (71) 92 (71)

SLT treatment log

Complete data

Completed forms (%) 107 (82) 117 (91) 5 (4)

All questionnaires

Complete case (%) 80 (62) 81 (63) 90 (70)
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TABLE 39 Mean utility score per participant by intervention group (EQ-5D-5L and ICECAP-O) over the 12-month  
period – complete data

Outcome measure/follow-up point LSVT Standard NHS SLT No SLT (control)

EQ-5D-5L scores

Baseline

N 129 128 128

Mean (SD) 0.637 (0.196) 0.605 (0.228) 0.613 (0.220)

3 months

n 111 106 107

Mean (SD) 0.605 (0.219) 0.611 (0.225) 0.624 (0.223)

6 months

n 104 101 103

Mean (SD) 0.606 (0.232) 0.585 (0.237) 0.590 (0.231)

12 months

n 102 99 103

Mean (SD) 0.590 (0.242) 0.552 (0.247) 0.547 (0.247)

ICECAP-O scores (full capability)

Baseline

n 129 128 128

Mean (SD) 0.812 (0.126) 0.808 (0.113) 0.811 (0.133)

3 months

N 109 107 106

Mean (SD) 0.803 (0.146) 0.802 (0.114) 0.816 (0.116)

6 months

n 103 100 101

Mean (SD) 0.799 (0.151) 0.782 (0.150) 0.790 (0.144)

12 months

n 102 99 102

Mean (SD) 0.799 (0.148) 0.749 (0.173) 0.773 (0.175)

EQ-5D, EuroQol 5-dimensions; ICECAP-O, ICEpop CAPability measure for Older people; SD, standard deviation.

Notes
EQ-5D-5L score range (−0.283, 1.000).
ICECAP-O score range (0.000, 1.000).
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TABLE 40 Mean privately funded services, productivity costs and out-of-pocket expenses per participant over 12 months by intervention group – [complete resource use and cost data 
(2019–20 prices)]

Cost category

LSVT
n = 93

NHS SLT
n = 92

No SLT (control)
n = 92

Resource unit, mean (SD) Cost (£), mean (SD) Resource unit, mean (SD) Cost (£), mean (SD) Resource unit, mean (SD) Cost (£), mean (SD)

Health and social care services (privately funded)

 Physiotherapist 1.77 (7.64) 94.03 (405.16) 0.98 (4.16) 51.85 (220.42) 0.62 (3.10) 32.84 (164.22)

 Additional SLT 0.01 (0.10) 0.57 (5.50) 0.00 0.00 0.17 (1.67) 9.22 (88.41)

 Occupational therapist 0.04 (0.33) 2.11 (16.04) 0.01 (0.10) 0.53 (5.11) 0.07 (0.53) 3.20 (25.99)

 �Institutional care 
(privately funded)

1.94 (18.67) 238.06 (2295.81) 0.98 (9.38) 120.326 (1154.13) – –

 Other servicesa 2.03 (4.27) 27.75 (86.29) 3.15 (11.43) 44.26 (229.66) 1.86 (4.84) 29.22 (128.27)

Out-of-pocket expenditure

 Travelb – 99.60 (240.90) – 52.02 (114.11) – 51.69 (102.29)

 PD medication – 2.63 (9.94) – 1.53 (12.667) – 2.30 (13.59)

 Other expenses – 444.93 (1457.57) – 227.73 (618.76) – 463.11 (1728.41)

 �Travel to attend 
outpatient sessions 
(miles)c

182.12 (225.06) 60.81 (155.89) 61.55 (74.61) 26.14 (69.91) – –

Productivity

 Reduced work (hours)d 20.69(111.34) 323.56 (1741.36) 12.86 (68.67) 201.11 (1073.96) 10.88 (52.51) 170.17 (821.22)

 �Lost time from stopping 
work completely (hours)d

29.07 (128.57) 454.74 (2010.84) 99.20 (258.13) 1551.42 (4037.22) 73.48 (244.59) 1149.2 (3825.38)

LSVT, Lee Silverman Voice Treatment; n, number of participants; SLT, standard speech and language therapy; SD, standard deviation.
a	 Mainly sport classes, chiropodist, massage services and Tai Chi.
b	 Cost reported by patient.
c	 Calculated from data reported in the SLT initial interview form.
d	 Number who reported reduced working hours over a 12 month period (out of those who worked): 4/9 in the LSVT arm, 4/11 in the NHS SLT arm and 6/16 in the no SLT (control) arm.
e	 Number who stopped work over a 12-month period: 6 (5%) in the LSVT arm, 19 (17%) in the NHS SLT arm and 9 (5%) in the no SLT (control) arm.
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TABLE 41 Results of the sensitivity analyses

Incremental cost (£)
Mean (95% CI) Incremental effectiveness

ICER
Cost (£) per QALY

Analysis from the NHS/PSS perspective

 LSVT vs. no SLT (control) 2378.10 (1554.54 to 3586.44) 0.008 (−0.020 to 0.040) 297,262

 NHS SLT vs. no SLT (control) 899.93 (386.37 to 1435.69) −0.005 (−0.039 to 0.026) Dominated

 LSVT vs. NHS SLT 1336.65 (426.94 to 2411.46) 0.012 (−0.017 to 0.042) 111,387

Analysis from the broader societal perspective (excluding PSS costs)

 LSVT vs. no SLT (control) 922.56 (−26.65 to 1788.62) 0.008 (−0.020 to 0.040) 115,320

 NHS SLT vs. no SLT (control) 754.03 (−251.52 to 1757.57) −0.005 (−0.039 to 0.026) Dominated

 LSVT vs. NHS SLT 118.67 (−834.29 to 1022.71) 0.012 (−0.017 to 0.042) 9889

Analysis from the broader societal perspective (including PSS costs)

 LSVT vs. no SLT (control) 1718.48 (490.00 to 3403.83) 0.008 (−0.020 to 0.040) 214,810

 NHS SLT vs. no SLT (control) 1001.20 (−183.49 to 2120.68) −0.005 (−0.039 to 0.026) Dominated

 LSVT vs. NHS SLT 531.12 (−555.82 to 1927.70) 0.012 (−0.017 to 0.042) 44,260

Vocal folds examination by an ENT consultant for LVST

 LSVT vs. no SLT (control) 1686.91 (1403.58 to 1967.04) 0.008 (−0.020 to 0.040) 210,864

 NHS SLT vs. no SLT (control) 650.13 (334.92 to 915.46) −0.005 (−0.039 to 0.026) Dominated

 LSVT vs. NHS SLT 1031.33 (745.82 to 1352.63) 0.012 (−0.017 to 0.042) 85,944

Complete case analysis

 LSVT vs. no SLT (control) 1487.34 (1175.47 to 1823.01) 0.019 (−0.015 to 0.051) 78,281

 NHS SLT vs. no SLT (control) 592.62 (300.05 to 919.79) 0.004 (−0.031 to 0.040) 148,155

 LSVT vs. NHS SLT 914.06 (591.50 to 1208.67) 0.014 (−0.020 to 0.048) 65,290

Per protocol – adherent

 LSVT vs. no SLT (control) 1674.30 (1382.17 to 2000.42) 0.030 (−0.018 to 0.076) 55,810

 NHS SLT vs. no SLT (control) 607.70 (308.19 to 901.47) −0.014 (−0.072 to 0.034) Dominated

 LSVT vs. NHS SLT 1065.62 (728.12 to 1404.41) 0.033 (−0.021 to 0.09) 32,291

CI, confidence interval; LSVT, Lee Silverman Voice Treatment; QALY, quality-adjusted life-year gained; SD, standard 
deviation; SLT, speech and language therapy.
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