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1. INTRODUCTION 
Parkinson’s disease (PD) is the second most common neurodegenerative disease, which affects at least 70,000 Australians and is increasing in occurrence with an aging population. Currently there is no cure and very few options to treat symptoms, with the exception of levodopa whose effects are temporary. It is proposed in this trial to test the effectiveness of photobiomodulation treatment (PBMt) to alleviate some of the symptoms of PD and improve quality of life. PBMt entails the delivery of non-thermal light (either laser or LED) as a therapy. PBMt has a proven track record to reduce pain, accelerate healing and reduce inflammation. More recently PBMt has undergone trials to assess its affect in the treatment of stroke, depression, traumatic brain injury and Alzheimer’s disease. The proposed Phase 1 trial follows on from two other completed trials using PBMt to treat the symptoms of PD; one in Brisbane and one in Adelaide.

2. BACKGROUND 
Parkinson’s Disease (PD) is the second most common neurological disease and refers to a progressive neurodegenerative disorder (i.e., degeneration of the nervous system).  Clinical manifestations in people with PD are altered muscle tone, bradykinesia (slowness of movement), choreatic movement (constant writhing), rigidity (increased muscle tone during movement), akinesia (difficult in initiating and stopping movement) and resting tremor (shaking movements). The prevalence of PD in Australia is approximately 70,000 with 32 new cases diagnosed every day resulting in a very substantial total economic cost to the Australian community of $9.9b per annum (Deloitte Access Economics, 2015). 

PD presents as a result of nerve cell loss in an area of the midbrain (the substantia nigra) (Calabresi et al, 2015).  In humans, it is estimated that when motor (movement) signs first appear and a diagnosis is possible, there is already a 27% loss of dopamine nerve cells. 

The cause of PD is unclear.  Some evidence suggests that it may be caused by exposure to a neurotoxin or defective genes.  Another hypothesis is associated with dysfunction of the powerhouse of the cell, the mitochondria.  It is within the mitochondria that cellular energy is created by the production of adenosine triphosphate (ATP).  ATP is the fuel for all cellular (including nerve) function.  Under certain conditions there can be a progressive accumulation of mutations in mitochondrial DNA that reduces mitochondrial efficiency and ATP yield.  This process leads to an increase in toxic elements (reactive oxygen species), generating oxidative stress and subsequent nerve degeneration (Calabresi et al, 2013; Fuhrer et al, 2014). 

The current medical treatment for PD is dopamine replacement drug therapy.  In some cases, more radical management, such as implantation of deep brain stimulation (DBS) can be offered (Calabresi et al., 2013).  Dopamine drug therapy (DDT) aims to replace the dopamine lost from the system, while DBS aims to introduce stimulation to basal ganglia pathways impaired by the loss of the dopamine. 

DDT, although effective in assisting communication between cells in the impaired mid brain (Calabresi et al., 2015) has many side effects, (more common in the medium term) that may cause alterations in other neural pathways (Ferrazzoli 2016).  Identifying alternative non-invasive methods of stimulating cellular activity in neurones within the impaired mid-brain may prove highly beneficial to people with PD. 

Physiotherapy has been established as an effective and complementary treatment for the management of PD regardless of medical interventions (Tomlinson et al., 2013).  The aim of physiotherapy is to offer strategies and improve strength and capacity for some of the impairments such as gait disturbances, reduced strength, coordination and balance responses, assist in movement initiation strategies and maintain dexterity and fine motor control.  Current physiotherapy, therefore, does much to improve the quality of life and functional capacity, however, it is unable to halt disease progression.

Photobiomodulation therapy (PBMt; also known as light therapy, low intensity laser therapy or low-level laser therapy) has been used in humans for a wide range of conditions such as musculoskeletal disorders, inflammatory conditions and neurogenesis.  PBMt is a safe, non-invasive, and non-thermal modality that is based on a substantial body of research dating back to the 1960s (Chung, 2012).  The mechanisms of action are proposed to involve the stimulation of mitochondria by the absorption of photons in cytochrome c oxidase, resulting in increased ATP production, leading to reduced oxidative stress, anti-inflammatory effects, improved cellular energy, increased synthesis of enzymes, and increased focal cerebral blood flow (Hamblin, 2016).  Most encouragingly, recent research has reported neuroprotection against brain cell degeneration, stimulated by PBMt in animal models of PD (Darlot et al, 2016; Johnstone et al 2014, Johnstone et al, 2015). 

To date, the basic science research, and anecdotal clinical evidence offer support for the benefits of PBMt in PD (Shaw et al 2012; Johnstone et al 2014, Johnstone et al, 2015; Darlot et al, 2016).  In a monkey model in which a Parkinson’s Disease state was induced by a neurotoxin, the application of PBMt reduced the signs of motor dysfunction as well as promoted neural protective responses and in some cases neuro-regeneration of impaired nerve cells (Darlot et al, 2016).  Further research, reports PBMt is well tolerated and may be valuable in improving sleep-wake cycles in patients with PD (Videnovic et al., 2017).  PBMt has also been shown to be safe in other brain-related conditions.  Studies have applied both transcranial (e.g., WARP-LED) or intracranial (e.g., optical fiber device) methods to deliver light therapy at power intensities ranging from 1–700 mW/cm2 and have reported no adverse effects on brain tissue structures and function (Moro et al, 2014; Hamblin, 2016; Saltmarche et al, 2017).  

In the helmet experiment (Stone and Mitrofanis, 2012) one of the researchers in our team (JM) analysed the survival of dopaminergic neurones in the mouse brain (substantia nigra pars compacta) and showed that body-only PBMt exposure is effective in protecting dopaminergic centres of the brain, although less protective than head-and-body radiation. The protective effect of PBM may therefore be mediated partially by a systemic or indirect effect, involving quite different mechanisms to those involved in the transcranial effect (as being measured in the Brisbane arm of the study). The site of PBMt application need to be assessed to understand where it may be best in future to apply the therapy to optimise treatment.

The applicability of PBMt, the positive animal study responses and the lack of side effects suggest that PBMt could provide a viable adjunct to current treatments for PD.  No study has yet explored this method of treatment in humans.  We propose to trial the PBMt in a series of case studies to best identify the type of application, the site of application and dose rate that may produce positive changes in clinical signs and functional capacity of people with PD. Given that abscopal effects (where treatment in one part of the body can influence remote sites) are known for PBMt, our research seeks to understand whether site of PBMt application influences clinical signs and functional capacity of people with PD, in the same way that dosing may do. Hence, a Brisbane arm of our parallel studies (with separate HREC application) will evaluate the effect of PBMt to the head of eligible participants with PD whilst the Sydney arm will evaluate the effect of PBMt on the abdomen and spine. The abdomen is a critical site due to recent evidence proposing a link between the gut and brain associated with PD (Pellegrini et al, 2015). The spine as part of the central nervous system is a key site of application due to its links with the brain. This HREC application is specific to the Sydney arm of our parallel studies.

Investigators in our team have already established the efficacy and safety of PBMt in animals (rodents and primates) using an invasive technique (Darlot et al, 2016).  Based on recent studies of transcranial PBMt in humans with traumatic brain injury, stroke and dementia, we know that it is not necessary to apply PBMt utilizing a surgical method.  We intend to use a non-invasive remote site approach in order to measure any abscopal effect. 

The Sydney proof-of-concept trial follows on from proof-of-concept trials which have been completed in Brisbane and Adelaide. The Brisbane trial was a randomised placebo trial using transcranial photobiomodulation and showed significant differences between the treated and placebo group. The Adelaide trial was a waiting-room design with transcranial, intranasal, cervical spine and abdominal photobiomodulation; results are still being analysed but look very encouraging, including potentially positive changes in the microbiome. The Sydney trial will be a case-matched trial and use abdominal and cervical spine photobiomodulation only. The Sydney trial will be conducted over a 12-week treatment period and will assess a number of outcome measures, including motor abilities, cognitive function, microbiome changes, cytokine levels and potential Parkinson’s disease marker changes, as well as self and carer assessments of wellness. The trial is to be conducted in two stages: an initial cohort will be assessed in September, to begin treatment in October. A further cohort will begin treatment in August 2021. The funding for the Sydney trial has been provided by the San Foundation and from private donors. Additional funding ($27,000) has been obtained to conduct the second stage of the trial. The results from all three trials will be used to argue for a large-scale, randomised, double-blinded trial.


The idea for this study emerged after a previous study evaluating the application of photobiomodulation in participants with PD was completed (approved by Griffith University HREC). Ethics approval for this study is being sought through the AHCL HREC. This study will be a simplified blinded placebo/sham-controlled trial with  the following sites: 
· Northshore Musculoskeletal and Laser Physiotherapy Clinic, Suite 6, 110-114 Hampden Rd, Artarmon, NSW.
· Photobiomodulation Clinic, Specialist and GP Centre, San Hospital, 185 Fox Valley Rd, Wahroonga, NSW
· Suite 211, the Tulloch building, San Hospital, 185 Fox Valley Rd, Wahroonga, NSW

The sponsor and the supplier of devices for this study will be SYMBYX Biome Pty Ltd, 2/50 Yeo Street, Neutral Bay, NSW 2089
3. AIM OF STUDY
The main aim of the trial is to intervene in with photobiomodulation, delivered via LED, to determine the efficacy of using this modality to treat the symptoms of Parkinson’s disease and determine if symptoms of Parkinson’s disease are able to be modified to improve quality of life outcomes.

4. OBJECTIVES 
1. to determine the effect of PBMt over a 12-week period on a variety of fine and course motor symptoms
2. to determine the effect of PBMt over a 12-week period, on a cognitive function, including social cognition 
3. to determine the effect of PBMt over a 12-week period, on the composition of the intestinal and oral microbiome

5. HYPOTHESIS 
5a. Primary Hypothesis: PBMt will have no adverse effects on PD participants
5b. Secondary Hypothesis: PBMt will reduce the symptoms of PD 
5c. Tertiary Hypotheses: PBMt will alter the microbiome

6. STUDY DESIGN 

Stage 2
Blinded, placebo/sham-controlled trial consisting of 40 participants. Group 1 (20 participants) will be
participants with Parkinson’s disease receiving treatment and Group 2 (20 participants) will be a placebo/sham-control group receiving no treatment. All groups will begin intervention in
August 2021. Treatment will consist of PBMt to the head and nose (either active or
placebo treatment), 3 times per week for 12 weeks. Outcome measures to be collected by Specialist
Examiners and the Physiotherapists.


7. STUDY SETTING/LOCATION
· Northshore Musculoskeletal and Laser Physiotherapy Clinic, Suite 6, 110-114 Hampden Rd, Artarmon, NSW.
· Photobiomodulation Clinic, Specialist and GP Centre, San Hospital, 185 Fox Valley Rd, Wahroonga, NSW
· Suite 211, the Tulloch building, San Hospital, 185 Fox Valley Rd, Wahroonga, NSW



8. STUDY POPULATION 
Two groups of participants will be recruited: 20 participants with PD receiving active intervention (Group 1) and 20 participants with PD receiving sham/placebo intervention (Group 2)

8a. Inclusion criteria 
· Females and males aged 60–85 years 
· Diagnosed with Idiopathic PD (by UK Brain Bank Criteria) with Modified Hoehn & Yahr (H&Y) Stage I-III during ON periods
· ≥3weeks of stable anti-Parkinson’s Disease medication.


8b. Exclusion criteria 
Patients will be excluded from the study, if they: 
· Are not capable of self-care
· Have a cognitive impairment with Montreal Cognitive Assessment (MOCA) score of <24
· History of significant psychotic episode(s) within the previous 12 months
· History of suicidal ideation or attempted suicide within previous 12 months.
· Take potentially photosensitizing medication, especially imipramine, hypericum, phenothiazine, lithium, chloroquine, hydrochlorothiazide, or tetracycline 
· have a history of structural brain disease, active epilepsy, stroke or acute illness, factors affecting gait performance and stance such as severe joint disease, orthopaedic injuries, weakness, peripheral neuropathy with proprioceptive deficits, severe peripheral vascular occlusive disease, severe musculoskeletal disorders, uncorrected vision, vestibular problems or other severe conditions that would: 
· preclude the use of PBM therapy
· place the patient at risk during evaluation of their PD, or
· interfere with the evaluation of their PD
· have cardiac disease
· Patients who are currently participating in other trials regarding the treatment of PD, such as advanced therapies (Duodopa, Apomorphine, DBS).

8c. Sample size
· Group 1 - 20 participants
· Group 2 - 20 participants


9. STUDY COHORT
· Groups 1 participants with PD receiving active intervention.
· Groups 2 participants with PD receiving sham/placebo intervention.

10. RECRUITMENT STRATEGY 
Potential participants will be recruited from specialised private clinics and neurologists at the Sydney Adventist Hospital through paper advertisements, TV news articles and referrals from specialist clinicians.
11. STUDY OUTCOMES
10a. Primary Outcome: Improved quality of life
10b. Secondary Outcomes:
· Course motor control (up-and-go test; timed walk; step test)
· Fine motor control (spiral test; 9-hole peg test; writing task)
· Balance (static; tandem)
· Cognition (Montreal Cognitive Assessment)
· Self-assessment (PDQ39 questionnaire; PDSS sleep scale)
· Carer diary of daily living
· Smell identification test

12. STUDY PROCEDURES 
11a. Study procedure 

The PBMt intervention will consist of 6 treatment sessions per week for 12 weeks (Groups 1). Participants in the active treatment group will receive transcranial light treatment with a PDNeuro LED helmet device (parameters given in Appendix 1). The treatment areas are 20 points (154.5 joules total energy). The treatment time is 24 minutes. Participants in the placebo/sham group (Group 2) will receive the same apparent treatment as Group 1, except that they will be “treated” with sham transcranial LED devices that delivers no light.

Outcome measures

Group 1 and 2: Outcome measures will be performed at the commencement of the trial before intervention (baseline, week-0), after 4 weeks of treatment, and at the end of the trial (12 weeks of treatment), and at 6-months (3-months of zero intervention wash out). In addition to the physiognomy measurements (weight, girth), motor coordination, balance, cognition, social cognition, smell test, carer diary and self-assessment outcome measures, participants will also be asked to provide faecal and saliva samples (for microbiome analysis) on 2 occasions; 3 samples before treatment begins and 3 samples at the end of the treatment period (12 weeks).



12b. Measurement tools used 
· Demographic data
· Physiognomic measurement (height and weight)
· Step test (Appendix 2)
· 10 meter walk test (Appendix 2)
· Spiral test (Appendix 2)
· Montreal Cognitive Assessment (MoCA) test (Appendix 3)
· Timed up-and-go (TUG) (Appendix 2)
· Hand-writing assessment
· PDQ-39 questionnaire (Appendix 4)
· Parkinson’s disease sleep scale (PDSS) questionnaire (Appendix 5)
· Carer diary of daily activities (Appendix 7)
· Smell Identification test



12c. Safety considerations/Patient safety 
PBMt is considered a safe treatment. In over 50 years of research on the effects of PBM, there have been no published results of harm when used within the correct dose window. Dosing protocols for the PD trial have been based on both clinical experience by members of the research team (LL, AL) and others (Videnovic et al., 2017), as well as results of PBMt studies in primates and mice (Darlot et al, 2016). No side-effects of PBMt or safety concerns using PBMt, have been reported in either of the two previous arms of the PD trial performed in Brisbane and Adelaide.
 
13. DATA ANALYSIS
13a. Outcome measurements
Baseline data for all outcome measures collected before the beginning of treatment will form the reference point for analyses. 

13b. Statistical analysis
As a series of N=1 studies, it is anticipated that only basic statistical analysis will be performed. For each outcome measure, descriptive data (mean, standard deviation) will be calculated. From this data, “minimally important difference” (MID) scores will be computed based on ½ SD of each measure. This is a common MID measure (Norman et al, 2003) based on the distribution of the participant scores at baseline and provides a sensitive indicator of significant change over time for N=1 case studies. As such, it does not suffer from a lack of statistical power that would be evident with more traditional ANOVA approaches with small sample sizes. The number of participants showing improvement (i.e., difference between two time points > MID) can be compared between time points with chi-square analyses.

14. ETHICAL CONSIDERATIONS (including consent process)
Screening for eligible participation in the trial will take place by phone if a patient contacts the trial site for further information and before written consent. Further screening may be necessary at the first appointment. Prior to a patient’s arrival at the clinic, standardised forms are sent to patients for completion in preparation for the initial physiotherapy assessment. For the purposes of this study, in addition to these forms, two Participant Information Sheets will be sent to the patient; one for them and one for their nominated carer (e.g., spouse). This will inform the potential participants of the Parkinson’s Disease Research project at North Shore Physiotherapy and invite them to read the enclosed information sheet. If patients wish to learn more information, the information sheet will direct them to contact the administrative team at North Shore Physiotherapy and the SAN hospital prior to their appointment. Should a patient indicate an interest in participating, the Principal Coordinating Investigator will contact the patient by phone, answer any questions and further explain the project and determine eligibility to participate in the project. Patients with Parkinson’s Disease as well as their nominated carer will be asked to re-read the Participant Information Sheet and bring the consent form for signing to their first appointment.
A potential participant will have time to consider participation in the trial between receipt of the Participant Information Sheet, the telephone discussion with the Principal Coordinating Investigator and the first appointment. The length of this period can be up to four weeks before an appointment time becomes available.
Participants in Group 2 (sham/placebo treatment) will be offered active light treatment with the active light devices at the conclusion of the 12-week study free of charge.
14a. Maintenance of records, retention and storage of data 
Only the investigators named on the front of the participant information and consent document will have access to the research records, other than the participants.
Participants with PD will have access to their own data and to diary data only and on request. Participant carers will only have access to their diary data on request. There will be no cross-over of access by participants to any other data.
The research records will be stored in a secure place without reference to participant names. They will be coded to de-identify participants, and these codes will be used throughout the analysis of the results to ensure that the researchers are the only people who could match results with participant names. The data will be stored on an excel spreadsheet with a passcode to the data set, with a copy on an external hard drive.  Only the CPI and CIs on this project will have access to the excel data sheet.  Once the study is complete, all information that could be identifiable will be destroyed, and only the coded (de-identified) data will be kept for the period required by the HREC. The information and consent forms will be stored in a locked filing cabinet at San Hospital for 15 years.
15. OUTCOMES AND SIGNIFICANCE
The results of this study (will inform the researchers as to which dose and site of application, if any, influences outcome measures for people with Parkinson’s Disease.  This information will provide the foundation dose methodology for a larger placebo-controlled trial for this patient population as well as information required to adequately power a larger trial.  

16. Anticipated Publication/Presentation
De-identified results will be presented at conferences and in publications.  It is anticipated that at least 4 publications can be produced from the data generated from the PD trials.

17. CONTINGENCY PLAN
In the event that the currently proposed protocol is unable to proceed due to uncontrollable and/or unforeseen restrictions or regulations (such as those imposed by government or global bodies e.g., COVID-19 pandemic lockdown restrictions) that directly or indirectly affect:

a) The study site(s).
b) The participant’s ability to participate in the currently proposed study protocol.
c) The researcher’s ability to conduct the currently proposed study protocol.

Several changes constituting a new contingency protocol will be formulated and implemented to adhere to such restrictions/regulations (See Appendix 8.). A layman’s version of the contingency protocol will also be included as part of the PICF and handed to participants as part of the recruitment and consent process, including a separate clause to indicate that participants have received, read, and understood the contingency protocol. Information about recruitment for the study will be advertised on public media platforms, with contact details available for interested potential participants to contact the research team directly.
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Appendix 1

PDNeuro (LED) Primary Specifications: 

· PDNeuro Helmet LED 
· LED positions: Transcranial - 20 LED locations, each containing 1 x infra-red (IR) 810nm LED and 1x red 660nm LED; nasal – 1 x IR 810nm LED.
· Average power output: 660nm LEDs 71.2 mW; 810nm transcranial LEDs 103.4 mW; 810nm nasal LED 20mW.
· Duty cycle: 50% all diodes  
· Treatment time: 660nm LEDs 12 minutes; 810nm transcranial LEDs 12 minutes; 810nm nasal LED 24 minutes.
· Total light energy delivered: 660nm LEDs 51.3 joules; 810nm transcranial LEDs 74.4 joules; 810nm nasal LED 28.8 joules; TOTAL = 154.5
· pulse frequency: all diodes 40Hz.

Appendix 2
9-hole peg board test:
Instructions and demo video for this can be found at:
https://www.physio-pedia.com/Nine-Hole_Peg_Test

Step Test:
Participants will place their foot up and back down on a standard height step (10cm) as many times as possible in 30 seconds. Both legs will be tested.

TUG (timed up-and-go):
Participants will be instructed to stand up from a chair, walk 3 meters (previously marked on the floor), turn around, return and sit down again. A standard chair 45 cm in height with arm supports at a height of 65 cm (using the floor as a reference) will be used. At the verbal command “Are you ready? Go” the participant will start the test. Time will be counted from the moment when the volunteer’s trunk no longer touches the back of the chair, to the point when the volunteer’s trunk returns to leaning against the back of the same chair. Time in seconds will be used for analysis. The TUG test will be performed three times: once normally, once carrying a cup of water (motor TUG) and once counting backwards in 2 from 100 (cognitive TUG). Instructions and video demo at:
https://www.physio-pedia.com/Timed_Up_and_Go_Test_(TUG)

10m walk test:
Participants will be instructed to walk at a pace closest to their habitual gait speed over a 10 meter distance, with time measured to travel the middle 8 meters to account for acceleration and deceleration. The variables of gait cycle that will be analyzed are: gait speed (m/s), cadence (steps/min), stride time (s), step length (cm), base of support (cm), single support (% of the gait cycle), and double support (% of the gait cycle). 
Instructions and demo video at:
https://www.physio-pedia.com/10_Metre_Walk_Test

Static and dynamic balance:
The Mini Balance Evaluation Systems Test (Mini-BESTest) is a 14-item clinical test used to measure four components of balance control: anticipatory postural adjustments (sit to stand, rise to toes, stand on 1 leg), postural responses (stepping in four different directions), sensory orientation (stance – eyes open; foam surface – eyes closed; incline – eyes closed) and dynamic balance during gait (gait during change speed, head turns, pivot turns, obstacles; cognitive “get up and go” with dual task). Each item is scored from 0 (unable or requiring help) to 2 (normal), and the maximum score is 28 points.
Spiral drawing test
This is a pen-and-paper test. Publication embedded:
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Appendix 8

Contingency protocol

In the event that the currently proposed protocol is unable to proceed due to uncontrollable and/or unforeseen restrictions or regulations, the following changes will be implemented to the existing protocol constituting a new contingency protocol.

1. Study design

a) Treatment will consist of home-based (in the participant’s own home) PBMt to the head and nose (either active or placebo treatment), 6 daily treatments per week for 12 weeks. Outcome measures to be supervised and data collected via the use of video link by Specialist Examiners and the Physiotherapists.

2. Study setting/location

a) Study location for both treatment outcome measures assessments will be changed to the participant’s own home.

3. Inclusion criteria

a) In addition to the inclusion criteria already stipulated, eligible participants will require:

- Sufficient space (around 9 m2) to be able to perform motor assessments.

- Stable and sufficiently fast home-based internet connection for uninterrupted video calls and video conferencing.

- Knowledge (self or carer) of using a phone and/or tablet applications on either IOS or Android platforms.
4. Study procedure

a) In the absence of researcher/specialist-directed intervention, to ensure blinding of participants from group allocations and to reduce the change of participants inadvertently realising that they are in the sham, participants will be informed that there are 3 groups rather than 2 (Group 1: receiving red and infra-red light; Group 2: receiving infra-red light only; Group 3: receiving sham). In fact, there will remain to be 2 groups (Group 1: receiving red and infra-red light; Group 2: receiving sham).

5. Outcome measures

a) Outcome measures will be reduced to safety and UPDRS as the primary outcome measures and timed up-and-go, PDQ-39, PD sleep scale, MoCA and smell test as secondary outcome measures. Assessments will be performed at the commencement of the trial before intervention (baseline), at the end of the trial (12-weeks of treatment), and at 6-months (3-months of zero intervention wash out or 3 month active treatment for the original sham group, if they elect to switch to active treatment).

b) All outcome measures will be conducted and recorded using a combination of self-reported assessment, visual assessment via video link with a specialist examiner (during live video or pre-recording by the participant).


6. Consent process

a) All previous in-person appointments during the consent process will now be conducted via video-link. For example:

- Should a patient indicate an interest in participating in the study, the Principal Coordinating Investigator will contact the patient by phone or video link to answer any questions or to further explain the project and determine eligibility to participate in the project.

- Patients and nominated carers will then be asked to re-read the Information Sheet and deliver the consent form electronically for live countersigning during their first video-link appointment.

7. Additional screening, selection and other considerations

a) In addition to the assessment of inclusion criteria and screening protocols being conducted via video telehealth communication, potential risk factors including falls risk, and cardiac comorbidities will be assessed live by qualified nominated geriatrician and cardiologist. 

b) Additional exclusion criteria will include evidence of severe and unstable dysautonomia, recent cardiac surgeries (in the past 3-months), unstable arrhythmias (for a duration of 3-months), evidence of cardiac dysautonomia.

c) As an added duty of care, extra time will be taken to ensure that the overall speed and pace of any conversations between the research team and participant during screening and outcome measures assessments are suitable to account for the absence of in-clinic and personal supervision. 

d) In addition to the original recruitment strategy, we will also employ public media platforms to present information regarding our study. 
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Validity of Spiral Analysis in Early Parkinson’s Disease
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Abstract: Spiral analysis is an objective, easy to administer
noninvasive test that has been proposed to measure motor
dysfunction in Parkinson disease (PD). We compared overall
Unified Parkinson Disease Rating Scale Part III scores to
selected indices derived from spiral analysis in seventy-four
patients with early PD (mean duration of disease 2.4 � 1.7
years, mean age 61.5 � 9.7 years). Of the spiral indices, degree
of severity, first order zero crossing, second order smoothness,
and mean speed were best correlated with total motor Unified
Parkinson’s Disease Rating Scale (UPDRS) score (all P �
0.01), and these indices showed a gradient across worsening
tertiles of UPDRS (P � 0.05). Spiral indices also correlated


with UPDRS ratings for the worst side and worst arm scores as
well. The domains of bradykinesia, rigidity, and action tremor
were correlated with first order crossing, second order smooth-
ness, and mean speed, where as rest tremor was most highly
correlated with degree of severity. This suggests that the spiral
analysis may supplement motor assessment in PD, although
further analysis of spiral metrics, a larger sample and longitu-
dinal data should be evaluated. © 2007 Movement Disorder
Society


Key words: Parkinson disease; kinematics; upper limb; mo-
tor control; spiral analysis.


Parkinson’s disease (PD) is characterized by the clin-
ical hallmarks of bradykinesia, resting tremor, rigidity
and loss of postural reflexes.1 The Unified Parkinson’s
Disease Rating Scale (UPDRS) captures these features,2


and when performed by a trained movement disorder
specialist, is a reliable measure of disease severity.3-6 The
UPDRS also correlates with loss of fluorodopa uptake in
studies of functional neuroimaging.7,8 However, the UP-
DRS is highly examiner-dependent, and less reliable
with nonmovement trained neurologists.9


Objective, easy to administer, noninvasive quantita-
tive measures which assess motor function might im-
prove the detection of early PD as well as the measure-


ment of disease severity and progression both in clinical
trials and clinical practice. A validated kinematic test
which quantifies motor function might provide objective,
reproducible metrics amenable to statistical analysis in
research. Further, few such methods exist to evaluate
motor function in PD patients in the clinical setting.


Spiral analysis is a noninvasive system of quantifying
motor function based on kinematic and physiologic fea-
tures derived from handwritten spirals. Spiral analysis
provides computer-generated measures of force, speed,
time, tightness and uniformity of the spiral to record
position, force, and time measurements. The test is based
on “unraveling” the two-dimensional drawn spiral pic-
ture into a data series that captures its original kinematic
information and allows for further computational manip-
ulations and clinical correlations. Spiral data are col-
lected in the x, y, and pressure axes providing virtual
“tri-axial” recordings.10-12


Spiral analysis thus may be used an objective method
of evaluating PD severity, extracting detailed motor fea-
tures from the standard clinical spiral drawing task. An
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objective measure of motor performance in PD should
correlate with disease severity as measured by the UP-
DRS, though modest correlations are to be expected
given the differences between clinical rating scales and
computer generated motor measurements. Correlations
may be attenuated if spiral analysis captures and quan-
tifies clinically relevant aspects of motor function not
measured on the UPDRS. The purpose of this article is to
assess the validity of spiral analysis in measuring PD
severity in the early stages of disease, by evaluating its
cross-sectional association with overall motor UPDRS,
as well as subscores for bradykinesia, rigidity, and
tremor.


PATIENTS AND METHODS


Seventy-four patients met criteria for the diagnosis of
probable PD,13 and were enrolled in a longitudinal ob-
servational study of early PD, defined as disease duration
of 7 years or less. Subjects were rated using the UPDRS
version 3.0, Part III2 by neurologists trained in move-
ment disorders, and blinded to spiral performance. The
clinician also rated the worse affected side using best
clinical judgment. For those subjects on levodopa, spirals
were performed in the “on” stage. Spiral data were
collected by two research coordinators who were blinded
to UPDRS scores. The study was conducted in accor-
dance with the Beth Israel Institutional Review Board
and all participants gave informed written consent.


UPDRS Subscores


Total motor UPDRS included the total sum of scores
for the UPDRS Part III (Items 28–31).2 A global score
for rest tremor was derived by summing the following
five items: tremor at rest of all four limbs and face (20).
Action tremor score was derived from summation of
action or postural tremor (21) of both arms. A global
rigidity score was determined from the sum of the rigid-
ity scores (22) for the neck and all four limbs. A global
measure of bradykinesia was computed as the sum of the
following items: finger taps (23), hand movements (24),
and rapid alternating movements (25) for both hands; leg
agility (26) for each leg; and body bradykinesia and
hypokinesia (31). A total arm bradykinesia measure was
also calculated (23, 24, 25). Worse side scores included
only those scores that reflected laterality (e.g., not overall
bradykinesia for worse side bradykinesia), and the worse
arm score included only those scores which pertained to
arm function (20–25).


Spiral Collection


Handwritten spirals were acquired using a digitizing
tablet (Intuos 2, Wacom Technology, Vancouver, WA)


connected to a microcomputer using proprietary software
written in C��.10 Data were collected in the x-y plane,
and in the pressure axis, providing virtual “tri-axial”
acquisition. Subjects were seated comfortably and in-
structed to start in the center of a 10 � 10 cm box on an
8.5 � 11 inch white paper and freely draw a spiral of any
size within the box. An inked writing pen (not a non-
marking computer mouse equivalent) was held in a nor-
mal fashion without constraints to allow for full visual
feedback. Ten spirals were collected from each hand, and
all tracings were monitored on-line for error control.
Acquired spiral data were used to calculate the mean
degree of severity scores and indices, without outliers
removed, for each subject.


Spiral Analysis


Critical features of spiral execution were expressed as
mathematical indices developed using Matlab (The Math
Works, Natick, MA), as previously described.10 Briefly,
quantification of the spirals was based on the radius-
angle transformations of the two-dimensional spiral pic-
tures that captured the original clinical information
(shape, kinematics, dynamics) and allowed for further
computations of motor control (see Fig. 1). A matrix of
�50 indices relating to spiral execution including shape,
loop tightness, tremors, speed, and writing dynamics
were calculated from the transformations.


For this study, we investigated the degree of severity
and a subset of indices found to be abnormal in
PD.11,14,15 These included four measures of spatial irreg-
ularity (first and second order smoothness, first and sec-
ond order zero crossing, and tightness), spiral hemi-
pressure, tightness, and drawing speed. Degree of
severity provided an overall score of a spiral execution,
and was intended as the computerized equivalent to the
standard 5-point 0 to 4 clinical rating of a two dimen-
sional Archimedes spiral. It was derived using neural
network methods and regression analyses comparing
computer indices against ratings by blinded movement
disorder neurologists assessing spirals on a 0 to 4 scale
from normal control and patient spirals.10 First order
smoothness characterized imperfections in spiral draw-
ing by assessing overall deviation from the ideal spiral
shape. Second order smoothness, the first derivative of
this value, reflected the rate at which the irregularity
changes. Second order zero crossing measured the fre-
quency with which the unraveled spiral transform
crossed its own mean, and was another indicator of spiral
irregularity.10


Tremor was assessed quantifying the number of spiral
trials with tremor in the x, y, or pressure axes, averaging
tremor frequencies, amplitudes, and axes in the x-y
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plane. Mean spiral drawing speed was the determined by
averaging the speeds of all adjacent pairs of x, y points
over the entire spiral. The speed at each spiral point was
calculated as the square root of the sum of the squares of
consecutive x, y coordinates over the time difference
between points. Tremors had little or no effect on mean
spiral speeds because oscillations orthogonal to the spiral
line averaged out to the spiral mean. Tightness was calcu-
lated as the width between consecutive loops of the spiral,
standardized against a reference of five loops per 10 cm
based on control data. Hemipressure was calculated as the
ratio of the mean value of all pressure data points from the
right half compared to the left half of each spiral.


Statistical Methods


To characterize the study population, means and fre-
quencies of demographic variables, UPDRS, and spiral


indices were examined. To evaluate the association of
spiral analysis with motor scores, correlations of spiral
indices with the UPDRS and its subscales were assessed
using the Spearman rank correlation coefficient. Because
a number of correlations were examined, these were
evaluated at the P � 0.01 level. Spiral indices with
correlation coefficients �0.3, and which were indepen-
dent or had inherent biological meaning (e.g., speed),
were selected to test in the overall models. These indices
included speed, second order smoothness, and first order
crossing. Degree of severity was also included as this has
previously been demonstrated to be associated with PD
severity.16


The k-sample Kruskal-Wallis test was used to deter-
mine whether spiral indices varied across tertiles of the
total UPDRS motor score. To determine whether the


FIG. 1. Schematic and Parkinson’s spiral. (A) Ideal Spiral. (B). Parkinson’s Spiral. *Radius-angle transformations were the mathematical equivalents
of “unraveling” the spirals; the original two-dimensional (x, y) coordinates expressed in terms of (r,�) coordinates.
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observed associations were independent of age and du-
ration of PD, linear regression models were tested in
which UPDRS score was the dependent variable, spiral
indices were independent variables, and age was in-
cluded as a covariate. Analyses were conducted using the
Statistical Analysis System SAS version 9.1 (SAS Insti-
tute, Cary, NC).


RESULTS


Characteristics of the 74 patients are summarized in
Table 1. Of the spiral indices examined, the four with the


most prominent correlations with UPDRS were first or-
der crossing, second order smoothness, mean speed, and
degree of severity. Each demonstrated statistically sig-
nificant (P � 0.01) correlations of 0.3 or above on at
least one portion of the UPDRS.


All four of the spiral indices were independently as-
sociated with total motor score on the UPDRS and with
total UPDRS for the worst side and for the worst arm,
summarized in Table 2. For speed, the associations with
UPDRS were inverse. The correlations of spiral indices
with UPDRS were similar for the total motor score and


TABLE 1. Clinical features of study participants


A. Demographic features of study sample by PD severity


All subjects (n � 74) Less severe* More severe*


Age at testing, mean years (SD) 63.9 (9.64) 63.1 (9.7) 64.7 (9.7)
Age at diagnosis, mean years (SD) 61.5 (9.7) 60.7 (9.8) 62.4 (9.7)
Duration of disease, mean years (SD) 2.4 (1.7) 2.3 (2.0) 2.4 (1.4)
Male, n (%) 38 (51.3) 21 (55.3) 15 (41.7)
Right handed, n (%) 62 (83.8) 30 (78.9) 32 (88.9)
Right side, worst affected, n (%) 40 (54.0) 22 (57.9) 18 (50.0)


B. Overall UPDRS scores


Mean SD Range


Total motor UPDRS 10.9 6.3 3–33
Total worst side 5.5 3.0 1.5–16
Total worst arm 4.2 2.3 0.5–12
Total arm Bradykinesia 2.9 2.1 0–10
Total rigidity 2.5 2.1 0–9.5
Total rest tremor 1.3 1.8 0–8.5
Total action tremor 0.91 0.89 0–3.5


*Median total motor score�9.0. For comparison of total motor score groups, all P � 0.10. Less
severe: motor � 9.0, n � 38; more severe: Motor � 9.0, n � 36.


TABLE 2. Spearman correlation coefficients for spiral variables with UPDRS subscales,
r (P-values)


UPDRS scale


Spiral variable


1st order crossing 2nd order smoothness mean speed DOS


Total motor 0.42 (0.0002) 0.41 (0.0003) 0.41 (0.0002) 0.29 (0.01)
Total worst side 0.39 (0.0006) 0.42 (0.0002) 0.38 (0.0007) 0.37 (0.001)
Total Worst arm 0.39 (0.0006) 0.44 (�0.0001) 0.39 (0.0006 0.42 (0.0002)
Bradykinesia


Total arm 0.27 (0.02) 0.30 (0.01) 028 (0.02) 0.21 (0.07)
Total worst arm 0.23 (0.05) 0.28 (0.02) 0.34 (0.003) 0.21 (0.08)
Total worst side 0.23 (0.04) 0.32 (0.006) 0.29 (0.01) 0.22 (0.06)


Rigidity
Total 0.04 (0.70) 0.22 (0.06) 0.25 (0.03) 0.15 (0.20)
Worst side 0.01 (0.90) 0.23 (0.05) 0.29 (0.01) 0.12 (0.30)
Worst arm 0.05 (0.70) 0.30 (0.01) 0.31 (0.008) 0.15 (0.20)


Rest tremor
Total 0.10 (0.40) 0.15 (0.19) 0.09 (0.42) 0.27 (0.09)
Worst side 0.12 (0.32) 0.18 (0.13) 0.13 (0.26) 0.31 (0.007)
Worst hand 0.16 (0.16) 0.23 (0.05) 0.16 (.16) 0.38 (0.0008)


Action tremor
Total 0.40 (0.0004) 0.33 (0.004) 0.24 (0.04) 0.27 (90.02)
Worst hand 0.30 (0.008) 0.36 (0.002) 0.18 (0.11) 0.30 (0.009)
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for the UPDRS subscale specific to the worse affected
side and for the worse arm. First order crossing and
second order smoothness were each significantly corre-
lated with UPDRS subscales pertaining to bradykinesia,
while mean speed was inversely associated. Degree of
severity was not correlated significantly with bradykine-
sia subscales. Second order smoothness was positively
and mean speed was negatively correlated with indices
of rigidity, while degree of severity and first order cross-
ing did not show significant correlations. The correla-
tions of spiral indices with UPDRS subscales for rest
tremor did not show a consistent pattern. The only sig-
nificant correlations were for rest tremor in the worse
hand with degree of severity and second order smooth-
ness. In contrast, each of the spiral indices showed sig-
nificant associations with UPDRS subscales for action
tremor.


Figure 2 shows the median values for spiral indices
by tertile of UPDRS total motor score. For each index,
there is a graded association across tertiles of this
summary motor score (Kruskal-Wallis P � 0.01 for
first order crossing, second order smoothness, and
mean speed, P � 0.05 for degree of severity). Linear
regression models adjusting for age and duration of
PD at the time of spiral indicated that correlations of
spiral indices with UPDRS scores were independent of
these covariates. Neither age nor duration of disease
was a significant predictor, and neither covariate sub-
stantially affected the relation between UPDRS and
spiral index (data not shown).


DISCUSSION


Spiral drawing is a standard neurologic test that is
commonly performed but rarely quantified. Spiral anal-
ysis is a computerized method of analyzing kinematic
behavior of the upper limb based on spiral drawing on a
digitizing tablet that provides objective and reliable in-
dices of motor function in a short and easy to administer
test.10 In this study, we demonstrate that certain spiral
indices correlate with the motor UPDRS scores, and
suggest that spiral analysis may serve as a supplement to
the UPDRS.


Handwritten spirals have been used clinically to eval-
uate movement disorders and specifically have been ap-
plied to study writing speed and tremor subjectively17-19


and objectively.20 Other handwriting studies using a dig-
itizing tablet have demonstrated an association between
severity of Parkinsonism, letter size and time to perform
the task, but did not specifically demonstrate a relation-
ship between the letter parameter and UPDRS score.21


Spiral analysis using a digitizing tablet has been used to
correlate with dyskinesia in advanced patients with se-
vere UPDRS scores.22 To our knowledge, this is the first
study utilizing spiral analysis in a cohort of early treated
PD patients and directly demonstrating an association
with the UPDRS rating scale in this group.


Several spiral analysis indices, particularly second or-
der smoothness, degree of severity, and mean speed
correlate with all subscales in the domain. There is a
greater correlation, in order of magnitude, with the arm


FIG. 2. Spiral analysis indices by tertiles of UPDRS. *P � 0.05, **P � 0.01 using Kruskal-Wallis test; Lowest UPDRS tertile corresponds to the
mildest disease and highest to worst disease in early PD group.
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then the side then the whole body. This would be ex-
pected as the spiral is drawn with the hand. The signif-
icant association with total motor UPDRS scores in pa-
tients with early PD suggests that spiral analysis may
provide valid measures not only of the upper arm motor
but overall motor function in early PD. As the spiral is a
psychometric task, it may indeed be measuring subcor-
tical or cortical circuits which express as parkinsonian
features in parts of the body other than the arm. How-
ever, this may be due, in part, to arm scores generally
driving the total UPDRS, strengthening the correlations
between spiral drawing and total UPDRS.


Furthermore, individual spiral indices correlate with
domain subscores suggesting that spiral analysis may be
useful even if single domains are tested. It is of interest
that different spiral indices correlate better with some
domains than others. Second order smoothness, which
measures deviation from the ideal spiral shape, correlates
with bradykinesia, rigidity, and action tremor but not rest
tremor. Mean speed is associated with rigidity, bradyki-
nesia, and action tremor, but not rest tremor. First order
crossing correlates with bradykinesia and action tremor
but not rigidity or rest tremor. It is of interest that rest
tremor was not highly correlated with most of the spiral
indices except for degree of severity, a measure that
indirectly incorporated tremor when it was developed
with computer-derived scales based on expert physician
assessments.


Despite that the UPDRS shows excellent reliability
among trained movement disorder experts, physicians in
training and general neurologists do not perform the
UPDRS as reliably.9 Furthermore, some spiral indices
relate to complex issues in motor control or to clinical
measures such as rigidity, which cannot be rated from a
videotape. Therefore, objective measures are valuable
both to assist nonmovement disorder neurologists and
provide accurate, measures of difficult to quantify clini-
cal dysfunction such as rigidity. Computerized spiral
analysis results cannot replace clinical measures such as
rigidity, but they correlate well with UPDRS counter-
parts to provide objective measures to supplement the
clinical exam.


The UPDRS was selected as the external referent
because it is a widely used, well validated measure of
motor function in PD, making it an excellent proxy for
severity of PD.23 Though it is the best available external
referent, like all clinical rating scales it is not a perfect
measure. Because the UPDRS is based on a 5-point
(0–4) ordinal scale changes of less than a full point
between adjacent scores are difficult to measure. Further,
like other clinical rating scales, the UPDRS is an ordinal
and not a ratio scale; thus a 1-point difference from 0 to


1 and from 2 to 3 may not reflect changes of equivalent
magnitude within a domain or across the domains com-
bined to generate summary scores. Finally, the excellent
test retest reliability in untreated early and more ad-
vanced treated disease,3,6,24 has not been evaluated in
early treated disease.


Spiral indices were significantly correlated with total
motor UPDRS scores and domain scores indicating that
these measures capture important aspects of motor func-
tion in early PD. The magnitude of the association may
appear modest, with Spearman correlation coefficients
ranging from 0.29 to 0.44. Given that we are examining
the relationship between a clinical rating scale and quan-
titative analysis of motor function, two very different
kinds of measurement, these apparently modest correla-
tions are very good. Several factors are likely to contrib-
ute to these modest correlations. First, measurement er-
ror or unreliability in either the UPDRS or the spiral
analysis or both will attenuate the measured association
between them. Second, the UPDRS may measure impor-
tant aspects of PD (true score variance) not captured by
spiral analysis. Finally, the spiral analysis may capture
important aspects of motor function in PD not captured
by the UPDRS. To identify true score variance captured
by one measure or another each of them must be assessed
against an external referent such as neuroimaging, mea-
sures of clinical course, treatment effect, or functional
status. This has been evaluated for the UPDRS,23,25-27 but
not for spiral analysis.


Spiral analysis is a continuous, linear measure that
may supplement the UPDRS by providing data on small
changes, which would be particularly useful in early PD
when the overall UPDRS scores may be small. It is
important to assess objective metrics that perform simi-
larly to the motor portion of the UPDRS and also have
the potential to quantify mild disability and intermediate
points in disease progression. It is therefore possible that
some of the uncorrelated variance with spirals represents
true score variance of severity of PD that is captured by
the spiral but not by the UPDRS.


Our study demonstrates that spiral analysis is a non-
invasive neurophysiologic test that correlates with the
UPDRS, and may be useful in the assessment of severity
of parkinsonian signs. We found that spiral analysis may
provide objective measures of otherwise potentially dif-
ficult to assess clinical scales such as of rigidity.28,29


Additional research, including clinimetric studies of the
reliability of spiral analysis in PD patients and of the
indices themselves, as well as study with larger sample
followed longitudinally, are necessary to confirm the
progressive worsening in spiral performance within in-
dividuals, and to further assess the utility of this measure.
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Page 3 of 12 Questionnaires for patient completion



Please complete the following



Please tick one box for each question



Due to having Parkinson’s disease,
how often during the last month
have you.... Never     Occasionally     Sometimes           Often         Always



1 Had difficulty doing
the leisure activities which
you would like to do?



2 Had difficulty looking after
your home, e.g. DIY,
housework, cooking?



3 Had difficulty carrying bags
of shopping?



4 Had problems walking half
a mile?



5 Had problems walking 100
yards?



6 Had problems getting
around the house as easily
as you would like?



7 Had difficulty getting
around in public?



8 Needed someone else to
accompany you when you
went out?



9 Felt frightened or worried
about falling over in
public?



10 Been confined to the
house more than you
would like?



11 Had difficulty washing
yourself?



12 Had difficulty dressing
yourself?



13 Had problems doing up
your shoe laces?



Please check that you have ticked one box for each question before going on to the next page



PDQ-39 QUESTIONNAIRE



or cannot do
at all
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Based on your experience during the past week, how would you rate the following?  
Place a cross at the appropriate point on the line.



6. Do you suffer from distressing dreams at night?



1. The overall quality of your night’s sleep is: 0 1 2 3 4 5 6 7 8 9 10
Awful Excellent



2. Do you have difficulty falling asleep each night? 0 1 2 3 4 5 6 7 8 9 10
Always Never



3. Do you have difficulty staying asleep? 0 1 2 3 4 5 6 7 8 9 10
Always Never



4. Does restlessness in your legs or arms at night  
or in the evening disrupt your sleep? 0 1 2 3 4 5 6 7 8 9 10



Always Never



5. Do you fidget in bed? 0 1 2 3 4 5 6 7 8 9 10
Always Never



0 1 2 3 4 5 6 7 8 9 10
Always Never



7. Do you suffer from distressing hallucinations 
at night (seeing or hearing things that you are 
told do not exist)?



0 1 2 3 4 5 6 7 8 9 10
Always Never



8. Do you get up at night to pass urine? 0 1 2 3 4 5 6 7 8 9 10
Always Never



9. Do you have incontinence of urine because 
you are unable to move due to “off” symptoms? 0 1 2 3 4 5 6 7 8 9 10



Always Never



10. Do you experience numbness or tingling 
in your arms or legs, which wakes you from sleep  
at night?



0 1 2 3 4 5 6 7 8 9 10
Always Never



11. Do you have painful muscle cramps in your arms 
or legs which wake you from sleep at night? 0 1 2 3 4 5 6 7 8 9 10



Always Never



12. Do you wake early in the morning with painful 
posturing of your arms or legs? 0 1 2 3 4 5 6 7 8 9 10



Always Never



13. On waking do you experience tremor? 0 1 2 3 4 5 6 7 8 9 10
Always Never



14. Do you feel tired and sleepy after waking in 
the morning? 0 1 2 3 4 5 6 7 8 9 10



Always Never



15. Have you unexpectedly fallen asleep during 
the day? 0 1 2 3 4 5 6 7 8 9 10



Frequently Never



Parkinson’s Sleep Scale (PDSS)
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UCLA LONELINESS SCALE

Reference:

Russell, D, Peplau, L. A.. & Ferguson, M. L. (1978). Developing a measure of loneliness.
Journal of Personality Assessment, 42, 290-294.

Description of Measure:

A 20-item scale designed to measure one’s subjective feelings of loneliness as well as
feelings of social isolation. Participants rate each item as either O (I often feel this way”),
S (“I sometimes feel this way”), R (“I rarely feel this way”), N (“I never feel this way”).

The measure has been revised two times since its first publication; once to create
reverse scored items, and once to simplify the wording. (See other UCLA Loneliness Scale
pages on the site).

Abstracts of Selected Related Articles:

Russell, D, Peplau, L. A.., & Cutrona, C. E. (1980). The Revised UCLA Loneliness Scale:
Concurrent and discriminate validity evidence. Journal of Personality and Social
Psychology, 39, 472-480.

The development of an adequate assessment instrument is a necessary prerequisite for
social psychological research on loneliness. Two studies provide methodological
refinement in the measurement of loneliness. Study 1 presents a revised version of the
self-report UCLA (University of California, Los Angeles) Loneliness Scale, designed to
counter the possible effects of response bias in the original scale, and reports concurrent
validity evidence for the revised measure. Study 2 demonstrates that although
loneliness is correlated with measures of negative affect, social risk taking, and
affiliative tendencies, it is nonetheless a distinct psychological experience.

Russell, D. (1996). UCLA Loneliness Scale (Version 3): Reliability, validity, and factor
structure. Journal of Personality Assessment, 66, 20-40.

In this article I evaluated the psychometric properties of the UCLA Loneliness Scale
(Version 3). Using data from prior studies of college students: nurses, teachers, and the
elderly, analyses of the reliability, validity, and factor structure of this new version of
the UCLA Loneliness Scale were conducted. Results indicated that the measure was
highly reliable, both in terms of internal consistency (coefficient a ranging from .89 to
.94) and test-retest reliability over a 1-year period (r = .73). Convergent validity for the
scale was indicated by significant correlations with other measures of loneliness.
Construct validity was supported by significant relations with measures of the adequacy
of the individual's interpersonal relationships, and by correlations between loneliness
and measures of health and well-being. Confirmatory factor analyses indicated that a
model incorporating a global bipolar loneliness factor along with two method factors
reflecting direction of item wording provided a very good fit to the data across samples.
Implications of these results for future measurement research on loneliness are
discussed.

Self Report Measures for Love and Compassion Rescarch: Loneliness and Interpersonal Problems G Fetzer Institute
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