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Participants.  Parkinson’s disease was diagnosed by a movement disorders specialist according to the 

UK Parkinson’s Disease Brain Bank criteria 1 and were excluded if they presented with significant 

cognitive impairment (Mini Mental State Exam (MMSE) ≤ 24) 2, dementia at onset or dementia with 

Lewy bodies, drug induced parkinsonism, ‘vascular’ parkinsonism, progressive supranuclear palsy, 

multiple system atrophy, cortico-basal degeneration or poor command of English. To provide a 

comparison of cognitive decline with normal ageing, controls of a similar age and gender were recruited 

from community sources.  Control participants met inclusion criteria if they were: over 60 years of age, 

able to walk independently without an aid at baseline, had no cognitive impairment (< 24 on the 

MMSE), and had no movement or mood disorders.  The study was approved by the Newcastle and 

North Tyneside research and ethics committee and all participants gave informed consent. 

Demographic and clinical measures.  Clinical assessments included a standardised neurological 

examination, the MDS-revised Unified Parkinson’s Disease Rating Scale (MDS UPDRS) 3 and Hoehn 

and Yahr stage 4.   Motor phenotype was calculated using the MDS-UPDRS revision 3 of the method 

described by Jankovic 5 during the on phase of medication.  Levodopa equivalent dose (LEDD) scores 

were calculated according to established methods 6. Global cognition was assessed using Montreal 

Cognitive Assessment (MoCA) 7. 

Quantitative gait analysis and gait characteristics (full description).  Gait was assessed using a 7m long 

x 0.6m wide instrumented walkway (Platinum model Gaitrite, software version 4.5, CIR systems, 

United States of America) (Figure 1). The Gaitrite mat is a valid and reliable method for measuring gait 

characteristics in older adults with and without pathology.  Participants were tested when optimally 

medicated (one hour after medication intake).  Participants were instructed to walk at their “comfortable 

walking pace” for two minutes around a 25m oval circuit under two conditions: single task and dual-

task. The single task was walking only. The dual-task protocol involved walking and memorising digits. 

The Wechsler Forward Digit Span8 was used as the concurrent cognitive task. Each participant was 

tested at their maximum forward digit span which was determined whilst sitting and defined as the 

longest digit-span the participant could successfully recall in two out of three attempts. Strings of digits, 

consisting of pre-recorded numbers, were presented at a frequency of 1/second through a speaker system 

(Creative, Inspire S2, Singapore). Participants were tested at their maximum digit span to allow baseline 

performance and therefore task demand to be controlled according to the ability of each participant. For 

the dual-task walking conditions, participants listened to strings of digits whilst walking and repeated 

them back and participants were instructed to “concentrate on both the digits and your walking”.   Gait 

was repeatedly sampled as participants walked over the Gaitrite mat which was placed in the circuit and 

a minimum of 5 passes over the mat (>40 steps per participant) were collected.  Gait was quantified 

according to an a priori model developed for older adults and validated in Parkinson’s disease that 



describes 16 discrete gait characteristics (Figure e-1, Supplementary data)9.  Gait characteristics were 

derived from left and right steps which were calculated separately and reported as the mean 

characteristics of left and right steps, gait variability characteristics were reported as the square root of 

the mean variance of left and right steps (resulting in the combined standard deviation of left and right 

steps independent of gait asymmetry), and gait asymmetry characteristics were calculated as the 

absolute difference between left and right step means.  
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