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Abstract

Objectives—To study the effects of levodopa and walking speed on gait variability in individuals 

with Parkinson's disease (PD).

Methods—Thirty-three individuals with PD were studied. Their mean age was 70.61 ± 9.23 yr. 

The average time since diagnosis was 9.65 ± 5.80 yr years. Gait variability was studied while 

“OFF” and “ON” dopaminergic medication when the subjects walked at their usual and fastest 

speeds.

Results—Variability of step time, double support time, stride length and stride velocity decreased 

significantly (p = .037; p = .037; p = .022; p = .043, respectively) after dopaminergic treatment. 

When subjects increased walking speed, the variability of stride length and stride velocity 

decreased significantly (p = .038 and p = .004, respectively) both while “OFF” and “ON” 

levodopa. Increasing walking speed did not change the variability of step time and double support 

time regardless of medication status.

Conclusions—Levodopa decreased gait variability in persons with PD. Stride length and stride 

velocity variability appeared to be speed dependent parameters, whereas, the variability of step 

time and double support time appeared to be speed independent measures. Levodopa had positive 

effects on gait stability in PD.
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Introduction

Gait disturbance is one of the clinical hallmarks of Parkinson’s disease (PD) and a frequent 

cause of disability and impairment. The PD gait pattern is characterized by reduced speed, 

short stride lengths, shuffling steps and, occasionally, freezing episodes. 1 Besides these 

visible clinical features, gait dysfunction in PD includes gait instability and arrhythmicity, as 

characterized by increased stride-to-stride variability, a fluctuation in the value of a gait 

measure from one stride to the next. 2 Increased variability reflects inconsistency in stepping 

patterns and reduced postural control during walking. 3 Gait disturbances and instability may 

predispose individuals with PD to fall.

Gait instability occurs in elderly persons, as well as in persons with neurological conditions 

such as in PD and Huntington’s disease. 2,3 Higher values of variability indicate greater 

instability and have been associated with freezing of gait and falls in persons with PD. 

Dopaminergic treatment has been shown to decreased certain gait variability parameters, 

demonstrating the role dopaminergic pathways play in the impaired gait rhythmicity in PD. 4

Although there have been previous reports on gait variability in persons with PD, it is 

unclear whether gait variability is speed dependent and how it is modified by levodopa. 

Persons with PD walk with a reduced speed, a potential confounder of the observed changes 

in variability. 5 Several investigators suggested that stride variability increases if gait speed is 

lower than an optimal value. 6,7 Conversely, others reported that walking speed and stride 

variability may be independent.8,9 No significant increase in stride time variability was 

observed in healthy elderly subjects even though they walked significantly slower than 

young adults. Understanding the influences of walking speed and levodopa may further 

clarify mechanisms underlying gait variability in persons with PD.

The main objective of this study was to demonstrate how levodopa modulated gait 

variability in individuals with PD when they walk at different speeds. It was hypothesized 

that levodopa would influence gait variability differently when walking at different speeds.

Materials and methods

Subjects

Thirty-three individuals with idiopathic PD were recruited from movement disorder 

outpatient clinics in the Houston and Galveston, Texas areas. The severity of PD in all 

subjects was assessed to be between stage 2 and 3 on the Hoehn and Yahr scale, 10 and 

subjects were able to stand and walk at least 3 meters without assistance. No subject had 

visual or hearing deficits that would interfere with the walking test. Subjects were excluded 

if they had clinically significant musculoskeletal problems in their back, hips, knees or 

ankles that currently interfered with walking. All subjects reported no history of lower 

extremity fracture.

All subjects had only medication treatment for PD. None of them had had stereotactic brain 

surgery or deep brain stimulation. All of them were receiving dopamine treatment alone 

(carbidopa/levodopa or carbidopa/levodopa/entacapone) or in combination with other PD 

Bryant et al. Page 2

Neurol Res. Author manuscript; available in PMC 2017 March 22.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



medications. The amount of levodopa taken by the subjects ranged from 100 to 400 mg 

(mean = 162.90 mg). Additional medications included dopamine agonist (pramipexole, 

requip) for twenty subjects, monoamine oxidase B (MAO-B) inhibitor (rasagiline, 

selegiline) for six subjects, N-Methyl-D-aspartate (NMDA) antagonist (amantadine) for 

thirteen subjects, and Catechol-O-methyltransferase (COMT) inhibitor (entacapone) for five 

subjects.

Subjects were screened for significant cognitive impairment with the Neurobehavioral 

Cognitive Status Examination (Cognistat) and any subtest score in the severely impaired 

range resulted in study exclusion (Cognistat). 11 The Unified Parkinson Disease Rating 

Scale (UPDRS) 12 and the Hoehn and Yahr Staging Scale (HY) were used to assess disease 

severity of the subjects.

Equipment and Measures

The GAITRite system (GAITRite, CIR Systems Inc., Havertown, PA), is a 5-m, 

instrumented walkway containing an array of 6 sensor pads encapsulated in a roll-up carpet 

with an active area 61 cm wide by 366 cm long and a sampling rate of 32.3 – 38.4 Hz. While 

the subject walks, the system continuously scans the sensors to detect pressures, and 

transfers the information to the computer for calculating, recording, and storing gait 

characteristics.

The parameters of interest were gait variability in step time, double support time, stride 

length and stride velocity. Variability of each parameter (coefficient of variation [CV]) was 

calculated using the following formula 13:

Step time is the duration from the contact of one foot to the contact of the opposite foot. 

Double support time is the sum of the time elapsed between the first contact of the current 

footfall and the last contact of the previous footfall and the time elapsed between the last 

contact of the current footfall and the first contact of the next footfall. Stride length is the 

length of two consecutive footfalls of the same extremity. Stride velocity was calculated as 

stride length divided by stride time.

Walking protocol

All subjects read and signed an approved consent form prior to participation. Usual speed 

and fastest walking speed were tested while “ON” and “OFF” dopaminergic medication on 

the same day. For off medication testing, the subjects were tested in the morning after 

abstaining from their dopaminergic medication overnight. The wash-out period was at least 

12 hours in the “OFF” medication state. Subjects in the “OFF” medication state were 

assessed with the UPDRS Motor section III by a neurologist prior to performing the walking 

test. After walking on the computerized mat with the usual and fastest speeds, the subjects 

took their morning dose of their usual medications and waited for the medications to take 

effect. Once the subjects reported that they felt “ON” their dopaminergic medication, which 

was approximately 45 minutes to one hour after taking the medication, the same neurologist 
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obtained the UPDRS motor scores again. Then, the subjects followed the same walking 

protocol as they did in the off-medication condition.

Subjects were instructed to walk at their self-selected, usual speed and at their fastest speeds 

on the computerized mat. Each walk was repeated twice, and the combination of the two 

trials was used in data analysis. This allowed us to analyze more strides for each subject in 

each walking condition. All subjects wore a gait belt during the walking experiment and 

were closely guarded by a research assistant for safety. Verbal instruction for each walk was 

given before the subject started walking. No instruction was given after the subject started 

walking in order to prevent any influence of verbal cueing on gait performance. The verbal 

instruction for the self-selected speed walk was “Walk down the mat at your usual, 

comfortable walking speed.” The verbal instruction for the fast speed walk was “Walk down 

the mat as fast as you can.” Subjects were asked to start walking a few steps before entering 

and after leaving the walkway to allow some distance for acceleration and deceleration.

Statistical analysis

Demographic data was descriptively summarized. All analysis was performed using SPSS 

version 18.0. Two-way repeated-measures analysis of variance (ANOVA) was performed to 

demonstrate the main effects of medication status (OFF vs. ON) and walking speed (usual 

vs. fastest) on four gait variability parameters as well as any interaction (medication status X 

walking speed). The four dependent measures were step time variability, double support 

time variability, stride length variability, and stride velocity variability. The independent 

measures were medication status and walking speed. There were no between-subject factors.

Data collection was performed by the same personnel throughout the study and they were 

necessarily unblinded to the medication status due to the design of the study. The statistical 

analysis also was performed in an unblinded condition with respect to medication status. 

The significance level was set at P < 0.05.

Results

Subject characteristics

Subject characteristics are displayed in Table 1. All subjects were receiving dopaminergic 

treatment (carbidopa/levodopa or carbidopa/levodopa/entacapone). The amount of levodopa 

taken by the subjects ranged from 100 to 400 mg (mean = 162.90 mg). Dyskinesias were 

observed in 12 subjects while they were “ON” medication. All subjects were community-

dwelling persons with PD. All subjects were able to complete the walking test without any 

assistive device. However, 8 subjects reported using a cane and 7 subjects reported using 

either a wheeled or non-wheeled walker for long distance ambulation.

Influence of Levodopa on Gait Variability

There were significant main effects of levodopa on step time variability (F (1, 32) = 4.74, p 

= .037), double support time variability (F (1, 32) = 4.76, p = .037), stride length variability 

(F (1, 32) = 5.80, p = .022), and stride velocity variability (F (1, 32) = 4.44, p = .043) (Table 

2 and 3). Levodopa reduced variability in all four of these gait variability parameters.

Bryant et al. Page 4

Neurol Res. Author manuscript; available in PMC 2017 March 22.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Influence of Walking Speed on Gait Variability

There was no significant main effect of walking speed on either step time variability (F (1, 

32) = 1.023, p = .319) or double support time variability (F (1, 32) = 0.05, p = .833). 

However, there were significant main effects of walking speed on stride length variability (F 

(1, 32) = 4.67, p = .038) and stride velocity variability (F (1, 32) = 9.62, p = .004) (Table 2 

and 3). These findings indicated that an increase in gait speed reduced variability in stride 

length and stride velocity but did not affect variability in step time and double support time.

Interaction of Levodopa and Walking Speed on Gait Variability

There was no significant interaction between walking speed and levodopa on the variability 

of step time (p = .365), double support time (p = .989), stride length (p = .546) or stride 

velocity (p = .843) (Table 2 and 3). Levodopa did not significantly influence gait variability 

differently when walking at different speeds (usual vs. fastest). Gait speeds when walking 

with usual and fastest speeds during “OFF” and “ON” medications are displayed in Table 4.

Discussion

The aim of the study was to assess whether the influence of levodopa on gait variability 

differs depending on walking speed (usual vs. fastest) in persons with PD. Our results 

demonstrated several new findings. First, levodopa reduced variability in step time, double 

support time, stride length, and stride velocity regardless of walking speed. Second, 

increased walking speed reduced variability in stride length and stride velocity but not in 

step time and double support time. Third, levodopa did not affect gait variability differently 

when persons with PD walked at different gait speeds. The results indicated that stride 

length variability and stride velocity variability were speed dependent, whereas step time 

variability and double support time variability were speed independent.

Our results are in agreement with a previous study by Schaafsma et al. that the levodopa 

reduced stride time variability. 4 In our study, all gait variability measures including step 

time, double support time, stride length and stride velocity were reduced after the 

administration of the levodopa. Step time and stride time may have similar meanings in 

terms of variability, a fluctuation across strides as a person walks. Stride time is composed 

of one right step time plus one left step time. An increase in variability from one stride to the 

next, regardless of whether the unit of measure is variability in step time, variability in stride 

length, or variability in stride velocity, reflects an impaired ability to regulate stride-to-stride 

variations in gait timing in persons with PD. 14

Almeida et al. evaluated the influence of external timing cues on gait variability and the 

impact of dopaminergic treatment in persons with PD. 15 In contrast to our results, they 

found no significant difference between medicated (“ON”) and non-medicated (“OFF”) 

subjects in step time and double support time variability during self-paced walking speed. 

Our results showed significant reduction in step time variability and double support time 

variability after the subjects with PD took their usual medications.

The discrepancy between the two studies could be due to a difference in study design. In the 

study by Almeida et al., step time variability and double support time variability of a group 
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of medicated subjects were compared to those of a group of non-medicated subjects. 15 Gait 

speed, cadence and step length were not different between the two groups during a self-

paced walk. We used a repeated-measures design in this study to allow a valid assessment of 

levodopa effects on gait. The same subjects performed walking tests while “OFF” 

medication and then took their usual medications before being tested while “ON” 

medication. The “ON” state was assured by the subjects’ self- report and a neurologist.

In addition, in the study by Almeida et al. the subjects with PD walked at different walking 

speeds, driven by various auditory cueing rates (60, 80, 100 steps/min). The cueing rate of 

100 steps per minute was slower than the average self-paced cadence of both the “ON” 

(106.47 steps/min) and “OFF” (110.35 steps/min) PD groups in their study. 15 In other 

words, the cueing rates made the subjects walk more slowly than their usual walking speeds 

whereas in our study, they were asked to walk at their usual and fastest speeds.

Based on our literature search, the study by Almeida et al. is the only one that has 

investigated the effects of both dopaminergic therapy and walking speed on gait variability 

in persons with PD. Therefore, with our within-subjects design, we demonstrated, for the 

first time, that levodopa reduced gait variability in both temporal (step time, double support 

time, and stride velocity variability) and spatial gait parameters (stride length variability), 

whereas internal modulation to increase walking speed reduced variability in certain 

temporal (stride velocity) and spatial (stride length) gait parameters. These findings support 

the assertion by Morris that increased timing variability in persons with PD may reflect 

disruption of the normal internal cueing needed to string together sub-movements or a 

diminished capacity to perform automatic, sequential movements, 16 and which can be 

improved by anti-PD medications. Our results also are consistent with the view that the basal 

ganglia may be involved in the neural network for precise modulation of timing of repetitive 

movement. 17,18 The medications work directly on this neural network to alleviate these 

deficits, as indicated by our results on variability in the temporal parameters.

Levodopa may improve hypokinesia or bradykinesia and modulate temporal gait variability, 

whereas, internal modulation or attentional strategies influence only certain gait variability. 

Our results indicated that levodopa had positive effects on gait variability at the central 

control level, whereas, an increase in walking speed using an attentional strategy had 

positive effects on only biomechanical control. These observations have been proposed to be 

indicative of the role of the basal ganglia in controlling spatial characteristics such as the 

scaling of amplitude during gait. 19

The results suggest that fluctuation in step time and double support time depend on some 

aspect of the central control system that is not merely related to walking velocity. Double 

support time has been considered an important indicator of abnormal balance control in 

healthy, older adults and those with cerebellar dysfunction, as well as those with basal 

ganglia disease. 2 Variability of step time reflects a disturbance of the gait patterning 

mechanism, whereas variability of double limb support time has been attributed to balance 

mechanisms. 4,20 A relationship between step time variability and falls has been previously 

identified. 4 These two temporal measures in variability may be predominantly determined 

by balance-control mechanisms, whereas stride length and stride velocity were 
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predominantly determined by gait-patterning mechanisms through neuromuscular/

biomechanical control.

Our results are consistent with a study by Rochester and colleagues. Variability of step time 

and double support time were not changed in people with PD by an increase in walking 

speed, which was driven by rhythmic auditory cues. 13 Our results also showed that 

increased walking speed did not reduce variability in step time and double support time. 

This could suggest that gait speed alone is not the single driver of variability, which is 

consistent with previous reports that observed a dissociation between stride length and 

variability. 5,8,9

Callisaya et al. studied the effect of gait speed on gait variability in elderly persons and 

reported that a faster gait speed was associated with less variability including step time and 

double support time. 21 From our results, a faster gait speed did not change step time and 

double support time in persons with PD. This might indicate that persons with PD and the 

elderly without PD use different controlling mechanisms to increase gait speed.

Limitations

There are some limitations of the study to be addressed. Our sample consisted of individuals 

with diagnosed idiopathic PD with mild to moderate severity who reported either gait or 

balance impairment or falls as a result of PD. Their gait patterns might be different from 

persons with PD who do not have gait and balance impairments or who never fall.

The design of the study necessitated that we measured gait first when the subjects were 

“OFF” medication and second while “ON” medication. We measured gait when they had not 

had levodopa for approximately 12 hours to assure the “OFF-state” testing. We could not 

have done the testing on the same day if we had measured them while “ON” medication 

first.

Fatigue might have occurred from travelling to the laboratory in the morning without the 

medication and having to endure impaired mobility and physical discomfort from PD. 

However, no subject was too fatigued to perform the walking tests. In addition, the degree of 

gait improvement by levodopa may vary depending on individual responses.

There were only thirty-three subjects with PD in this study. The sample size was not large 

enough to study the effects of PD medications other than levodopa taken by the subjects 

stratified by type of mechanisms (i.e. dopamine receptor agonist, MAO-B inhibitor, 

anticholinergic medication, COMT inhibitor). However, most PD patients usually receive a 

combination of PD medications to effectively control their PD symptoms, enhance quality of 

life and extend survival.22 A future larger study might include other medications as a factor 

of interest.

Variability measures of either walking at the usual speed or while “OFF” medication might 

be more representative of gait variability than either walking at a faster speed or while “ON” 

medication because more strides were produced and examined. However, Hausdorff et al. 

reported that gait variability over a small number of strides is statistically similar to 
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variations that occur over thousands of strides because gait variability takes on a fractal 

organization in persons. 23 We, therefore, have confidence that our data on variability in each 

walking condition are valid.

Conclusions

In summary, levodopa reduced gait variability in persons with PD by decreasing variability 

in step time, double support time, stride length and stride velocity. This may imply that 

levodopa induced more normal gait patterns in persons with PD. Intentional modulation of 

speed reduced variability in certain spatial gait parameters including stride length and stride 

velocity in persons with PD, thus intentional modulation might be a useful strategy in gait 

rehabilitation aimed at improving stability.
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Table 1

Subject Characteristics

PD (N=33)

Gender Male 22; Female 11

Age 70.61 ± 9.23

Height (cm) 168.76 ± 11.37

Weight (kg) 75.70 ± 15.98

BMI (kg/m2) 26.62 ± 5.30

Year of PD 9.65 ± 5.80

HY Stage (“ON”) 2.58 ± 0.42

UPDRS “OFF” 29.12 ± 11.36

UPDRS “ON” 18.39 ± 8.55
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