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Abstract Patients with early Parkinson’s disease (PD)

may not complain of gait difficulties but subtle gait abnor-

malities may be revealed as part of a ‘‘preclinical gait syn-

drome’’ when they are challenged by dual tasks. 21 early PD

patients (n = 21, mean age 63.5 years, H&Y 1.62, disease

duration \5 years, mean UPDRS-III 7.7) who did not have

gait complaints were as compared to age- and gender-mat-

ched healthy controls (n = 21). Memory function was not

different between the two groups. Under normal walking

conditions, there were no significant differences in gait

parameters between the patients and the control group. In

both groups, normalized gait velocity decreased in response

to dual tasking in a parallel fashion (p \ 0.001). Similarly,

gait variability increased in both groups with dual tasking

although not statistically significant. In PD patients, the

performance of an additional task resulted in an increased

number of cadences (p = 0.04), a reduction in swing time

(p = 0.02) and cycle time (p = 0.04) compared with the

control group but there was no significant reduction in nor-

malized velocity. Stride width also increased in the PD

patients. The addition of a cognitive task may affect certain

aspects of gait and is able to elicit subclinical deficits in early

PD patients. In an attempt to maintain velocity, early PD

patients develop compensatory mechanisms by increasing

cadence and decreasing swing time and cycle time. Increased

step width helps support balance, and prevents going beyond

the base-of-support which may predispose to unsteadiness

and falls. We propose that these findings occur as part of a

spectrum of a ‘‘preclinical gait syndrome’’ and longitudinal

studies are needed to assess the predictive values of these

early markers of gait deficits.

Keywords Parkinson disease � Preclinical gait disorder �
Dual-tasking � Cadence � Stride width � Swing time � Cycle

time

Introduction

The United Kingdom Parkinson’s Disease Society Brain

Bank (UKPDSBB) clinical diagnostic criteria identify

postural instability as one of the main features in the

diagnosis of a parkinsonian syndrome (Gibb and Lees

1988). However, most patients with newly diagnosed or

early Parkinson’s disease (PD) seldom complain of any gait

difficulties and most physicians interpret early postural

instability or falls as a suggestive feature of atypical par-

kinsonian syndromes (Gilman et al. 2008; Litvan et al.

1996). The current emphasis of gait dysfunction still

focuses on patients with at least moderate severity as

reflected by Hoehn and Yahr (H&Y) in their original and

modified motor staging of PD with some degree of postural

instability defining H&Y stage 2.5–3 and gait disturbances

for H&Y stage 4 (Goetz et al. 2004; Hoehn and Yahr

1967). However, recent evidence suggests that gait and

postural abnormalities which may be subtle can develop in

PD patients even at an earlier stage (Baltadjieva et al. 2006;

Carpinella et al. 2007; Chastan et al. 2008; Lewek et al.

2010; Yang et al. 2008).
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Gait disturbances, although subtle in the early stages, will

eventually affect all patients as the disease progresses.

Among all symptoms of PD, gait and postural symptoms

evolve more rapidly than other motor features of PD and

appear to be the best index of disease progression (Evans

et al. 2011). Not surprisingly, gait disturbances can lead to

falls, fear, loss of mobilization, independence, and have a

significant impact on quality of life (Evans et al. 2011).

Although the best predictor of falling is two or more falls in

the previous year (Pickering et al. 2007), an attempt to

intervene should be made even at the stages before PD

patients begin to fall. Therefore, early detection of gait

dysfunction at the earliest stage to identify possible ‘‘pre-

clinical gait syndrome’’ in PD may provide the basis for early

interventions and thereby prevent or delay the risk of falling,

and maintain independent mobility for as long as possible.

Not much information is available on gait dysfunction in

early PD. In a study involving de novo patients with H&Y

between 1 and 2.5, patients walked more slowly with reduced

swing times and increased left/right swing asymmetry, when

compared with age- and sex-matched healthy controls

(Baltadjieva et al. 2006). Although a number of studies

involving quantitative gait analysis in early PD patients

demonstrated altered gait patterns, including arm swing

asymmetry, greater postural sway, reduction of walking

speed and prolonged period of gait initiation(Carpinella et al.

2007; Chastan et al. 2008; Ferrarin et al. 2006; Fioretti et al.

2004; Geurts et al. 2011; Lewek et al. 2010; Yang et al.

2008), only a few studies have examined the effects of

cognitive challenges on gait dynamics in early PD patients

(Plotnik et al. 2009; Yogev et al. 2005). Recent evidence

indicates that cognitive loading while walking or balancing

can lead to marked deterioration in postural performance,

and there is some evidence to suggest that such ‘‘dual task-

ing’’ is particularly difficult for elderly patients with

dementia or depression. However, this type of study has not

focused on PD patients at the early stages with the intention

of identifying indicators for early interventions (Bloem et al.

2006; Yogev-Seligmann et al. 2008). Therefore, our study

was designed to test patients in the early stages of PD, who

did not have axial involvement clinically or any gait com-

plaints. They were cognitively normal and were tested by

performing dual tasks to bring out subtle gait abnormalities

which may further provide a basis for early interventions in

this group of patients.

Patients and methods

Subjects

Twenty-one patients with idiopathic PD, as defined by the

UKPDSBB clinical diagnostic criteria (Gibb and Lees

1988) were recruited from the Outpatient Clinic of the

Chulalongkorn Center of Excellence on Parkinson’s Dis-

ease and Related Disorders (CUPD) between June 2010

and January 2012. Patients were invited to participate if

their disease stage was 1–2 on the modified H&Y scale

(Goetz et al. 2004), the disease duration was within 5 years

since the first noticeable symptoms which led to the diag-

nosis of PD, and they did not experience motor compli-

cations as determined by ‘‘0’’ scoring on the sections A and

B of the fourth part of the Unified Parkinson’s Disease

Rating Scale (UPDRS-IV). Moreover, subjects must have

no complaints of gait or postural instability as demon-

strated by ‘‘0’’ scoring on item 13–15 of the second part of

the UPDRS. No lower limbs tremor was observed in the

patient group as they all scored ‘‘0’’ on item 20 (lower

extremities) of the third part of the UPDRS. Medication

usage was not altered. All patients were assessed in the

morning, at least 12 h after they took their last antipar-

kinsonian medications. Subjects were excluded if they had

clinically significant musculoskeletal disease, cardiovas-

cular disease, respiratory disease, other neurological dis-

ease, depression, or uncorrected visual disturbances which

may limit their ability to walk optimally. None of the

patients were taking sedatives. Subjects were excluded if

they scored less than 25 on the validated Thai version of

the Mini-Mental State Examination (Thai MMSE) (Fol-

stein et al. 1975) or if they had major depression as defined

by DSM-IV criteria. None of the patients reported falls in

the past 6 months.

The PD patients were compared to 21 age- and sex-

matched healthy control subjects. Controls were recruited

from several sources in the community, i.e. patient’s

spouses, volunteers from the Chulalongkorn University

Hospital, the Thai Red Cross Society and the National

Blood Bank Center. Control subjects fulfilled the same

inclusion and exclusion criteria as the patients with PD and

neurological examinations did not detect any abnormali-

ties. The sample size was based on the study by Yang et al.

(2008) The study was approved by the Human Ethics

Committee of the Faculty of Medicine of Chulalongkorn

University. All subjects gave their written informed con-

sent before entering the study in accordance with the

declaration of Helsinki.

Procedures

Each participant’s gait performance was assessed using an

electronic walkway system (GAITRite�) with a single and

a dual task requirement. Three trials per condition were

found in the power analysis to be the optimum number of

trials needed to obtain enough number of strides to be able

to compute reliability assessments for the quantitative gait

variables of interest (Donner and Eliasziw 1987).
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The GAITRite� system includes a portable electronic

walkway mat (782 cm in length and 61 cm in width) for

the automated measurement of spatiotemporal gait

parameters. The mat was located in a well-lit, 12-m long

hallway with starting and ending limits marked one meter

from the mat to avoid recording acceleration and deceler-

ation phases. As participants walked along the mat,

imbedded sensors were activated by the foot pressure and

were deactivated when the pressure is released. A computer

processed the footsteps, providing data for both spatial and

temporal parameters. To ensure that gait parameters were

collected during steady-state walking, participants started

walking at least 2 m before reaching the electronic walk-

way and completed their walk at least 2 m beyond it

(Kressig and Beauchet 2006). The following 10 gait vari-

ables were selected based on their clinical relevance and

their reported association with dual tasking in previous

studies: gait velocity (cm/s), cadence (steps/min), step

length (cm), stride length (cm), step time (s), cycle time (s),

swing time (s), double support time (s), and stride width

(cm). The velocity was normalized to leg length in all

subjects. Gait parameters were recorded using only the

footprint of the participants, thereby eliminating the need

for external sensors attached to the body or lower limbs

which may interfere with the gait performance.

To quantify gait variability under both single and dual

task instructions, the coefficient of variation (CoV = SD/

mean 9 100) of each gait variable was calculated at each

time point. The CoV assessed the magnitude of the

deviations of the stride time with respect to each subject’s

mean value. Stride time variability was considered as a

marker for the control of limb-coordinated movements

(Hausdorff 2007) while the swing time variability is a

measure of dynamic balance that is not influenced by gait

speed (Frenkel-Toledo et al. 2005). Stride width vari-

ability was also assessed as it may relate to fall risk

(Hausdorff 2005).

We also evaluated the Functional Ambulation Perfor-

mance (FAP) scoring of both groups. The FAP score

consists of the linear relationship of step length/leg length

ratio to step time when the velocity is ‘‘normalized’’ to leg

length in healthy adults and it provides a quantitative

means of assessing gait without the subjective qualification

that most rating scales require (Nelson 1974). The FAP

score is a valid, reliable, and objective method of mea-

suring various gait parameters in both the control group

and the PD patients (Nelson et al. 2002).

Assessment of gait and dual tasking

Gait was evaluated during a single task of normal walking

and when doing an additional arithmetic task. During the

arithmetic task, subjects walked while reciting out loud

serial subtractions of seven, starting from a three-digit

number (e.g. 200, 193, 186). Subjects were requested to

walk at their normal pace under each of the two sets of

tasks. No instructions were given for prioritizing one of the

tasks, walking or counting, as more important than the

other. The order of the tasks was as follows: walking as a

single task and walking while subtracting serial 7’s.

Evaluation of performance on serial 7 subtractions inclu-

ded the number of mistakes they made during the calcu-

lation. Serial 7 subtractions have been widely used as

means of providing a distraction and a cognitive challenge

and the attention devoted to serial subtractions is not likely

to change over time during a given test (Ganguli et al.

1990; Karzmark 2000; Yogev-Seligmann et al. 2008).

Data acquisition of the quantitative gait variables

GAITRite� software version 3.95 (CIR Systems, Inc., New

Jersey) was used to process footstep data using the settings

for light and short footsteps because individuals with PD

may be more likely to slow down or hesitate while doing

two tasks simultaneously. If a participant’s first and last

footstep did not fall completely within the active area of

the walkway, these footsteps were manually removed from

the recorded walk. Further, to minimize environmental

variability, evaluations were conducted on the same

weekday (±1 day) and in the morning with participants

instructed to wear the same pair of shoes for both sessions.

Statistical analysis

Baseline characteristics and gait parameters were summa-

rized using either means and standard deviations, or fre-

quencies and percentages as appropriate. For each gait

parameter and for both conditions, the mean of the three

trials was used in the analysis. The paired t test was used to

compare the results from normal walking with those from

walking while doing the serial 7 subtraction task. A

p \ 0.05 (2-tailed) was considered statistically significant.

Statistical analysis was performed using SPSS version 14.0

software (SPSS Inc., Chicago IL).

Results

Demographic and medical characteristics are summarized

in Table 1. In the patient group, they were nine males and

12 females, with a mean age of 63.52 (SD = 9.41).

Among the PD patient group, ten subjects were in H&Y

stage 1 and eleven were in disease stage 2. The majority

of patients (61.9 %) were a tremor predominant type with

a mean disease duration of 2.77 years (SD = 1.67) and a

relatively low mean score (7.71; SD = 3.9) on the motor
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section of the UPDRS (UPDRS-III) representing an early

stage of PD. The mean levodopa equivalent dose (LED)

was 396 mg (SD = 233). The relatively high LED,

despite the fact that they were all in the early stage of the

disease was due to the predominant tremor in the majority

of patients. They were high functioning in terms of

walking independently and did not report any falls in a

past 6 months. Both groups were similar with respect to

age, gender, height, weight, body mass index (BMI) and

MMSE (Table 1).

All participants were able to complete normal and dual

task walking without falling. There were no significant

differences in all gait parameters between the patients and

the control groups with normal walking (Fig. 1a, b).

Table 2 summarizes the effects of dual tasking on gait in

patients with PD and control subjects. In both groups, the

normalized velocity decreased significantly during dual

tasking, compared to the normal walking in a parallel

fashion (p \ 0.001). When compared with the control

group during dual tasking, PD patients had more cadences

(p = 0.04) but less swing time (p = 0.02) and cycle time

(p = 0.04) while the normalized velocity between both

groups was not statistically significant (Fig. 1c, d). Inter-

estingly, in comparison to normal walking, stride width

was increased in PD patients doing two tasks simulta-

neously and became statistically larger than control sub-

jects during the dual task exercise (p = 0.04) (Fig. 1c).

The significant difference was not observed on the

parameters of stride length and double support time

between PD patients and control subjects. Subjects of both

groups exhibited larger swing time, stride time and stride

width variability during the dual task condition but there

was no significant difference on these parameters between

the PD patients and control subjects (Fig. 2). The mean

FAP scores were not significantly different between PD

subjects and the control group on both normal walking and

dual task exercises (Table 3).

Discussion

Our main findings in this study occurred when PD subjects

performed dual tasks which resulted in an increased num-

ber of cadences and a reduction in swing time and cycle

time in comparison to normal subjects with no significant

reduction in normalized velocity. However, in both PD

patients and control groups, both velocity and normalized

velocity significantly decreased in a parallel fashion in

response to dual tasking. Significant increases in stride

width were also observed in PD patients, compared with

control subjects. During normal walking, no differences

between PD and control subjects were observed on various

gait parameters. Because these PD patients are all in their

very early stage (mean H&Y = 1.62) without any axial

involvement or any gait complaints, it is likely that they are

still able to perform well and their performance is equal to

the control subjects when they walk normally. However, in

this study, attentional demands such as performing arith-

metic tasks while walking, compromise their walking

abilities, thus revealing subtle abnormalities in gait

dynamics.

Current evidence suggests that gait is affected in all

stages of PD, but it does not cause significant functional

disturbances at the early stage (Baltadjieva et al. 2006;

Carpinella et al. 2007; Ferrarin et al. 2006; Yang et al.

2008). However, when their walking were measured

quantitatively, patients with early stage PD exhibited

slower walking speed, shorter stride length, increased right/

left swing asymmetry and inconsistencies in the timing of

gait (Baltadjieva et al. 2006; Yang et al. 2008). Moreover,

Table 1 Demographic and clinical subject details

Characters PD patients

(n = 21)

Controls

(n = 21)

p value

1. Age 63.52 ± 9.41 62.43 ± 8.04 0.69

2. Weight (kg) 62.32 ± 9.99 61.31 ± 9.52 0.74

3. Height (cm) 160.76 ± 8.26 160.00 ± 7.93 0.49

4. BMI 23.72 ± 2.83 23.92 ± 3.12 0.84

5. TMSE 28.69 ± 1.08 28.10 ± 1.55 0.20

6 Hoehn and Yahr stage 1.62 ± 0.63

7. Disease duration (years) 2.77 ± 1.67

8. PD subtype (%)

Tremor dominant subtype 13 (61.9 %)

Akinetic-rigid subtype 4 (19 %)

Mixed subtype 4 (19 %)

9. Symptoms of PD (%)

Unilateral 10 (47.6 %)

Bilateral 11 (52.4 %)

10. Side of symptom predominate

Left 11 (52.4 %)

Right 10 (47.6 %)

11. UPDRS

UPDRS II 3.59 ± 2.81

UPDRS III 7.71 ± 3.90

12. Medication (%)

Levodopa 12 (57.1 %)

Dopamine agonist 16 (76.2 %)

MAOB inhibitor 5 (23.8 %)

COMT inhibitor 5 (23.8 %)

13. Levodopa equivalent

dose

396 ± 233

14. Correct responses on

serial 7 subtractions (%)

78.57 ± 5.95 80.24 ± 7.16 0.32
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performing additional tasks often worsen these parameters,

particularly on gait speed, variability, and rhythmicity

(Rochester et al. 2004; Yogev et al. 2005). Although some

of these profiles were also observed in our PD patients, this

study provides a number of new findings which include an

increased number of cadences, a reduction of swing time

and cycle time. In PD patients, who are in the very early

H&Y stage with minimal motor deficits, these observed

abnormalities may be viewed as a compensatory increase

in stepping in an attempt to maintain the velocity.

Fig. 1 Spatio-temporal characteristics of gait in early PD patients and control subjects. a, b Normal walking condition. c, d A dual-task

condition (*p \ 0.05)

Table 2 Gait parameters of PD patients and sex- and age-matched healthy controls during normal walking and a dual-task condition

Gait parameters Normal speed p value Dual tasking p value

PD (n = 21) Controls (n = 21) PD (n = 21) Controls (n = 21)

Velocity (m/s) 106.51 ± 14.02 106.03 ± 18.11 0.94 62.93 ± 19.81 51.60 ± 25.32 0.20

Normalized velocity (m/s) 1.43 ± 0.20 1.36 ± 0.25 0.49 0.81 ± 0.30 0.66 ± 0.34 0.29

Cadence (steps/min) 111.59 ± 9.82 108.63 ± 12.29 0.39 78.85 ± 20.71 59.60 ± 28.05 0.04*

Step length (cm) 58.26 ± 5.65 58.14 ± 5.98 0.95 47.38 ± 7.79 50.86 ± 6.82 0.19

Stride length (cm) 115.87 ± 10.49 116.95 ± 11.55 0.76 94.09 ± 14.73 101.62 ± 13.71 0.15

Step time (s) 0.54 ± 0.05 0.59 ± 0.07 0.40 0.91 ± 0.56 1.51 ± 1.11 0.16

Cycle time (s) 1.08 ± 0.10 1.11 ± 0.14 0.38 1.78 ± 1.09 3.06 ± 2.11 0.04*

Swing time (s) 0.40 ± 0.03 0.41 ± 0.04 0.38 0.52 ± 0.09 0.92 ± 0.74 0.02*

Single support time (s) 0.40 ± 0.04 0.41 ± 0.04 0.39 0.53 ± 0.14 0.91 ± 0.60 0.01*

Double support time (s) 0.28 ± 0.04 0.29 ± 0.07 0.48 0.74 ± 0.91 1.26 ± 1.10 0.16

Stride width 8.44 ± 2.83 7.45 ± 2.47 0.16 9.39 ± 3.11 7.26 ± 3.46 0.04*

Bold values indicate p \ 0.05
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Increased stride width may be an attempt to maintain the

center of pressure not to go beyond the base-of-support

which may predispose to unsteadiness and falls. When the

compensatory mechanism is still considered sufficient and

patients are still able to maintain their desired velocity,

variability on stride time, swing time, and stride width may

not be as yet apparent. Once the compensatory process is

diminished, we may start to observe the increase in gait

variability, slow speed, reduction in stride length with a

later involvement of balance when the equilibrium is

jeopardized.

Attentional demands of gait are often tested using dual

tasking methodologies and serial 7 subtractions have been

determined as a reliable assessment tool that can be used to

evaluate executive function (EF) in the clinic and can be

utilized for dual tasking when directly assessing the effect

on walking in such settings (Yogev-Seligmann et al. 2008).

However, serial 7 subtractions as part of the MMSE is not a

very sensitive test that can fully evaluate EF or the whole

spectrum of cognitive abnormalities in PD patients and

additional EF tests, including the Frontal Assessment

Battery, the Executive Interview and CLOX (executive

clock drawing task), are recommended for completed EF

evaluation (Yogev-Seligmann et al. 2008). Therefore, it is

still possible that our PD patients may have a mild degree

of cognitive impairment and the changes in gait parameters

that we observed in our patients may be the results of

wrong prioritization in which patients sacrifice their gait

performances to optimize their cognitive task (‘‘posture

second’’ strategy) (Bloem et al. 2006). If this is the case,

we should also observe the prioritization strategy in the

control subjects in which they would maintain their gait

and balance at the expenses of their cognitive function

(‘‘posture first’’ strategy). Moreover, the increased numbers

of cadence may reflect the actual gait disorders in PD

subjects when they are challenged with attention-demand-

ing tasks. While our PD subjects took more steps in order

to maintain a desired velocity, taking shorter steps can be

interpreted as an early phenomenon leading to festination

and eventually freezing of gait in PD (Chee et al. 2009).

Compensatory or reserve mechanisms are evident in PD.

It is well established that classic motor signs that are suf-

ficient for the diagnosis of PD occur when striatal dopa-

mine loss reaches 60 % (Fearnley and Lees 1991).

Moreover, several mechanisms exist in early PD in an

attempt to maintain adequate intrasynaptic dopamine,

including upregulation of dopamine synthesis, downregu-

lation of the dopamine transporter, and postsynaptic

dopamine receptor supersensitivity (Lee et al. 2000;

Nandhagopal et al. 2011). These mechanisms may develop

very early during the premotor phase in those who are at-

risk of PD (van Nuenen et al. 2012). Although these bio-

chemical and pathological findings support several brain

mechanisms to maintain striatal dopamine level, evidence

on compensatory gait mechanisms in early PD is much less

clear. Early PD patients have infraclinical postural insta-

bility, manifested as greater sway area, which is compen-

sated when it is more difficult to maintain good balance

(Chastan et al. 2008). One study demonstrated that there

was an increase in step frequency that was a compensation

for reduced stride length when subjects walked at a slow to

medium speed (Morris et al. 1994). Another study indi-

cated that PD patients maintain a narrow stance as a

compensation for their inability to sufficiently increase the

size of their lateral anticipatory postural adjustments to

allow fast step initiation in wide stance (Rocchi et al.

2006). Although both later studies were conducted in

patients at moderate to advanced stages, the findings con-

firmed that compensatory gait mechanisms also occur in

PD.

It is well recognized that there is a long prodromal phase

in PD in which patients may not experience any symptoms

Fig. 2 The coefficient of variation of stride width, swing time, and

stride time between early PD patients and control subjects during

normal walking and during a dual-task condition

Table 3 The average and standard deviation of the functional

ambulation performance (FAP) scores in early PD patients and con-

trol subjects during normal walking and a dual-task condition

Conditions PD patients

(n = 21)

Controls

(n = 21)

p value

FAP-normal

speed

95.78 ± 3.83 95.26 ± 9.48 0.82

FAP-dual tasking 74.49 ± 12.39 71.43 ± 17.96 0.55
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related to their subtle deficits (Lang 2011). It is most likely

that there is also a long period of ‘‘preclinical gait syn-

drome’’ when early PD patients may exhibit several subtle

abnormalities in their walking and balance without any

clinical complaints, for example reduced arm swing,

changes in walking patterns and increased sway. The

development of these abnormalities may indeed occur in a

prodromal phase with subsequent progression of symptoms

and signs to become clinically evident when they reach

H&Y stage 2.5–3, manifested with postural instability,

slow walking speed, freezing of gait, and falls (Fig. 3). To

confirm these ‘preclinical’ manifestations, one may need to

follow this particular population over a long period to

determine if they clinically develop postural and gait

abnormalities. Although this period may take several years

before becoming clinically apparent, therapeutic options

focusing on early interventions at this stage are limited and

are usually for research purposes (Bhidayasiri and Truong

2012). As axial (gait and postural) symptoms tend to

evolve more rapidly than other motor features of PD and

appear to be a good index of disease progression (Evans

et al. 2011), the identification of the manifestations of a

preclinical gait syndrome has the potential to better

ascertain disease progression and may serve as a tool for

early gait and balance interventions once longitudinal

studies have confirmed their predictive values of these

early markers of gait deficits.
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