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A B S T R A C T

A growing body of literature has reported the effects of dual tasks on gait performance in people with Parkinson's
disease (PD). The purpose of this meta-analysis was to synthesize the existing literature and quantify the overall
influence of dual tasks on gait performance in PD. A thorough literature search was conducted, and 19 studies
met the stringent inclusion criteria. Two moderator variable analyses examined the dual-task effect by: (a) mean
single-task gait speed for each study (≥1.1m/s or < 1.1m/s), and (b) the type of dual task (arithmetic, lan-
guage, memory, and motor). Three main findings were revealed by a random effects model analysis. First, a
strong negative effect of dual tasks on walking performance (SMD=−0.68) confirmed that gait performance is
adversely affected by dual tasks in people with PD. Second, the significant negative effect of dual tasks is present
regardless of the mean level of single-task gait speed in a study. Third, dual-task walking speed deteriorates
regardless of the type of dual task. Together, these results confirm that dual tasks severely affect walking per-
formances in people with PD.

1. Introduction

Parkinson's disease is a progressive neurodegenerative disorder that
affects over 10 million individuals globally [1,2]. People with Parkin-
son's disease (PD) suffer movement deficits such as tremor, rigidity, and
bradykinesia that impair the ability to complete common activities of
daily living and increase reliance on assistive care [3]. Parkinsonian
gait is characterized by diminished propulsive force resulting in small
and slow steps, stooped posture, low foot clearance, and impaired inter-
limb coordination [4,5]. Further, as many as 19–38% PD patients de-
velop cognitive impairments that are significant predictors of disability
[6,7]. Several cognitive functions deteriorate with disease progression
in PD including executive function, working memory, processing speed,
attentional, and language abilities [8]. Because walking depends on
similar higher-level neurological systems and cognitive processes [9],
gait impairment in PD may be exacerbated when walking is paired with
a concurrent goal-directed task, referred to as a dual task [10].

Dual tasks have been studied extensively in healthy older adult
populations [11–14]. The effects on performance of dual-task beha-
viors, measured as the change in performance from single to dual task,
is indicative of ‘cognitive-motor’ interference [13–15]. Similarly, a
growing number of studies have investigated the influence of dual-task

performances on walking in PD [16,17]. Unfortunately, the breadth of
methodological variations and outcomes reported in the existing lit-
erature makes drawing conclusions challenging.

Specifically, experimental designs vary widely across studies and
seemingly lead to differential consequences on dual-task performance
[18]. For example, the effect of dual-task performance on gait is in-
fluenced by the instructions given to the participants (e.g. prioritizing
one aspect of a dual task or focusing on both) [19–21]. Further, study
samples vary widely with respect to disease severity which directly
influences both walking and cognitive performance [22,23]. Thus,
differences in single-task gait speed may contribute to the mixed results
in studies of idiopathic PD patients. A clear understanding of dual-
tasking in PD is further complicated because cognitive-motor inter-
ference is evaluated using a wide range of concurrent cognitive tasks
across studies (i.e. carrying a tray; generating words; counting back-
wards by three; or reacting to auditory or visual stimuli). Some studies
suggest that more complex tasks that challenge working memory or
executive function impair walking in PD more than simple cognitive
tasks [18,24], while others report little difference caused by the type of
concurrent task [25]. Consequently, previous studies in the PD popu-
lation do not clarify if distinct types of concurrent cognitive tasks affect
dual-task walking to the same extent. A systematic review and meta-
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analysis are necessary to evaluate the consequences of dual tasks on PD
gait.

2. Methods

2.1. Literature search and study selection

Consistent with PRISMA's suggestions [26], a thorough search in
several electronic databases for published and unpublished data in the
field was conducted from May 2017 to January 2018. Literature sear-
ches were conducted in eight computerized databases: (1) Cochrane's
Database of Systematic Reviews, (2) EBSCOhost, (3) Embase, (4) ISI's
Web of Knowledge, (5) PubMed, (6) ProQuest, (7) ProQuest Disserta-
tions and Theses Global, and (8) ResearchGate. The key words for the
computerized search included: (a) Parkinson, (b) dual-task (c) walk, (d)
gait, (e) cognition, (f) concurrent, and (g) interference. Two authors
(TR and FT) conducted independent searches to confirm identical re-
sults and determined inclusion eligibility. Study eligibility criteria re-
quired human subjects with idiopathic Parkinson's disease, full-length
articles written in English, and direct empirical evidence. After com-
bining the results from each database and removing duplicates, animal
studies, foreign language articles, reviews, and conference abstracts,
230 studies remained. The next step involved assessing the articles for
the predetermined inclusion criteria. Each study was required to eval-
uate single and dual-task walking over ground at a self-selected pace,
excluding 124 studies that reported other types of dual tasks. See Fig. 1
for the PRISMA flowchart. Studies were excluded if the information
required for the meta-analysis were not reported.

The remaining 106 studies of dual-task walking in people with PD
were evaluated for quantitative reports of single and dual-task gait
speed, and 25 studies were removed because they did not report gait
speed. For instance, studies that reported outcomes related to the
cognitive task [27]; visual scanning [28]; or brain imaging [29] were
not included.

The remaining 81 studies were coded by two independent reviewers
and qualitative evaluations of validity were conducted. In harmony
with traditional meta-analysis techniques [30], 62 studies that did not
provide within-subject statistical comparisons of single and dual-task
gait speed were not included in the analysis.

Nineteen studies qualified for inclusion in the analysis using data of
single and dual-task gait speed from each study, representing a total of
510 participants (Fig. 1, Table 1).

Two authors (TR and FT) independently extracted the appropriate
data from the studies [10,24,25,31–46] and coded the data according to
two predetermined categories: (a) participant characteristics and (b)
type of dual task. Participant characteristics included: (a) mean and
standard deviation of single-task gait speed, (b) Unified Parkinson's
Disease Rating Scale motor section score (UPDRS-III score), (c) age, (d)
gender, (e) total N, and (f) cognitive assessment score (Mini-Mental
State Exam (MMSE) or Montreal Cognitive Assessment (MoCA) score)
(see Table 1). Type of concurrent tasks included: (a) arithmetic, (b)
language, (c) memory, or (d) motor (Table 2).

2.2. Dual-task walking outcomes and moderator variable analysis

Consistent with traditional meta-analytic techniques, studies that
compared gait speed in single and dual-task over ground walking
conditions were included in the analysis. The meta-analysis determined
a standardized effect size from 28 observations of the differences in gait
speed between single-task walking and dual-task walking.

For a comprehensive understanding of the effect of a dual task on
gait performance in PD, the authors conducted two pertinent moderator
variable analyses. First, given that disease severity affects functional
ability in people with PD, the authors examined the effect of baseline
physical function on dual-task gait performance. Because mean gait
speed is an indicator of physical function, cognitive impairment, and

fall risk [3,10,47], single-task gait speed was used to define baseline
mobility within in each study. Paul et al. [48] reported that people with
PD who walk below 1.1m/s were more likely to fall. Thus, we ex-
amined the effects of baseline mobility capability on dual-task detri-
ments using mean single-task gait speed as a threshold for categorizing
study samples into two groups: those studies reporting a mean single-
task gait speed ≥1.1m/s or studies with a mean single-task gait
speed<1.1m/s. Of the analyzed studies, 12 studies reported a mean
single-task gait speed ≥1.1m/s and seven studies reported a mean
single-task gait speed<1.1m/s (Table 1).

Second, because the existing literature includes a wide range of
concurrent tasks that may influence gait differently in people with PD
[18,49], we categorized each study according to the type of cognitive
task (defined in Table 2). Four primary concurrent task types were
identified and included in this moderator variable analysis: (a) ar-
ithmetic (seven comparisons), (b) language (eight comparisons), (c)
memory (seven comparisons), and (d) motor (six comparisons)
(Table 1, Table 2).

2.3. Data synthesis, measuring heterogeneity, and evaluating publication
bias

Meta-analytic findings were calculated using the Comprehensive
Meta-Analysis software (version 3.0, 2015; Englewood, NJ, USA) [50].
Gait speed was selected as the primary comparison outcome for single
and dual-task walking (i.e., within-subjects analyses) from 19 studies.
The data included for the analysis were 1) sample N, 2), mean gait
speeds, 3) their respective standard deviations, and 4) p-values for
within group comparisons of gait speed from single to dual-task
walking. However, six studies reported multiple outcomes, and to be
sure that including an extra 11 comparisons did not artificially inflate
our effect size we conducted sensitivity analyses. Six permutations of
sensitivity analyses were conducted by randomly selecting one of the
individual dual-task effects from each study and determining the re-
sultant random effects model SMD, 95% confidence interval, and p-
value. The meta-analysis used the inverse variance weighting procedure
to take into account sample size as well as variability between studies
[51]. Two moderator variable analyses of mean single-task gait speed
and cognitive dual-task domains provided additional SMDs.

Determining heterogeneity is critical in meta-analyses to accurately
combine a broad and diverse group of studies [30,52]. To quantify
heterogeneity three variability tests were used. First, Cochran's Q in-
dicates that heterogeneity between studies if the p-value is less than
0.05 [30]. Second, Higgins and Green's I2 quantifies heterogeneity in
the dual-task effect as a percentage of total variance across studies, and
a percentage greater than 50% is considered indicative of moderate
heterogeneity [53]. Lastly, T2 estimates the variability of the dual-task
effect between studies in a random effects model. A T2 value of 1.0
specifies greater heterogeneity across studies [54,55].

Another critical meta-analytic technique is examining publication bias
in the literature. The authors used three meta-analytic techniques to
quantify publication bias and symmetry. First, funnel-plots provided a
measure of symmetry and an estimated proportion of unpublished data by
detailing the SMD versus standard errors for each comparison [56]. Second,
the trim and fill technique was applied to the funnel plots to reveal a cor-
rected funnel plot comparing the original standardized effect size with the
corrected standardized effect size [56]. Third, the fail-safe N analysis was
conducted to quantify the number of non-significant missing studies needed
to reduce the overall significance of the effect to p≥0.05 [30].

3. Results

3.1. The effect of dual tasks on walking speed in PD

The random effects meta-analysis compared 28 outcome measures
from 19 studies of single-task and dual-task gait speed in people with
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PD and revealed a moderate to large standardized mean difference ef-
fect (SMD=−0.68, SE=0.05; 95% CI=−0.78 to −0.58;
p < 0.0001). The sensitivity analyses evaluated the influence of mul-
tiple individual effect sizes from six studies on the overall meta-ana-
lysis. The analyses revealed a range of SMD between −0.67 and −0.72,
95% CI with a lower limit of −0.84 and upper limit of −0.56, and p-

values< 0.001 in each permutation. The results from the sensitivity
analyses confirmed a minimal difference and permitted inclusion of all
dual-task effects from six studies. The meta-analysis effect size confirms
that adding dual tasks to walking degrades gait speed in people with
PD. The Forest plot below shows the individual and overall SMD for
each comparison and relative weight for each study (Fig. 2).

Fig. 1. Search procedure and results according to PRISMA guidelines [26].
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3.2. Heterogeneity and publication bias

In the overall analysis, evaluations of heterogeneity across studies
were not significant: (a) Cochrane's Q (27)= 34.29, p = 0.16, (b)
I2=21.27%, and (c) T2=0.01. Cumulatively, these measures verified
the data were not heterogeneous. After applying the trim and fill
technique, the analysis detected a minimal difference between an

original overall effect size (i.e., white diamond: SMD=−0.68) and a
corrected overall effect size (i.e., black diamond: SMD=−0.53, 95%
CI=−1.31 to 0.27) as shown in Fig. 3. Ten imputed values (black
circles) were added to the right side of the funnel plot to adjust for
symmetry (Fig. 3). In addition, a classic fail-safe N analysis indicated
that 1831 null effect findings are necessary for reducing our significant
overall effect size. These findings indicate minor publication bias in this
meta-analysis.

3.3. Moderator variable analyses

3.3.1. Baseline mobility level: mean single-task gait speed ≥1.1 m/s, mean
single-task gait speed< 1.1 m/s

As reported earlier, the minimal change in the results of the sensi-
tivity analyses reinforced our confidence in reporting the moderator
variable analyses. A moderator variable analysis of the influence of a
dual task on gait in studies grouped by baseline walking speed de-
monstrated significant differences between single and dual-task gait
performance in studies including samples with a mean single-task gait
speed ≥1.1m/s (SMD=−0.78; SE=0.09; 95% CI=−0.96 to
−0.60; p < 0.0001) and a mean single-task gait speed < 1.1m/s
(SMD=−0.65; SE=0.06; 95% CI=−0.77 to −0.53; p < 0.0001)
individuals with PD. These findings indicate that persons with PD who
demonstrate baseline gait deficiencies experience walking deficits with
a dual task as well as more functional PD patients.

3.3.2. Cognitive dual task domains: arithmetic, language, memory, and
motor tasks

Another objective was to determine whether types of dual tasks
differentially influenced gait speed. A moderator variable analysis on
cognitive task type was conducted with concurrent tasks categorized
into four categories (Table 2). Each type of task adversely affected gait
performances, shown by significant moderate to strong negative effects
on walking: Arithmetic (SMD=−0.78; SE=0.09; 95% CI=−0.95 to
−0.60; p < 0.0001); Language (SMD=−0.76; SE=0.09; 95%
CI=−0.94 to −0.58; p < 0.0001); Memory (SMD=−0.49;
SE=0.07; 95% CI=−0.63 to −0.34; p < 0.0001); and Motor

Table 1
Included study demographics.

Study UPDRS-III Mean
(SD)

Mean Single-task Gait
Speed

Cognitive Task Type Age Mean
(SD)

Gender M/W Total N Global Cognition Mean
(SD)

[31] Alcock et al. (2016) – ≥1.1m/s Memory 68.5 (9.1) 28/12 40 ┼28.5 (1.2)
[32] Beck et al. (2015) 24.7 (7.5) ≥1.1m/s Memory 70.5 (8.4) 18/2 20 §26.5 (2.1)
[33] Bond et al. (2000) – < 1.1m/s Motor 65.1 (10.3) 11/1 12 –
[34] Canning et al. (2005) 20.1 (4.8) ≥1.1m/s Motor 65.4 (10.4) 9/3 12 ┼28.8 (1.4)
[35] Galletly et al. (2005) 14.4 (6.1) ≥1.1m/s Arithmetic, Language,

Motor
65.0 (9.5) 9/7 16 ┼28.0 (3.0)

[36] Harrison et al. (2017) 30.5 (11.8) ≥1.1m/s Language 69.5 (7.6) 13/10 23 ┼29 (3.0)
[37] Lohnes et al. (2011) 21.5 (6.7) ≥1.1m/s Language 70.3 (6.8) 4/7 11 –
[38] Lord et al. (2010) 39.2 (15.4) < 1.1m/s Memory, Motor 71.3 (7.4) 19/10 29 ┼26.9 (2.8)
[25] O'Shea et al. (2002) – ≥1.1m/s Arithmetic, Motor 68.3 (6.6) 12/3 15 –
[39] Plotnik et al. (2009) – < 1.1m/s Arithmetic 71.9 (6.8) 15/6 21 –
[10] Plotnik et al. (2011) 19.8 (7.3) ≥1.1m/s Arithmetic 65.9 (7.2) 21/9 30 ┼28.5 (1.3)
[40] Rochester et al. (2004) – < 1.1m/s Language, Motor 64.6 (8.0) 12/8 20 ┼27.2 (2.0)
[41] Rochester et al. (2014) 25.4 (10.4) ≥1.1m/s Memory 67.0 (10.4) 81/40 121 ┼28.6 (1.3)

§25.1 (3.5)
[42] Salazar et al. (2017) 20.6 (10.1) ≥1.1m/s Memory 66.3 (5.6) 11/8 19 –
[43] Stegemoller et al. (2014) 24.0 (7.0) < 1.1m/s Arithmetic 66.2 (8.5) 28/7 35 ┼29.2 (1.0)
[44] Wild et al. (2013) 16.2 (7.9) < 1.1m/s Arithmetic, Language,

Memory
69.3 (2.3) 8/10 18 ┼26.4 (0.5)

[24] Yogev-Seligmann et al.
(2005)

17.5 (8.3) < 1.1m/s Arithmetic, Language,
Memory

70.9 (7.9) 20/10 30 ┼28.1 (1.6)

[45] Yogev-Seligmann et al.
(2012)

20.7 (8.9) ≥1.1m/s Language 70.3 (6.6) 12/8 20 §26.4 (2.8)

[46] Yogev-Seligmann et al.
(2013)

23.2 (9.1) ≥1.1m/s Language 68.7 (4.7) 16/2 18 §25.6 (1.7)

Note: Unreported data marked as: -. Sample Gender: M = men, W = Women. Global cognition measures out of 30 points noted as § for the Montreal Cognitive Assessment
(MoCA) and ┼ for the Mini-Mental State Exam (MMSE). Unified Parkinson's Disease Rating Score, Part III (Motor) (UPDRS III).

Table 2
Type of dual tasks, corresponding cognitive domain, and dual-task tests defined
for each study.

Arithmetic
Executive function, working memory, attention
N-back: Count back from an assigned number by designated increment (n) (i.e., count

by three from the number 197) [10,24,25,35,39,43,44]
Language
Executive function, language production and comprehension
Letter Fluency: Recite words that begin from an assigned letter in the alphabet (i.e.,

name words beginning with ‘F’) [35–37,45,46]
Extemporaneous Speech: Responding to repeated questions using autobiographical
memory [40]
Text Recall: Listen to passage during walking and answer questions about passage
after walking [24,44]

Memory
Working memory, attention
Digit Span Forward: Repeating increasingly long lists of numbers in the same order

[31,41]
Digit Recall: Listen to numbers while walking and count the number of times an
assigned digit was recited after finishing walking [32]
Count Tones: Count number of auditory tones while walking and report after walk
[38]
Phoneme Monitor: Listen to text and count the occurrence of two pre-assigned
words [24,44]
Oral Trails Test: Verbal responses pairing letters and numbers in order, ‘3C-4D-5E’
[42]

Motor
Manual motor coordination
Tray Carry: Carrying a tray while walking [33,38,40]

Tray +: Carry a tray with cups [34]
Button: Buttoning shirt while walking [35]
Coin: Transferring coin between pants pockets [25]
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(SMD=−0.78; SE=0.12; 95% CI=−1.02 to −0.54; p < 0.0001).
These findings verify that all four types of dual tasks significantly im-
paired gait speed.

4. Discussion

4.1. Dual tasks severely disrupt walking in people with PD

For people with PD, difficulty walking while performing another
task is frequently reported in the literature. However, variability in
methodological approaches and selected outcome measures have con-
founded our understanding of the effect of dual tasks on PD gait.
Herein, the authors synthesized existing literature with meta-analysis to
determine the influence of dual tasks on gait speed in people with PD.
The advantages to meta-analytic techniques enabled us to draw clear
conclusions from a diverse body of literature in a vulnerable popula-
tion. Importantly, our meta-analysis indicated that for people with PD,
the performance of dual tasks while walking bears significant and
meaningful consequences.

The profound effect of a dual task on walking in PD revealed in the
meta-analysis was supported by a lack of heterogeneity and minimal
publication bias in the existing literature. Moderator variable analyses

revealed that dual tasks significantly affect gait speed regardless of
baseline mean gait speed or the type of dual task (arithmetic, language,
memory, and motor). Moreover, our results align with studies that show
impaired performance in people with PD when a dual task is added to
walking, but did not meet the criteria for inclusion in this analysis
[18,22,49,57–60].

By overcoming the limitations of assorted dual-task paradigms, our
results provide important insight about cognitive-motor performances
in PD. When considering the effect of dual tasks on walking in healthy
older adults, similar analyses by Smith et al. [14], determined that older
adults who walked faster than 1.0m/s at baseline were significantly
negatively affected by a dual task, slowing gait from an average of
1.21m/s to 1.02m/s [14]. Because Smith et al. [14], used different
methods, direct comparisons of effect sizes are not possible with our
findings. However, similarly qualifying our findings revealed a clini-
cally meaningful decline from single-task (1.07m/s) to dual-task gait
speed (0.92m/s) in people with PD [61]. Thus, our analysis builds on
previous findings that healthy older adults demonstrate significant
negative effects on gait speed with dual tasks.

The magnitude of the effect sizes for the gait related negative con-
sequences of dual-task performances reported herein are comparable to
the magnitude of the effectiveness for improving gait from common PD

Fig. 2. Forest plot of random effects model of 19 studies. Overall SMD is represented by a diamond on the bottom of the graph. SMD= Standardized Mean Difference,
CI= 95% Confidence Interval, RW=Relative Weight.

T.E. Raffegeau et al. Parkinsonism and Related Disorders 62 (2019) 28–35

32



therapeutic approaches. For example, deep brain stimulation therapy
provides a positive SMD for gait speed of 0.60 [62]. Similarly, auditory
feedback provides similar magnitudes of effects on gait speed (SMD:
0.54) [63]. Additionally, exercise interventions demonstrate a similar
positive effect on gait performances [64]. Our results establish that the
negative effect of a dual task is of a similar magnitude to the positive
effect of effective walking interventions, affirming that the decrements
to dual-task walking in PD represent severe and disruptive impairments
to gait.

4.2. The negative effect of dual tasks persists in moderator variable analyses

4.2.1. The effect of single-task walking speed on dual task walking
performance in PD

Regardless of mean single-task walking speed, people with PD must
overcome significant decrements when performing dual tasks. Although
a slower initial walking speed could limit the negative effect of a dual
task on gait speed, our standardized effects revealed that in studies with
single-task gait speed lower than 1.1m/s a large effect of a dual task on
walking speed is present. However, these studies showed a relatively
smaller effect size than studies whose mean single task gait speed was
higher than 1.1m/s at baseline. The current findings suggest that dis-
ease progression influences dual-task walking such that patients whose
single-task gait speed was lower than 1.1 m/s exhibit slightly smaller
declines to gait speed with a dual task. Previous evidence suggests that
patients with PD are unable to prioritize gait with a dual task, ulti-
mately increasing their risk of falls [20,65]. Consistent with previous
studies [66,67], our results suggest that PD patients with adequate
baseline walking speeds may be able to prioritize walking as a protec-
tive mechanism to prevent falls. These findings are closely aligned with
some reports in the literature [65,68], but not others [69,70], which
may have been hindered by small samples that range in disease se-
verity.

4.2.2. The effect of type of dual task on PD walking speed
Given previous results suggesting that different types of dual tasks

may affect gait performance differently [18] or not at all [25], we
conducted moderator variable analyses to quantify changes from single
to dual-task gait speed within four types of dual tasks. The meta-ana-
lytic findings showed that tasks that heavily involve executive function

skills significantly hindered gait speed demonstrated by large standar-
dized effect sizes in arithmetic, language, and motor tasks, but a rela-
tively smaller standardized effect in memory tasks. The analyzed stu-
dies confirmed the clinical consequences of each type of dual task for
people with PD such that gait speed declines between −0.11m/s to
−0.18m/s, similar to a previous meta-analysis of older adult dual-task
walking performances [13]. These decrements are beyond a clinically
meaningful difference [61], further supporting the significant impact
that concurrent cognitive task performance has on gait speed in persons
with PD. Concurrent tasks that challenge executive processes are in-
volved in performing many common daily tasks. For instance, walking
while talking requires executive function and language processes to
walk while retrieving words and forming sentences [71]. The degraded
executive processes that impair the performance of such common dual
tasks likely contribute to decreased community mobility and in-
dependence in PD patients [3]. Our meta-analysis demonstrated that
despite variation between study paradigms there was sufficient evi-
dence to conclude that dual-task effects on walking speed in the pre-
sence of each of the tasks examined.

5. Conclusions

Overall, the findings provide new evidence on the effects of dual-
task studies and PD walking speed. In each study, persons with PD
walked slower during dual tasks regardless of mean single task gait
speed or the type of concurrent task.
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