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Instrumented gait analysis allows for the identi¯cation of walking parameters to predict cognitive decline and
the worsening of dementia. The aim of this study was to perform a meta-analysis to better clarify which gait
parameters are a®ected or modi¯ed with the progression of the dementia in a larger sample, as well as which
gait assessment conditions (single-task or dual-task conditions) would be more sensitive to re°ect the in°u-
ence of dementia. Literature searches were conducted with the keywords \quantitative gait" OR \gait
analysis" AND \dementia" AND \single-task" AND \dual-task," and for \quantitative gait" OR \gait
analysis" AND \dementia" AND \fall risk" on PubMed, EMBASE, the Cochrane Library, Scopus, and Web
of Science. The results were used to perform a systematic review focussing on instrumental quantitative
assessment of the walking of patients with dementia, during both single and dual tasks. The search was
performed independently by two authors (C. R. and C. M.) from January 2018 to April 2020 using the PICOS
criteria. Nine publications met the inclusion criteria and were included in the systematic review. Our meta-
analysis showed that during a single task, most of the spatiotemporal parameters of gait discriminated best
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between patients with dementia and healthy controls, including speed, cadence, stride length, stride time,
stride time variability, and stance time. In dual tasks, only speed, stride length, and stride time variability
discriminated between the two groups. In addition, compared with spatial parameters (e.g. stride length),
some temporal gait parameters were more correlated to the risk of falls during the comfortable walking in a
single task, such as cadence, stride time, stride time variability, and stance time. During a dual task, only the
variability of stride time was associated with the risk of falls.

Keywords: Gait; analysis; dementia; task performance; falls.

Introduction

Motor and cognitive functions share neuroana-
tomical structures and psychological processes.1,2

Therefore, people with dementia not only have
memory and cognitive dysfunctions, but also
movement and executive disorders, which seem to
follow a retrograde progression, according to the
phenomenon of \retrogenesis."3

Observational gait analyses of patients with
dementia grossly show slowness, static and dy-
namic instability, abnormal posture, and a wide
basis of support. Instrumented gait analysis using
optoelectronic systems or wearable technology
allows for a more precise estimation of dementia-
related modi¯cations in walking.4,5

Some studies suggest that modi¯cations of gait
parameters are relevant for predicting cognitive
decline and the worsening of dementia, and this
information could be used to develop speci¯c
interventions to prevent further functional decline
and falls, as well as to follow rehabilitation progress
of patients.4,5 In addition, speci¯c pro¯les of gait
impairment have been related to the stage and
type of cognitive impairment.6 Therefore, instru-
mented gait analysis seems to be a useful tool for
obtaining more speci¯c and subclinical information
about the progression of dementia.

Performing dual tasks could modify the postural
balance and the °uidity of gait. Thus, modi¯ca-
tions of the gait characteristics of patients with
dementia could be used to identify those who are
su®ering from de¯cient executive function and a
higher risk of falls.7,8 Furthermore, gait analysis
could provide an early assessment of the risk of falls
and of the dynamic instability, especially during
the execution of dual tasks.9–11

The most frequently analyzed spatiotemporal
parameters in the current literature are related to
variables re°ecting gait rhythm, pace, and
variability.4,5,12–18 The parameters re°ecting gait

rhythm are temporal variables of the duration of
gait phases relative to the gait cycle, such as the
swing time, stance time, stride time, and cadence.
The pace domain includes parameters related to
walking speed and displacement in the sagittal
plane, such as gait speed and stride length.

Gait variability (CV) is measured as the coe±-
cient of variance and is de¯ned as the °uctuation in
spatiotemporal characteristics between steps. Gait
variability is a sensitive indicator of mobility de¯-
cits and risk of falls.19 The parameters most used
for gait variability in the current literature are
stride length CV, swing time CV, and stance time
CV.4,5,14,15,18

However, kinetic and kinematic data have been
studied less, due to the technical di±culties in
obtaining recordings from patients. In this regard,
only a few studies have been devoted to investi-
gating the kinematic data in terms of joint excur-
sions of the hip, knee, and ankle.20,21

We systematically reviewed the literature on gait
analysis and dementia from January 2003, when the
last review on the same topic was performed,22 to
April 2020. In this period, several studies were ex-
amined both walking alone (single task)4,5,12–18 and
walking while performing another action (dual
task).4,12–14,17 More recently, spatiotemporal para-
meters assessed by gait analysis under dual-task con-
ditions were introduced. In the review from 2003,22

only one article evaluated the e®ect of performing dual
task among seven people with dementia.

The dual-task condition could be used as a
screening tool for detecting Alzheimer's dementia at
an early stage,4 although other studies and clinical
trials are needed. However, it is not fully understood
which gait parameters are actually correlated to
dementia and can be considered as predictive signs
of cognitive decline and worsening of disease.

Therefore, the aim of this study was to per-
form a meta-analysis to better clarify which gait

2 R. Chiaramonte & M. Cioni



parameters are a®ected or modi¯ed with the
progression of the disease in a larger sample, as
well as which gait assessment conditions (single-
task or dual-task conditions) are more sensitive
to re°ect the in°uence of dementia. All of this
information could be interesting for both to
identifying gait abnormalities and developing
speci¯c rehabilitation interventions to better
control postural instability and reduce the risk
of falls.

Methods

Search strategy

A search was performed on the following electronic
medical databases: PubMed, EMBASE, the
Cochrane Library, Scopus, and Web of Science.
The reference lists of the related articles were also
used to search for other eligible papers. The search
strategy was conducted from January 2018 to
April 2020. We searched for the following terms
and keywords: \quantitative gait" OR \gait ana-
lysis" AND \dementia" AND \single-task" AND
\dual-task," and for \quantitative gait" OR \gait
analysis" AND \dementia" AND \fall risk."

Selection criteria and data extraction

From 2003 to 2020, the database searches yielded
751 references from the ¯rst search, 1426 from the
second search, and 71 from the third research. The
titles and abstracts of these studies were screened
and 209 selected papers remained for full text
screening. The eligibility of the studies for inclusion
was assessed independently.

Nine publications met the inclusion criteria and
were included in the meta-analysis, and 187 articles
were excluded for the following reasons: 24 exam-
ined neurological disorders other than dementia or
the diagnosis of dementia, 89 were on preclinical
stages of dementia and mild cognitive impairment,
28 did not include gait analysis as an instrumental
assessment, and 46 presented results that were not
useful for the meta-analysis (Fig. 1). We included
original articles published in English about gait
analysis on subjects with a con¯rmed diagnosis of
dementia who underwent gait analysis obtained by
instrumented systems (i.e. electronic walkways,
wearable sensors, and stereophotogrammetric sys-
tems). We excluded animal studies and those re-
garding preclinical stages of dementia and mild
cognitive impairment.

We included studies that compared mild cogni-
tive impairment with dementia. Furthermore,
studies were excluded if they had participants with

Fig. 1. Flowchart of the process of initial literature search and extraction of studies meeting the inclusion criteria.
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other neurological diseases and comorbidity gait
disorders (e.g. Parkinson's disease). The other ex-
clusion criteria were the use of qualitative results
and arbitrary units, such as symmetry and regu-
larity, and the use of statistical values without the
mean values of each parameter, that is, we ex-
cluded articles that did not provide data useful for
the meta-analysis (i.e. the mean and standard de-
viation). We also excluded all of the duplicate
studies and unpublished data.

Our meta-analysis focussed on gait parameters
that were reported in more than one article.

We included studies that investigated the ab-
normal parameters in gait analysis in people with
dementia conditions, including Alzheimer's dis-
ease,4,5,12–16 frontotemporal dementia,17 and other
types of dementia, such as vascular dementia.5,18

In order to identify the eligible studies, the
reviewers (C. R. and C. M.) independently
screened the titles and abstracts from the initial
search. In cases of con°icting opinions, consensus
was reached after discussion between the authors.
Selected full texts were then reviewed and included
in the systematic review in accordance with the
PRISMA protocol,23 the MOOSE checklist,24 and
the PICOS25 (population, intervention, compari-
son, outcome, and study design) criteria. As shown
in Table 1, the participants were aging adults; the
interventions were based on rehabilitation in de-
mentia; and comparator could be any comparator.
The outcomes included clinical assessments, diag-
nostic scales, and gait analysis parameters, and the
study designs were RCTs and observational studies.

The gait data were obtained during the ¯rst
evaluation (at zero time) of comfortable walking,
without assistive devices or other signs and symp-
toms, such as extra-pyramidal signs, which could
have in°uenced gait performance. The gait data
included spatiotemporal gait variables such as gait
speed, step length, stride length, stride length CV,
and cadence, as well as stability parameters such as
swing, stance time, and CVs of stance and swing time.

Allali et al.17 compared gait parameters of a
group of patients with Alzheimer disease with a
group of healthy controls. They also compared
a group of patients a®ected by frontotemporal
dementia with a control group. Both samples were
analyzed separately and assessed twice in the meta-
analysis. Lin et al.4 and Muir et al.14 assessed gait
with some additional cognitive tasks. The dual-
task condition used by Lin et al.4 consisted of
walking while counting backwards by one and

counting forward, whereas Muir et al.14 used
naming animals, counting backwards by one and
counting backwards by seven. In our study, we
assessed gait parameters under di®erent dual-task
conditions and analyzed the results of these
authors separately.4,14

Meta-analysis calculations

The Statistical Package for Social Sciences (SPSS,
Version 18.0 for Windows; SPSS Inc., Chicago, IL,
USA) was used for data analysis. The outcomes
were considered as continuous data measured on
the same scale expressed as a mean value and
standard deviation (SD) and analyzed using stan-
dard mean di®erences (SMDs). We veri¯ed the
impact of study heterogeneity on the results of the
meta-analysis using the I 2 test for inconsistency
(percentages and p-values under 0.05 were consid-
ered signi¯cant). An I 2 value < 25% was consid-
ered to indicate low risk of heterogeneity. A value
between 25% and 50% was considered indicative of
a moderate level of heterogeneity, and > 50%
was considered to indicate statistical signi¯cance
between the included studies.26 A random-e®ect
model was used to estimate the combined
e®ect sizes (for each study, a study-speci¯c true
e®ect was estimated, while redistributing the study
weights, from larger to smaller studies).27 We cal-
culated the sample-weighted pooled correlation
coe±cient for the meta-analysis with the random-
e®ects model based on the moderate heterogeneity
found in each study. A Forest plot was generated
to depict the SMD along with the 95% con¯dence
interval (95% CI) for each study, and the pooled
mean di®erence was obtained by combining all
studies.

The scale recommended by the Cochrane Col-
laboration25 was used to assess the methodological
quality of the identi¯ed studies and the risk of bias
of the individual studies included. The major cri-
teria of the checklist were randomization, double
blinding (both the patients and the researchers/
assessors), comparability of groups, and availabil-
ity of follow-up information. Publication bias was
also examined using funnel plots, to examine the
symmetry of study e®ect-size variation around a
meta-analytic e®ect size (asymmetry can indicate
bias).

A sensitivity analysis was conducted for each
study individually to evaluate the quality and
consistency of the results. For consistency with the
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Table 1. Demographic characteristics of patients with dementia: Review of the studies.

Study Study design

No. of pt, type

of dementia

Mean

age � SD Instruments

Single-task

parameters

Dual-task

parameters

Dual

task

Allali

et al.17
Cross-sectional

study

19 AD 76.3 � 8.9 SMTEC

system

Speed Speed CB

22 HC 71.0 � 0.5 Stride time Stride time

Allali

et al.17
Cross-sectional

study

19 FTD 62.1 � 9.6 SMTEC

system

Speed Speed CB

22 HC 71.0 � 0.5

Allali et al.5 Cross-sectional

study

177 AD 83.9 � 5.6 GAITRite

system

Speed Speed CB3, CF3

91 HC 83.3 � 5.2 Stride time CV

Stance time

Stride length

Stride length CV

Swing time

Swing time CV

Gillain

et al.12
Case–control

study

6 AD 73.6 � NS Locometrix

system

Speed Speed CB

14 HC 73.5 � NS Stride length Stride length

Lin et al.4 Case–control
study

10 AD 74.0 � 8.6 Vicon MX

system

Speed Speed CB, CF

10 HC 73.8 � 6.1 Cadence Stride time CV

Stride time Stride length

Stride time CV Stride time

Stride length

Stride length CV

Maquet

et al.13
Case–control

study

6 AD 74.0 � 4.0 Locometrix

system

Speed Speed, Stride

length

CB

14 HC 74.0 � 5.0 Stride length

Muir et al.14 Case–control
study

23 AD 77.5 � 5.0 GAITRite

System

Speed Speed NA, CB, CB7

22 HC 71.0 � 5.0 Stride time Stride time CV

Stride time CV Stride time

Van Lersel

et al.15
Case–control

study

39 D NOS 78.3 � NS Not speci¯ed

electronic

walkway

Speed

46 HC 73.8 � NS Stride time CV

Stride length CV

Verghese

et al.18
Cohort study 12 AD 82.6 � 5.7 GAITRite

system

Speed

17 VD 78.9 � 4.7 Cadence

4 D NOS Stance time

36 HC Stride length

Stride length CV

Swing time

Swing time CV

Webster

et al.16
Case–control

study

10 AD 77.6 � 5.7 GAITRite

system

Speed

10 HC 72.4 � 6.5

Notes: D NOS, dementia not otherwise speci¯ed; AD, Alzheimer's disease; FTD, frontotemporal dementia; VD, vascular
dementia; HC, healthy controls; N , number; Pt, patients; CF, counting forward; CB, counting backward; CB7, counting
backwards by sevens; CB3, counting backwards by 3 digits; CF3, counting forward by 3; NA, naming animals; SD, standard
deviation; CV, variability; NS, not speci¯ed.
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primary objective, we focussed on quantitative gait
analysis and dementia when the information was
explicitly disclosed in the publications. p < 0:05
was considered to indicate a statistically signi¯cant
di®erence.

Results

Description of the studies

The numbers of studies yielded at each stage of the
search of the systematic review are shown in Fig. 1.
A total of nine studies were included in the meta-
analysis. The sample characteristics and details of
the designs of each included study are displayed in
Table 1.

Characteristics of patients

All study groups were homogeneous for general
clinical features, such as age, clinical presentation,
and duration of disease (Table 1). There was var-
iation in other features, such as the duration of the
disease, the electronic devices, and the kinds of gait
parameters used.

There were four case–control studies,4,12,14,15

one cohort study,13 three cross-sectional stud-
ies,5,17,28 and one longitudinal prospective study.16

Type of dementia

The analysis assessed di®erent types of dementia.
There was no homogeneity among the types of
dementia and the severity. Lin et al.4 and Maquet
et al.13 assessed subjects with mild Alzheimer's
disease. Allali et al.,5 Gillain et al.,12 and Muir
et al.14 reported about patients with moderate
Alzheimer's disease. Webster et al.16 assessed
patients with mild-to-moderate Alzheimer's dis-
ease. Another recent study by Allali et al.17 con-
sidered patients with moderate frontotemporal
dementia and moderate-to-severe Alzheimer's dis-
ease. In the study by Verghese et al.,18 patients
were a®ected by mild (62%), moderate (35%), and
severe (2%) dementias.

According to several studies, there was a direct
relationship between the severity of dementia and
the presence of gait abnormalities in cases of Alz-
heimer's disease,4,5,12–16 frontotemporal demen-
tia,17 and other types of dementia, including
vascular dementia.5,18 Most of the studies focussed
on the interaction of Alzheimer's disease and gait

analysis,4,5,12–16 and two of them compared people
with moderate dementia to healthy controls.15,16

Four studies additionally examined the di®erences
in gait pattern between people with Alzheimer's
disease and those with mild cognitive impairment
and healthy controls.5,12–14 Another study com-
pared gait parameters in dementia-free people at
baseline and after developing dementia.18

Because of the heterogeneous clinical presenta-
tion of the di®erent types of dementia, as well as
the di±culty in de¯ning the characteristics of gait
for each type, it could be important to identify
which parameters are speci¯c for both the kind of
dementia and the disease stage.

Gait parameters

There was no homogeneity among the studies
reporting gait parameters in cases of dementia. The
most frequently studied spatiotemporal para-
meters, such as speed, made the results of the
meta-analysis more accurate, whereas the less
reported parameters, such as cadence, increased
the di±culty of relating consistent ¯ndings.

Signi¯cant di®erences in spatiotemporal para-
meters of people with dementia with respect to
healthy people during a single task of comfortable
walking were evident in the decreases of gait speed
(n ¼ 9),4,5,12–18 cadence (n ¼ 2),4,18 stride time
(n ¼ 3),4,14,17 and stance time (n ¼ 2).5,18 Howev-
er, stride time CV (n ¼ 4),4,5,14,15 stride length CV
(n ¼ 4),4,5,15,18 and swing time CV (n ¼ 2)5,18 were
increased.

During dual tasks, gait parameters were di®er-
ent for reduced speed (n ¼ 5)4,12–14,17 and in-
creased stride time (n ¼ 3)4,14,17 and stride time
CV (n ¼ 2).4,14 Stride length was examined in ¯ve
studies for a single task4,5,12,13,18 and in three
studies for dual-task conditions.4,12,13 Overall, the
spatiotemporal parameters were signi¯cantly re-
duced, except in two studies that reported insig-
ni¯cant di®erences.12,13

According to four investigations, temporal
domains such as cadence, stride time, stride time
variability, and stance time were more a®ected
dementia-related gait parameters than spatial
parameters (e.g. stride length).29–32 Impairment in
the ability to maintain a steady gait, with minimal
stride-to-stride variations, was closely related to
instability and fall risk and was independent of gait
speed.32 In addition, two studies29,32 highlighted
that a dual-task activity, such as walking while
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reciting random numbers or counting down num-
bers, exhibited a greater risk of falls and increased
variability of stride time, which is a temporal
measure that is associated with fall risk.29,32

Meta-analysis of gait parameters

The data showed that patients with dementia
generally had the following gait features: slower
gait speed and cadence, reduced stride time and
stance time, shorter stride length, and greater
stride time CV and stride length CV than healthy

elderly subjects. Tables 2 and 3 show what gait
parameters provided signi¯cantly better discrimi-
nation between people with dementia and healthy
controls during a single task or dual task. During
single tasks, these parameters were speed, cadence,
stride length, stride time CV (p < 0:001), stride
time, stance time, and stride length CV (p < 0:05).
During dual tasks, the parameters were stride time
CV (p < 0:001) and stride length (p < 0:05). In
contrast, we did not observe signi¯cant di®erences
for swing time and swing time CV during a
single task or for stride time during a dual task

Table 2. The e®ect of dementia on gait parameters during single-task condition.

Study
Type
of D

Speed
(m/s)

Cadence
(steps/
min)

Stride
time
(s)

Stride
time

CV (%)

Stance
time
(s)

Stride
length
(cm)

Stride
length
CV (%)

Swing
time
(s)

Swing
time

CV (%)

Allali et al.17 AD 110.6 � 9.9 1.1 � 0.1
Allali et al.17 FTD 118.5 � 9.0 1.2 � 0.1
Allali et al.5 AD 61.8 � 20.3 5.7 � 4.1 0.9 � 0.1 79.6 � 20.3 7.1 � 4.0 0.40 � 0.1 0.001 � 9.9
Gillain

et al.12
AD 102.0 � 36.0 113.0 � 45.0

Lin et al.4 AD 90.0 � 30.0 97.0 � 17.2 1.3 � 0.2 5.2 � 1.9 110.0 � 20.0 6.7 � 5.3
Maquet

et al.13
AD 74.0 � 26.0 100.0 � 42.0

Muir et al.14 AD 110.8 � 13.7 1.0 � 1.1 2.6 � 1.0
Van Lersel

et al.15
D NOS 61.0 � 30.0 5.0 � 2.3 6.5 � 2.2

Verghese
et al.18

AD
VD

D NOS

79.5 � 23.0 95.3 � 11.8 0.8 � 0.1 99.3 � 33.0 5.56 � 2.4 0.45 � 0.1 0.04 � 2.0

Webster
et al.16

AD 102.0 � 30.0

p < 0.001 < 0.001 0.014 < 0.001 0.023 < 0.001 0.048 0.568 0.047

Notes: D, dementia; FTD, frontotemporal dementia; AD, Alzheimer's disease; D NOS, dementia not otherwise speci¯ed; VD,
vascular dementia; s, seconds; m, meters; CV, coe±cient of variation; cm, centimeters; min, minutes.

Table 3. The e®ect of dementia on gait parameters during dual-task condition.

Study Type of D Dual task Speed (m/s) Stride time CV (%) Stride length (m) Stride time (s)

Allali et al.17 AD CB 88.9 � 10.0 1.3 � 0.2

Allali et al.17 FTD CB 89.4 � 10.0 1.3 � 0.2

Gillain et al.12 AD CB 74.0 � 26.0 1.0 � 0.4

Lin et al.4 AD CB 80.0 � 4.0 5.8 � 5.0 1.0 � 0.3 1.4 � 0.4

Lin et al.4 AD CF 70.0 � 3.0 9.9 � 3.8 1.0 � 0.3 1.5 � 0.4

Maquet et al.13 AD CB 74.0 � 26.0

Muir et al.14 AD CB 96.4 � 22.8 4.8 � 2.7 1.0 � 0.2

Muir et al.14 AD NA 81.0 � 24.7 9.0 � 8.9 1.2 � 0.3

Muir et al.14 AD CB7 67.9 � 28.5 12.4 � 12.3 1.1 � 0.6

p < 0.001 < 0.001 0.040 0.067

Notes: D, dementia; FTD, frontotemporal dementia; AD, Alzheimer's disease; � , standard deviation; NA, naming
animals; CB, counting backwards by ones; CB7, counting backwards by sevens; CF, counting forward; s, seconds; m,
meters; CV, coe±cient of variation.

Gait assessment under single- and dual-task conditions 7
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(p > 0:05). Tables 4 and 5 show that speed, one of
the parameters more frequently reported, dis-
criminates signi¯cantly between dementia and
healthy controls in both single and dual tasks
(p < 0:001) (Figs. 2 and 3).

Heterogeneity and publication bias

The heterogeneity between studies was high (I 2

between 86.93 and 88.91%), as shown in Tables 4
and 5. The funnel plot (Figs. 2 and 3) showed that
there was symmetry between the studies, and no
signi¯cant publication bias was seen. However,
there was a small study e®ect, but it was insignif-
icant. The sensitivity analysis also showed the
absence of an excessive in°uence of individual
studies.

Discussion

Summary of collected data

To our knowledge, this is the only systematic re-
view in the last 15 years that provides a compre-
hensive overview and meta-analysis of studies
devoted to a quantitative evaluation of gait dys-
functions in dementia, including Alzheimer's dis-
ease and frontotemporal and vascular dementia.
During single and dual tasks, dementia is associ-
ated with impairment of gait speed, cadence, and
stride length, but not swing time, and these data
are signi¯cant even in the presence of a high CV.

The prevalence of mobility dysfunction, motor
impairments, and falls is higher in people with
dementia than cognitively healthy older adults.
Gait abnormalities have been reported in 16% and

Fig. 2. Figure related to Table 4.

Fig. 3. Figure related to Table 5.
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32% of patients with moderate and severe disease,
respectively.28,33,34 Thus, gait assessment seems to
be a useful tool for monitoring the progression of
the disease with the aim of identifying and pre-
venting postural instability.

Patients with dementia and mild cognitive im-
pairment (the stage between the expected cogni-
tive decline of normal aging and the more serious
decline of dementia) walk more slowly and have
more variability (CV) in their gait under single-
and various dual-task conditions than patients
without cognitive impairment.35

Comparing studies: Gait parameters

We observed that the most studied parameter was
gait speed, which was reported by nine
papers4,5,12–18 and by ¯ve other papers during a
dual-task activity.4,12–14,17 Cadence was recorded
in only two papers4,18 and stride length was
recorded in ¯ve studies for single-task condi-
tions,4,5,12,13,18 whereas three reported it for dual-
task conditions.4,12,13 Both the parameters are
important because modi¯cations of speed are
physiologically due to an increase or decrease of
cadence or stride length. Therefore, based on the
obtained data, we can say that speed is the main
abnormal gait parameter of patients with demen-
tia. Among all gait parameters, for the relation
between speed and executive function, speed could
be a very important marker of the extent of in-
volvement of motor areas of the brain in di®use
brain disease.36 Gait speed is a holistic parameter
that includes all others. Moreover, when speed is
increased, it means that the locomotor system is at
its maximal e±ciency. Usual gait speed is associ-
ated with executive function, but maximum speed
is more closely associated with cognition than usual
speed. In this regard, Perry et al.36 showed that
there is a statistical correlation between gait ve-
locity and the clinical condition of people with
stroke. They showed that more a®ected hemiplegic
patients walked signi¯cantly slower (< 0:4m/s)
than those who were a®ected (> 0:8m/s). Similar
¯ndings can be found for people with Parkinson's
disease37 and multiple sclerosis.38 The studies that
investigated the association between gait speed
and cognition only used the participants' usual gait
speed and did not carry out a direct comparison of
di®erent gait speeds. It could be interesting to
compare the severity of dementia with the degree
of di±culty when walking faster. We propose

following the changes in speed in people with de-
mentia as an objective indicator of disease prog-
ress. Our meta-analysis highlighted how slow gait
and subjective cognitive decline are part of a mo-
toric cognitive risk syndrome, with a high-risk
status for the development and the worsening of
dementia.

Gait parameters showed an association with
various cognitive domains.5,18 Allali et al.5 con-
cluded that higher stance time CV appears as a
motor phenotype of cognitive decline. Verghese
et al.18 reported that swing time could predict de-
cline in the memory domain, whereas stride length
could predict decline in the executive domain.
They highlighted that gait parameters can predict
cognitive decline and dementia, independently
from cognitive performance.18

Correlation between gait parameters
and types of dementia

According to De Cock et al.,39 the balance and gait
quality change di®erently between distinct types of
dementia. The di®erent types of dementia showed
similar gait characteristics to those of Alzheimer's
disease.5,17,18 Patients with Alzheimer's dementia
were characterized by signi¯cant di®erences in
stride time and stride width variability with re-
spect to adults without neurological impairment or
dementia.16,40

In patients with frontotemporal dementia,
worse motor performance was evident during
walking in single-task conditions, in contrast to
patients with Alzheimer's disease who showed only
slight gait impairment in the same conditions. In
frontotemporal dementia, gait was signi¯cantly
slower, as suggested by the reduction of speed,
stride length, and cadence with respect to patients
with Alzheimer's disease. Among gait parameters,
patients with frontotemporal dementia had higher
stride time CV than patients with Alzheimer's
disease and healthy controls during single and dual
tasks. Stance time was modi¯ed in both cases of
frontotemporal dementia and Alzheimer's disease,
indicating a dynamic instability.17

Studies on spatiotemporal gait analysis in Lewy
body dementia and Alzheimer's dementia showed
that single-task walking changed similarly in both
kinds of dementia in comparison with cognitively
normal people. Velocity and stride length de-
creased, and double support (two feet simulta-
neously touching the °oor) increased in both

10 R. Chiaramonte & M. Cioni



groups of demented patients.41 The distinction
between patients with Alzheimer's disease and
those with subcortical lesions was related to gait
speed.42

Allali et al.5 examined the spatiotemporal gait
parameters in mild and moderate dementia. They
assessed a group with Alzheimer's dementia and
another with non-Alzheimer's dementia.5 Patients
with mild non-Alzheimer's dementia had signi¯-
cantly worse walking than patients with Alzhei-
mer's disease in terms of stride length variability.5

Patients with moderate non-Alzheimer dementia
presented signi¯cantly more disturbed gait para-
meters than patients with dementia in terms of
walking speed, stride length, and stance time.5

Verghese et al.18 included 12 patients with
Alzheimer's disease, 17 with vascular dementia,
and 4 with other kinds of dementias that were not
speci¯ed. None of the gait parameters predicted a
speci¯c kind of dementia, and only the pace factor
predicted the risk of vascular dementia.18

De Cock et al.39 proposed that a decrease of step
width could di®erentiate Alzheimer and fronto-
temporal dementia from vascular dementia and
Lewy body dementia, in the mild dementia stage,
according to the Clinical Dementia Rating.

Comparing studies: Single- and
dual-task conditions

A few studies described the modi¯cations in gait
function during single- and dual-task conditions in
patients with Alzheimer's disease4,5 and di®erent
types of dementia such as vascular dementia5 with
respect to healthy controls or people with mild
cognitive impairment.12–14 Dual-task conditions
were examined in ¯ve papers and the type of dual
task was di®erent.4,12–14,17 In three articles, gait
analysis was performed while the subjects walked
counting backwards.5,12,13 For the dual-task con-
ditions, other articles used counting backwards by
ones, counting forward,4 counting backwards by
one, naming animals, and counting backwards by
sevens.14 Allali et al.5 reported that counting
backwards by 3 digits, as the second task during
gait performance, revealed more marked mod-
i¯cations in gait parameters than counting forward
by 3 digits in elderly people with mild dementia
compared with elderly people without dementia.
Muir et al.14 revealed a signi¯cant increase of
stance time CV with larger e®ects for backwards
counting compared with naming animals. Another

article additionally found a signi¯cant increase in
counting forward by one and counting backward.12

Correlation between gait parameters
and types of dementia in dual-task
activity

Montero-Odasso et al.43 and Terney et al.44 showed
that the gait performance varied and became worse
based on the kind of cognitive dual task used. A
working memory test such as the counting-back-
wards task was more related to frontal lobe dys-
function and to cortical gait modi¯cations in cases
of early cognitive decline.43 A test of semantic
verbal °uency and memory, such as the animal-
reciting task, was related to temporal lobe
dysfunction. Patients with Alzheimer's disease
performed better than vascular-dementia patients
in verbal °uency.44

Implications in rehabilitation

Maintaining the function of gait, decreasing the
severity of dementia, and decreasing the risk of falls
are the principal objectives of rehabilitation. Pre-
serving the walking status and the correct postural
balance in patients with dementia could improve
the cognitive function.45,46 In order to slow down
the course of dementia, a rehabilitation project
with dual-task activities could be the key to ther-
apeutic success.

Limitations

A lack of uniformity among the study designs
(measured parameters, electronic instruments)
may have a®ected the validity of the statistical
analysis. Each study assessed di®erent parameters,
so that the results of meta-analysis were more ac-
curate for parameters that were more frequently
reported (e.g. gait speed). Another limitation is the
absence of information about some clinical char-
acteristics that could in°uence gait parameters,
such as comorbidities a®ecting gait (osteoarthritis,
arthrosis, or peripheral neuropathy), the use of
drugs, and the presence of prostheses. Further-
more, in some studies, the sample was too small.
Several studies did not evaluate the educational
status of the participants, which could be a con-
founding factor and could in°uence the results.

Gait assessment under single- and dual-task conditions 11



The articles about dual tasks used di®erent
cognitive tasks, thus making the sensitivity of dif-
ferent modalities unclear.

Conclusions

Our systematic review identi¯ed the most sensitive
parameters related to the di®erent kinds of de-
mentia, assessed by gait analysis. Pooling data
within this meta-analysis revealed that several gait
spatiotemporal parameters of gait discriminated
best between dementia and healthy controls, in-
cluding speed, cadence, stride time, stride time
variability, stance time, stride length during single
task and speed, stride time variability, and stride
length in dual task.

The temporal parameters could predict the risk
of falls more than spatial parameters, such as ca-
dence, stride time, stride time variability, and
stance time. They could be markers of full-blown
dementia and predictors of functional dependence
and risk of falling, especially during dual-task
conditions.

Thus, gait analysis could contribute to the di-
agnosis and prognosis of dementia. The results could
be used for the development of preventive interven-
tions to reduce the burden of dementia, as well as
speci¯c rehabilitation interventions to better control
postural instability and reduce the risk of falls.
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