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Abstract

Background—The differences in gait abnormalities from the earliest to the latter stages of
dementia and in the different subtypes of dementia have not been fully examined. This study aims
to compare spatio-temporal gait parameters in cognitively healthy individuals, patients with
amnestic (aMCI) and non-amnestic (naMCI) MCI, and patients with mild and moderate stages of
Alzheimer’s disease (AD) and non-Alzheimer’s disease (hon-AD).

Methods—Based on a cross-sectional design, 1719 participants (77.4+7.3 years, 53.9% female)
were recruited from cohorts from seven countries participating in the “Gait, cOgnitiOn & Decline”
initiative. Mean values and coefficients of variation of spatio-temporal gait parameters were
measured during normal pace walking with the GAITRIte system at all sites.
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Results—Performance of spatio-temporal gait parameters declined in parallel to the stage of
cognitive decline from MCI status to moderate dementia. Gait parameters of patients with naMClI
were more disturbed compared to patients with aMCI, and MCI subgroups performed better than
demented patients. Patients with non-AD dementia had worse gait performance than those with
AD dementia. This degradation of the gait parameters was similar between mean values and
coefficients of variation of spatio-temporal gait parameters in the earliest stages of cognitive
decline, but different in the most advanced stages, especially in the non-AD subtypes.

Conclusions—Spatio-temporal gait parameters were more disturbed in the advanced stages of
dementia, and more affected in the non-AD dementias than in AD. These findings suggest that
quantitative gait parameters could be used as a surrogate marker for improving the diagnosis of
dementia.
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Dementia; mild cognitive impairment; aging; Alzheimer’s disease; gait disorders; quantitative gait
parameters; motor control; cohort studies

INTRODUCTION

Gait abnormalities in dementia are described in the more advanced stages, and are caused by
vascular or neurodegenerative subcortical lesions[1]. With the recent advent of instrumental
devices that allow easy quantification of spatio-temporal gait parameters, subtle gait
abnormalities have been demonstrated at the earliest stages of dementia, and even in the
prodromal stage of dementia like mild cognitive impairment (MCI)[2-7]. While gait
abnormalities have been associated with neurological conditions[8, 9], the specific profile of
quantitative gait parameters has not been defined in the different subtypes and stages of
cognitive decline. The use of various gait measurements, the inclusion of patients from
different dementia stages, and small sample sizes contribute to this knowledge gap.

Unlike dementia subtypes, specific cognitive domains, like executive function or memory,
have been linked to spatio-temporal gait parameters[4, 7, 8, 10]. Based on factor analysis,
executive functions have been linked with a pace factor (reflecting gait velocity and length
measures), whereas memory functions with a rhythm factor (reflecting cadence and gait
timing)[7]. Executive functions, memory and gait parameters have also been linked to
different brain systems[11]. Prefrontal regions play a key role in executive functions and
gait control using different neuroimaging techniques, including structural[12, 13] and
functional[14, 15] MRI, as well as functional near-infrared spectroscopy[16]. Interestingly,
memory-related brain structures (i.e. hippocampus) have been linked to both increases[17]
and decreases[18] in gait control. The various underlying neuropathologies of the studied
population seem to explain these contrasting results that highlight the importance to better
define the gait phenotypes of the different subtypes and stages of early cognitive decline.

Thus, to define the spatio-temporal gait parameters in these different subtypes and stages of
cognitive decline, we have the opportunity to use the unique setting of the Biomathics
consortium combining, in the called “Gait, cOgnitiOn & Decline” (GOOD) initiative[19],
several international teams of physicians and researchers studying gait with the GAITRite®
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system in more than 2700 older individuals with and without dementia. The present study
aims to measure and to compare spatio-temporal gait parameters in cognitively healthy
individuals (CHI), in patients with the amnestic (aMCI) and the non-amnestic (haMCI)
forms of MCI, in patients with mild stage of Alzheimer’s disease (AD) and non-Alzheimer’s
disease (non-AD), and in patients with moderate stage of AD and non-AD. Given previous
research demonstrating (a) greater gait instabilities in patients with impaired executive
functions[8, 10] (i.e. behavioral variant of frontotemporal dementia) in comparison to
patients with the classical amnestic form of AD, and (b) greater gait disturbances in patients
with more advanced stages of dementia compared to patients with milder forms [1, 4, 9], we
hypothesized that patients with more advanced forms of non-AD dementia would present
the most disturbed gait parameters in comparison to patients with AD or patients with the
milder forms of cognitive disturbances.

METHODS

Study design and population

This cross-sectional study used data from the GOOD initiative which combines data from 7
countries (i.e., Australia, Belgium, France, India, Luxembourg, Switzerland and United
States) and recruited non-demented and demented older individuals from the “Tasmanian
Study of Cognition and Gait” (TASCOG — community-dwellers) (Menzies Research
Institute, Hobart, southern Tasmania, Australia), from Mechelen memory clinic (outpatients
with cognitive complaints), from the “Gait and Alzheimer Interactions Tracking” (GAIT)
study and Angers memory clinic (Angers memory clinic - community-dwellers and
outpatients with cognitive complaints), from the “Kerala-Einstein Study” (KES) (Kozhikode
city, Kerala, India - community-dwellers), from the Center for Memory and Mobility
(CeM?2, Luxembourg-city, Luxembourg — outpatients and inpatients with cognitive
complaints), from the “Central Control of Mobility in Aging” (CCMA - community-
dwellers) (New York, lower Westchester county, US), and from Basel mobility center
(University Center for Medicine of Aging Basel, Felix Platter Hospital, Basel - outpatients
with cognitive complaints). Participants were included from 2005 (TASCOG study) to 2014
(GAIT study). Inclusion criteria for the present study were aged 60 years and over,
participants able to walk without personal assistance, information on clinical characteristics
and cogpnitive status (i.e., CHI, patients with aMCI and naMClI, or mild and moderate AD or
non-AD dementia) and gait assessment with the GAITRite® system. From the 2717
participants initially recruited, we excluded 618 because spatio-temporal parameters, clinical
characteristics or cognitive status were missing, and we also excluded 380 due to the
absence of information on the subtypes or stages of dementia or MCI. After exclusions, a
total of 1719 (63.3%) participants (77.4+7.3 years, 53.9% female) were included in the
present study (Figure 1). The ethics committee of Angers university hospital approved the
GOOD initiative. Furthermore, each center involved in the GOOD initiative obtained
individual approval from their local ethics committee. Clinical trials registration number is
NCT02350270.
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Gait measurements

Spatio-temporal gait parameters were measured at steady state walking using the
GAITRite®-system in each center. All centers followed the European guidelines for spatio-
temporal gait analysis in older adults[20]: the participants walked at their usual self-selected
walking speed in a quiet, well-lit environment wearing their own footwear. The GAITRite®-
System is an electronic walkway-integrated and pressure-sensitive electronic surface
providing spatio-temporal gait parameters on a length ranging from 4.6 (TASCOG study) to
7.9 (GAIT study) meters active recording area. Spatio-temporal gait parameters from the
GAITRite®-system present excellent test—retest reliability[21]. Participants walked one trial
in all cohorts except in TASCOG study, where they walked six trials. In TASCOG study,
the mean values of spatio-temporal gait parameters of six trials were used for the analysis.
Based on the factor analysis performed in a previous study[7], we focused on the following
spatio-temporal parameters: stride length, stride time, swing time, stance time, single
support time, double support time, stride width, and stride velocity. Mean values and
coefficients of variation (CoV = (standard deviation / mean) x 100) of spatio-temporal gait
parameters were the main outcomes.

Dementia and cognitive assessments

Participants from all centers followed a comprehensive neuropsychological assessment that
permit to classify them, as CHI, aMClI, naMCI, mild AD, mild non-AD, moderate AD and
moderate non-AD (see the supplementary table showing the cognitive tests performed in
each cohort involved in GOOD initiative). CHI presented normal cognitive function with all
cognitive scores at 1.5 SDs or above the age-appropriate means. Amnestic MCI and naMCI
were diagnosed if the participants reported spontaneous cognitive complaints and presented
an objective impairment respectively in the memory or the non-memory domains (i.e.,
defined as a score 1.5 SDs or more below the age-appropriate mean), without impairment
into the activities of daily living[22]. We adopted this classification because MCI status
presents with a variety of symptoms[23]. Thus, when memory loss was the predominant
deficit, patients were classified as aMCI, and when memory loss was not the predominant
symptom and/or was combined with other cognitive dysfunctions, patients were classified as
naMCI. This classification was done because aMCI is frequently seen as a prodromal stage
of Alzheimer disease (AD)[23]. AD and non-AD type dementia were diagnosed according
to the Diagnostic and Statistical Manual of Mental Disorders, fourth edition at a consensus
diagnostic case conferences in all centers, except in TASCOG study: self-report, review of
medical history, cognitive testing, and/or clinical interview, followed by interview of proxy
if available were used to diagnose dementia. Mild and moderate stages of AD and non-AD
were defined by a mini mental status examination (MMSE) score =20 and between 19 and
10, respectively, by a Clinical Dementia Rating (CDR) score 1 and 2, respectively, or by
review of medical history.

Clinical covariates

Age, gender, body mass index in kg/m2, number of drugs taken per day, use of psychoactive
drugs including benzodiazepines or antidepressants or neuroleptics, depressive symptoms
assessed using the 4-item, the 15-item, or the 30-item Geriatric depression scale (score=1 or
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=5 or =10 indicated the presence of depressive symptoms, respectively)[24], and history of
falls in the past year[25] were collected during the clinical assessment. A fall was defined as
unintentionally coming to rest on the ground, floor, or other lower level and not as the result
of a major intrinsic event or an overwhelming hazard[25].

Statistics

Baseline characteristics and spatio-temporal gait parameters were summarized using means
and standard deviations or frequencies and percentages, as appropriate. Normality of data
distribution was checked using the Shapiro-Francia test. Between-group comparisons were
performed using unpaired t-test or Chi-square test, as appropriate. Multiple linear
regressions exploring the association between each gait parameters (dependent variable) and
cognitive status (independent variable) adjusted on participant’s characteristics (i.e., age,
gender, number of drugs taken per day, body mass index, use of psychoactive drugs,
depression symptoms and history of falls) were performed. P-trends between the seven
groups (i.e., MCI amnesic, MCI non-Amnesic, mild dementia AD, mild dementia non-AD,
moderate dementia AD, moderate dementia non-AD) are graphed in Figure 2 for each
spatio-temporal gait parameter. Subgroups (i.e., aMCI, naMCI, mild and moderate AD and
mild and moderate non-AD) and total group “effect size” of spatio-temporal gait parameters
are presented in Figure 3 (Review Manager version 5.1, The Nordic Cochrane Centre,
Copenhagen, Denmark), in order to identify the largest values of spatio-temporal gait
parameters and the homogeneity of spatio-temporal gait values associated with each
cognitive status. Finally, in order to quantify the amplitude of spatio-temporal gait values in
each one of the six pathological groups, comparisons between mean values and the
coefficient of variation of spatio-temporal gait parameters were performed using a paired t-
test. P-values <0.05 were considered as statistically significant. All statistics were performed
using SPSS (version 15.0; SPSS, Inc., Chicago, IL).

RESULTS

Clinical characteristics and spatio-temporal gait parameters are presented in Table 1, by
comparing the diagnostic subtypes per type and stages of cognitive decline. Age, number of
drugs taken per day, psychoactive drugs and depression symptoms were similar per stages
between the 2 profiles (i.e. aMCI vs naMCI and AD vs non-AD). Non-amnestic MCI
showed significantly worse gait performances than aMCI for mean value of stride length and
CoV of stride length and stride width (after adjustment on participant’s characteristics). For
the mild stage of dementia, non-AD walked with significant worse gait performance than
AD for CoV of stride length, mean value of stride width, and CoV of stride velocity (after
adjustment on participant’s characteristics). For the moderate stage of dementia, non-AD
presented significantly more disturbed gait parameters in comparison to AD for walking
speed, mean value of stride length, mean value of stance time, and mean value of stride
velocity (after adjustment on participant’s characteristics) (Table 1). The decline of gait
parameters from normal cognition to the most advanced stages of dementia is illustrated by
multivariate regressions examining separately the association between each gait parameter
and cognitive status using CHI as the reference group (Table 2). The results showed that
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naMCl, as well as non-AD dementia, and moderate stages of dementia presented the worse
gait performances in comparison to healthy older adults

This degradation of performance of gait parameters from aMCI to naMCI and from AD to
non-AD across stages of cognition, and from CHI to moderate dementia, showed that the P-
trends between groups were significant for all mean values and coefficients of variation of
gait parameters, except for the mean values of the swing time (p=0.254) and the single
support (p=0.278) and the CoV of swing time (Figure 2).

The effect sizes of the association of gait parameters and cognitive status are illustrated in
Figure 3. The overall effect size for the MCI groups was 0.35 (p<0.001) with the largest
effect sizes for the CoV of stride velocity (0.5) in the aMCI group; and for the CoV of stance
time and the CoV of stride velocity (0.55) in the naMCI group (Figure 3a). The overall
effect size for the mild dementia groups was 0.87 (p<0.001) with the largest effect sizes for
the mean value of stride length (1.44) in the mild AD group; and for the CoV of stride length
(1.66) in the mild non-AD group (Figure 3b). The overall effect size for the moderate
dementia groups was 1.11 (p<0.001) with the largest effect sizes for the mean value of stride
length (1.79) in the moderate AD group; and for the mean value of stride length (2.09) in the
moderate non-AD group (Figure 3c).

The amplitude (mean value) and the homogeneity (coefficient of variation) of individual
mean values and individual coefficients of variation of spatio-temporal gait parameter are
illustrated in Table 2. The amplitude of both mean values and coefficient of variation
increases with the progression of cognitive decline with less amplitude for the aMClI in
comparison to the naMClI and with less amplitude for AD in comparison to non-AD. The
amplitude of the CoV of spatiotemporal gait parameters was more affected than the mean
value for the aMCI, the naMCI and the moderate AD groups. But, they were affected
similarly for the other groups, with a tendency in favor of greater amplitude for the CoVs
than the mean values. We observed similarities (i.e. non-significant differences) between
mean values and CoV of gait parameters for aMCI and mild AD groups, whereas we found
dissimilarities (i.e. significant differences) for the other groups.

DISCUSSION

The findings of the present study showed that spatio-temporal gait parameters are affected in
parallel to the type and stage of cognitive impairment from MCI to moderate dementia.
Indeed, patients with naMCI presented more disturbed gait parameters than aMCI. Whatever
the MCI subgroup, they performed better than patients with dementia. In addition, patients
with non-AD dementia had worse gait performance than AD dementia. Furthermore, we
showed that this pattern of degradation of gait parameters is homogeneous in the earliest
stages of cognitive decline, but becomes heterogeneous in the most advanced stages,
especially in the non-AD subtypes.

Gait parameters presented a progressive degradation from normal aging to moderate stage of
dementia - with a walking speed declining from 104.7+22.2 cm/s in CHI to 61.7+20.3 cm/s
in the moderate stage of non-AD patients, and with a progressive increase of the magnitude
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of the effect sizes of the gait parameters from aMCI to moderate stage of non-AD dementia.
This progressive decline of gait parameters paralleling the evolution of dementia confirms
the findings of previous studies[1, 9]. Different factors have been suggested to explain this
parallel decline between cognition and gait: the progressive decline of the frontal lobe
functions[26, 27], the involvement of the basal ganglia[28] or the accumulation of vascular
lesions[13, 29]. This progressive gait degradation with the course of dementia has been
associated with poor clinical outcomes such as falls[30], institutionalization[31] and
mortality[31]. The differences between the diagnostic subgroups (aMCI versus naMCI or
AD versus non-AD) are more pronounced in the latest stage of dementia for the majority of
the gait parameters, such as walking speed, stride length stance time, or stride width. These
gait parameters reflects the various components of gait, including rhythmic control and
dynamic postural control[32]. Among the spatio-temporal parameters, stride length (mean
value) presented the highest effect size in both subtypes of dementia in the mild and the
moderate stages. This parameter has been specifically associated with disruption of white
matter integrity in patients with cerebral small vessel disease[33], subcortical
hyperintensities in AD[34] and with hippocampal volume in non-demented older adults[18],
suggesting that stride length seems to track both vascular and neurodegenerative
components.

Non-amnestic MCI, like non-AD dementia, presented with greater gait decline in
comparison to aMCl and AD respectively. These quantitative findings are supported by the
observations that clinical gait abnormalities are more prevalent in non-AD dementia than in
ADI35], and that they predict non-AD dementia[36]. It is possible that BMI could contribute
in part to these disturbed quantitative gait parameters in naMCI and non-AD dementia, as
higher BMI was noticed in naMCI in comparison to MCI and a tendency to higher BMI was
also noticed between AD and non-AD dementia. The different cognitive profiles between
aMCI and naMCl, as well as AD and non-AD could also explain this observation. Memory
decline is the hallmark of aMCI and AD, whereas non-memory functions, and mainly
executive function, are usually affected in naMCI and non-AD dementia[37]. Increased
stride time variability — a marker of disturbed gait rhythmicity[32] - has been associated
with executive functioning in healthy older adults[10] and in patients with dementia[38]. In
addition, by contrasting executive function and memory performances in non-demented
older adults, only executive function has been linked to stride time variability[39]. From a
functional perspective, this strong link between executive functioning and gait in aging has
been previously illustrated by a high correlation between the activation of the primary motor
cortex during a mental imagery task of gait and the performance to the Stroop task in
healthy older adults[14] and also by a greater activation of the prefrontal cortex shown by
healthy older adults during a mental imagery task of gait in comparison to younger
adults[14].

The heterogeneity of gait changes increases in parallel with the progression of cognitive
deterioration with a decline in performances being more marked in non-AD dementia than in
AD, and more marked in naMCI than in aMCI. In aMCI, we observed a similar variability
of changes between mean values and coefficients of variation of gait parameters, whereas in
naMCI and more advanced stages of dementia, the variability of changes in mean values of
gait parameters was greater than the variability of changes in coefficients of variation of gait
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changes, suggesting a chaotic modification of gait parameters. With the progression of
cognitive decline due to the progression of neuropathological or vascular lesions, we can
interpret this chaotic modification of gait parameters by the diffuse spreading of these
lesions affecting in a non-harmonic way the brain regions controlling the various steps
involved in the goal-directed action of walking: integration of the sensory afferents, motor
programming and generation of accurate foot movement[40]. Interestingly, in the earliest
stages of cognitive decline, the AD-related profiles (aMCI and mild AD) affect gait
parameters in a more homogeneous way than non-AD. In such earlier stages, hippocampal
functioning is typically affected in AD[41]. Hippocampus constitutes a key region for gait
control[12, 17, 18] that is mainly due to its essential role in spatial navigation[42]. The
disturbance of this higher-level functional control affecting spatial navigation acts as a
central supervisor that explains its homogeneous effect on the different substructures
controlling gait — reflected by a similar effect on mean values and coefficients of variation of
spatio-temporal gait parameters.

Comparing quantitative gait parameters collected using similar methods and equipment in a
large sample of MCI and demented patients from multiple nations, and divided on cognitive
subtypes and stages represent the main strengths of this study. However, the absence of
autopsy-confirmed diagnoses constitutes a main limitation. Indeed, although the diagnoses
of dementia were made according to standardized criteria, clinical misclassification of
subtypes of dementia is still possible. Although the associations between cognitive status
and gait parameters were controlled for many covariates, information on some clinical
characteristics, such as presence of major outcomes following falls or presence of any
prosthesis that could influence gait parameters, is lacking. Furthermore, the absence of
information concerning major comorbid conditions affecting gait, such as osteoarthritis or
peripheral neuropathy, represents another limitation of this study. Although our findings are
controlled for medication, we do not know if demented patients are taken any specific anti-
dementia drugs. Finally, identifying stages of dementia based on the MMSE or the CDR
represents also a limitation, because both scores did not take into account the level of
education that could induce misclassification between mild and moderate stages of
dementia.

In conclusion, this study found that spatio-temporal gait parameters deteriorated with the
progression of dementia from MCI to moderate dementia, and that they are more affected in
the non-AD dementias than in AD. Furthermore, in the most advanced stages and in the non-
AD subtypes, this deterioration is more heterogeneous than in the earlier stages and in AD
subtype. These findings suggest that quantitative gait parameters could be used as a
surrogate marker improving the diagnosis process of dementia. Future analyses need to
further examine the respective gait characteristics among the non-AD subtypes of dementia
and to study the respective contributions of clinical covariates to gait deterioration in the
course of dementia.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Eligible participants: aged 60 years and over,
information on clinical characteristics, gait
assessment with GATTRite® system
and cognitive status
n=2717

Spatio-temporal parameters, or clinical
characteristics, or cognitive status
missing and used walking aid,

(n=618)

Y

MNoinformation on subtype of MCT and
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(n=380)

h

¥

Participants included in the analysis
(n=171%)

Figure 1.
Flow chart showing the selection of participants included in the analysis.

Eur J Neurol. Author manuscript; available in PMC 2017 March 01.



1duosnue Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Allali et al.

Page 13

Mean value
P<0.001 P<0.001 P=0.254 P<0.001 P=0.278 220001 P<0.001 P<0.001
1400
I 1 T 1 T 1 T 1 T 1 1 I 1 T 1
- CHI
1200 A mm AMCT
NAMCT
MG dementia AD
1000 - =3 Mild dementiz non-AD
& Moderat= dementia AD
.y = Modemtz dementia non-AD
800 i

LinnfiA 1innasg

400 R ;
\ i
\ i
200 1 \ N
| TIELEY ' 5
o - ! 1L ! J
Coefficient of variation
30 7% P<0.001 P<0.001 Be0.111 <0001 P<0001 P<0.001

P<0.001 P<0.001

251

20 1

359

10 4

Stride length Stride time Stance time

Single support

Swing time

Figure2.

Double support

Stride width Stride velocity

P-trend between groups of participants categorized on cognitive status (i.e., cognitively
healthy individuals, patients with amnestic-mild cognitive impairment, patients with non-
amnestic mild cognitive impairment, patients with Alzheimer disease mild dementia and
patients with non-Alzheimer disease mild dementia, patients with Alzheimer disease
moderate dementia and patients with non-Alzheimer disease moderate dementia) for each

spatio-temporal parameter (n=1719).

Eur J Neurol. Author manuscript; available in PMC 2017 March 01.



1duosnuepy Joyiny 1duosnuepy Joyiny 1duosnuepy Joyiny

1duosnuepy Joyiny

Allali et al.

Page 14
a) Mild cognitive impairment
ffect size ffect sire
Study of Subgrowp Uffect size  SE Welght IV, Fixed, 95% C1 I, Fined, 95% O
Amct
Mean velve
Sce lengmn 027 01 21% 027[007,047) e
Emgetme 036 01 21X 0.36[0.16,0.56] ——
Ewingume 025 01 2% 025005, 045) ——
Smnce tme 035 01 21X 0.35[0.15,0.55) ——
SinglesooOtIM 025 01 21N 0.25(0.0%,045) Syl
Doctiescomatme 31 64 2.4% 0.31(0.41,051) Sep—
Euce wam 015 0.1 2.1% 0.1%(-0.05,0.38)
Suce velxly 034 01 2% 0.34[0.34,054] —
Costicient of varistion
Bace lengm 039 03 1% 0.39(0.19,0.59] emcnms
Svrce tme 041 01 218 041[021,0861) e, ="
Fwagsme 035 01 2.1% 0.35(0.15,0.58] ——
Stance s 044 01 2N 0440240864 iy s
Singleswwootsme 031 04 2% 0.0100.43,051) —
Coubiescomt™™e 029 01 2.0% 0.29(0.09, 0.49] S——
Eutce W 002 01 2.1% 0.02{-0.18,0.22)
Sude ety 05 01 2% 0.50(0.30,0.70) —
Newci
Mesn value
Buoe lesgn 049 0.07  42% 0.49(0.35,083)
Etce ume 0338 007  42% 03350023, 049] ——
Twagzme 01 007  4.2% 0.10(-0.04,0.24] .
Sunce e 04 0.07 42% 0.40(0.26,0.54] g
SINgeSDOONIME 0} 007  4.2% 0.10(1-0.0¢,0.24] ™
Ooubie SLpORIME (43 007  4.2% 0.43[0.29,0.87]
Side wich 018 007 42% 0.18[064,032 i
Svoe ety 052 007  42% 052038, 0.66]
Coemiclent of varistion
82ce leng 043 007 42X 04310.)1,0.39) e
Srderme 033 007 42% 0331019, 067) —
Bwimgme 036 007 42X 0.3610.22,0.50) w—pes
Sumncetme 055 007 4% 0551041, 0.69) —
Singlesppottme 036 007 4% 0.3610.22,0.50] —
Doctie supgottme 041 007  4.2% 0.4300.29,0.57) —_—
Satce wiom 000 007 42X 0.091-0.08,0.23) Y e
Etrge velocky 035 007  42% 0.3510.41,0.69) 0 ol
Total (95% €D 100.0% 0.5 1002, 0.38) '

Heterogenaty: ON' = 105,05, 0f = 31 P < 0.00001); I' = 70%
Tost for overall efect 2 = 24.39 F < 0.00001)

Eur J Neurol. Author manuscript; available in PMC 2017 March 01.

05025 0 025 0%
Favours Control  Favours MO



1duosnuepy Joyiny 1duosnuepy Joyiny 1duosnuepy Joyiny

1duosnuepy Joyiny

Allali et al.

by Wild dementia

Page 15

Lffect size Effect sire
Study o Subgroup (ffect iz ST Weight IV, Fixed, 95% C1 IV, Fiwed, 95% C1
Ml gementls AD
Mean valve
Boeae lengmn 144 008 39N 144128, 1.60) -
Btege tme 067 009 1IN 067 (049, 04835 -
Ewing tme 0.0% 008  39% 0.08-0.11,021) I
Etance tme 083 008 3N 081 (067,099 -
Einge smodtire 008 008 30N 0.08(-0.13,021) ’
Doubie suodxt®me 103 008  )9%  1.00 (047, 1.19) -
Erce wan 0.0 0.08  39% 0.0(0.14,040) -
Eteoe veiocty 141 009  3A% 14L(02),189) i
Coeticlent of varlation
Trece g 116 008  39% 1.1611.00,1)2) -
Froetme 094 008 19% 0.94[0.78,1.10) 5
wingme 0.84 008 39% 0.84 (068, 1,00 -
Btance tre 008 0068  29% 0981042, 1.4) -
Sngeswootime 084 008  39% 084 (0.68,1.00) -
Ooubie suppottme  0.94 008  39% 0.94[0.78, 1.10) =
Boge wian 0.13 0.08  39% 0.13(-0.03,029) Wl
Etece yeiocty 122 00 AN 1.22(3.04, 1.40) -
Mils gementla nonAD
Mean value
Soece lengen 153 01  235% 133193070 -
B5tge Sme 076 01 235X 076 [0.56, 0.9) -
Ewing tme 008 01  25% 0.091[-0.11, 009 8
Suance Sme 1 01 25% 10001080, 1.20) s
Single sopotime 009 01 2.5% 0.09(-0.11,029] P
Doctie supptsme 126 0.1  2.5% 1.26[1.06, 148) el
ude wian 0% 01 23X 0.7510.55.09% »
Evtde velocky 149 01 25X 149(1.29.189) -
CoeMolent of variation
Betce leng 18 01 2.5% 1.66[146, 1.88) =
gece sme 1 01 25% 1.00(080, 120 -
Ewing sme 118 01 25% 115095, 1.3%) "
Btance tre 095 01 2.3% 0950075, 118 e
Bisgiespootire 113 01 13N 1150094009 St
ODoctie scpmTme 093 01 25X 0.9310.7),1.0)) —
Boe wieen 039 01 2.5% 0390019059 =z
Ettge velocty 152 01 258 us2iLa A -
Total (93%CO 1000% OMN7 j0.84,080] '
Metrrogesety OV = 843,63, 0f = 31 0 < 0.00001) 1" = B6N =, Yo T T W
Test for overal effect I = 34.8) (F < 0.00000)

Eur J Neurol. Author manuscript; available in PMC 2017 March 01.

Favours Comtrod Favours MO



1duosnue Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Allali et al.

c) Moderate dementia

Page 16

Effect size ffect size
_Study or Subgroup Dffect size  SE Weight IV, Fined, 955 C1 IV, Fined, 95% C1
Modersts cementis AD
Mean value
Fwae emgm 179 00% A7% L79(161,197) -
8rice sme 067 009 37X 067[0.49,08%) -
Swing sme 022 008 47% 0.22(0.06,038) -
Stwnce sme 094 008 4% 094[0.78,1.10) -
Singleswootime 02 008 47X 0.20(0.04,0.36) I~
Ocuble supmttme 125 009  3.7% 1.25(1.07,1.43) -
dece wam 059 008 4% 0.59[04),07%) -
Boe velxly 165 009 A7% 165(147,1.83) =
Coemiclent of varistion
Euice lengm 167 009 3.7% 167149, 1385) -
Svcetme 138 000  37% 1.38(1.20,156) -
Swing sme 115 009 37X 115(097,133) s
Stance s 138 009 3.7% 1.38[120,156) -
Singie sopatTme 112 009 1IN 1.12(0.94,1.30) =3
Coutie supmonme 099 009 J.7% 0.99(0.81,1.17) - 5
Euoe wom 028 008 47% 028[0.12,044) -
8210e veicchy 165 009 37X 163(147,18)) -
Mogersle cementie nOnAD
Mean valve
E0e leng 209 032 2% 200185233 —
8o Sme 102 031 23% 1.02(0.80,1.24) o=
Bwing Ime 0.11 011  2.5% 0.11(-0.11,0.33)
Swace s 135 0402 2% L3S (LAL1SM -
Sisgesonttme 0.1 031  2.3% 0.10(-0.12,0.32)
Ooodie suomatme 171 002 2.0%  1.71[147,199) il
Euce wiom 089 031  235% 0.89[0.67,1.11) -
Sutce veixty 194 032 2% 194(1.70.218) -
Coeticlent of variation
Errce leng 207 032 2% 207(3.83,231) -
83tce sme 164 002 2% 164[140,188) e
Swing sme 149 012 2% 1.49(125,1.73) .z
Stance tere 162 042 2.1% 1.62[1.)8,1.88) e
Singie sopottme 13 0.2  2.4%  1.50(1.26,1.74) -
Coudie suomntme 125 002 2% 1.25(1.01, 1.49) -
820e wom 049 0.11 2.35% 049[027,071) =
8ence velacky 191 092 2.1% 191(1.67,2.19) -
Total 95% €1 10008 111 (107, L14) '

Meterogenety O' « 1136.51, 81 « 31 0 < 0.00000). 1 « 97%
Test for overall efect 7 « 63,70 (7 < 0.00001)

Figure 3.

- -1 i
Favoury Contral Favouns MO

Effect size of the association of spatio-temporal parameters and cognitive disorders in
patient groups with (a) mild cognitive impairment, (b) mild dementia and (c) moderate

dementia (n=1719)
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