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Abstract

Background—~Poor gait performance predicts risk of developing dementia. No structured critical
evaluation has been conducted to study this association yet. The aim of this meta-analysis was to
systematically examine the association of poor gait performance with incidence of dementia.

Methods—An English and French Medline search was conducted in June 2015, with no limit of
date, using the medical subject headings terms “Gait” OR “Gait Disorders, Neurologic” OR “Gait
Apraxia” OR “Gait Ataxia” AND “Dementia” OR “Frontotemporal Dementia” OR “Dementia,
Multi-Infarct” OR “Dementia, Vascular” OR “Alzheimer Disease” OR “Lewy Body Disease” OR
“Frontotemporal Dementia With Motor Neuron Disease” (Supplementary Concept). Poor gait
performance was defined by standardized tests of walking, and dementia was diagnosed according
to international consensus criteria. Four etiologies of dementia were identified: any dementia,

"Address correspondence to Olivier Beauchet, MD, PhD, Division of Geriatric Medicine, Department of Medicine, Sir Mortimer B.
Davis, Jewish General Hospital, McGill University, 3755 chemin de la Cote-Sainte-Catherine, Montréal, QC H3T 1E2, Canada.
olivier.beauchet@mcgill.ca (O. Beauchet).

The authors declare no conflicts of interest.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Beauchet et al. Page 2

Alzheimer disease (AD), vascular dementia (VaD), and non-AD (ie, pooling VaD, mixed
dementias, and other dementias). Fixed effects meta-analyses were performed on the estimates in
order to generate summary values.

Results—Of the 796 identified abstracts, 12 (1.5%) were included in this systematic review and
meta-analysis. Poor gait performance predicted dementia [pooled hazard ratio (HR) combined
with relative risk and odds ratio = 1.53 with £< .001 for any dementia, pooled HR = 1.79 with P
<.001 for VaD, HR = 1.89 with Pvalue < .001 for non-AD]. Findings were weaker for predicting
AD (HR = 1.03 with Pvalue = .004).

Conclusions—This meta-analysis provides evidence that poor gait performance predicts
dementia. This association depends on the type of dementia; poor gait performance is a stronger
predictor of non-AD dementias than AD.

Keywords

Epidemiology; gait disorders/ataxia; motor control; dementia

Both gait and cognitive disorders are frequent in the elderly with a prevalence reaching 50%
among individuals aged 85 years and older.1~* This association exceeds a simple
accumulation with aging and relies on a causal relationship.#> Cognitive dysfunction may
result in gait disorders by disorganizing the highest levels of gait control.>~ However, the
chronological development of gait disorders caused by cognitive dysfunctions in the context
of the progression of dementia and its clinical application have been poorly studied.

Identifying clinical markers that predict dementia is an important issue for the
implementation of adapted care, better understanding of early brain disorganization, and,
thus, for implications for preventive and symptomatic interventions.8-11 The emergence of
brain imaging and biological markers contributes extensively to the early diagnosis of
dementia,8-10 put the high expense limits their use, especially in primary care and
community-dwelling populations.12-14 Recently, a syndrome combining cognitive complaint
and slow gait speed, called the “motoric cognitive risk” (MCR) syndrome, has been
associated with the occurrence of dementia.1®16 The uniqueness of the MCR syndrome is
that it does not rely on a complex evaluation or laboratory investigations and, thus, is easy to
apply clinically with low costs in large populations.1® This observation suggests that the
assessment of gait performance may be useful for predicting dementia.1:15-25

At this time, no systematic critical evaluation of studies that have examined the association
of poor gait performance and the occurrence of dementia has been performed, making it
unclear whether poor gait performance can be used as an accurate predictor of dementia.
Thus, we performed a systematic review and meta-analysis with the aim to qualitatively and
quantitatively synthesize the association of poor gait performance with incidence of
dementia.

JAm Med Dir Assoc. Author manuscript; available in PMC 2017 February 21.
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Methods

Search Strategy and Data Extraction

A systematic search was conducted in June 2015 with no time limit for all English and non-
English articles in Medline (PubMed) and EMBASE (Ovid, EMBASE). Following medical
subject heading terms “Gait” OR “Gait Disorders, Neurologic” OR “Gait Apraxia” OR
“Gait Ataxia” AND “Dementia” OR “Frontotemporal Dementia” OR “Dementia, Multi-
Infarct” OR “Dementia, Vascular” OR “Alzheimer Disease” OR “Lewy Body Disease” OR
“Frontotemporal Dementia With Motor Neuron Disease” (Supplementary Concept) were
used. Additional studies, not captured by the electronic database search, were identified by
contacting experts and searching reference lists of extracted papers. Two authors (OB and
GA\) independently conducted data extraction. A consensus procedure was developed but
was not necessary because of concordance.

Study Selection

To be included in the primary analysis, selection criteria were (1) human study, (2) article
published in English or French, (3) original study, (4) data collection of gait performance,
(5) dementia used as outcome, and (6) prospective cohort design with information on the
occurrence of dementia during the follow-up period. If a study met the initial selection
criteria or its eligibility could not be determined from the title and abstract (or abstract not
provided), the full text was retrieved. Two reviewers (OB and GA) then independently
assessed the full text for inclusion status. Disagreements were resolved by a third reviewer
(CA). The full articles were screened using the Strengthening the Reporting of
Observational Studies in Epidemiology checklist, which describes items that should be
included in reports of cohort studies.28 Furthermore, the quality of each study included in
the meta-analysis was assessed using the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) checklist and the Newcastle-Ottawa Scale.2”-28 Final
selection of criteria was, therefore, applied when at baseline assessment participants were
free of dementia and when the prediction was about dementia. The study selection procedure
is presented in the PRISMA flow diagram? (Figure 1).

Qualitative Analysis

Of the 796 identified abstracts, 19 (2.4%) met the initial inclusion criteria.1-15-25.29-35 After
examination, we excluded 7 of those 19 studies because gait performance was included in a
global motor score,2%-31 prediction concerned mild cognitive impairment (MCI), and not
dementia,32-34 and 1 study focused on cognitive decline and not cognitive status.3> The
remaining 12 studies were included in the systematic review and meta-analysis?15-25
Articles selected for the full review had the following information extracted: last name of
authors and date of publication; country, name, and design of study, participant generic
information (ie, setting, number of participants and proportion of women); age, cognitive
status, and gait measures at baseline assessment; length of follow-up period; incident cases
of dementia including number of individuals and etiology; and main results.

JAm Med Dir Assoc. Author manuscript; available in PMC 2017 February 21.
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Meta-Analysis

Results

The association between poor gait performance and occurrence of dementia was determined
using the adjusted hazard ratio (HR), the adjusted relative risk (RR,) or the adjusted odds
ratio (OR) for dementia with a 95% confidence interval (95% CI). In all cases, the longest
follow-up period was used to calculate HR, RR, and OR, and only adjusted values of
participant’s baseline characteristics were used. The analyses used different outcomes: any
dementia, Alzheimer disease (AD), vascular dementia (VaD), and non-AD (ie, pooling VaD,
mixed dementias, and other dementias) for the dependent variables, and poor gait
performance, estimated from gait score or gait speed, as independent variables. Poor gait
performance was defined by standardized tests based on clinical gait assessment of distance
walked on a defined distance or per day. Dementia was diagnosed according to the
established international consensus criteria. Fixed effects meta-analyses were performed on
the estimates to generate summary values. Results are presented as forest plots.
Heterogeneity between studies was assessed using Cochrane X2 test for homogeneity, and
the amount of variation because of heterogeneity was estimated by calculating the 12.36
Statistical analyses were performed using the software program WINPEPI Computer
Programs for Epidemiologists (v 11.48).37

Table 1 summarizes the 12 studies included in this review.1:15-25 All studies were published
over the last 13 years. Seven studies were conducted in the United States.1-15.18,20,22,23.25
The 4 other studies were conducted in Norway,” France,1® The Netherlands,?! and
Australia.24 One study combined cohorts from different countries.1® The number of
participants ranged from 17117 to 3855,16 with 0%8 to 100%1° women. All participants
were older adults at baseline, aged from 2601617 to >751.19. 23, 24 years, Data collection was
based on observational studies with longitudinal prospective cohort design, except in 1
study, which used a retrospective case-control design.2! At baseline, all participants were
free of dementia.115-25 Two studies included participants with MCI1,29:25 2 studies included
participants with MCR,1%:16 and 1 study selected participants with Parkinson disease (PD).1”
Gait speed at usual pace at baseline assessment was used as the main outcome in 6
studies.15.16.19.20.24.25 |y 3 of them, the gait speed value was categorized using quartile
segmentation, and a scaled score was built from slowest to fastest gait speed.19:20.25 Clinical
gait abnormalities were used as the predictor in three studies.117:21 In the first study, they
corresponded to falls and problems with walking.2! In the second study, clinical gait
abnormalities were rated as unsteady gait, frontal gait, hemiparetic gait, neuropathic gait,
ataxic gait, parkinsonian gait, and spastic gait.! In the third one, clinical gait abnormalities
were based on an abnormal score for the gait items of Unified Parkinson Disease Rating
Scale subscales 11 and 111.17 In 1 study, poor gait performance combined slow gait speed and
extrapyramidal symptoms (based on the presence of bradykinesia, rigidity, and tremor)24;
while in the other one, they were defined as the presence of hemiparetic, frontal, or unsteady
gait.23 Abnormalities in pace, rhythm, and variability were used to define poor gait
performance in 1 study.?2 In addition, in another study, the distance walked per day
expressed in miles and separated in 4 levels from <0.25 (ie, lowest) to >2 (highest) miles
was used for defining poor gait performance. The length of follow-up ranged from 315 to 916

JAm Med Dir Assoc. Author manuscript; available in PMC 2017 February 21.
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years. In 5 studies, incidental cases of the 5 subgroups of dementia were recorded (ie, any
dementia, AD, non-AD, VaD, mixed, and other dementias). Any dementia was recorded in 2
studies?124 and AD?? and VaD23 in 1 study. One study recorded AD and any dementia, 6
whereas another one reported any dementia, AD, and VaD.22 One study reported incidence
of dementia in patients with PD. Incidence of dementia during the follow-up ranged from
6.5%23 to 52.9%.17 Most studies found an association between poor gait performance and
occurrence of any dementia, except in 2 studies.1>2 In a study by Verghese et al,15 a
nonsignificant association was reported for slow gait speed (excluding participants with
MCR), whereas a significant association was found with MCR. The nonsignificant
association reported in a study by Waite et al?* was present for the follow-up at 6 years, but
not at 3 years [OR 3.6 (1.2;10.3)]. Results were more controversial regarding AD onset.
Four studies found a significant association,16:18:20.25 whereas 3 studies did not.1:152225 |n g
study by Aggarwal et al,20 both significant and nonsignificant associations were reported,
when considering gait speed and Parkinson gait score. Gait disturbances were associated
with the occurrence of VaD, except in 1 study.18 For non-AD, a significant association was
reported in 1 study,! whereas others found a nonsignificant association.16:18 Finally, the
highest HR value reported was 80.0 for PD dementia.l’

Figure 2 shows the forest plot of pooled HR and RR of incident dementias computed with
meta-analysis technique. The pooled HR and RR was 1.53 (95% CI 1.42-1.65) with Pvalue
<.001 for any dementia,1.03 (95% CI 1.01-1.05) with Pvalue =.004 for AD,1.89 (95% ClI
1.60-2.22) with Pvalue < .001 for non-AD, and 1.79 (95% CI 1. 51-2.12) with Pvalue <.
001 for VaD. When pooling all values (ie, HR, RR, and OR), the overall value was 1.56
(95% CI 1.44-.68) with Pvalue < .001 for any dementia (Figure 3).

Discussion

This systematic review and meta-analysis provide evidence that poor gait performance
predicts dementia, especially when considering non-AD and VaD. Findings are more
inconsistent for the prediction of AD; some studies showed a significant association whereas
others did not, and the pooled effect for AD was weaker than that seen with non-AD
dementias as the outcome.

The main findings of this meta-analysis confirm that poor gait performance predicts the
occurrence of dementia after a long follow-up period. Poor gait performance, regardless of
how it was defined, was present between 3 and 9 years before dementia was diagnosed,
which provides evidence for a close relationship between gait and cognitive dysfunctions,
and its directionality. Indeed, 92% of the studies were based on a longitudinal prospective
cohort design providing information on the chronological but not causal relationship. Poor
gait performance precedes clinical symptoms of dementia; this chronological association is
especially due to brain lesions caused by vascular and/or neurodegenerative processes.!
Indeed, there is increasing evidence that poor motor performance is caused by brain damage
related to cognitive decline.1>~7 These motor disorders lead to poor gait performance and
gait instability, and are usually provoked by a disorganization of the brain regions involved
in the highest levels of gait control at the onset of dementia.>~’ Recently, it has been
reported, in a sample of 1719 participants (77.4 = 7.3 years, 53.9% female) separated into

JAm Med Dir Assoc. Author manuscript; available in PMC 2017 February 21.
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cognitively healthy individuals, patients with amnestic and nonamnestic MCI, and patients
with mild and moderate stages of AD and non-AD, that performance of spatiotemporal gait
parameters declined in parallel to the stage of cognition, from MCI to moderate dementia.38
Gait parameters of patients with nonamnestic MCI were more disturbed compared with
patients with amnestic MCI; MCI subgroups performed better than demented patients.38

Gait control depends largely on cognition®; disturbed cognitive performance is responsible
for poorer gait performance and greater instability in patients with dementia or pre-dementia
stages such as MCI or MCR, but also in cognitively healthy individuals.1:>-7:39 In particular,
episodic memory and executive function have been separately associated with gait
performance in the 2 latter categories of nondemented individuals.*%-42 Thus, we suggest
that, in the recruited samples composed of participants free of dementia, those with poor gait
performance were those with most altered brain health and, thus, who were most exposed to
dementia. Therefore, measures of gait performance could be a simple and accessible way to
predict dementia in large populations compared with psychometric assessment, and
morphologic and biologic biomarkers, 1516 which is especially relevant for the early
diagnosis of dementia in primary care or developing countries.

Our findings also show that the prediction of dementia depends on its subtype. Poor gait
performance, particularly slow walking speed, predicted VaD with the third highest value
reported (HR 3.46 and pooled HR 1.79). This strong association is likely to be related to
abnormalities in white matter and basal ganglia that are frequently implicated in VaD.43-4°
Recently, the strong association between VaD and mobility impairment was underscored.
Indeed, Tolea et al30 reported that the specific etiology of dementia may play an important
role in how rapidly one progresses to disability. They reported that non-AD dementias, in
general, and VaD, in particular, were associated with a faster decline in physical
functionality compared with AD and normal cognition in a longitudinal study of 766 older
adults whose physical performance and cognitive status were assessed annually. In addition,
it has also been shown that patients with non-AD dementia, including VaD, had worse gait
performance than those with AD dementia.38 The highest value (HR 80.0) reported in the
study focusing on PD supports the involvement of the basal ganglia, especially the
dopaminergic pathway. In contrast, the prediction of AD remains more uncertain because of
both conclusive and inconclusive associations, and of low significant pooled value of 1.03.
Certain explanations could be related to the type of gait performance recorded in the studies
selected in this meta-analysis (no common cut-off value for gait speed across the studies) or
by the various inclusion criteria for age ranging from =60 to >75. In studies showing
inconclusive associations, poor gait performance was usually defined clinically without
reference to spatiotemporal and, thus, objective parameters (ie, unsteady gait, frontal gait,
hemiparetic gait, neuropathic gait, ataxic gait, parkinsonian gait or spastic gait). Gait
examination based on a clinical observation of health professionals has 2 main limitations:
its subjectivity depending on the background and the experience of the person who
performed the gait assessment that may lead to a poor inter-rater reliability; and its limited
extent of information. Recently, it was reported that in older community-dwellers without
dementia, higher (ie, worse) stride-to-stride variability of stride time (STV; gait cycle
duration) was associated with lower (ie, worse) cognitive performance in episodic memory
and executive function.38 The results of a meta-analysis confirmed this finding by
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underscoring that higher STV was related to both MCI and dementia.3® Thus, higher STV
appears to be a motor phenotype of cognitive decline both before and during the course of
dementia.

Some potential limitations of this systematic review and metaanalysis should be considered.
The inclusion of various ages, limited number of studies, different gait protocols employed
in included studies (quantitative vs clinical), different lengths of respective follow-up,
inclusion of older adults only from developed countries, and various proportions of women
may limit the generalization of the present findings. In addition, it is important to consider
that most of the studies included in the meta-analysis were performed by the same group;
this may further limit extension of our results to the general population.

In conclusion, this systematic review and meta-analysis provides evidence that poor gait
performance predicts dementia. The association depends on the type of dementia; poor gait
performance more consistently predicts VaD than AD. The predictive value for AD remains
uncertain because of mixed results and low value of HR (1.03). The exploration of the
association between poor gait performance and dementia may improve our knowledge on
the interaction of disorganization of brain functions with cognitive decline being more likely
associated with the highest level of gait control. Perspectives on improving dementia
prediction may rely on the use of more specific markers of the highest level of gait control
such as the STV, or the combined use of measures of gait performance with other clinical
markers of dementia such as cognitive performance.
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Fig. 1.
Flow diagram of selection of studies. *Ovid EMBASE.
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Fig. 2.

Fogrest plot of pooled estimated HR for risk of incident dementia. (A) Any dementia, (B)
AD, (C) non-AD, and (D) VaD in participants with abnormal gait at baseline compared with
those with normal gait. Square box area proportional to the sample size of each study;
horizontal lines corresponding to the 95% CI; diamond representing the summary value;
vertical line corresponding to a HR combined with RR of 1.00, equivalent to no difference.
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Fig. 3.

Forest plot of pooled estimated HR pooled with OR for risk of incident of any dementia in
participants with abnormal gait at baseline compared with those with normal gait. Square
box area proportional to the sample size of each study; horizontal lines corresponding to the
95% ClI; diamond representing the summary value; vertical line corresponding to a HR
combined with RR and OR of 1.00, equivalent to no difference.

JAm Med Dir Assoc. Author manuscript; available in PMC 2017 February 21.



Page 13

[¥01-00°T]
20'T @/ 81008 11eb uosused

[o1 enuaLap AUe 40 a2UapIaU| aded [ensn 1e W y'Z YIem Sod
—T°T] €T ¥y :(paads 19158} SA
1SaMO|s Uostiedwod) paads 11es gr=u‘av pue (s/w) paads 119 SN 029002 ‘Temiebfy
(L¥9/5¥T) %22 %00T
:pouiad dn-mojjoy ayy Burinp
eIUBWAP Aue JO 8oUspIoU| ¥9=N

[ece-6e'T] 8E2 HO

‘enuawap Auy

S'W g6°0< SA £9°0S uosiedwo) GPT = U ‘enuawap Auy (s/w) paads e eljUBWAP Jo 9314 aouelS ‘Uey UeA ue||aqy
R . ) %0
[seeT'65°0] €82 (£522/8ST) %0°L
dH :enusawsp Jaylo pue paxiin :pouiad dn-mojjoy ay3 Burinp 1G22 =N

[1z€270] 21T ¥H :QeA
[26%'90°T] TZ'2 ¥H Qv

(68T/8T) %S'6

:pouiad dn-mojjoy ayy Burinp

c=u
‘BIUBLUAP JBYI0 puB PaXIA

T=U'‘den
TL=u'‘av

eIUBWAP Aue JO 8dUspIoU|

JZ=Uu
‘BIUBLUAP JBYI0 puB PaXIA

H:mm uosunjled

(paads 1samojs = T 01
1591k} = G) paubisse a102s
yum uonejuswbas ajiend

(s/w) 26'0< ‘2605
-08'0< ‘08'05-.9'0< L9'0>
:uonejuawbas ajiuend

(Spre INOYIIM J0 ylIM)
a0ed [ensn 1e W 0T %[eM

68T =N

s1ay1oiq
pue 1sa1id ‘sunu a1joyred

ubisap 110yod
aAndadsold jeurpnibuo

amp-Alunwiwo)

ubisap 110yod
anndadsold Jeurpnibuo

Apms 8snojnoL-s0AId3

Burjjamp-Alunwiwo)

ubisap 10yod
anndadsoud jeurpnubuo

reeitr Tl 0F = U ‘QeA Repjajiw g< pue
£6'T YH enuswap Auy 2-T'1-G2'0 :G2'0> S|aN9| ¥ Apms
oT=u‘av Buiby eisy-n|njouoH

AKep/ajiw (a11w)
Z< SA GZ'0> uostiedwo) ‘gGT = U ‘enuawsap Auy Aep Jad >em aouelsiq BlUSWAP JO 9814 SN
%6'05
T/T=N

Burjjamp-Alunwiwo)

(TLT/06) %6°2S 111 pue || sajeasgns
:pouiad dn-mojjoy ay3 Burinp SYAdN uo paseq 9109S ubisap 10yod
enuswap Aue Jo aouaplou| . ad . aAIoadsoud [eutpnubuo .
sannoltIp
[T00v1:9'7]1 0'08 HO . 06 = U "BnjuaLap uosuniied . 8 el pue Aujigeisut [einsod . elUBWISP O 331 . 093 AKemioN . 119002 S9NV
F\So_o_um_ SIesh saanses|N Heo snye1s aAnubo)  (saesp) ‘eby (9% uawopn
‘sfenpiAlpul Jo JaquinN)  ‘dn-mojjo4 JaquinN ‘Bumsas) syuedidnied
[10 %56] jsunsay urew elusawaq Jo sese) souapiou]  Jo yibue] JUBLLISSaSSY duljeseq /ApNS Jo ubise@ pue sweN/A1unod Se0UBIa)RY

Beauchet et al.

elUsWaQ JO 89UBLINJIQ PUR S0UBLIIOLIA 1IBS) 1004 UsaMIag UOIERI0SSY 8yl Buliojdx3 mainsy o11ewaisAs aAnelend) syl ut papnjoul (TT = U) Sa1pns pa1os|as 40 sansualorieyd Ulepy ayl Jo Arewwng

T alqeL

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

JAm Med Dir Assoc. Author manuscript; available in PMC 2017 February 21.



Page 14

[8T°+'69'T] 992 UH

[821:50T] 22T

dH,, Anngenen [29'2:66°0]
65T dH ', WAyl [15°2:90°T]
09T ¥H ', 8%ed :QeA
[00Z:29°0] 8T'T

dH ', Annigerren [66'2:18°0]
SSTUH ', Wyihys [88'T:81°0]
S6'04H ,, 9%ed :Qv

[821:50T] 2€°T

dH " AuligeueA [112€0°T] LT=UaEA _ AjiqeLren pue WAy aAoadsod [euipnibuo]

8T HH | wiyphus [82'1:56°0] Zr=u'av 80ed :s1uau0dWO9 S0l L Apms BuiBe utaisura
0ETHH ", a0ed ‘enuswsap Auy . €€ = U ‘enuawap Auy aoed [ensn Te s Aleue yie9 enuaWap 40 831 sn 221002 ‘353uBIan

(2zv/SzT) %962 %9

:pouiad dn-mojjoy ay3 Burinp 270 = N

[zv'9:98'T] o' ¥H :QBA
[#9'9:86°'T] T5°€ ¥H :QV-UON

(¢8e/52) %S9
:pouiad dn-mojjoy ayy Buunp
eljuawap Aue Jo auaplau|

. GZ = U '‘qgen

(66E/EE) %0E'B
:pouiad dn-mojjoy ay3 Burinp
BIUBWAP Aue JO 8dUspIOU|

eIUBWAP Aue JO 8dUspPIOU|

(8
. = U ‘Bljuswap Jayo pue /i

=U'QeA) 56 = U ‘av-UuoN

1 BWOIPUAS
11eb o160j04nau Msu ybiH

(souewIoyiad asiom
pajouap $a103s Jaybiy)

eIuaWap J0 8814

ubisap 110yod
anpoadsoud feurpniibuo

Apnis Buibe xuoig
SN

%P'9S
66 =N
Burjjamp-Aunwwod

ubisap 110yod

Burjjamp-Alunwwo)

ubisap 10yod
aAndadsold jeurpnubuo

£24.00C ‘9s3ybuan

Beauchet et al.

[coz'zs0] 20T ¥H :av .
) 0L=u'‘avy . Apnis Buibe xuoig .
[96°20¢'T]
96'T YH :enuawap Auy . ‘GZT = U ‘enuawap Auy . A ,S80URQINISIP 1B . eIIUSWAP JO 9814 . Gg 011G/ SN . 12002 ‘asaybian
%€'T9 .
66T =N .
Burjjamp-Aunwiwo) .
ubisap
10J1U02-858D 3A11090s0.19Y .
%656:A1911198dS . (66T/7L) %' LE
T :pouiad dn-mojjoy ay3 Burinp aonoe.ad Aj1wey Jo Ylomiau
0ST:AUAIISUBS . eIUBWAP AUe JO 30UBPIOU| . uonensiBal yoing .
loT:zTlse Ho . ¥/ = U ‘enuswap Auy . 5 §SOOUBGINISIP J1ES . enuawap 40 8914 . 6L spuelIayIaN 8y L . 122002 ‘Siadfewey
%¢C'L9 °
(ABojon3 SIeaA SaUNsea Heo snyeis aAmuboy  (s1ean) ‘oby (% uswom
‘sfenpiAlpul Jo JaquinN)  ‘dn-mojjo4 JaguinN ‘Buimas) syuedionied
[10 %S6] | sunsay urepy enuswaq Jo sase) aouaploul  Jo yibus JUBLLSSaSSY auljaseq JApMS Jo uBisa@ pue sweN/A1Iunod Sa0Uala)ey

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

JAm Med Dir Assoc. Author manuscript; available in PMC 2017 February 21.



Page 15

Beauchet et al.

€ = U ‘enuawap Jsyio

ubisap 110yod

uonejuswbhas anjoadsoud feuipniibuo .
GG = U ‘QeA sa|irenb o14198ds-xaS
Apnis
Tez=u'‘av W € [em 87G = U ‘ION . yBnouys ur sebueyd ynpy .
J [/ 87 TYOTI 22T ¥H [IHO 6TE = U ‘BusWap Auy 9 peads 1eD 0v.T=U'IHD . 92 sn . 529002 ‘Buem
%009 .
¥6€ =N .
Burjjamp-Aunwwod .
Otrem m>:om%oacmmm_wﬂ_h%%% : .
(v6E/ZTT) %¥'8Z PaLIMaJ W-G) W OT AIEM ’ kel
:pouiad dn-mojjoy ay3 Burinp Apnis
enuawap Aue Jo aouaplou| %%mEMMQE\Am suosiad Jap|o AaupAs .
[epiwelAdenxs
[T€20]1ST 4H ZTT = U ‘enuawap Auy 9 pue paads 119 elIUSWAP JO 9914 . G/ eljensny . +2G00C ‘8MeM
(558¢/768) %2 €C
:pousad dn-moyjoy ayy Burinp 9%0°09 .
enuaWwap Aue Jo souspIou]
GG8E =N .
av Burjjamp-Aunwiwo)
[sz'e'6v'T] T2'2 UH dVIN Qv G9Z = U ‘sod aoed [ensn 1e w : i
it o . Y72 B :SOYH PUe dvIN ubisap 10yod
HW% Nwmﬂw HH_H %WNHM_._.__ aduM 2rz=Uu'dvin aoed [ensn annoadsoud [eurpnubuo .
H me%ﬂ sLiaH w_mﬁ_mﬁ_mm_w /v =U'3S3dIH 18 W p/°Z l[eM :353d3-H ##9WOIPUAS JOW . SOY Ue dv/IN ‘353d3-H .
pajood enuswap Auy YO ‘enuawap Auy 601G paads ue9 BIUBWIAP JO 8314 . 092 JeuorieuIaU| . orT0Z ‘8s8YBIsn
%009 .
(292/02) %T'6 0
:pousad dn-moyjoy ayy Burinp 19/ =N .
[ 178 T] S'vaH ‘aBA enuawap Aue Jo souspIou] -
[zei80] L'T yH ‘enuswap (8 = U *BNUBLLED JOUIO amp-Ajunwiwod .
Auyy :psads 1eb 1amo|s : ubisep 1oYod
[L672¢'86%] Tg=U"aen (z5=u) annoadsoid feurpmibuoT .
e “mmuwmmm”m Tr=u'ay o0ed fensn Je ysisAjeue 11eo 4PWOIPUAS HOW . Apms Bube uiaisur3 .
12°€ "H "enuawap Auy :4ON 0/ = u ‘ennuawisp Auy € paads 1eh 1amo|s (§TL=U) IHO . 0/% sn . s1€T02 ‘asayBion
%v'99 .
28 =N .
amp-Alunwwo) .
SIBaA sanses|p 1L snye1s aAnuboD  (saesp) ‘aby (9% uswopn
‘sfenpiAlpul Jo JaquinN)  ‘dn-mojjo4 JaguinN ‘Buimas) syuedionied
[10 %S6] | sunsay urepy enuswaq Jo sase) aouaploul  Jo yibus JUBLLSSaSSY auljaseq /ApMS J0 ubisa@ pue sweN/A1IunoD Sa0Uala)ey

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

JAm Med Dir Assoc. Author manuscript; available in PMC 2017 February 21.



Page 16

Beauchet et al.

‘SOY ‘198foud Buibe pue AlowsN ‘dVIN ‘1818w ‘W ‘A1IapIa ays Jo Apnis a1bojoiwapida Joy uonejndod paysijgelss dluedsiH ‘IS3d3-H ‘9s010d0aiso,| ap aibojiwapids ‘SOAIdT HsH aAubod duolow ‘YIIAN ‘uswiredwi 8

'2102s paads 11e6 u1 asealdsp uiod-T Ag

17

“Jowal} pue ‘Aupibu ‘eisauniApelq Buipnjoul sainyesy [epiwelAdesixa JaUy10 YIM pareldossy

58

‘(sanfen ueaw aeridosdde xas pue abie Mojaq a10W JO UOITRIASP pJepuels T Se paulap) paads 3eb Jamojs snid jurejdwod aARIubos snd enuswap 0 auasqe Jo co_ﬁ_oo&{ﬁr

'sueb Apeaisun pue jejuoly ‘onasediway Jo auo Aue Jo mocmmen_t

"S|9pOW X0D U1 9|geLIeA SNONUIIUOD Sk pasn (1) S1010e) HeS)
*¥

'89ed [ensn Je S|l BAIINIBSUOD Z pUe WIBISAS 811y 1 | WoJ) paurelqo sanfea aaiemuenb Buipinoud sisAjeue 11e6 _Eogas_aam§

/

‘Bujem yum wajqoad pue sjre4

"Jreb anseds pue ‘1eb ueluosuied ‘eb dixele ‘1eb olyredoinau ‘reb onasediwsay ‘ueb jeuoly ‘1eb Apesisun Buipnjoul

§

*(Swis)l 9 U0 Paseq UoNeoISSe|d SI8plosip 11eB) SHAJN 8y} 40 Uoiod J010W 8y JO UOISISBA PaljIpow uo _owmm_m_“.r

‘sIsAJeue ay} Ul paJapisuod s uolyewoul poriad dn-mojjoy 1sabuo) Ajuo pue Jspuab pue abie uo paisnipe 1ses) Je synsal __<JN

"BIIUSWISP J3YI0 pue (enuawap aAnessusbapoinau snjd Jejnasea) eiuswap paxiw ‘qeA] av-uou ‘ay
*

"2ILIBWY JO SBIRIS PalIUN ‘'S ‘B1eds Buiey asessiq UosuIied paiiun ‘SYAdn puodss ‘s ‘siuedidnied Jo Jaquinu ‘N ‘Apnis siapio snoibijai

(12 %6g6] jsunsay ure

(8822/6T€) %6'€T %1.°65 .
:pouiad dn-mojjoy ay3 Burinp (1sa158)) ¥
eIUBWAP AUe JO 30UBPIOU| . 01 (359MO[S) 0 WOJj Paiods . 8822=N .
(ABojon3 SIeaA SaUNsea Heo snyeis aAmuboy  (s1ean) ‘oby (% uswom

‘sfenpIAIpul Jo J3quinN) - ‘dn-mojjod
enuswsq Jo saseDd adusplou| 10 y1bua

JaguinN ‘Bumas) syuedionied
JApN1S Jo ubisa@ pue aweN/A11uno)

JUBWISSISSY auljaseg SERIVEDETEN|

Author Manuscript

Author Manuscript Author Manuscript Author Manuscript

1uB0d pp1w ‘1O ‘senpiapul Ayyesy Ajaanubod ‘|HO

available in PMC 2017 February 21.

1

J Am Med Dir Assoc. Author manuscript



	Abstract
	Methods
	Search Strategy and Data Extraction
	Study Selection
	Qualitative Analysis
	Meta-Analysis

	Results
	Discussion
	References
	Fig. 1
	Fig. 2
	Fig. 3
	Table 1

