Dement Neuropsychol 2022 December;16(4):444-456 Views & Reviews

https://doi.org/10.1590/1980-5764-DN-2022-0006

Working memory assessment using
Cambridge neuropsychological test
automated battery can help in the
diagnosis of mild cognitive impairment:
a systematic review and meta-analysis

Zahra Sabahi'®, Mehdi Farhoudi'®, Amirreza Naseri®3©, Mahnaz Talebi'

ABSTRACT. Mild cognitive impairment (MCI) is an interstitial state between normal aging and dementia. Objective: In this study,
we investigated working memory (WM) profiles of MCI patients using the Cambridge Neuropsychological Test Automated Battery
(CANTAB). We also examined the diagnostic accuracy and possible associated factors as secondary outcomes of the study.
Methods: We conducted an electronic search on EMBASE, PubMed, and ScienceDirect databases. Studies with MCI participants
and using CANTAB battery subtests for the assessment of WM were included. Meta-analysis was conducted using the CMA2
software. Results: Out of 1537 records, 14 studies were covered in this systematic review, and 7 of them were included in
the meta-analysis. There was a significant difference between MCI patients and healthy controls in spatial working memory
(SWM) (SDM: 0.535; 95%Cl 11-96; p-value=0.014), spatial span (SSP) (SDM: 0.649 95%Cl 0.297—-0.100; p-value<0.01),
and rapid visual information processing (RVP) (SDM: 0.52; 95%Cl 0.386—0.654; p-value<0.01). WM function of MCI patients
was associated with the cerebrospinal fluid (CSF) levels of tau-protein and amyloid-beta (AB). Conclusions: WM is an impaired
cognitive domain in MCI. CANTAB WM subtests including SSP, SWM, and RVP are accurate enough to be used as a proper
assessment tool for the diagnosis of MCI in clinical settings. Tau-protein and AB are associated with lower WM scores in MCI
patients; however, sex, age, psychiatric disorders, apolipoprotein 4 allele, and functional activity scores cannot affect WM.
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A AVALIAQI\O DA MEM(')R'IA DE TRABALHO USANDO A BATERIA AUTOMATIZADA DO GA!WBRIDGE A{EUROPSYGHOLOG'IGAL TEST
PODE AJUDAR NO DIAGNOSTICO DE COMPROMETIMENTO COGNITIVO LEVE: UMA REVISAO SISTEMATICA E META-ANALISE
RESUMO. O comprometimento cognitivo leve (CCL) € um estado intersticial entre o envelhecimento normal e a deméncia.
Objetivo: Neste estudo, investigamos os perfis de meméria de trabalho (MT) de pacientes com CCL usando a bateria
automatizada de testes neuropsicoldgicos de Cambridge (Cambridge Neuropsychological Test Automated Battery — CANTAB).
Também examinamos a acuracia diagnostica e possiveis fatores associados como desfechos secundarios do estudo. Métodos:
Foi realizada uma busca eletronica nas bases de dados EMBASE, PubMed e ScienceDirect. Foram incluidos estudos com
participantes com CCL e utilizando subtestes da bateria CANTAB para avaliagdo da MT. A meta-andlise foi realizada usando o
software CMA2. Resultados: Dos 1.537 registros, esta revisao sisteméatica abordou 14 estudos, e 7 deles foram incluidos na
meta-andlise. Houve uma diferenca significativa entre pacientes com CCL e controles sauddveis na meméria de trabalho espacial
(MTE) (DPM: 0,535; 1C95% 11-96; valor p=0,014), spatial span (SSP) (SDM: 0,649; 1C95% 0,297-0,100; valor p<0,01) e
processamento rapido de informagdo visual (PRV) (DPM: 0,52; 1C95% 0,386-0,654; valor p<0,01). A MT de pacientes com
CCL foi associada com os niveis de proteina tau e beta-amiloide (AB) no liquido cefalorraquidiano (CSF). Conclusdes: A MT é
um dominio cognitivo prejudicado no CCL. Os subtestes CANTAB WM, incluindo SSP, MTE e PRV, s&o precisos o suficiente para
serem usados como uma ferramenta de avaliagdo adequada para o diagndstico de CCL em ambientes clinicos. A proteina Tau e
AB estdo associadas a pontuagdes de MT mais baixas em pacientes com CCL; entretanto, sexo, idade, transtornos psiquidtricos,
alelo da apolipoproteina 4 e escores de atividade funcional ndo podem afetar a MT.
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This study was conducted by the Neurosciences Research Center of Tabriz University of Medical Sciences, Tabriz, Iran.

"Tabriz University of Medical Sciences, Neurosciences Research Center, Tabriz, Iran.

2Tabriz University of Medical Sciences, Student Research Committee, Tabriz, Iran.

STabriz University of Medical Sciences, Research Center for Evidence-based-Medicine, Iranian EBM Center: A Joanna Briggs Institute Center of Excellence, Tabriz, Iran.
Correspondence: Mahnaz Talebi; Email: talebi511@yahoo.com.

Disclosure: The authors report no conflicts of interest.

Funding: This study was supported by the Neuroscience Research Center of Tabriz University of Medical Sciences (registration code: 67883).

Received on January 28, 2022; Received in its final form on April 18, 2022; Accepted on May 02, 2022.

(Do |

444  Working memory in mild cognitive impairment. Sabahi Z et al.


https://doi.org/10.1590/1980-5764-DN-2022-0006
https://orcid.org/0000-0001-6861-0209
https://orcid.org/0000-0002-4972-9316
https://orcid.org/0000-0001-9723-0109
https://orcid.org/0000-0002-7613-3913
mailto:talebi511@yahoo.com

INTRODUCTION
Mild cognitive impairment (MCI) is known as a
transitional state between normal aging and
dementia in the age continuum in which patients ex-
perience memory loss more than healthy age-matched
older adults, but do not fulfill defined criteria for
dementia diagnosis’. Based on manifestations and dis-
ease course, MCl includes different subtypes: amnestic
or non-amnestic MCI and single- or multiple-domain
MCI?. The amnestic MCI is typically associated with an
increased risk of conversion to Alzheimer’s disease (AD);
however, non-amnestic subtypes, which may progress
to non-AD dementias, may also evolve to AD?.

Several studies have estimated the prevalence of MCI
from 12 to 18% in older people over the age of 60 years*®.
With the global increase in life expectancy, early diag-
nosis and precise application of disease-modifying treat-
ments for MCI have turned into a priority for the health
systems®'°. Previous studies following MCI patients for
6 years found that 80% of patients progress to AD with
an annual rate of 10-15%"", which is 10-fold higher
than the conversion rate in the normal population®?.

Several cognitive domains such as learning, short-
and long-term memory, social cognition, language,
perceptual motor, complex attention, or executive func-
tioning are characteristically affected by the pathogen-
esis of AD along with disease progression'***. Working
memory (WM) can be defined as a component of short-
term memory with a restricted capacity that depends
on central executive functions and attention, utilizing
stored information and linking them to long-term
memory'®. Unlike short memory which provides short-
term storage of information, WM has been proposed
as a multicomponent structure that stores incoming
information and operates them to a more complicated
cognitive function''®, WM is highly associated with
daily functioning abilities'® and has shown an explicit
linear decreasing relationship with age?>* so it can be
used as a measure for early diagnosis of dementia®.

Previous studies have shown impairment of WM in
the early stage of dementia?®?, which makes it a good
factor for early diagnosis of the disease and prevention
of disease progression. Classic paper-pencil tests like
Montreal Cognitive Assessment (MoCA) and Mini-Men-
tal State Examination (MMSE) are widely being used
for the assessment of MCI?’; however, these tests have
shown some serious drawbacks with standardization of
administration, the accuracy of response measurement,
and demographic factors, importantly years of educa-
tion and illiteracy®®*'.

The Cambridge Neuropsychological Test Automated
Battery (CANTAB) is a computerized neuropsychological
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test with a game-like and non-verbal environment that
assesses the different cognitive domains like memory,
attention, executive functions, learning, and prob-
lem-solving®’. Among various subtests of CANTAB,
spatial span (SSP) and spatial working memory (SWM)
account for the assessment of WM?****. Also, rapid visual
processing (RVP) accounts for sustained attention and
target detection that has a small WM component that
is sensitive to parietal and frontal lobe dysfunction®.

In this systematic review and meta-analysis study,
we aimed to study the WM function in MCI patients
using CANTAB to determine the severity of WM im-
pairment in MCI patients, as the primary outcome, and
compare it with healthy matched older adults, to define
the diagnostic accuracy of WM profiles of CANTAB in
the detection of MCI. Also, as another secondary out-
come, we investigated the associated factors of WM
function in MCI patients.

METHODS

This study was conducted following the preferred re-
porting items for systematic reviews and meta-analyses
(PRISMA) statement®. This systematic review was de-
signed to assess the WM function in MCI patients using
the CANTAB, and the meta-analysis was conducted to
compare the differences between MCI and healthy par-
ticipants in WM subtests of the CANTAB.

Search

Two independent researchers (Z.S. and A.N.) conducted
a systematic literature search on EMBASE, PubMed,
and ScienceDirect databases combining the keywords
“Cognitive dysfunction, cognitive decline, cognitive im-
pairment, mental deteriorations, mild cognitive impair-
ment, CANTAB, Cambridge Neuropsychological Test
Automated Battery, neuropsychological test, working
memory, immediate memory, short-term memory,” on
December 16, 2020. For the sake of comprehensiveness,
the references of each included study were checked for
any additional related papers.

Study selection
Search results were imported to the EndNote reference
manager. After deleting duplicated studies, two inde-
pendent authors (Z.S. and A.N.) started screening and
selecting papers by title/abstract in the first stage and
full text in the second stage. In case of any conflicts,
investigators tried to convince each other or ask for a
third expert researcher’s comment (M.T. or M.E.).
Inclusion criteria were as follows:
1. Original journal articles,
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2. MCI diagnosis at the baseline based on the clin-
ical criteria,

3. Using CANTAB subtests that evaluate WM, and

4. Studies in English.

Exclusion criteria were as follows:

1. Studies in other languages, and

2. Other types of articles such as review articles,
editorials, letters,

3. Conference abstracts, and

4. Animal studies.

Data extraction

Data were extracted by two independent authors (Z.S.
and A.N.) in a pre-specified format using a data ex-
traction table, including the name of the first author
of the study, publication year, study design, the overall
number of participants as well as the number of patients
in each group of the study, mean age, years of education,
diagnostic criteria, MMSE score, mean and standard
deviations (SD) of CANTAB WM subtests in MCI group
and the healthy control group, and finally associated and
non-associated factors with WM function. We could not
examine amnesic and non-amnesic subtypes separately
since they were not described in most of the included
articles. The online version of Web Plot Digitizer was
used for extracting the exact values from the graphs.
Extracted data were reviewed by a third author (M.T. or
M.F) and, in case of any disagreements about results,
it was determined between authors or by a judgment
of a third author.

Risk of bias in individual studies

The risk of bias (RoB) and methodological quality were
evaluated (by Z.S. and A.N. separately) with Joanna
Briggs Institute (JBI) checklist that contains eight
questions, evaluating inclusion criteria, detailed study
subjects and setting, the validity of exposure, the stan-
dard measurement of the condition, and the outcome,
identifying and dealing with confounding factors and
statistical analysis®.

Statistics

In this study, meta-analysis was performed using
comprehensive meta-analysis (CMA) version 2.0. The
confidence interval was considered at 95% and 0.05 level
of significance for the p-value. Studies that used SWM
total errors, SSP length, as well as A’ or latency measures
of RVP subtest of CANTAB in MCI patients and healthy
control group were included in the quantitative analysis.
The I model was also utilized for assessing the level of
heterogeneity among included studies. Whenever any

446  Working memory in mild cognitive impairment. Sabahi Z et al.

of the studies had reported data for MCI by subgroups
(subjective MCI, amnestic MCI, single-domain MCI,
multiple-domain MCI), we merged them using an excel
code. The mean, SD, and the number of the individuals
in each group were imported into CMA, and both the
random-effect model (REM) and fixed-effect model
(FEM) were utilized for assessing the difference between
the groups. Also, the results of the study were reported
in funnel plots in Supplementary Material.

RESULTS

Search results and selection process

The electronic search identified 1,235 records through
databases and 655 records added from other resources.
After removing duplicates, 1,537 records were screened,
and 1,434 records were excluded. Out of 66 studies that
were assessed in the full-text stage, 14 studies were included
in this systematic review, and 7 of them met our inclusion
criteria for the meta-analysis. The PRISMA flow diagram is
presented in Figure 1. Table 1'%333%%0 j5 3 summary of the
characteristics and findings of included studies.

Characteristics of the studies and participants

Five of included studies were cross-sectional and nine
were cohorts. Only baseline data of the cohort studies
are taken into account. In sum, 930 out of 1670 partic-
ipants were diagnosed with MCI, and 527 were healthy
controls. The mean age of the participants was between
55 and 75 years. The years of education varied from 7
to 14, and the male ratio varied between 8 and 56%.

MCI diagnosis

In this study, most of the researchers used MMSE for
the diagnosis of MCI, and the rest of the studies used
the other tests or criteria, such as Petersen criteria,
MOCA, Rey Auditory Verbal Learning Test, and De-
mentia Rating Scale.

CANTAB tests for WM

Regarding the tests for WM in CANTAB, 11 of the in-
cluded studies reported SWM, and 9 of them reported
SSP for assessing WM. As mentioned before, RVP has
a small WM component and was used in nine of our
included studies. Only one study reported that used
delayed matching to sample (DMS) subtest of CANTAB
as an assessment tool for WM.

Factors associated with WM in MCI
In terms of factors associated with WM functions of
MCI patients, sex, age, psychiatric disorders such as
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Figure 1. PRISMA flow diagram.

depression, apolipoprotein 4 (ApoE4), and functional
activity scores were not significantly correlated to
CANTAB WM scores, while a higher cerebrospinal fluid
(CSF) levels of tau-protein and amyloid-beta (AB) were
associated with a lower function in WM tests.

Meta-analysis

Out of 14 included studies, 3 of them did not include
any healthy participants for control group and 4 others
did not report our intended component of CANTAB
subtests to be included in the quantitative synthesis;
hence, they were excluded from the meta-analysis.
Seven remaining studies were included in the meta-anal-
ysis. The forest plots of the meta-analyses are shown in
Figures 2-4. The quantitative synthesis of studies using
CANTAB subtests to assess WM showed a significant

difference between MCI and healthy controls in SWM
(REM SDM: 0.535; 95%CI 0.110-0.960; p=0.014, FEM
SDM: 0.450; 95%CI 0.270-0.630; p<0.01; test for het-
erogeneity I*: 81.28%; p<0.01), SSP (REM SDM: 0.649;
95%CI 0.297-1.000; p<0.01, FEM SDM: 0.510 95%CI
0.654-0.365; p<0.01; test for heterogeneity I*: 82.76%;
p<0.01), and RVP (REM SDM: 0.481; 95%CI 0.316-
0.647; p<0.01, FEM SDM: 0.52; 95%CI 0.386-0.654;
p<0.01; test for heterogeneity 1% 46.49%; p=0.05). Also,
RVP A’ (REM SDM: 0.583; 95%CI 0.244-0.922; p<0.01,
FEM SDM: 0.590; 95%CI 0.401-0.870; p<0.01; test
for heterogeneity I: 67.87%; p=0.01) and RVP laten-
cy (REM and FEM SDM: 0.449; 95%CI 0.259-0.639;
p<0.01; test for heterogeneity 1% 0%; p=0.50) were
significantly different between patients with MCI and
healthy controls.

Sabahi Zetal.  Working memory in mild cognitive impairment. 447



16(4):444-456

Dement Neuropsychol 2022 December.

“*gNUIUoY

uofredioned 180 ‘01> S09
[B190S ‘SARIARIR (uonuape . G0'6¥¢2’ 0L  60°6F9¢'L9
[enyno pue ainsie]  ‘ebenbue)) . . (IDw-vas) Sassaul| LIRS J0 [BIPAU | g.) =07 T104LNOD 1013U09
‘Buipeal Jo fousnbal  HOINYI e 119 0092 Slus)l 1981109 dSS WEDYBIS AUE Lpim pasouberp ‘ION-vas 0L'VFEZ'6 07'6729'29 [BUOIOBS ¥102
. . 86 089 98'Ge : 10u ‘aauapuadap/asnge brup 1o eg g - PH v ot ke 10 EoR
.am___%ug sjure|dwod |00l ‘$19918p A0SUSS JojoLl ._o._>_m<o.w ._H.u_>_|.<o.w 10 [e 1o |eded
‘Ryuxeldwoa Kiowaw Y T Cpp— LL'EFYS6 6¥'6F7€°0L
‘leuonednado ‘feingeaon v o60L 9012 (ID-vaw) el U.B.Eewf ou “0z< ISWIN G9'1+98'¢¢ ‘ION-YaIN ION-YaIN
‘uogeonpa by SIVM ‘ISININ Swia)l 1981109 dSS : : ION-Yan
ue
uw%ﬁ_ﬁ_x“m - f1apeq [eaibojoyaksdoinau qyy3o
pueoms y-gm  OUWESL gz 060 BE'S €2 SO pLy  @iodsyseydss U0 Pased DI ‘@snqe Bdueisqns Jo Ainfui peay ‘ssaujy 98EFILL G/ /Fe8'/9
‘ ¢ pue |[edal oLelyafisd Jo Aojsiy Ajiuey Jo [euosiad ‘aseasip ‘1TZ18 . ION 10N 009 6:¢00C
‘ a<~m%=wm_%w%%c 18] pom) auloopua 1o ‘fio1enald ‘fiojesdsal jo Alojsiy e arlFcl8e so'sy 8L€F [€CL  LEGFVE'S9 9w o ‘e 18 81|09
Jonn uoneonpe Q830 €2 ST SISl €z yg'e  y0'Ll  eloos fbojeng wms  POPMIdU! 8BEIS SIUl e LI LOISNIOX3 ‘Sisoubelp :oxu0) :oxuo9
‘Xas ‘aby 2 32zl 6lS2 €2 198Gl £eEE  SI0Ud [EI0L WS [ea1B6ojoInau pue auelyaksd ou ‘siesk gg< aby
9Ye)ul UOBOIPaW
ON ‘|HIN/LO [ewlou ‘9zZ3SININ
‘N-INSQ 8} Jo BLI8}II 8L} 0}
o1z (61095-7) 4 Buipiodae epuawap Jo sisoubeip
ayy @ JuaI91Nsul swoydwAs - . 5 [BUONOSS 2,102 '8 10
_ _ 6z UHM ‘sso| AJowaw wial-Hoys 9082 G'/¥ - 9+6S oy ss019 ‘zeyua63
pIiW ‘G"0 =HQAQ ‘UasIgled o
10 BLIB)LIO 8y} 0} Buipi0dIe
- sisoubelp [9|\ onsauwe
- - - GG/°0- (91028-7) dSS ‘siapJosip [eaishyd Jayyo 1o
- - - 1/88°0- (81025-7) NMS swoydwiAs [eaibojoinau oN
) ) 09 2662k 89615 (IDN-v) fouarel dny .
1§°2L  0S'Lvy - - I fujgow puey jo juswuredw
:U_>_.wv pakejap ¢e GL'ect 0L°0€s A_os_.wv ousie| d\Y 10 ‘JuawJiedw Alosuas ‘asnge
IV “(91-S) X i 9 S00 180 (19IN-V) ¥ dAd uonednpa |0yoaye jo Aioysiy ou pue 20178112
2581 § I [V v0'0 €60 7 500 980 (10N-9) v dnd 4O |9A9] pue afie  ‘aseasIp JeiNISeA 10} S10}B) YSU GE'EFELCLION-Y WY
(1A - - uesw paydjew I ¢S eF00°El i 1w010C ‘e 18
.A_u_\M__mvm_\v,_ _w qum.& d S gr0 ogg 2 790 %6V (1OW-V) WbUBI dSS  yym syuedioned  ouyeiyafisd 1o ‘[eatbojomnau - 60'8Y 1ON-S mo._nu%.wﬁ 1€l _m.mmwwwm slawwing
S09 ‘IS4 I-SIYM 2 690 025  (OW-S)uibusdsS  ‘Maisiy [eolpaw  ‘aipaw Juealiubis Jo Aloisiy ou YLEFIGEL mm..mn&m.% pue siapunes
1ON-9) TRITEY] 10 sjule|dwod ‘Buinyl Ajiep Jo SaiiAoe Joelul 1)U0Y onUo
.x%msh_cmaw_%ﬁ 09 SKSE  281ls SI0LI3 210} WMS aniubod oN ‘Bujuopnouny aauboa pansasaid ‘loAuog
: ‘1I9N-€) 80°€l  89°€E |0A8] JaLLLIO) B L0} BUIjISp JO
UYL 2By 2% oSl 907h w_o:mo_m_%_\,_;m 10114 & Yum ‘swiajgoid Alowsy
> 8100S 8[BIS JIWAYIS|
PaIIPOIN BiSUIYORH pue ‘9>
9100S 9[IS SO ‘Y 0} BLIBYIO
[B21UI]2 }93W OU 0} douBWLIOHAd
. . [euonouny pue aAubo9 |eiauab
V304 ownion 10 80 Vdnd 10 :ozm?_mwm_m ng O
o olsauwe Jo sisoubelp [ealUID B
Xas ‘uoneonpa  [edwedoddiy . ! (ocorvg) ., uoneonpsjosieak . __ [BUONIBS 0,:102
¢ ; 3 X ‘(aeasqns Alowsauw ay} Jo [V, ) .
ISWN DV ei-d “ney sk feeas ) oo 0 ouoos anes 617992 T oranoaessoy R0 T oy s veen
¢ ‘ ‘ab B10] ¢ '
DIdN ‘S@9 ‘aby [0} ‘2yey HOD © 08—12 10 81008 ISNIN U
(skerap 1e) ‘f1owaw o1posida Jo ainseaw
€9l 6'29 1081109 % SING B Ul J191J9p UOIRIASD pJepuBlS
- - I | 1se3| 1e ‘anneal Ajiwey e Aq
v'e 661 31eAs NMS paIyLIaA Jure|dwod Alowaw
£g /']g  SIou9 usamiag NMS aAoslqns ‘sieak 06-GG aby
u s UudN u @S  ueap (%)
INM o} |01u09 8109s azis  ubisap
eLId)9 Appqiby onel uonean abe uea 1e3f) Joyin!
_.s«_m“m%”_. woN ucﬂ._,“”wm ’ [oxu0) 1N Siselns GVINVD -ewapio uugiyg 10N EUOIHO RGN s a_.._ws_ neana W odues fpmg (228 0wy

"SIpN)S papnoul o sBulpuly Jo AJRWILINS puR SONSUBoRIRYY *| djqe)

Sababhi Z et al.

L t

1tive impairmen

ild cogni

ing memory in mi

Worki

448



16(4):444-456

Dement Neuropsychol 2022 December.

“*gnuNuoy

2C 6¢GSL 66228 (+10N-B) Koualel daY
066 ¥E69Y G2 960L 8yeyS (IDW-eu) fousyel day
22 0506 80207 (I9W-e) Aousie| dAY
. . (+19N-€) JusuLtedul
¢ 09 BEE toaens wms feaiuypans Jo N
. . 90UBPING ON
889 1°0€ . . (19IN-BUY) . anew.ou ajeudoidde-abe
Buini A
S¢  G8S csee Abayens WMS mm:;_w_w.m v%mwme d MO|aq 187e8.6 10 Suoieiap
uoissaidaq |m@_<.,_é_w i 2c 189 p96C (0W-B) ABOJeNS WMS ‘gz 21095 SSWaV mﬁmwﬁ_wmm Fmoo_%sstam T
SQvH xas opoissz O 22 80Ul 8lee (+1O-8) ‘BRUBWSP JO X - 86'8¢ - 06-09 8Ll 1oyod siAWWINg pue
‘uoneanpa ‘ab ; 99UpIAS OU P . WRINE]
HEONPE3Y - gua ‘Tinvy BI04 [EI0} WMS ‘suoRpUOD 6< 81005 SSINY ‘BAuBLIED AAED
. . . . (19IN-BUY) 10 8USPIAS OU ‘SUOIIPUOI
Le8L 9V6e  So ELL CSO0E 05 oy s ‘_%,owww%__mﬁmc [ea1Bojoyafsd Jo ‘[aiBojoinau
(IDW-®) _» ol ‘leaipaw snoinald oN
Ze 8LLL €02 oW [edlpaw
$10118 [e10} AIMS snolAald oN
¢¢  ¢L0 89y (+ON-B) ybua| dSS
780 0Cs G ¥.0 2L%  (IDIN-eu) yibus| dSS
¢¢ 160 GGG (19N-©) Wbus] 4SS
00 6860 0L S00 028'0  (pessaiboid) v dAY figow puey
Sz Y00 980 (IO @IqBIS)Y dAY sdnoub 9N 0} JuauLfedu 1o ‘uauLiedul
Sssaiboid au Jo uoneanpa  Aiosuas ‘asnge |oyoaye Jo Aloisiy . 6'/708°S.
0L 86 066GY s L%s 210} I \W>m 10 |9A9] obe UBBW  OU PUB ‘3SBASIP JB|NISBA IO} .m%ﬁmmw__n_ Lo
ING ‘TAVY G6Cl  26'CE 10N 210Es) 8y} 0} payajew $10308} sl Jofew Jo Aioisiy .o.mﬂmm.ﬁ passaifiold ec¢L0C ‘B 18
XS ‘SYQ ‘DIS4 UvLM gz 6z ov8l  ¥20S [N 8lqey sem dnoiB |04U0  OU ‘UoIIPUO JLeIYdAsd J0 - Sy o0 I'JFP0'LL 901  MOYod SIapunes pue
‘uoiyeanpa ‘aby Si0.13 [€10} NMS ‘gouealyubIs Jo  ‘[eaiBojonau ‘[eaipaw JueaUBIS iouid 19N BIqEIS siawiwng
. . (passaiboud) Ki01s1y [eOIpaW 10 fiojsiy ou ‘Buin Ajrep jo _.mwu_ﬂ_wm: 8'GF9E'69
) ) 0L 280 0L TTETIESS 10 sjuredwod Sal)IAIoR 10B1UI ‘Bujuonouny ‘1o4ueg |013U09
GL0-  ¥8%6 o anuboa o anuboa paniasaid ‘auljosp Jo
G 690 8y a1q21S) yIbua| 4SS K103s1y e ypm swajqoid Alowsy
(oW fune
|ensiA pue Bulieay
€ €992 GL'268L -UNGW) 85u0dsal  p yoi5in jewiou fynoe [ensia
1SB| 0} aWi} dSS .ounco.wo.otou 10 pue Buieay pue UoISIA [BwIOou
. . : -0}-P8}081109 J0 [RWION "BLBJLID
[BULION "S3SSaU
rL999L breeko _ — (oW-vag) ssuodser ', ﬁ_ﬁ___ga "o N-SING PUE YOHQY-SONIN
1S 029252 62’8699 1S8] 0} W 4SS _S_va A wE mc_>u‘_o8m pajuaLiap jou o
sield 26 815vap 22590 (ON-VAN) BSUOGSI” Au o sisoudeip ou xM%wwmmmmmqum %Eﬂ m: 2977566 ﬁ_wﬁmﬁw%m
‘uoyeIN9[ea 158 0} 8WI} SS pue ‘souapusdap SONIARDE D J0BdUN [EUNLIL Jo GE'ZFES e '|0JJU09 AyeaH »5_8_._
‘uonuany R /asnqe Bnup Jo - . 1N e ION-YNAIN 11'€F96°L o0 -
Aunoe [ensip ‘abenbue ¢€ 628 99t s hm_uw_\mw_ M_,H_un_s_v |oyooje ‘sjoajep JUBOLILDIS ou ([TAD) 40 LOISIan 09°1F05°22 IDIN-YNAIN .mm 8¥8.°99 [BUORDAS | ¥ 10C
‘oneanpa 9By [TAD ‘IS S [B10} dSS AI0SUSS-1010W ysiueds ayj uo stuiou abe OW-V0S 042G 6 OW-YNGW  0ZL sso B 10 UBpEqRY
. “uewiopui) 16 89LL /S 96 09l (10N-vas) Anluruesq  MORSIS &1L 10 BUBMIOLAD ol e Tonvas 09879689 ~sooung
Sidwod SIUB P10 dSS  opewnen ‘exons SedLLD Aol 1IN YO 60VT8LOL  OAVOS
houon TR O 10 K018y D81RI0G0.I09-]UBLLIOJUI ‘[040d[R ON-VaI 9£'8790° L/
¢t 6 6L SI0L13 B0} 4SS OU ‘Sisa) anpubon 10 S30UBISGNS JO SI8UINSUOD TON-YaN
ouads .u% 10U ‘Adeiayiowayo Buiadal
. . (IDN-YNGIN) X J0U ‘ssaupul|q J0 Ssaueap
¢e €80 Sty ubua| dss Buiuonouny X .
anQUB0o [eJ0UD 'SSaU||l 819A3S ‘S19pIOSIP
190 % /5 080  S9% (IOW-VOS) WBUAIdSS <fiouow upjuiod | [E2D0IOINAU Jo dineiofsd
oW oo m£. :m.ﬁ ‘enuawap Jo sisoubelp Joud oN
¢ 80 OVY yqw)wusidss  JauBiy paioag
- . G HEL M 10} 103u02 8109s (%) azis  ubisap
$10}08} $10}08} . 19N B30 Anpiqibi3 ones uoneanp3y abe ueajy . . (1eak) Joyny
DOJEIO0SSE-UON  PAIBIo0sSY |013u09 19N sisaqns gyINy9  -eusiud Aupaibi3 IS alen a|dwes Apnms

‘uonenuiRuog "I |qeL

t. 449

ild cognitive impairmen

ing memory in mi

Worki

Sababhi Z et al.



16(4):444-456

Dement Neuropsychol 2022 December.

“aNuNRuo)

€  ¥00 G8'0 (+19N-®) ¥ dAY
¢v0'0 2060 9¢ S00 180 (1IN-eY) ¥ dAY
€2 /¥00 060 (IDN-B) ¥ dNd ‘Rujiqow puey o} uauuredw 1o
€2 L0251 Z0'6LS (+IOW-E) fousjel dny Waiedw Klosuss Jo Alolsiy ou
upog €68 0’89y 9¢ 02801 9EGrS (ON-2u) AOUBKEl dny St 0let 10 L0 0 Gsoult PIEROTYL  2G9T99ZL
a_mnm_bwu_mﬂmm (PiemOEq €2 1e2ll 2628y (OW-B) Aouetel dny aueIypAsd 1o ‘feaiBojoinau o9 10409
fel0) Buiouenbes | LUPAR .  THOWE) whe ‘leoipatu Jofew Jo AJojsiy ou gatidyecl 95979069 7102 1810
BQUIN-BRST % pge bl gg € 10 viv IOWTWDOIISS {QUeLLIOJUI Ue AQ PaLLIILOD) - vE'6E ~HON-E AHONE 271 woyoo  siswwing pue
SQUH WOREOTBS ", g ¥80  6LS 92 K0 ev  (oW-eu) busl dss Suiuonouny Aep Juapuadapu LWL L6TTS0L 20D
co_m.,wwh_,h_.wn_ _ucw “(DISH) HYLM €2 160 258G  (IDW-®) wbusl 4SS urepuiew o} Aoedes papiodal mF._.mM_mv.ﬁ mm_ww_vo.ﬁ
Koy [eydsol ] ] )HON-B( -}l8s ‘2-SHQ 8y} g passasse e oN-E
I ! € 96%8L €99 o 210} AMS se) uopuboa [essush pansasald ’ '
JON-El uonuaye ‘Alowaw “6-a)
¢s'8lL  ¢v'6c 9¢ €8'8L v0CE SI0L13 [B}0} WS Sjure|dwod 8ARuB09 4o B3UBSaId
. . JIOIN-E(
€ Ll B0 g0 mor s
Kouanyy
lewjue s)se] .
. BlUBIAP
uoubooas eoibojoyaksdoinau
E_.M. |[e98. _ uo F_cw_EL_SE_ 10 SISOUBEIp E0IUID U pue
pafiejap pue anUB0D ou ‘swioy  ELEWI SUBSIENad 01 BuIpI09Ie
8189} |ea1bojoyaksdoinau uo
i] I
ovd spom 9 00 Z6L €L 88 962 SI018 NMS Coneonpapue  SUBUMEIW BNMGGOBOW  GEFGST 95 SYROL verees gz vowod gl
" - 10 8UO ‘6L < 8109S-ISNIN B +
ne}-} -abe 0} buipoaoe . :
. ¢ . sieak 09< abe ‘sjuie|dwo
d
N@Ms_w,_oo m_w“wm_ww_\”__%_ 3AIIUBO0D JO UOIBNBAD BU}
“uonEaNpo ‘0p< 9By 10} [e11ajal a1uld Aowapy
‘xas ‘aby
. . (snonBique
¢ e 10N ¥ dAY 01}129Npa [BWLIO} JO SIBBK G 1sed
; " u uony [ew.o} JO sI 1se9|
zk B00 180 A (av-1oW) .w\ dny 9 9[2as JIIAUDS| POLIPON
. G2 200 18°0 IO [[eJ8A0) vV dAY IMSUIYIBH ‘9> SAY ‘G'0 JO 81098
f1ape by o ¢
.FF.__DM.MO_ BM% . . (snonbBiqwie-|9) 40D ¥Z<3SININ "enuswap o}
oW I €L ¥09  9v'8y SI0118 NMS elIaJ0 ansoubelp o) Buipuodsal o
Riowayy [eatbot 2l e 2668 (av-1om) L0'b¥6 mwﬂ%%m_mw
‘ajeag oIWaYds|  ney-oydsoyd 10118 NMS o 'snonBique-|gN : 9,6102 "2 18
P3LIPOI IYSUIYoRH  ‘Nej-[eloL ) HoF0Le Oy ¥6°€F01 1O S MUY pureiooen
‘50D ‘OV4 ‘ISWIN 2 sy oppg (NI o1eosans || Aioway 01boy av-on S9978s89 o
405 ‘Zhely ‘21038 SI0419 WMS 8y} uo Juiod Jjona mojeq as | ! av-1on
DV4 ‘Uoneanpa . . ﬁ:o:m_QEm._oS: 1sea| Je Bulioas Aq psjuswnaop
‘Xas M%< € o0F  lloe KBaens WMS se JuswJiedw Alowsw Jo
@v-om 89uasa.d ‘sjurejdwod Aowaw
¢k G60 L1'8¢ S%M%_\_\,,__\sm aA30alans Jo aoussald ‘sieak
i ] 08 pue GG usamiaq aby
. . IO [[eJ8A0,
6 2¢L0 4R ABIenS WMS
- S M Joy 101309 aos % azis  ubisap
$10}08) $10}08) ST TR AT 19N B30 A6 ones uoneanp3y sbeuea o uobe gome oK) louiny
DOJEIO0SSE-UON  PAIBIo0sSY |013u09 19N sisapqns gyLNY) 118}19 A1l IS alen |dwes  Apnis

‘uonenuiRuog "I a|qeL

Sababhi Z et al.

L t

1tive impairmen

ild cogni

ing memory in mi

Worki

450



16(4):444-456

Dement Neuropsychol 2022 December.

‘DOINS ‘a1eas AJoWwa| JaISUIaM :SINM ‘aJIBULIONSIND JUALISSASSY [euonouny ayl :p4 ‘Bunel enuawap [eol

*8109S (SSINTY) $81098 PAjeIs SNYON Pe1I81100-UOIINpa pue -abe :SSINTY ‘OABWION UBSLIBWY Jap|0 ORI :SNVOIN ‘UOHBUIWEXS
3]1]S [BJUBW 12y :ISINL ‘UONBIJ0SSY SI3pI0sI] Pale|ay PuB asessi( S.JaWisyz]y 8y} Pue 80.1S PUB SI8pIO0SIQ SAIBOIUNWLLOY PUB [291BOJ0IN3N JO 8)NHISU| [BUOKEN U} VAHAY-SAININ ‘UOHEIASD piepuels :qS ‘alieuuonsanb sjureidwoo Alowaw sanoalgns

0 1430 ‘uoneulwex3 aJBIS [BIUSIAl LI :ISININ ‘Butouanbag Jaquinn—IanaT :NT ‘UONIPa pIg ‘a[eag aouabijjalul NPy J8ISYdsm

~SIVM ‘ueds

161 :dSa ‘xapu| Apigiowon uospey) 3199 “Buipesl ynpe Jo 158} J8ISYIBM :HY.LM Jusionp aousbijeiu] 8]eas [In4 :DISH ‘el uomubooay pue 18] ainbiy xajdwoy Aay 149y ‘18] Buiuies eqiap Aloypny AayY :ITAVY ‘o[eas Buiel eluawap :SYQ ‘IS8l
Buuies [eqiap BILIONIEY ITAD ‘UoneUIWEX] 8ANUBO) 8BpLIqWR) ;DAY ‘8seasiq SJawiayz)y 1o} A1siBay e ysiqris 0} WNILOSUOY :ayy3) ‘UsLUSSassy aAUB0? [ea1UO SO ‘UOHBUILIEXT B1BIS [BIUS|A 1Ry :ISINL ‘IS8l Buiwe uoisog :INg

‘9[e0g UoIssaidaq duyeLay 1@y ‘(N dssuLe-uou urewop-ajdinw I9N-YANIA ‘19N dnsauwe urewop-sidinuw |9A-YdN ‘8Jleuuonsany sainjie4 a

$9
quawredwi aaiubod

450 a1 aseasip s.Jaiayz|y pue juaureduw

609 :049 ‘19N Urewop-s|6uls :|9IN-vdS ‘e1eg-piojAwe gy ‘uisjoidodijode :30dY ‘elreuuonsanp
119y [euonouN4 :py4 ‘areuuonsang Aiojuaau) oLneiyoAsdolnaN :DIdN ‘IDIN IRSBUWR [N-Y DN 9A1R08[ans :YIN-S ‘Bjdwes 0} Buiydrew pake;ap :SINQ ‘Buissasoid uonew.osul [ensia pides i gAY ‘ueds [eneds :dss ‘Alowaw Buiyiom [eneds :NMS
w9 Alowaw Buriom M ‘uoneuIWEXT 81e1S [BIUSN-IUIA :ISININ ‘Aieleg parewolny 1sa) [edifojoyaksdoinaN abpuque) :gyINyD Apnis siy} ul JuawJiedwi o
609 pliw Ypm $398[gng, JUBWISSASSE LUOW-0g dy} Buimoj|o} [J|\-B Se p

609 pjiL dSaULE Surewop ajdinw se paulap +O; ‘sajioid

SB|09. 818M ING [DIA-BU 10 [D|A-B SB 8UIjaseq 1B palyisse|o alam oym sjuedioied ay) Joj pasn S| passaibold, “Apmis siy ul,

sjuredwod
fiowaw aanoalgns
10} areuuonsanb In Ajrep Jo
3y} JO UOISIaA SaIHAI}OE UO JoedWI [BUWIUIW JO
ysiuedg poys ayy  jueauiubis ou ‘A9 Aq passasse
£q sulaouod asayy  ‘“Aowsaw 1oy 1daoxa Y-509NYI
JO UoewLIU0D ul surewop aAubod aiow 10 €5 ZF0 VS T [AWES 2 A
1A ‘ISININ . 'SUJBOU0I BAIHUBOD  BUO Ul SWIOU UORBINPA PUB  :PaUaSIOM . 6.'7+0€'6 :pauasIOm
n ) . (pauasiom-|IN) e :paUSSIOM-[DN .
H-D00NVO e lze 6% 4SS paodal-jias yum 8B mojaq SS §'L ‘uolubod -gIN OV ETGL -0 051202 838
99 SIXeld '00S  6vL  ¥8'€ 00'G S18JU80 Lpeay 1N0Qe SuJadu0d PaleInqolIod  68'CFEL'GC E€L'GE ‘1RIS- 19N ¥4 /+¥6'0L 80¢  Moyod ouajepbe|y
‘UoBINPA ‘IapUaY ‘Apoig aIed Arewnd Juewloju; ‘papodal-J|as “oseasip :8|qeis-|oN .E.?\rwm.or :91qBIS-1ON -sodwe)
-uoymeT ‘abe Buipuspe ‘sjsa}  auyeIyaAsd o [ealbojoinau Aue  pE1FHE 82 011U €8'8F92'79
urewop o119ads 1o ‘gauapuadap/asnge Bnip :|0J3u0) ‘loqueg :|0J3u0)
pue Buiuonouny 10 |0yoo[e ‘sjaajap Aiosuas
[eJauab ui synpe -10j0w ‘Ainful uresq onewnely
[BULIOU ‘SJ3PIOSIP ‘904 [BOIUI[O ‘BIUBWIAP IO
ibojonau 19N J0 sisoubelp snoinald oN
. . (a1geIs-19IN) Jo sisoufielp
[ 344 SY dsS snoinald oN
1GY  89°¢€L YA 1904 SHY [e101 dAY Gg> J0 1098 [BYL-(¥DON) ‘€2<
o e 2h0 il fousge| uesw dny _w,momw ww_wﬁwgsw% wmwmm_ﬁ“_m 1£'8766'89
VIO ‘9109S i X . . $10113 [€)0} ' B . _ ‘joquo) 6020¢ '[e 19
. 44 €2 S.JaWIsyz|y uo Wniosuo) 88'8 oo 14 Hoyod
3L %:.wwm%um ISGL  ¥9'2S LE€L  6E°GS MS ueadoung ay Jo dnoigy L€ m_%,“m 89 yedeaoesuols
X :
. . . . $10113 UBBMIBQ BuOm 1IN U3 JO BB
18yl SY'LS OLEL  8¥'es WIS a1 U0 Paseq SISOUBEID [
. . 62 S00 680 (1IDIN-BU).Y dAY
500 €60 - ;
25 00 /80 (I9W-8)Y dAY
_ . (19IN-eU) Aiigow puey
ool Shb 6c €9Gel 8962S gy a1e) uesw gAY oﬁ:mEL_SE_ 10 uauedu
- - 10SUSS ‘asnqge |0yod[e Jo o aTon:
NG 2 61921 €£¢€IS M_os_.mv WQEME_ dnd K101S1Y OU ‘9SB3SIP JeNISen mm.m.__.\“_\ommF mw._w.._.\,m_wmmg
. ‘Say ‘[AvY X X 6¢ 690 [14° IJIN-BU) yibus| 4SS 10} $10398} Ysl1 Jofew Jo Aioisiy g A w102 1.1
kcm_ﬂw:w%%,\ ssnav 9z X0 S o0 06 (OW-e) ubuel dss 0u ‘UoRPU0D aLeIDASd Jo - .o MJ_\r,_w__ﬂ Nmu_wv,_mw.__: 9L  Moyos  slawwng
; 2-s4a ‘s Ton-ew) ‘[eaifojoinau ‘lealpaw Jueayiubis 60ET0GEL LGTBL69 pue siapunes
[el 1TAVY . . 62 G/vlL 69¢r 1019 (810 jo Aoysiy ou “Buiaif Arep jo 0L | OUD
v8el  6eee 10415 [EI0) WS SIHANE JoB)U ‘Buiuonouny ‘lonuog ‘loqu0g
26 997l 0S50S  (IDIN-EB) S10118 NMS anyubod pantasald fauljoap Jo
] ] (19W-eu) Klojsiy e ypm swajqold Alowsaly
626l Zhee 62 1.0l €28¢ ABaIeNS WS
26 95¢c 1928 (9W-e) ABajens WMS
- = o = e WM 10} 10409 19N e} Apnqiby loos QAN.N_ uoneanp3 abe ueap SZISPRUD 56D (4eak) Joyny
DOIEIOSSOON  PORI0SSY 009 19N siselns gvINYD  -euelud Aunaifi3 P T £ T . : ojdwes  Apms

‘uonenuiRuog "I |qeL

t. 451

ild cognitive impairmen

ing memory in mi

Worki

Sababhi Z et al.



HW  Dement Neuropsychol 2022 December;16(4):444-456

Model Study name Statistics for each study Std diff in means and 95% Cl
Std diff Standard Lower Upper
in means error limit limit  p-Value
Saunders(2010) 0.968 0.234 0.509 1.427  0.000 ]
Saunders (2011) 1.013 0.236 0551 1.475  0.000 —]
Stonsaovapak(2020) 0.191 0.299 -0395 0.776  0.524 —_—Y
Summers(2012) 1.070 0279 0522 1.618  0.000 —
Klekociuk (2014) a 0.017 0.184 -0344 0378  0.927 —{—
Klekociuk (2014) b 0.036 0.187 -0330 0.402 0.846 —
Fixed 0.450 0.092 0.270 0.630  0.000 <
Random 0.535 0.217 0.110 0.960 0.014 <

Figure 2. Meta-analysis of comparing patients with mild cognitive impairment and healthy controls based on “total errors” measure of spatial working memory
(SWM) test of Cambridge Neuropsychological Test Automated Battery. The purple indicator is the final result. (Test for heterogeneity: I%: 81.28%; p<0.01).

Model Study name Statistics for each study Std diff in means and 95% CI

std diff Standard Lower Upper

in means error limit limit  p-Value
Saunders(2010) -1.114 0.237 -1.579 -0.650 0.000 —]
Saunders (2011) -1.221 0.240 -1.692 -0.750 0.000 —D—
Juncos-Rabadan (2014) -0.312 0.165 -0.634 0.011 0.058 —D—
Summers(2012) -1.431 0.293 -2.004 -0.857 0.000 <€—}——
Klekociuk (2014) a -0.250 0.185 -0.612 0.112 0.176 —_—{
Klekociuk (2014) b -0.280 0.188 -0.648 0.088 0.136 —D—
Campos-Magdaleno2020 -0.215 0.154 -0.517 0.087 0.163 —D—
Fixed -0.510 0.074 -0.654 -0.365 0.000 ’
Random -0.649 0.179 -1.000 -0.297  0.000 —E—

Figure 3. Meta-analysis of comparing patients with mild cognitive impairment and healthy controls based on “length” measure of spatial span (SSP)
test of Cambridge Neuropsychological Test Automated Battery. The purple indicator is the final result. (Test for heterogeneity: 1% 82.76%; p<0.01).

Model  Group by Study name Subgroup within study Statistics for each study Std diff in means and 95% CI
Subgroup within study
std diff Standard Lower Upper
inmeans error  limit  limit p-Value
A Saunders (2010) A 0.147 0226 -0.589 0296 0516 —_—
A Summers (2012) A -0.252 0263 -0767 0263 0338 —] ——
Iy Klekociuk (2014) a A -0.600 0191 -0974 -0.226  0.002 —
A Saunders (2011) A -1.212 0240 -1.682 -0.741  0.000 e B ]
A Klekociuk (2014) b A -0.682 0.189 -1.053 -0.311  0.000 _—lL
Fixed A -0.590 0097 -0.780 -0.401  0.000 ——
Random A’ -0.583 0.173 -0.922 -0.244  0.001 .
latency Saunders (2010) latency -0.661 0230 -1.111 -0211  0.004 e e B ]
latency Klekociuk (2014) a latency -0.201 0.187 -0.568 0166 0.283 —_—l
latency Stonsaovapak (2020)  latency -0.434 0302 -1.025 0157  0.150 _
latency Saunders (2011) latency -0.641 0230 -1.091 -0.191  0.005 e W
latency Klekociuk (2014) b latency -0.435 0.186 -0.800 -0.070  0.020 —{
Fixed latency -0.449 0.097 -0.639 -0.259  0.000 —
Random latency -0.449 0097 -0.639 -0.259  0.000 ——
Fixed Overall -0.520 0.069 -0.654 -0.386  0.000 i
Random Overall -0.481 0085 -0.647 -0315  0.000 <

Figure 4. Meta-analysis of comparing patients with mild cognitive impairment and healthy controls based on “A’ and mean latency”
measures of Rapid Visual Processing (RVP) test of Cambridge Neuropsychological Test Automated Battery. The purple indicators are the final results.
(Test for heterogeneity: overall I*: 46.49%; p-value=0.05; A’ |2 67.87 %; p=0.01; Latency 1% 0%; p=0.50).

452  Working memory in mild cognitive impairment. Sabahi Z et al.



Risk of bias

The results of the RoB assessments are shown in Ta-
ble 2 10333950 There was not any exposure studied in
our systematic review; so, the third question of the
checklist, which assessed the validity of the exposure
measurement, was not applicable. Furthermore, we
only considered MMSE, Petersen, and MoCA as stan-
dard index tests for MCI diagnosis. Because of that, the
overall rate of standard measurement of conditions was
low. Besides, only 35.7% of the studies mentioned the
setting properly. Briefly, there were no considerable
levels of bias in most of the included studies.

DISCUSSION

This study assessed the WM function of patients
with MCI and compared it between MCI patients and
healthy people using the CANTAB. Also, influencing
factors on WM were considered. SWM, SSP, and RVP
were the most commonly used subtests of CANTAB
for assessing the WM. The results of quantitative
synthesis revealed a significant difference between
healthy controls and patients with MCI regarding the
CANTAB-based WM assessments. Also, the available
evidence suggested a significant correlation between
CSE levels of tau-protein and A with WM function in
patients with MCI.

Table 2. Results of risk of bias assessment.

Dement Neuropsychol 2022 December;16(4):444-456 W

One of the preclinically deteriorated domains in
AD and MCI is WM?***%2, WM comprises a cognitive
spectrum from attention allocation to specific stimuli
to complex decision-making. Some studies have sug-
gested WM as an early predictor of AD. Regardless of
the method of assessment, WM function is found to
significantly deteriorate in MCI?*%*. WM is subdivided
into verbal and visual components®. Emrani et al. found
that the visual component of WM is more sensitive than
verbal WM, for distinguishing between MCI patients
and healthy older adults®®. Align with the aforemen-
tioned study, our quantitative synthesis reveals that the
WM of MCI patients based on SWM, SSP, and RVP is
impaired significantly, so it can be suggested as a proper
diagnostic evaluation for MCI.

CANTAB is a novel neuropsychological battery for
evaluating cognitive state. This battery has shown
promising outcomes in the diagnosis of cognitive
function in healthy older adults, MCI, AD, or any other
possible diseases that may compromise cognition®**”.
It has several benefits over traditional paper-pencil
tests, such as reducing the risk of human error and
data noise, recording reaction times precisely, lowering
data storing problems, easing task scoring, and having
access to normative comparison®>°%. Also, CANTAB has
a non-verbal structure that makes it more convenient
for people with different languages®*®°. Regarding the

Study Q1 Q2 Q3 Q4 Q5 Q6 a7 Q8
Nathan et al., 20174 Yes No NA Yes Yes Yes Yes Yes
Saunders and Summers, 2010 Yes No NA No Yes No Yes Yes
Egerhézi et al., 200742 No No NA Yes Yes Yes Yes No
Collie et al., 20023 Yes No NA Yes Yes Yes Yes Yes
Facal et al., 2014% Yes No NA Yes Yes Yes Yes Yes
Juncos-Rabadan et al., 2014* Yes Yes NA Yes Yes Yes Yes Yes
Summers and Saunders, 2012% Yes No NA No Yes No Yes Yes
Klekociuk and Summers, 20144 Yes Yes NA No Yes Yes Yes Yes
Cacciamani et al., 2017 Yes No NA Yes Yes Yes Yes Yes
Reijs et al., 20170 Yes Yes NA Yes Yes Yes Yes Yes
Klekociuk and Summers, 20144 Yes Yes NA No Yes Yes Yes Yes
Saunders and Summers, 20114 Yes No NA No Yes Yes Yes Yes
Stonsaovapak et al. 2020 No No NA No Yes Yes Yes Yes
Campos-Magdaleno et al., 2020%° Yes Yes NA Yes Yes Yes Yes Yes
Overall 85.7% 35.7% NA 57.1% 100% 85.7% 100% 92.8%
NA: not applicable.
Sabahi Zetal.  Working memory in mild cognitive impairment. 453
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disadvantages, CANTAB is a time-consuming test, and
providing the test instruments, imposes an extra cost to
the clinicians, which limits its usage in resource-limited
settings. The accuracy of WM tests of CANTAB battery
in distinguishing between MCI patients and healthy
older adults was studied in our review and CANTAB has
shown to be a proper battery for MCI diagnosis.

As a secondary outcome of the study, we assessed
related factors with WM function in MCI patients. Aging
is one of the confirmed predictors of cognitive decline®.
Although WM function is found to be affected by age®?,
in most of our included studies, age was not associated
with the WM scores of the patients. This may be because
most of the participants in our study were older people
while there is a need for the participation of patients
with a wider age range to survey the age differences.

The relation between CSF biomarkers and cognitive
state is one of the interest areas for research. Soldan
etal. in a cohort study investigated the performance of
cognitively healthy adults on CANTAB-PAL and found
that it was associated with CSF p-tau levels®. This study
suggested that the AD-related CSF biomarker can pre-
dict specific cognitive dysfunctions. In our included
studies, AP and tau-protein were associated biomarkers
with WM functions of MCI patients. On the contrary,
ApoE4, which is one of the most studied genetic factors
associated with human cognition and one of the well-
known predictors of AD%, was not associated with WM
function of MCI patients, as reported in two studies®*4°.

This study is a novel and unprecedented review of
WM assessment of MCI patients with CANTAB. One of
the challenges related to this study was that the included

studies did not report the sensitivity and specificity of
CANTAB for the diagnosis of WM deficits in MCI pa-
tients. This should be considered in future studies. The
other related limitation was that the included studies
used heterogeneous criteria for baseline diagnosis of
MCT; thus, the results cannot be generalized to all of the
considered populations. Nevertheless, a comprehensive
review of available evidence with a systematic approach
was the main strength of this study.

This study reveals that WM is an impaired cognitive
domain at MCI. Based on our assessment, WM subtests
of CANTAB, including SWM, SSP, and RVP, can pin-
point deficits in MCI patients, so CANTAB-based WM
assessment can help the clinicians in the diagnosis of
MCI. Also, WM functions of MCI patients are associated
with some of the AD-associated biomarkers, such as
tau-protein and AP. There is a need for future well-de-
signed studies on this topic to reach a comprehensive
conclusion in terms of both diagnostic accuracies of WM
profiles of CANTAB battery and factors that can affect
the WM in MCI patients.

Authors’ contributions. ZS, MF: These two authors
contributed equally to this work and both of them
should be considered as shared co-first authorship. ZS:
formal analysis, investigation, project administration,
resources, writing — original draft. MF: formal analysis,
investigation, project administration, resources, writ-
ing - original draft. AN: formal analysis, investigation,
project administration, resources, writing — original
draft. MT: conceptualization, validation, writing -
review & editing.

REFERENCES

1. Petersen RC, Doody R, Kurz A, Mohs RC, Morris JC, Rabins PV,
et al. Current concepts in mild cognitive impairment. Arch Neurol.
2001,;58(12):1985-92. https://doi.org/10.1001/archneur.58.12.1985

2. Winblad B, Palmer K, Kivipelto M, Jelic V, Fratiglioni L, Wahlund LO,
et al. Mild cognitive impairment--beyond controversies, towards a
consensus: report of the International Working Group on Mild Cognitive
Impairment. J Intern Med. 2004;256(3):240-6. https://doi.org/10.1111/j.
1365-2796.2004.01380.x

3. Knopman DS, Amieva H, Petersen RC, Chételat G, Holtzman DM, Hyman
BT, et al. Alzheimer disease. Nat Rev Dis Primers. 2021;7(1):33. https://
doi.org/10.1038/s41572-021-00269-y

4. Busse A, Hensel A, Guhne U, Angermeyer MC, Riedel-Heller
SG. Mild cognitive impairment: long-term course of four clinical
subtypes. Neurology. 2006;67(12):2176-85. https://doi.org/10.1212/01.
wnl.0000249117.23318.e1

5. DiCarlo A, Lamassa M, Baldereschi M, Inzitari M, Scafato E, Farchi G,
et al. CIND and MCI in the Italian elderly: frequency, vascular risk factors,
progression to dementia. Neurology. 2007;68(22):1909-16. https://doi.
org/10.1212/01.wnl.0000263132.99055.0

6. Ganguli M, Chang CCH, Snitz BE, Saxton JA, Vanderbilt J, Lee CW.
Prevalence of mild cognitive impairment by multiple classifications: The
Monongahela-Youghiogheny Healthy Aging Team (MYHAT) project.
Am J Geriatr Psychiatry. 2010;18(8):674-83. https://doi.org/10.1097/
JGP.0b013e3181cdee4f

454  Working memory in mild cognitive impairment. Sabahi Z et al.

7. Larrieu S, Letenneur L, Orgogozo JM, Fabrigoule C, Amieva H, Le Carret
N, et al. Incidence and outcome of mild cognitive impairment in a popula-
tion-based prospective cohort. Neurology. 2002;59(10):1594-9. https://
doi.org/10.1212/01.wnl.0000034176.07159.f8

8. Lopez OL, Jagust WJ, DeKosky ST, Becker JT, Fitzpatrick A, Dulberg
C, et al. Prevalence and classification of mild cognitive impairment in
the cardiovascular health study cognition study: part 1. Arch Neurol.
2003;60(10):1385-9. https://doi.org/10.1001/archneur.60.10.1385

9. Prince M, Wimo A, Guerchet M, Ali GC, Wu YT, Prina M. World Alzheimer
Report 2015. The global impact of dementia: an analysis of prevalence,
incidence, costs and trends. London: Alzheimer’s Disease International;
2015. [cited on Jun 17, 2022]. Available from: https://www.alzint.org/u/
WorldAlzheimerReport2015.pdf

10. Reijs BLR, Ramakers IHGB, Kohler S, Teunissen CE, Koel-Simmelink
M, Nathan PJ, et al. Memory correlates of Alzheimer’s disease cere-
brospinal fluid markers: a longitudinal cohort study. J Alzheimers Dis.
2017;60(3):1119-28. https://doi.org/10.3233/JAD-160766

11. Petersen RC, Smith GE, Waring SC, Ivnik RJ, Tangalos EG, Kok-
men E. Mild cognitive impairment: clinical characterization and
outcome. Arch Neurol. 1999;56(3):303-8. https://doi.org/10.1001/
archneur.56.3.303.

12.  Gauthier S, Reisberg B, Zaudig M, Petersen RC, Ritchie K, Broich K, et al.
Mild cognitive impairment. Lancet. 2006;367(9518):1262-70. https://doi.
org/10.1016/S0140-6736(06)68542-5


https://doi.org/10.1001/archneur.58.12.1985
https://doi.org/10.1111/j.1365-2796.2004.01380.x
https://doi.org/10.1111/j.1365-2796.2004.01380.x
https://doi.org/10.1038/s41572-021-00269-y
https://doi.org/10.1038/s41572-021-00269-y
https://doi.org/10.1212/01.wnl.0000249117.23318.e1
https://doi.org/10.1212/01.wnl.0000249117.23318.e1
https://doi.org/10.1212/01.wnl.0000263132.99055.0
https://doi.org/10.1212/01.wnl.0000263132.99055.0
https://doi.org/10.1097/JGP.0b013e3181cdee4f
https://doi.org/10.1097/JGP.0b013e3181cdee4f
https://doi.org/10.1212/01.wnl.0000034176.07159.f8
https://doi.org/10.1212/01.wnl.0000034176.07159.f8
https://doi.org/10.1001/archneur.60.10.1385
https://www.alzint.org/u/WorldAlzheimerReport2015.pdf
https://www.alzint.org/u/WorldAlzheimerReport2015.pdf
https://doi.org/10.3233/JAD-160766
https://doi.org/10.1001/archneur.56.3.303
https://doi.org/10.1001/archneur.56.3.303
https://doi.org/10.1016/S0140-6736(06)68542-5
https://doi.org/10.1016/S0140-6736(06)68542-5

13.

14,

15.

16.

17.

18.

19.

20.

21,

22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Sachdev PS, Blacker D, Blazer DG, Ganguli M, Jeste DV, Paulsen JS,
et al. Classifying neurocognitive disorders: the DSM-5 approach. Nat Rev
Neurol. 2014;10(11):634-42. https://doi.org/10.1038/nrneurol.2014.181
American Psychiatric Association. Diagnostic and statistical manual of
mental disorders (DSM-5°). Philadelphia: American Psychiatric Publishing;
2013.

Cowan N. What are the differences between long-term, short-term,
and working memory? Prog Brain Res. 2008;169:323-38. https://doi.
org/10.1016/S0079-6123(07)00020-9

Baddeley A. Exploring the central executive. The Quarterly Journal
of Experimental Psychology Section A. 1996;49(1):5-28. https://doi.
org/10.1080/713755608

Baddeley AD, Hitch G. Working memory. Psychology of Learning and Mo-
tivation. 1974(8):47-89. https://doi.org/10.1016/S0079-7421(08)60452- 1
Baddeley A. Short-term and working memory. In: Tulving E, Craik FIM,
eds. The Oxford Handbook of Memory. New York: Oxford University Press;
2000. p. 77-92.

Aretouli E, Brandt J. Everyday functioning in mild cognitive impairment
and its relationship with executive cognition. Int J Geriatr Psychiatry.
2010;25(3):224-33. https://doi.org/10.1002/gps.2325

Mammarella |, Borella E, Pastore M, Pazzaglia F. The structure of vi-
suospatial memory in adulthood. Learning and Individual Differences.
2013;25:99-110. https://doi.org/10.1016/}.lindif.2013.01.014

Borella E, Carretti B, Beni R. Working memory and inhibition across the
adult life-span. Acta Psychol (Amst). 2008;128(1):33-44. https://doi.
org/10.1016/j.actpsy.2007.09.008

Blackwell AD, Sahakian BJ, Vesey R, Semple JM, Robbins TW, Hodges
JR. Detecting dementia: novel neuropsychological markers of preclinical
Alzheimer’s disease. Dement Geriatr Cogn Disord. 2004;17(1-2):42-8.
https://doi.org/10.1159/000074081

Belleville S, Chertkow H, Gauthier S. Working memory and control of at-
tention in persons with Alzheimer’s disease and mild cognitive impairment.
Neuropsychology. 2007;21(4):458-69. https://doi.org/10.1037/0894-
4105.21.4.458

Kirova AM, Bays RB, Lagalwar S. Working memory and executive
function decline across normal aging, mild cognitive impairment, and
Alzheimer’s disease. Biomed Res Int. 2015;2015:748212. https://doi.
org/10.1155/2015/748212

Lin P, LaMonica HM, Naismith SL, Mowszowski L. Memory com-
pensation strategies in older people with mild cognitive impairment.
J Int Neuropsychol Soc. 2020;26(1):86-96. https://doi.org/10.1017/
S1355617719000912

Yokosawa K, Kimura K, Takase R, Murakami Y, Boasen J. Functional
decline of the precuneus associated with mild cognitive impairment: mag-
netoencephalographic observations. PLoS One. 2020;15(9):e0239577.
https://doi.org/10.1371/journal.pone.0239577

Ciesielska N, Sokotowski R, Mazur E, Podhorecka M, Polak-Szabela A,
Kedziora-Kornatowska K. Is the Montreal cognitive assessment (MoCA)
test better suited than the mini-mental state examination (MMSE) in mild
cognitive impairment (MCI) detection among people aged over 60? Me-
ta-analysis. Psychiatr Pol. 2016;50(5):1039-52. https://doi.org/10.12740/
PP/45368

Wild K, Howieson D, Webbe F, Seelye A, Kaye J. Status of computeri-
zed cognitive testing in aging: a systematic review. Alzheimers Dement.
2008;4(6):428-37. https://doi.org/10.1016/}.jalz.2008.07.003

Snyder PJ, Jackson CE, Petersen RC, Khachaturian AS, Kaye J, Albert
MS, et al. Assessment of cognition in mild cognitive impairment: a
comparative study. Alzheimers Dement. 2011;7(3):338-55. https://doi.
org/10.1016/j.jalz.2011.03.009

Carpenter R, Alloway T. Computer versus paper-based testing:
are they equivalent when it comes to working memory? Journal of
Psychoeducational Assessment. 2019;37(3):382-94. https://doi.
org/10.1177/0734282918761496

Brucki SMD, Mansur LL, Carthery-Goulart MT, Nitrini R. Formal education,
health literacy and mini-mental state examination. Dement Neuropsychol.
2011;5(1):26-30. https://doi.org/10.1590/S1980-57642011DN05010005
Talebi M, Majdi A, Kamari F, Sadigh-Eteghad S. The Cambridge neu-
ropsychological test automated battery (CANTAB) versus the minimal
assessment of cognitive function in multiple sclerosis (MACFIMS) for
the assessment of cognitive function in patients with multiple Sclerosis.
Mult Scler Relat Disord. 2020;43:102172. https://doi.org/10.1016/j.
msard.2020.102172.

Summers MJ, Saunders NLJ. Neuropsychological measures predict
decline to Alzheimer’s dementia from mild cognitive impairment. Neurop-
sychology. 2012;26(4):498-508. https://doi.org/10.1037/a0028576
Yurko-Mauro K, McCarthy D, Rom D, Nelson EB, Ryan AS, Blackwell A,
et al. Beneficial effects of docosahexaenoic acid on cognition in age-rela-
ted cognitive decline. Alzheimers Dement. 2010;6(6):456-64. https://doi.
org/10.1016/}.jalz.2010.01.013

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

Dement Neuropsychol 2022 December;16(4):444-456 W

van der Wardt V, Logan P, Hood V, Booth V, Masud T, Harwood R. The
association of specific executive functions and falls risk in people with mild
cognitive impairment and early-stage dementia. Dement Geriatr Cogn
Disord. 2015;40(3-4):178-85. https://doi.org/10.1159/000433523
Sahakian BJ, Coull JT. Tetrahydroaminoacridine (THA) in Alzheimer’s
disease: an assessment of attentional and mnemonic function using
CANTAB. Acta Neurol Scand Suppl. 1993;149:29-35. https://doi.or-
9/10.1111/j.1600-0404.1993.tb04251 .x

Moher D, Liberati A, Tetzlaff J, Atman DG, PRISMA Group. Preferred reporting
items for systematic reviews and meta-analyses: the PRISMA statement. PLoS
Med. 2009;6(7):61000097. https://doi.org/10.1371/journal.pmed.1000097
Moola S, Munn Z, Tufanaru C, Aromataris E, Sears K, Sfetcu R, et al.
Chapter 7: Systematic reviews of etiology and risk. In: Aromataris E, Munn
Z, eds. JBI Manual for Evidence Synthesis; 2020. [cited on Jun 17, 2022].
Available from https://synthesismanual.jbi.global

Collie A, Maruff P, Currie J. Behavioral characterization of mild cognitive
impairment. J Clin Exp Neuropsychol. 2002;24(6):720-33. https://doi.
org/10.1076/jcen.24.6.720.8397

Nathan PJ, Lim YY, Abbott R, Galluzzi S, Marizzoni M, Babiloni C, et al.
Association between CSF biomarkers, hippocampal volume and cogni-
tive function in patients with amnestic mild cognitive impairment (MCI).
Neurobiol Aging. 2017;53:1-10. https://doi.org/10.1016/j.neurobiola-
ging.2017.01.013

Saunders NLJ, Summers MJ. Attention and working memory deficits in
mild cognitive impairment. J Clin Exp Neuropsychol. 2010;32(4):350-7.
https://doi.org/10.1080/13803390903042379

Egerhéazi A, Berecz R, Bartdk E, Degrell |. Automated Neuropsychological
Test Battery (CANTAB) in mild cognitive impairment and in Alzheimer’s
disease. Prog Neuropsychopharmacol Biol Psychiatry. 2007;31(3):746-51.
https://doi.org/10.1016/j.pnpbp.2007.01.011

Facal D, Juncos-Rabadan O, Pereiro AX, Lojo-Seoane C. Working me-
mory span in mild cognitive impairment. Influence of processing speed
and cognitive reserve. Int Psychogeriatr. 2014;26(4):615-25. https://doi.
org/10.1017/51041610213002391

Juncos-Rabadan O, Facal D, Pereiro AX, Lojo-Seoane C. Visual memory
profiling with CANTAB in mild cognitive impairment (MCI) subtypes. Int J
Geriatr Psychiatry. 2014;29(10):1040-8. https://doi.org/10.1002/gps.4095
Klekociuk SZ, Summers MJ. Exploring the validity of mild cognitive
impairment (MCI) subtypes: multiple-domain amnestic MCl is the only
identifiable subtype at longitudinal follow-up. J Clin Exp Neuropsychol.
2014;36(3):290-301. https://doi.org/10.1080/13803395.2014.890699
Cacciamani F, Salvadori N, Eusebi P, Lisetti V, Luchetti E, Calabresi P,
et al. Evidence of practice effect in CANTAB spatial working memory test
in a cohort of patients with mild cognitive impairment. Appl Neuropsychol
Adult. 2018;25(8):237-48. https://doi.org/10.1080/23279095.2017.128
6346

Klekociuk SZ, Summers MJ. Lowered performance in working memory
and attentional sub-processes are most prominent in multi-domain amnes-
tic mild cognitive impairment subtypes. Psychogeriatrics. 2014;14(1):63-
71. https://doi.org/10.1111/psyg.12042

Saunders NLJ, Summers MJ. Longitudinal deficits to attention, executive,
and working memory in subtypes of mild cognitive impairment. Neurop-
sychology. 2011;25(2):237-48. https://doi.org/10.1037/a0021134
Stonsaovapak C, Hemrungroj S, Terachinda P, Piravej K. Effect of anodal
transcranial direct current stimulation at the right dorsolateral prefrontal
cortex on the cognitive function in patients with mild cognitive impairment:
a randomized double-blind controlled trial. Arch Phys Med Rehabil.
2020;101(8):1279-87. https://doi.org/10.1016/j.apmr.2020.03.023
Campos-Magdaleno M, Leiva D, Pereiro AX, Lojo-Seoane C, Mallo SC,
Facal D, et al. Changes in visual memory in mild cognitive impairment:
a longitudinal study with CANTAB. Psychol Med. 2021;51(14):2465-75.
https://doi.org/10.1017/S0033291720001142

de Ribaupierre A, Lecerf T. Relationships between working memory and
intelligence from a developmental perspective: convergent evidence
from a neo-Piagetian and a psychometric approach. European Journal
of Cognitive Psychology. 2006;18(1):109-37. https://psycnet.apa.org/
doi/10.1080/09541440500216127

Borella E, Ghisletta P, de Ribaupierre A. Age differences in text processing:
the role of working memory, inhibition, and processing speed. J Gerontol B
Psychol Sci Soc Sci. 2011;66(3)311-20. https://doi.org/10.1093/geronb/
gbr002

Pillai JA, Bonner-Jackson A, Walker E, Mourany L, Cummings JL. Higher
working memory predicts slower functional decline in autopsy-confirmed
Alzheimer’s disease. Dement Geriatr Cogn Disord. 2014;38(3-4):224-33.
https://doi.org/10.1159/000362715

Gagnon LG, Belleville S. Working memory in mild cognitive impairment
and Alzheimer’s disease: contribution of forgetting and predictive value of
complex span tasks. Neuropsychology. 2011;25(2):226-36. https://doi.
org/10.1037/a0020919

Sabahi Zetal.  Working memory in mild cognitive impairment. 455


https://doi.org/10.1038/nrneurol.2014.181
https://doi.org/10.1016/S0079-6123(07)00020-9
https://doi.org/10.1016/S0079-6123(07)00020-9
https://doi.org/10.1080/713755608
https://doi.org/10.1080/713755608
https://doi.org/10.1016/S0079-7421(08)60452-1
https://doi.org/10.1002/gps.2325
https://doi.org/10.1016/j.lindif.2013.01.014
https://doi.org/10.1016/j.actpsy.2007.09.008
https://doi.org/10.1016/j.actpsy.2007.09.008
https://doi.org/10.1159/000074081
https://doi.org/10.1037/0894-4105.21.4.458
https://doi.org/10.1037/0894-4105.21.4.458
https://doi.org/10.1155/2015/748212
https://doi.org/10.1155/2015/748212
https://doi.org/10.1017/S1355617719000912
https://doi.org/10.1017/S1355617719000912
https://doi.org/10.1371/journal.pone.0239577
https://doi.org/10.12740/PP/45368
https://doi.org/10.12740/PP/45368
https://doi.org/10.1016/j.jalz.2008.07.003
https://doi.org/10.1016/j.jalz.2011.03.009
https://doi.org/10.1016/j.jalz.2011.03.009
https://doi.org/10.1177/0734282918761496
https://doi.org/10.1177/0734282918761496
https://doi.org/10.1590/S1980-57642011DN05010005
https://doi.org/10.1016/j.msard.2020.102172
https://doi.org/10.1016/j.msard.2020.102172
https://doi.org/10.1037/a0028576
https://doi.org/10.1016/j.jalz.2010.01.013
https://doi.org/10.1016/j.jalz.2010.01.013
https://doi.org/10.1159/000433523
https://doi.org/10.1111/j.1600-0404.1993.tb04251.x
https://doi.org/10.1111/j.1600-0404.1993.tb04251.x
https://doi.org/10.1371/journal.pmed.1000097
https://synthesismanual.jbi.global
https://doi.org/10.1076/jcen.24.6.720.8397
https://doi.org/10.1076/jcen.24.6.720.8397
https://doi.org/10.1016/j.neurobiolaging.2017.01.013
https://doi.org/10.1016/j.neurobiolaging.2017.01.013
https://doi.org/10.1080/13803390903042379
https://doi.org/10.1016/j.pnpbp.2007.01.011
https://doi.org/10.1017/S1041610213002391
https://doi.org/10.1017/S1041610213002391
https://doi.org/10.1002/gps.4095
https://doi.org/10.1080/13803395.2014.890699
https://doi.org/10.1080/23279095.2017.1286346
https://doi.org/10.1080/23279095.2017.1286346
https://doi.org/10.1111/psyg.12042
https://doi.org/10.1037/a0021134
https://doi.org/10.1016/j.apmr.2020.03.023
https://doi.org/10.1017/S0033291720001142
https://psycnet.apa.org/doi/10.1080/09541440500216127
https://psycnet.apa.org/doi/10.1080/09541440500216127
https://doi.org/10.1093/geronb/gbr002
https://doi.org/10.1093/geronb/gbr002
https://doi.org/10.1159/000362715
https://doi.org/10.1037/a0020919
https://doi.org/10.1037/a0020919

55.

56.

57.

58.

59.

456

Dement Neuropsychol 2022 December;16(4):444-456

Cronin DA, Peacock CE, Henderson JM. Visual and verbal working
memory loads interfere with scene-viewing. Atten Percept Psychophys.
2020;82(6):2814-20. https://doi.org/10.3758/s13414-020-02076-1

Emrani S, Wasserman V, Matusz E, Miller D, Lamar M, Price CC, et al. Visual
versus verbal working memory in statistically determined patients with mild
cognitive impairment: on behalf of the consortium for clinical and epide-
miological neuropsychological data analysis (CENDA). J Int Neuropsychol
Soc. 2019;25(10):1001-10. https://doi.org/10.1017/S1355617719000808
Fray PJ, Robbins TW, Sahakian BJ. Neuorpsychiatyric applications of
CANTAB. Journal of Geriatric Psychiatry. 1996;11(4):329-36. https://doi.
org/10.1002/(SICI)1099-1166(199604)11:4<329::AID-GPS453>3.0.CO;2-6
Lenehan ME, Summers MJ, Saunders NL, Summers JJ, Vickers JC. Does
the Cambridge Automated Neuropsychological Test Battery (CANTAB)
distinguish between cognitive domains in healthy older adults? Assess-
ment. 2016;23(2):163-72. https://doi.org/10.1177/1073191115581474
Gongalves MM, Pinho MS, Simdes MR. Construct and concurrent validity
of the Cambridge neuropsychological automated tests in Portuguese
older adults without neuropsychiatric diagnoses and with Alzheimer’s
disease dementia. Neuropsychol Dev Cogn B Aging Neuropsychol Cogn.
2018;25(2):290-317. https://doi.org/10.1080/13825585.2017.1294651

Working memory in mild cognitive impairment. Sabahi Z et al.

60.

61.

62.

63.

64.

Robbins TW, James M, Owen AM, Sahakian BJ, Mclnnes L, Ra-
bbitt P. Cambridge Neuropsychological Test Automated Battery
(CANTAB): a factor analytic study of a large sample of normal
elderly volunteers. Dementia. 1994;5(5):266-81. https://doi.
org/10.1159/000106735

Murman DL. The impact of age on cognition. Semin Hear. 2015;36(3):111-
21. https://doi.org/10.1055/s-0035-1555115

Economou A, Papageorgiou S, Karageorgiou C. Working-delayed me-
mory difference detects mild cognitive impairment without being affected
by age and education. J Clin Exp Neuropsychol. 2006;28(4):528-35.
https://doi.org/10.1080/13803390590949340

Soldan A, Pettigrew C, Moghekar A, Albert M, BIOCARD Research
Team. Computerized cognitive tests are associated with biomarkers
of Alzheimer’s disease in cognitively normal individuals 10 years prior.
J Int Neuropsychol Soc. 2016;22(10):968-77. https://doi.org/10.1017/
S1355617716000722

Emrani S, Arain HA, DeMarshall C, Nuriel T. APOE4 is associated with
cognitive and pathological heterogeneity in patients with Alzheimer’s di-
sease: a systematic review. Alzheimers Res Ther. 2020;12(1):141. https://
doi.org/10.1186/s13195-020-00712-4


https://doi.org/10.3758/s13414-020-02076-1
https://doi.org/10.1017/S1355617719000808
https://doi.org/10.1002/(SICI)1099-1166(199604)11
https://doi.org/10.1002/(SICI)1099-1166(199604)11
https://doi.org/10.1177/1073191115581474
https://doi.org/10.1080/13825585.2017.1294651
https://doi.org/10.1159/000106735
https://doi.org/10.1159/000106735
https://doi.org/10.1055/s-0035-1555115
https://doi.org/10.1080/13803390590949340
https://doi.org/10.1017/S1355617716000722
https://doi.org/10.1017/S1355617716000722
https://doi.org/10.1186/s13195-020-00712-4
https://doi.org/10.1186/s13195-020-00712-4

