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Abstract.
Background: Chinese is the most commonly spoken world language; however, most cognitive tests were developed and
validated in the West. It is essential to find out which tests are valid and practical in Chinese speaking people with suspected
dementia.
Objective: We therefore conducted a systematic review and meta-analysis of brief cognitive tests adapted for Chinese-
speaking populations in people presenting for assessment of suspected dementia.
Methods: We searched electronic databases for studies reporting brief (≤20 minutes) cognitive test’s sensitivity and specificity
as part of dementia diagnosis for Chinese-speaking populations in clinical settings. We assessed quality using Centre for
Evidence Based Medicine (CEBM) criteria and translation and cultural adaptation using the Manchester Translation Reporting
Questionnaire (MTRQ), and Manchester Cultural Adaptation Reporting Questionnaire (MCAR). We assessed heterogeneity
and combined sensitivity in meta-analyses.
Results: 38 studies met inclusion criteria and 22 were included in meta-analyses. None met the highest CEBM criteria. Five
studies met the highest criteria of MTRQ and MCAR. In meta-analyses of studies with acceptable heterogeneity (I2 < 75%),
Addenbrooke’s Cognitive Examination Revised &III (ACE-R & ACE-III) had the best sensitivity and specificity; specifically,
for dementia (93.5% & 85.6%) and mild cognitive impairment (81.4% & 76.7%).
Conclusions: Current evidence is that the ACE-R and ACE-III are the best brief cognitive assessments for dementia and
mild cognitive impairment in Chinese-speaking populations. They may improve time taken to diagnosis, allowing people to
access interventions and future planning.
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INTRODUCTION

There are over 55 million people living with
dementia worldwide [1] of whom over 11 million
people are from Chinese-speaking populations (app-
roximately 10 million in China, 226,000 in Taiwan,
123,000 in Malaysia, 115,000 in Hong Kong, and
45,000 in Singapore) [2]. Chinese is the most com-
monly spoken language in the world, with a growing
number of speakers (1.31 billion in 2020 [3]). It
is the national language in The People’s Repub-
lic of China (including Hong Kong and Macau),
Taiwan, Malaysia, and Singapore. Chinese-speaking
populations have a different education, ethnicity, and
culture than Western countries, where most cogni-
tive tests were initially validated and implemented
[4–6]. Consequently, there is an urgent need to evalu-
ate the performance of diagnostic tests that have been
adapted for Chinese-speaking populations.

Cognitive assessments used routinely in clinical
settings should be quick, and, accurate to assist
with timely dementia and mild cognitive impairment
(MCI) diagnosis [1]. Screening tests are conducted
on a larger population, typically lacking symptoms
but with a risk factor, such as age, and the aim is to
decide who warrants further diagnostic investigation
of an illness. Diagnostic tests are performed when
a person is suspected of having a specific disease.
The purpose of these tests is to confirm or refute the
suspected diagnosis [7].

In recent years, systematic reviews focusing
on brief cognitive assessments used in dementia
have been completed for English [8] and Span-
ish [9] speaking populations. In addition, a more
recent study among Chinese-speaking populations
[6] focused on the tests administered in multiple con-
texts (e.g., primary care, secondary care, care home)
for screening (not used as part of the diagnostic pro-
cess), other types of measures (e.g., behavior tests),
and with administration times up to 35 minutes.
To our knowledge, there is currently no systematic
review regarding the best-performing short cogni-
tive Chinese diagnostic tools focusing specifically on
people presenting to secondary care, which is impor-
tant since such findings are of particular relevance to
clinicians directly involved in dementia diagnosis.

This systematic review and meta-analysis about
diagnostic test accuracy therefore aims to find the
optimal brief cognitive assessment for people with
suspected dementia or mild cognitive impairment
presenting to secondary care (e.g., memory clinic,
neurology department) among Chinese-speaking

populations. We assessed the level and quality of
evidence, and the quality of cultural adaptation and
translation for each study, as people from different
Chinese-speaking populations live in differing his-
torical, economic, and societal contexts.

METHODS

This systematic review was registered on PROS-
PERO (registration number: CRD42019134092) and
followed the standard guidelines for conduct and
reporting systematic reviews of diagnostic studies,
including Preferred Reporting Items for System-
atic Reviews and Meta-analyses (PRISMA) [10],
PRISMA-diagnostic test accuracy (PRISMA-DTA)
checklist [11], and guidelines from the Cochrane
Diagnostic Test Accuracy Working Group [12].

Data sources and search strategy

We searched the following electronic databases:
Embase, Ovid MEDLINE®, PsychInfo, PsycTESTS,
Web of Science core collection, the Cochrane library
(Cochrane library of Systematic Reviews, Cochrane
Central Register of Controlled Trials (CENTRAL)
and Cochrane Methodology Register) from inception
to October 12, 2021.

We searched abstract, keywords, and titles using
the following search terms (see the Supplementary
Material for details of the research protocol):

“Chinese” or “Mandarin” or “Hokkien” or
“Hoklo” or “Cantonese” or “Hakka” or “Taiwan*”
or “China” or “Hong Kong*” or “Singapore*” or
“Macao” or “Malaysia.

And “Alzheimer*” or “AD” or “dement*” or
“VaD” or “FTD” or “Mild cognitive impairment” or
“MCI” or “memory loss”.

And (all fields) “assessment” or “evaluation” or
“scale” or “test” or “tool” or “Instrument” or “bat-
tery” or “measure*” or “screen*” or “diagnos*” or
“inventory*” or “validat*”

Inclusion criteria

Studies had to fulfil all the following criteria:

• Validation studies of instruments to assess cog-
nition as part of diagnosis (not for the purpose
of screening) for patients with any suspected
dementia or MCI in a memory clinic or simi-
lar setting where people present with suspected
dementia;
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• In Chinese-speaking populations;
• Time taken ≤20 minutes (either stated in paper

or in other publications);
• Patient assessed face-to-face;
• Published in peer reviewed journals;
• Published in English or Chinese.

Exclusion criteria

We excluded instruments testing function
or behavior; telephonic or computerized self-
administration tests, informant questionnaires;
instruments detecting dementia praecox or dementia
secondary to head injury; studies in people diseases
other than dementia and MCI; those whose purpose
was to stage severity of rather than test for suspected
dementia or MCI; learning disability populations
and qualitative studies. We also excluded studies
which only reported qualitative results, or did not
report cut-off scores, sensitivities, and specificities;
and those in which the instruments were used as a
screening tool not as part of the diagnostic processes
in people presenting with suspected dementia.

Study selection

We exported all searches to Endnote and removed
duplicates. One author (R-CY) screened the titles and
abstract of retrieved articles and excluded irrelevant
papers. Then two authors (R-CY, J-CL) indepen-
dently assessed the remaining full-texts for inclusion.
Disagreements about inclusion were resolved by dis-
cussion with other authors until a consensus was
reached.

Data extraction and definition

Two authors (R-CY, J-CL) independently extracted
data from each included paper using a standard form.
We recorded data on population, recruitment settings,
specification of illness, study design, purpose of the
test, time taken to administer test, total items, total
scores, cut-off score, sensitivity, specificity, validity,
reference standard, and blinding. A consensus was
reached in case of any disagreements.

Quality assessment and evaluation of translation
and cultural adaptation procedures

Two of the three authors independently assessed
the quality of studies (R-CY: all studies, J-CL: studies
with clinical controls, E-H: studies with community

controls) and the quality of the reported translation
and cultural adaptation procedures using the Centre
for Evidence-based Medicine (CEBM) diagnostics
criteria [13] and Manchester Translation Report-
ing Questionnaire (MTRQ) and Manchester Cultural
Adaptation Reporting Questionnaire (MCAR) [14].
respectively. Subsequently, GL or NM reviewed
inconsistent scores and the team determined the final
score for each item in all scales after discussing and
reaching a consensus. We used the Kappa statistic
for calculating interrater reliability for MTRQ and
MCAR.

Compared to other tools that are more complex
and domain-specific (e.g., Quality Assessment of
Diagnostic Accuracy Studies (QUADAS)), CEBM
is simple to use, can be applied to a wide range
of diagnostic accuracy studies, and evaluates mul-
tiple aspects of study quality, including study design,
methodology, and reporting. The total possible score
was 10 with higher scores indicating higher quality.
Criteria which were not fulfilled or specified were
scored as zero. Fully met criteria were scored as two,
we did not score ‘partially fulfilled’ as one, as has
been done before [13] because we found it difficult
to distinguish partially fulfilled from not fulfilled.
The scoring criteria and studies scoring are in the
Supplementary Material. MTRQ and MCAR were
specifically developed to rate the quality of transla-
tion and cultural adaptation procedures, with seven
items in each scale rating the quality of reported
procedures (see Supplementary Table 1). When the
cultural adaptation or translation procedures were not
mentioned, the studies received an adaptation score
of zero. If they were mentioned with no details, a
score of one was given. To score two, they were men-
tioned with insufficient details for replication (2a)
or referred to another publication (mainly original
authors of the test) which provided insufficient details
for replication (2b). When pre-existing guidelines
about adaptation were provided, but with insuffi-
cient details for replication, it scored three. To score
four, either the adaptation was mentioned with suffi-
cient details for replication (4a) or referred to another
publication which provides sufficient details for repli-
cation (4b).

Data synthesis and statistical analysis

We conducted a meta-analysis if cognitive tests
results were reported in more than one study. As
dementia and MCI are different with many people
with MCI never developing dementia, a diagnostic
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test might be useful for one and not for the other. We
therefore separated these results into dementia and
MCI categories. We also separately reported the cut-
off scores based on where the non-dementia groups
(clinical controls versus community-based controls)
were recruited as the populations and therefore cut-
off scores may vary. The statistical methods used are
described below:

Forest plots for combined sensitivity, specificity,
and heterogeneity

We used R software, version 4.1, and used a
univariate random-effects model to analyze the sen-
sitivity and specificity of each brief cognitive test
separately. Through applying the package “meta” and
function “metaprop”, the logit transformation and
Clopper–Pearson method were used. First, the total
effect size using the number of events and the number
of samples from proportion-type data was calculated.
Second, forest plots were used to graphically present
the combined sensitivity and specificity. As 75% of
sensitivity or specificity is not good enough to rule out
an illness and the sum of sensitivity and specificity
should be at least 150% [15], we therefore defined
either sensitivity or specificity of individual papers
of meta-analyzed tests below 75% as unacceptable,
75–90% as satisfactory, and higher than 90% as excel-
lent. Third, statistical heterogeneity among the trials
was calculated as I2, which describes the percentage
of total variation across studies due to the heterogene-
ity. An I2 value 0% to 40% might not be important,
30% to 60% may represent moderate heterogeneity,
50% to 90% may represent substantial heterogeneity,
with over 75% used as a cut-off to indicate consider-
able heterogeneity [16].

In addition, to graphically display how the
summary sensitivity changes with the summary
specificity and vice versa, we generated hierar-
chical summary receiver operating characteristic
(HSROC) and summary receiver operating character-
istic (SROC) plots using the command of “metandi”
and “metandiplot” on Stata, and “reitsma” on R soft-
ware (when the number of studies was <3).

Sensitivity analysis on univariate and bivariate
models

As there is debate in the literature as to the
best method for meta-analyzing data on diagnostic
test accuracy, we conducted a sensitivity analysis
in Stata/MP 17.0 to compare univariate and bivari-

ate random-effects methods using the command of
“metadta” [17].

Meta-regression

We conducted a random effects meta-regression
on Stata/MP 17.0 to consider possible causes for het-
erogeneity (population, subtype, reference standard,
scoring system), with the command “gsort” [18].

Publication bias

We used Deeks’ funnel plot asymmetry test [19] on
R software for investigating publication bias, as it was
developed for use in diagnostic test accuracy meta-
analyses [20]. This entailed conducting a regression
of diagnostic log odds ratio against 1/sqrt (effective
sample size), with p < 0.05 for the slope coefficient
indicating significant asymmetry.

RESULTS

Study selection

We retrieved 19,723 references, of which 38 stud-
ies met inclusion criteria (see PRISMA diagram
Fig. 1 [10] and Supplementary Table 2 for PRISMA-
DTA checklist [11]). Among all studies that met
the inclusion criteria, 22 studies were analyzed in
the meta-analysis, 18 studies that used other brief
cognitive assessments in a single Chinese-speaking
population were included a narrative review. All 38
studies underwent translation and cultural adaptation
procedures.

Inter-rater reliability of the MTRQ and MCAR

The inter-rater (R-CY, J-CL) reliability coefficient
for MTRQ and MCAR were 0.835 and 0.907 respec-
tively.

Study characteristics and quality analysis

Table 1 presents the included articles, instrument
characteristics, the study quality and the translation
and cultural adaptation quality. The 16 studies that
recruited participants only from clinical settings were
from China (8), Taiwan (5), Hong Kong (2), and Sin-
gapore (1). The 22 studies that recruited controls from
community settings were from China (12), Taiwan
(5), Singapore (3), and Hong Kong (2). Studies are
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Fig. 1. PRISMA diagram.

presented by settings and further grouped by country
and cognitive test.

None met the highest score of CEBM: two stud-
ies recruited participants through different standard
measurements [21, 22] and no information was pro-
vided for the gold standard [23, 24] or not blinded
to other cognitive tests score [25, 26]. Three studies
did not specify whether they were blinded or not [21,
27, 28]. 14 studies provided insufficient details on
the assessments [21, 23–25, 29–37]. Only one study
[38] validated the diagnostic test in a representative
spectrum of patients (like those in whom it would
be used in practice). All others excluded participants
with specific conditions, such as eyesight problems,
stroke, or psychiatric issues.

Five studies [26, 34, 39–41] achieved the highest
score of 4 on the MTRQ and MCAR, twenty-seven
studies scored 0 to 4, six studies scored 0 (see Sup-
plementary Table 1).

Meta-analyses of instruments with multiple
results

There were 22 studies included in meta-analysis:
16 reported populations with dementia and 14 with
MCI. As some articles validated several tests, the
number of studies is higher than the number of arti-

cles. The tests that could be meta-analyzed were:

• For dementia (7 tests): Addenbrooke’s Cognitive
Examination III & Revised (ACE-III &-R), Clock
Drawing Test (CDT), Mattis Dementia Rating
Scale (DRS), Mini Mental State Examination
(MMSE), and Montreal cognitive assessment
(MoCA), Shape Trail Test-A, and B (STT-A&B)

• For MCI (4 tests): ACE-III &-R, MMSE, MoCA,
Montreal cognitive assessment-Basic (MoCA-
BC)

Please see Supplementary Table 3 (dementia) and
Supplementary Table 4 (MCI) for more compre-
hensive details (e.g., the gold-standard criteria used,
number of participants, and the positive/negative like-
lihood ratio). Supplementary Table 5 shows a 2 × 2
table of true positive (TP), false negative (FN), true
negative (TN), and false positive (FP). Supplemen-
tary Figure 1 demonstrates the overall performance
of the eight tests through HSROC and SROC curves.

Diagnostic test accuracy, heterogeneity, and
cut-off scores for dementia in meta-analysis

MoCA in meta-analysis had a sensitivity (I2) of
91.9% (67%) and specificity (I2) of 94.3% (22%) (see
Fig. 2). Using an adjusted MoCA scoring system, the
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Table 1
Brief cognitive tests for dementia and mild cognitive impairment and quality score (Arranged by country, setting, test name)

Settings, Test Code,
and Author

Test Name Illness Time taken in
individual
study (min)

Total
Score

IRR TRR CEBM MTRQ MCAR Analysis

A C1 Li et al., 2021 [33] FAB- Phonemic AD, aMCI,
naMCI

5 18 0.997 0.819 6 0 2a �

C2 Shi et al., 2012 [35] HVLT dementia, AD,
aMCI

NA 36 NA NA 6 0 0 �

C3 Yang et al., 2019 [42] [M-ACE], MMSE mild dementia,
MCI

<5 30 NA NA 8 4a 2a X �

C4 Li et al., 2018 [32] Mini-Cog MCI 3 9 NA NA 4 0 0 �

C5 Wen et al., 2008 [36] MoCA MCI <10 30 NA NA 4 0 4a X
C6 Li, Jia, et al., 2018

[23]
MoCA MCI NA 30 NA NA 4 0 0

C7 Xu et al., 2003 [43] MMSE dementia 15 NA NA 0.75 8 2b 4a X
C8 Wei et al., 2018 [44] TMT (A & B) dementia, MCI,

VaMCI,
150/ 300 secs NA NA NA 6 2a 0 �

B C9 Wang et al., 2017 [45] ACE-III dementia NA 100 NA NA 8 1 4a X
C10 Fang et al., 2014 [30] ACE-R mild AD, aMCI NA 100 0.994 0.967 4 1 4a X
C11 Guo et al., 2002 [46] AFT AD, aMCI 1 unlimited NA NA 4 0 2a �

C12 Guo et al., 1991 [47] BNT AD, aMCI NA 30 NA NA 4 0 2a �

C13 Qian et al., 2021 [48] DRS-CV AD, aMCI NA 144 NA NA 6 1 1
C14 Guo et al., 2004 [49] MDRS Mild AD 15 144, 124

(illiterate)
NA NA 4 2b 2b X

C15 Chen et al., 2016 [50] MoCA-BC AD, MCI NA 30 0.96 NA 8 1 1 X
C16 Huang et al., 2018

[27]
MoCA-BC AD, MCI NA 30 NA NA 6 2b 1 X

C17 Zhang et al., 2019
[28]

MoCA-BC AD, MCI NA NA NA NA 4 2b 2b

C18 Guo et al., 2010 [51] [QCST], MoCA,
MMSE

mild AD, MCI 8–15 90 NA 0.93 6 0 4a X �
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C19 Huang et al., 2019
[52]

[silhouettes-A],
MoCA, STT-B, &
other tests

AD, MCI NA 15 0.99 0.91–0.98 8 2a 2a X �

C20 Zhao et al., 2013 [53] STT(A&B) AD, aMCI around 5 NA NA NA 8 0 4a X
Average 5.8 1.0 2.1

A H1 Chan et al., 2005 [54] [CDT], [T&C] dementia CDT = 90.9,
T&C = 65.6
secs

CDT = 10,
T&C = pass
or not

NA NA 8 0/0 0/0 X �

H2 Yeung et al., 2014
[25]

[MoCA], MMSE dementia, MCI 10–15 30 0.987 0.92 4 0 0 X

B H3 Wong et al., 2013 [37] [ACE-R], MMSE dementia, MCI around 15 100 1 1 6 2a 4a X
H4 Chu et al., 2015 [40] [MoCA], MMSE AD, aMCI 10 30 0.96 0.95 4 4a 4a X

Average 5.5 1.2 1.6
A S1 Malhotra et al., 2013

[24]
SPMSQ dementia, MCI NA 10 (errors) NA NA 4 1 0 �

B S2 Chong et al., 2010
[21]

[FAB] dementia, MCI 5 NA NA 2 2b 4b �

S3 Liew et al., 2015 [22] MoCA dementia NA NA NA NA 2 1 0
S4 Low et al., 2020 [34] VCAT AD, MCI 15.7 30 NA NA 4 4a 4a X

Average 3.0 2.0 2.0 �

A T1 Yu et al., 2021 [26] ACE-III dementia NC:16.3
Dementia:24.0

100 NA NA 6 4a 4a X

T2 Lin et al., 2003 [41] CDT very mild & mild
AD

NA 3 0.99 0.88–0.9 6 4a 4a X

T3 Chiu et al., 2008 [55] CDT very mild & mild
AD, MCI

NA 11/10 0.83/0.87 NA 8 0 0 �

(Continued)
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Table 1
(Continued)

Settings, Test Code,
and Author

Test Name Illness Time taken in
individual
study (min)

Total
Score

IRR TRR CEBM MTRQ MCAR Analysis

T4 Tsai et al., 2016 [56] [MoCA],
[MMSE]

dementia, MCI 15, 5–10 30, 30 NA 0.92 6 2b/0 4b/0 X

T5 Chen et al., 2015 [29] RUDAS AD 10 30 0.88 0.9 6 3 3 �

B T6 Tsai et al., 2018 [57] BHT-Cog part dementia, MCI 4 16 NA NA 4 N/A N/A �

T7 Chang et al., 2010
[38]

CVVLT AD NA NA NA NA 8 4a 4a �

T8 Chang et al., 2012
[39]

[MoCA], MMSE AD NA 30 NA NA 6 0 4a X

T9 Tsai et al., 2012 [58] MoCA AD, MCI 10 30 0.88 0.88 6 2a 4a X
T10 Lee et al., 2018 [31] [Qmci], MoCA,

MMSE
dementia, MCI <5 100 0.87 1.00 6 3 3 X �

Average 6.2 2.2 3.0

The codes starting with syllables of C, H, S, T refer to China, Hong Kong, Singapore, and Taiwan, respectively; NA, Not available (the information is not provided in the study); The setting of A/ B
refers to clinical or community-based controls, respectively; The test in bracket is the main validated test; * aside MoCA refers to the adjusted scoring system; X and � refer to the studies included
in the meta-analysis and the narrative review, respectively; MCI, mild cognitive impairment; CEBM, the Centre for Evidence-based Medicine diagnostics criteria. The tests in the brackets are the
target tests to be validated. ACE-R, Addenbrooke’s Cognitive Examination Revised; AFT, Animal Fluency Test; BHT-cog, Brain Health Test-Cog part; BNT, Boston Naming Test; CDT, Clock
Drawing Test; CFT-C, Rey-Osterrieth Complex Figure Test-Copy; CVVLT, Chinese version of the Verbal Learning Test; DRS/MDRS, Mattis dementia rating scale; FAB, Frontal Assessment
Battery; HVLT, Hopkins Verbal Learning Test; JLO, Judgment of Line Orientation; M-ACE, Mini-Addenbrooke’s Cognitive Examination; MMSE, Mini-Mental State Examination; MoCA,
Montreal Cognitive Assessment; MoCA-BC, Montreal Cognitive Assessment Basic; Qmci, Quick Mild Cognitive Impairment Screen; RUDAS, Rowland Universal Dementia Assessment Scale;
SPMSQ, Short Portable Mental Status Questionnaire; STT, Shape Trail Test; T&C, Time and Change Test; TMT, Trail-Making Test; VCAT, Visual Cognitive Assessment Test. IRR, inter-rater
reliability; TRR, test-retest reliability; CEBM, Centre for Evidence-Based Medicine.
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Fig. 2. Meta-analyses for diagnostic test accuracy on diagnosing dementia.

best cut-off scores for separating dementia from clin-
ical controls were 18/19 in Hong Kong [25] and 20 in
Taiwan [59]. When the controls were selected from
the community, the best Alzheimer’s disease (AD)
cut-off score in Hong Kong was 19/20 [40]. Using
non-adjusted scoring system, the suggested AD cut-
off scores in Taiwan were 21/22 [58], as well as 20/21
(years of education <6) and 22/23 (years of educa-
tion >6) for major neurocognitive disorder (NCD) in
Singapore [22].

MMSE’ sensitivity (I2) and specificity (I2) in
meta-analysis were 92.4% (50%) and 89.8% (50%),

respectively. When the controls were recruited from
the clinics, the suitable cut-off scores were 24/25 for
dementia in Hong Kong [25], 22 and 20 for demen-
tia in the population with or without education in
China [43], and 23/24 and 25/26 for AD [30] and mild
dementia [42] in China. Compared to the community-
based controls, the optimal cut-off score was 26/27
for mild AD in Taiwan [39], and 24/25 for AD [40]
and 25/26 for all-cause dementia [37] in Hong Kong.

ACE (ACE-III & ACE-R)’s sensitivity (I2) and
specificity (I2) in meta-analysis were 93.5% (0%)
and 85.6% (17%). For studies with clinical controls,
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the appropriate ACE-R cut-off score for mild AD
was 67/68 in China [30] and 73/73 for dementia in
Taiwan [26]. For studies with community-based con-
trols, ACE-III and ACE-R’s best cut-off scores were
83 for VaD and AD in China [45] and 73/74 for
dementia in Hong Kong [37], respectively.

DRS’s sensitivity (I2) and specificity (I2) in meta-
analysis were 87.5% (0%) and 86.7% (0%) in
identifying dementia from community-based con-
trols, with cut-off scores of 90 and 120 for AD with
zero and nine year(s) of education in China [49],
respectively.

STT-A and STT-B’s, the sensitivity (I2) and speci-
ficity (I2) in meta-analysis were 87.7% (0%) and
71.1% (76%), 87.5% (80%) and 71.3% (43%) in
identifying dementia from community-based con-
trols, respectively. For AD, STT-A and -B best cut-off
scores were 80 and 220 for those aged <65 with <12
years of education, 70 and 200 for those aged <65
with >12 years of education, 90 and 240 for those
aged >65 with <12 years of education, 80 and 220
for those aged >65 with >12 years of education in
China [53]

CDT’s combined sensitivity (I2) and specificity
(I2) were 81.7% (83%) and 60.5% (78%) in iden-
tifying dementia from clinical controls, with optimal
cut-off scores of 3/4 for dementia in Hong Kong [54]
and 2/3 for (AD) in Taiwan [41]

Diagnostic test accuracy and cut-off scores for
MCI

Presented in Fig. 3, ACE (ACE-R)’s combined sen-
sitivity (I2) and specificity (I2) were 81.4% (68%) and
76.7% (54%), with cut-off scores of 85/86 for sepa-
rating aMCI from clinical controls in China [30], and
79/80 for differentiating MCI from community-based
controls in Hong Kong [37].

MoCA-BC’s combined sensitivity (I2) and speci-
ficity (I2) were 86.6% (81%) and 82.3% (85%), with
cut-off scores of 19, 22, 24 for detecting MCI with
low (<7), moderate (7–12), and high (>12) educa-
tion levels from community-based controls in China,
respectively [50].

MoCA’s combined sensitivity (I2) and specificity
(I2) were 82.7% (75%) and 79.6% (81%) [22]. With
adjusted scoring systems, the suitable cut-off scores
for distinguishing MCI from clinical controls were
25/26, 21/22, 24 in China [36], Hong Kong [25], and
Taiwan [59]. When it comes to community-based
controls, the best cut-off scores using original sys-

tems were 24, 23/24, and 22/23 for MCI in China
[52], Taiwan [58], and Singapore [22], respectively.
With adjusted scoring systems, 27/28 for aMCI in
Hong Kong [40] and 23/24 for MCI in Taiwan [31]
were recommended.

MMSE’s combined sensitivity (I2) and specificity
(I2) were 77.0% (75%) and 70.5% (90%), with best
cut-off scores of 27/28 [42] and 22/23 [30] to separate
MCI and aMCI from clinical controls in China, and
26/27 for MCI in Hong Kong [25]. The suggested
cut-off scores were 26 in China [51], and 26/27 to
differentiate MCI from community-based controls in
Hong Kong [37] and Taiwan [31], and 27/28 for aMCI
in Hong Kong [40].

Sensitivity analysis of univariate and bivariate
analysis

Supplementary Table 6 shows the random-effect
bivariate model. The confidence interval at 95% and
the combined sensitivity and specificity were simi-
lar to the random-effect univariate model. In terms
of heterogeneity, the random-effect bivariate model
produces the generalized I2 and Tau2 values, which
summarize the overall heterogeneity, by taking into
account the correlation between sensitivity and speci-
ficity. Some generalized I2 and Tau2 values were less
than those of univariate analytic models. For instance,
the I2 values of sensitivity and specificity were 50%
and 50% in MMSE, 67% and 22% in MoCA for
dementia, whereas it was 30% in MMSE and 0% in
MoCA for the generalized model. The I2 values of
specificity in STT-A and that of sensitivity in STT-B
were 76% and 80% in dementia patients, respectively,
but 0% and 33% in the generalized model. However,
these differences did not affect the findings on the
best-performing tests.

Meta-regression

The random-effect meta-regression was performed
on three tests (ACE, MMSE, and MoCA) to deter-
mine if the absolute sensitivity and specificity of
each test differed by adding different covariates. The
MMSE’s specificity was significantly higher in other
Chinese-speaking populations than in China (88%
versus 70%), MMSE’s sensitivity was significantly
higher in MCI than other subtypes (80% versus 60%),
and MoCA’s original scoring system had significantly
higher sensitivity (96% versus 88%) and specificity
(98% versus 89%) than the modified scoring system
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Fig. 3. Meta-analyses for diagnostic test accuracy on diagnosing MCI.

in the detection of dementia. The remaining factors
had no impact on any of the tests.

Publication bias

For the meta-analysis of diagnostic accuracy tests
(Supplementary Figure 2), the p-values for testing the
asymmetry of the Deeks’ funnel plots were 0.0030
and 0.6245 for patients with dementia and MCI,
respectively. The results suggested that publication
bias exists in validation of cognitive instruments in
dementia but not in MCI populations.

Narrative review of single studies

The individual tests that were excluded in the meta-
analysis (only appeared in one Chinese-speaking
population), including the cognitive domains cov-
ered, administration time, and performances are
discussed in Supplementary Table 12. The purpose is
to sum up and convey results narratively when statisti-
cal or other formal methods of data estimation are not
feasible, so as to gain a comprehensive understand-
ing of the brief cognitive assessment instruments used
in Chinese-speaking populations to detect dementia.
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For other relevant information, please refer to Table 1.
It lists the name of the tests, administration time, total
score, inter-rater reliability (IRR), test-retest reliabil-
ity (TRR), CEBM scores, translation (MTRQ) and
cultural adaptation (MCAR) scores.

DISCUSSION

This is to our knowledge the first systematic review
and meta-analysis of validation of brief cognitive tests
used in secondary care for the diagnosis of demen-
tia and MCI in Chinese speaking populations. The
meta-analysis found that ACE (ACE-R & ACE-III)
had the best validity (sensitivity (I2) and specificity
(I2): 93.5% (0%) and 85.6% (17%) in the diagno-
sis of dementia; 81.4% (68%) and 76.7% (54%) in
MCI). We also found that MMSE (13 studies) is the
most tested brief cognitive test. None of the studies
included met the highest standard of CEBM. Only
five studies stated in detail how they translated and
culturally adapted the tests into their own settings [26,
34, 39–41].

Among the seven tests for detecting dementia,
ACE, DRS, MoCA, and MMSE all performed sat-
isfactorily in detecting dementia (sensitivity and
specificity >75%, heterogeneity <75%), while CDT,
STT-A & B performed at an unacceptably low level
(either sensitivity or specificity was lower than 75%).

When detecting MCI, MoCA-BC had the high-
est sensitivity and specificity among the three tests
(MoCA-BC, MoCA, and ACE). However, when
comparing the heterogeneity among those tests, only
the ACE had acceptable I2 values in both dementia
and MCI, independent of statistical methods (univari-
ate or bivariate model). For dementia, the I2 values
of STT-A & B were more than 75% in the uni-
variate model; however, they were lower than 75%
in the bivariate model. For MCI, the I2 values of
MMSE, MoCA, and MoCA-BC, the I2 values were
likewise higher than 75% in the univariate model but
below 75% in the bivariate model (69%, 72%, and
74%) although they remained relatively high. The
differences did not affect the conclusion that ACE
is the test with satisfactory sensitivity and specificity
and acceptable heterogeneity among individuals with
dementia and MCI. In keeping with earlier findings,
univariate and bivariate meta-analyses produced sim-
ilar summary estimates and confidence intervals for
sensitivity and specificity, and it may be that the dif-
ference between these approaches is insufficient to
impact clinical decision-making [60]. Due to the low

number of studies in ACE (n = 2) for MCI, as well
as CDT (n = 2) and DRS (n = 3) for dementia, the
uncertainty in the I2 value must be acknowledged,
despite the fact that ACE is the best-performing
test. Systematic review studies that included patients
from a variety of care settings, such as primary and
secondary care, day care centers, and communities,
concluded that the ACE-R may be useful for differ-
entiating between different forms of dementia and
should be administered when the diagnosis is uncer-
tain [6, 8].

Similar to my findings, the previous study that used
MTRQ and MCAR for the ACE, ACE-R, and ACE-
III tests found that only seven out of 32 papers met
the highest standard on both scales [14].

The result of the meta-regression found that the
factors of population (China versus other areas), MCI
subtype (MCI versus others), and scoring systems
(original versus adjusted) contributed to some level
of heterogeneity of MMSE and MoCA test. Other fac-
tors such as the choice of cut-off scores, educational
levels of participants could not be fully examined due
to the limited studies included in the meta-analysis.
Future research with a larger sample size should
evaluate those factors that may influence the diag-
nostic test accuracy for detecting dementia and MCI
in Chinese-speaking-populations.

Publication bias was discovered in studies of indi-
viduals with dementia, but little is known about the
mechanisms underlying publication bias in research
of diagnostic test accuracy [61].

We used a thorough search strategy and robust
assessment of quality and data extraction by three
independent reviewers in line with recommendations.
We included Chinese language papers identified
in English databases. We compared the outcomes
between univariate and bivariate random-effect meth-
ods to confirm our findings and found the same
results. We examined possible reasons of high hetero-
geneity through meta-regression. Also, we included
not only English language papers, but also Chinese
language papers identified in English databases, in
which there were four papers published in simpli-
fied Chinese from China. We had no restriction on
the date of publication, which allowed this review to
gather results thoroughly and enables future research
to readily update our findings.

However, a limitation of the present study is that
we did not search Chinese databases, this was for two
main reasons. One is that the Chinese academic pub-
lishing system differs from western systems and faces
unique challenges, such as the variable and contested
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quality of Chinese journals (e.g., non-transparent edi-
torial peer review and assessment processes), a lack
of specialization and focus in newly developing and
specialized fields, and the problems of low-quality
papers (e.g., broker selling papers and researchers
purchasing authorship) [62]. The systematic review
and meta-analysis of cognitive instruments revealed
that the published language was one of the factors
contributing to the high heterogeneity of MoCA tests,
with Chinese-language publications reporting much
higher sensitivity and specificity [6]. To maintain a
consistent level of quality throughout the electronic
resources, we chose to include well-established and
peer-reviewed English databases without language
constraints, permitting the inclusion of high-quality
Chinese publications. The Chinese databases, includ-
ing CNKI and Airiti, may contain relevant research
that can be incorporated into future studies, but we
used journals which were all peer reviewed in this
study.

We recommend future validation studies should
fully report the translation and cultural adaptation
procedures as it is essential when validating one cog-
nitive assessment into different cultures. On current
evidence we would recommend routinely using the
ACE-R, ACE-III to assess people with suspected
dementia in Chinese-speaking populations.
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