Appendix S1. The three-step strategy for the literature search

Step 1. Search of the literature was performed using the terms: “Alzheimer* and [subtype of
dementia] and Cognit* and meta," "Alzheimer* and Frontal dementia and Neuropsychol* and
meta," "Alzheimer* and Differentiate and Cognit* tests" and "dementia and Differentiate and
Neuropsychol* tests."

Step 2. For the studies published after the published meta-analysis, we researched the
references using the terms: "Alzheimer and Frontotemporal Dementia and
Neuropsychological tests and Differentia*."

Step 3. Further literature search was based on the published relevant references. All

literature research was conducted through PubMed.




Appendix S2. Qualitative literature review of six cognitive domains

2.1 Attention

The literature demonstrated the utility of the trail making test -A, digit span forward is
moderate in the detection of MCI and differentiation of AD from other types of dementia [1-
3]. Although the performances of the vigilance task (FTD vs. AD) and the test of everyday
attention (DLB vs. AD) were different between AD and other dementias, the discriminatory
utility was not thoroughly examined [4,5].

2.2 Memory

Free recall, cued recall, and associative learning and recall were three standard categories
of memory tests. Most studies have shown immediate and delayed free call of the learning
and memory tests (e.g., HVLT, AVLT, CVLT, CERAD word list learning, RBANS list learning,
RBANS story memory, WMS logical memory, WMS visual reproduction, and visual route
learning test) are powerful to differentiate AD from healthy controls [6-12]. Several studies
found that HVLT was not sensitive to detect MCI from healthy controls [13].

Using the cued recall paradigm, the category cued recall test had higher sensitivity and
specificity in diagnosing AD [14], and the FCSRT achieved a specificity of 83% for the
detection of MCI [15].

In the tests with the associative learning paradigm, most tests were used to differentiate AD
from healthy controls [16-18], with the exception of the memory binding test (MBT) [19,20].
Previous studies have demonstrated that the MBT is a promising new memory test for MCI
[20,21].

2.3 Executive function




Although many studies have observed the impairment of executive function in AD
[1,2,22,23], very few studies have explored how useful executive function could assist in the
detection of MCI.

2.4 Visuospatial function

Previous studies have indicated individuals with AD exhibited a significant impairment of
visuospatial function measured with the block design, clock drawing test, Rey-Osterrith
Complex Figure recall test, and Benton visual retention test, thus indicating their potential for
the diagnosis of AD [24]. As newly developed tests, the four mountains test and supermarket
trolley test have shown high sensitivity for the detection of MCI [25,26].

2.5 Language

Most language tests have shown a moderate effect (effect size ranging from 0.88 to 1.39) in
differentiating AD and FTD [2,3]. Verbal fluency tests are sensitive (sensitivity ranged from
0.87 to 0.91) in distinguishing individuals with dementia from healthy controls [27,28]. The
Boston naming test is sensitive to detect MCI individuals who converted to AD [29].

2.6 Social cognition

Previous studies have demonstrated that social cognition tests, e.g., the faux pas
recognition, Ekman faces test, and reading the mind in the eye test, could differentiate FTD
from healthy controls with a sensitivity greater than 90% or an effect size ranging from 1.38
to 2.28 [2,30-32]. However, the performance on the false belief tasks was only slightly
different between AD and FTD [32,33].




Appendix S3. Detailed introduction of the CNCB tests
3.1 Attention

a. digit span — forward: This subtest of the Wechsler memory scale (WMS) is
commonly used [1,2]. The Chinese version of the WMS was first validated in 1981. In a
multicenter study in Asia, the digit span test was validated with other neurocognitive tests
[2,3].

b. Trail making test A: The TMT-A measures the speed of processing. It has been
validated in a multicenter study to standardize the neuropsychological assessment in adults
in China [2].

c. Flanker test (NIH EXAMINER/Toolbox): The Flanker test measures the effect of
conflicting information within a stimulus set [4]. In this task, irrelevant stimuli must be
inhibited to respond to a relevant target stimulus. The target is flanked by nontarget stimuli,
which correspond to the same directional response as the target (congruent flankers), the
opposite response (incongruent flankers), or neither (neutral flankers). In the tests, a
directional response (typically left or right) is assigned to a central target stimulus. Various
forms of the task are used to measure information processing and selective attention.

3.2 Memory

a. Hopkin's verbal learning test: The HVLT-R measures short- and long-term auditory
memory. Each form of the HVLT-R consists of a 12-item wordlist, composed of words from
each of the three semantic categories. The validated Chinese version of the HVLT-R has
been widely used to assess neurocognitive function in individuals with HIVV/AIDS and
schizophrenia [5—7]. In addition to the conventional procedure of administering the HVLT

test, experts have proposed the addition of a 5-min delayed recall to increase the utility for




MCI screening [8,9].

b. Brief visuospatial memory test: The BVMT-R measures visual-graphic memory. It
includes multiple presentations to assess learning and has six alternate forms that can be
used in serial evaluations to avoid practice effects. The Chinese version of the test has been
validated in a multicenter study to standardize the neuropsychological assessment in adults
[10].

c. Logical memory: The task is a subset of the WMS and measures memory for
conceptually related verbal information. The validated Chinese version of logic memory has
been widely used to measure the episodic memory of Alzheimer’s disease and related
cognitive disorders.

To minimize the practice effect for repeated measurements, experts have proposed
using the stories from the RBANS as alternatives for the WMS logical memory.

d. Memory binding test: The Memory Binding Test (MBT), initially referred to as the
Memory Capacity Test, was developed to assess rational binding using semantic words.
Compared with the conventional wordlist learning tests, the MBT uses controlled learning
and a cued recall paradigm, which requires all individuals to learn and process the learned
items with the same procedure and specific encoding strategy. By assuring the same level of
attention to and inducing deep semantic processing of the learned items, it provides an
additional measure of associative binding through specific encoding and thus achieves a
maximal level of retrieval. Thus, the memory performance could be measured relative to the
individual's cognitive performance rather than by comparison to peer performance [11,12]. In
several countries, the MBT has been shown to have reasonable convergent validity and high
reliability [13,14]. Previous studies suggested the MBT achieved good discriminative validity
for distinguishing aMCI from healthy elderly subjects [12]. It could also predict incident aMClI
in a longitudinal study [15].




Albert Einstein College of Medicine authorized Prof. Huali Wang to translate and
validate the MBT in Chinese under an agreement effective as of December 16, 2016. Dr.
Wang'’s team made linguistic modifications for one category and several words on the list.
For example, the category of “State” in English is changed to “Province” (Sheng, #) in
Chinese. The items of English names (i.e., ‘Paul’ and ‘Harry’) are changed to Chinese
names [i.e., ‘Zhang Tao’ (7£/%) and ‘Wang Yong’ (_Z £)]. The Chinese version of the MBT
has been validated (data submitted).

The short-term visual binding test is an alternative form of the MBT. Previous studies
suggested it is free of an educational effect and sensitive to detect very early memory
impairment [16-18].

3.3 Executive function

a. Trail making test — B: The task measures the functioning of switching. Several
forms of the TMT-B, e.g., color and shape versions, have been validated in Chinese [10,19].
The validated version of the color trail making test has been widely used to measure
cognitive function in HIV/AIDS, schizophrenia, dementia and related cognitive impairments.
Moreover, a multicenter study has established the norms of the color trail making test in
Chinese adults [10].

b. Digit span — backward: The Digit span-backward measures working memory. The
test has been validated with the WMS in Chinese and has been widely used in different
neuropsychiatric disease research.

c. Digit symbol substitution: The Digit symbol substitution task measures the short-
term memory and speed of processing. It consists of nine digit-symbol pairs (e.g., 1/-, 2/1 ...
7/N, 8/X, 9/=) followed by a list of digits. No specific changes were made in the Chinese
version. It has been validated with the Wechsler Intelligence Scale.

d. Stroop test: The Stroop test measures the inhibition and speed of processing. It




has been employed in China for more than three decades [20,21]. The test is appropriate for
elderly individuals as most of them could read the word indicating the name of colors.
3.4 Language

a. Verbal fluency (animal): The test often raises concerns regarding cultural issues.
For example, it remains controversial whether mythical animals (i.e., dragon, Phoenix)
should be given credit. In the most recent validation study in Asian countries, the name of
‘dragon’ is credited, but not ‘Phoenix’ [3]. Because dragon is one of the Chinese Zodiacs,
symbolizing the year of the animal, individuals would prefer to grant dragon as a valid name
of an animal.

b. Boston naming test: The Chinese version of the Boston naming test has been
used in a community-based study on dementia and cognitive impairment in Shanghai [22].

More recently, it is also included in the Chinese version of the NINDS-Canadian Stroke

Network (NINDS-CSN) neuropsychological battery for vascular cognitive impairment [23].

3.5 visuospatial function

a. Clock drawing test: Since the introduction into China in the early 2000s, the clock-
drawing test has achieved widespread clinical use as a cognitive screening instrument in
China [24,25].

Conventionally, an individual is required to draw the face of a clock, put in all of the
numbers, and set the hands for ‘10 after 11’. Recent studies reported that the use of the
digital CDT (dCDT) yielded a higher diagnostic accuracy for the discrimination of aMClI
patients from HCs than the use of the conventional (cCDT) even in aMCI patients with
normal cCDT scores [26].

b. Judgment of Line Orientation Test (JLOT): The test is a widely used measure of




visuospatial judgment, particularly in Lewy body disease. The subject is instructed to match
several pairs of angled lines with the corresponding lines in a radially arranged 11-line
display. An advantage of this test over many clinical tests used to assess visuospatial
functioning is that it imposes minimal demands on praxis, mnestic, or executive functions
[27]. Studies have suggested that it may be useful to differentiate DLB patients from AD and
PCA patients [22,28,29].

d. Visual Object and Space Perception (VOSP) — Silhouettes: The VOSP battery
evaluates visuospatial function. In this test, silhouettes (shadows) of animals and objects are
shown to the participant, and he/she is instructed to identify them. There are eight
silhouettes of animals and seven silhouettes of inanimate objects in the present version. The
boards are arranged in ascending order of difficulty, and the test should be terminated after
five errors. The revised Chinese version has been validated in a memory clinic sample [30].
3.6 Social cognition

a. Facial Emotion Recognition Test: The Facial emotion recognition Test is frequently
used to assess social cognition among different clinical conditions [31]. It typically includes
photographs of static faces expressing basic emotions (i.e., happiness, sadness, or fear)
and neutral expressions. Subjects view one image at a time and choose the correct emotion
label for each face. Many studies have shown that emotion recognition could be helpful in
better differentiating between cortical dementias, such as bvFTD and AD [32,33]. The
Chinese version uses the faces of Chinese adults [34,35].

b. lowa Gambling Task: The lowa Gambling Task (IGT) is one of the most frequently
used decision-making tests. Participants are instructed to continuously choose cards from
four decks (A, B, C, and D) to make as much money as possible in the game. For every
choice made, participants receive a certain amount of cash (rewards); however, some

choices also result in the loss of money (penalties). Two decks (A & B) are ultimately risky




(large rewards and large punishments), while C and D are more conservative (small rewards
and small punishments). Abnormal performance in this task has been described in different
neurodegenerative diseases, such as bvFTD, AD, Parkinson's disease, and Huntington
disease. Studies suggest that the IGT could be used to provide complementary information
to a frontal test battery, particularly in the early stages of the disease before severe
dementia develops [36,37]. Wang et al. revised the amount of cash into Chinese RMB
(yuan) to adapt it to the local culture. The test is now widely used in the social cognition test
in different populations (e.g., young adults and college students) and diseases (e.g.,
schizophrenia, obsessive-compulsive disorder, and mood disorders) [38—40].

c. Game of Dice task: The Game of Dice Task (GDT) is a gambling task used to
assess the capacity to make decisions with explicit rules [41]. This approach provides a
means of assessing strategic decision-making and reflective risk-taking behavior [42]. In the
Chinese version of this task, participants are instructed to bet on the results of a dice roll.
The bets are separated into four possible risk levels with the riskiest level reflecting a
potential payout or loss of 1000 yuan, then 500 yuan, 200 yuan and 100 yuan for the least
risky condition [39,43]. Different abnormal patterns in this task have also been described in
different neurodegenerative diseases, such as AD and Parkinson's disease. It may become

a diagnostic tool for these diseases [36].
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Table S1. Rating the properties of the candidate tools

Property

Range Meaning of score

Sensitivity for discrimination of MCI vs. HC

Sensitivity for discrimination of AD vs. HC

Specificity for discrimination of AD vs. other
types of dementia

Specificity for discrimination of AD vs.
psychiatric disorders in old age

Cultural appropriateness

Reproducibility

Acceptance by the subject

Ease of being digitalized

a higher score indicates greater

0~9 sensitivity

0~9 a higher score indicates greater
sensitivity

0~9 a higher score indicates greater
specificity

0~9 a higher score indicates greater
specificity

0~10 a higher score indicates greater
cultural appropriateness

0~10 a higher score indicates greater
reproducibility

0~10 a higher score indicates greater
acceptance by the subject

o~10 @ higher score indicates easier to be

administered with computers

HC: healthy controls; MCI: mild cognitive impairment; AD: Alzheimer’s disease



Table S2. Summary of the utility of six cognitive domains in the detection of mild cognitive impairment and dementia

Cognitive domain and test

Main findings Other comments

AD/MCI vs. HC
(sensitivity/specificity)

AD/MCI vs. other dementias
(size effect)

Attention
TMT-A

Digit Span

Test of Everyday Attention (TEA)
Vigilance Task

Memory

Free recall

MCI vs. NC: 0.78/0.92 [1]

HVLT-R

AVLT
CVLT

AD vs. HC: 0.95/0.93
MCI vs. HC: 0.69/0.71 [13]
AD vs. HC: 0.90/0.91 [10]

MCI vs. HC: 0.90/0.84 [6]

CERAD Word List Learning

RBANS List Learning Total

RBANS Story Memory

WMS Logical Memory

WMS-Visual Reproduction

Visual Route Learning Test
Cued recall / selective reminding

FCSRT

Category Cued Recall Test — Cued Recall
Associative Learning

Visual Association Test

Verbal Paired Associate

CANTAB-Paired Associate Learning

WMS Verbal Paired Associates

AD vs.
AD vs.
AD vs.
AD vs.
AD vs.
AD vs.

HC
HC
HC
HC
HC
HC

: 0.86/0.87 [7]
£ 0.82/0.82 [8]
- 0.72/0.86 [8]
© 0.62/0.61 [9]
£ 0.90/0.79 [11]
£ 0.95/0.94 [12]

MCI vs. HC: 0.72/0.83 [15]
AD vs. HC: 0.89/0.96 [14]

AD vs. HC: 0.83/0.91 [16]
AD vs. HC: 0.86/1 [17]
AD vs. HC: 0.68/1 [18]
AD vs. HC: 0.82/0.77 [19]

AD vs. VaD: 0.2 [2]
AD vs. FTD: 0.71 [3]
AD vs. VaD: 0.2 [2]
AD vs. FTD: 0.29 [3]

DLB < AD < HC [5]
FTD < AD [4]




Visual STM Binding AD vs. HC: 0.77/0.83 [19]
Memory Binding Test aMCl & dementia vs. HC: 0.84/0.73
20

Executive function 20)

Trail Making Test - B AD vs. HC: 0.83/0.92 [1]

WCST most frequently used [22]

Stroop test AD vs. VaD: 0.1 [2] most sensitive to AD [23]

Go-No-Go FTD > other groups
Language

Graded Naming Test AD vs. FTD: d = 1.39 [3]

Word-Picture Matching AD vs. FTD: d = 1.05 [3];

WAB Spontaneous Speech AD vs. FTD: d = 1.04 [3]

Picture naming tasks AD vs. FTD: d = 0.99 [3]
AD vs. VaD: d =-0.40 [2]
Pyramids and Palm Trees ADvs. FTD: d =0.9 [3]

WAB Repetition AD vs. FTD: d =0.88 [3]
Boston Naming Test
Verbal Fluency test Dementia vs. HC: 0.87/0.93 [27]
Animal Fluency Dementia vs. HC: 0.91/0.34 [28]
Category fluency very mild AD vs. HC: 0.96/0.88

Visuospatial function
Block Design diagnostic potential [24]
Clock Drawing Test diagnostic potential [24]
Rey-Osterrieth Complex Figure recall prognostic potential [24]
The Benton visual retention prognostic potential [24]
Virtual Supermarket test AD < FTD [26]

The 4 Mountains Test MCI (positive AD biomarker) vs. HC:
1.00/0.78 [25]
Social cognition

faux pas recognition FTD vs. HC: 2.28 DLB < HC [25]




Pictures from the Ekman database

Emotional Recognition task

Reading the Mind in the Eyes (RME) test
False Belief Tasks

FTD vs. HC: 0.94/1 [30]

FTD vs. HC:1.38 [32]
AD vs. FTD: -0.1 [32]

Differentiating bvFTD
from psychiatric disorders
and other
neurodegenerative
diseases

Best discriminating AD
from VaD [2]

DLB < HC

HC: healthy controls; AD: Alzheimer’s disease; MCI: mild cognitive impairment; VaD: vascular dementia; FTD: frontotemporal dementia; DLB: Lewy

body dementia
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