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Background: The purpose of this study was to screen for mild cognitive impairment among a sample of
older Taiwanese adults with the Addenbrooke’s Cognitive Examination-IIl (ACE-IIl) Taiwanese version
(TACE-II1) based on a comparison with Mini-Mental State Examination (MMSE) and Montreal Cognitive
Assessment (MoCA).

Methods: A total of 145 participants aged 65 or above were enrolled by convenient sampling in the
communities. The ACE-IIl was translated into a Taiwanese version (TACE-1Il) and modified. The TACE-III,
MMSE, and MoCA were compared, and the ROC curve was applied to the suggested cutoff points.
Results: When using MMSE and MoCA to validate the ROC curve, the closest cut-off point for TACE-III
between the two validations was suggested to be a score of 76.5 to screen for mild cognitive im-
pairment with a sensitivity = 84% and a specificity = 85%. The consistency levels among the cognitive

function domains across the 3 scales were also compared.
Conclusion: TACE-IIl is a potentially more useful tool for screening MCI.

Copyright © 2019, Taiwan Society of Geriatric Emergency & Critical Care Medicine.

1. Introduction

Dementia has been identified as a major health issue around
the world.? In Taiwan, the prevalence of dementia among older
adults is approximately 4.97%.% In addition, mild cognitive impair-
ment (MCI) is also known to be a very serious issue. In Europe and
the United States, the prevalence of MCl among older adults aged 65
or older is between 3% and 20%.3”7 In Taiwan, the prevalence of MCl
among people aged 65 or over is approximately 18.76%.8

Early detection of mild cognitive impairment may help patients
obtain better care and may allow for improved medical treatment
approaches. However, mild cognitive impairment is not easy to
identify. The early symptoms of Alzheimer’s disease (AD) include
episodic memory impairment and problems in visuospatial percep-
tion, recognition, verbal fluency, and naming,9 particularly in the
areas of attention and memory.lo’11 AD cases had more cognitive
impairments than those of the MCl cases in delaying recall memory,
executive function, language, and visuospatial function.®

Some cognitive function screening scales have been widely
applied, such as the Short Portable Mental State Questionnaire
(SPMSQ)12 or the Mini-Mental State Examination (MMSE).B Al-
though these scales are easy to implement, some limitations have
been identified, including the ceiling effect and weak identification
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in executive, visuospatial, or language items; less sensitivity in de-
tecting MCI; and the inability to capture important cognitive domain
measures. Y

New cognitive assessment scales have been developed to iden-
tify mild cognitive impairment. These tools include Addenbrooke’s
Cognitive Examination (ACE, ACE-R, and ACE-111)*372° and the Mon-
treal Cognitive Assessment (MoCA).17 Different language versions of
these scales have been translated and validated for ACE-111.2372° The
MoCA has multi-language versions.?1™2% However, the Taiwanese
version of ACE-lIl has not yet been validated. The purpose of this
study was to define the mild cognitive impairment score by com-
paring the Taiwanese versions in ACE-Ill, MoCA, and MMSE among
the community-based sample of older adults in Taiwan.

2. Materials and methods
2.1. Scale development

There were three main cognitive assessment scales used in this
study: the MMSE, MoCA, and ACE-IIl. The Chinese version of MMSE
was administered and authorized by the Psychological Assessment
Resources (PAR), Inc. The Chinese version (Taiwan) of MoCA was
obtained from the MoCA Montreal Cognitive Assessment website.
Regarding the ACE-Ill, there was no official traditional Chinese
version at the time of the study. First, we referred to the four existing
versions of ACE-III (simplified Chinese, Japanese, Indian, and Eng-
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lish). Using these versions, we generated the new Taiwanese version
of the ACE-IIl using traditional Chinese characters. Next, the Taiwan
translation of the scale was validated by one psychiatric physician
and one geriatric physician. The modified traditional Chinese version
of ACE-Ill was then pre-tested ona community-based sample of 12
older adults of various education levels, genders, and age groups to
ensure that the translated ACE-Ill scale was appropriate. The final
Taiwanese version of ACE-IIl (TACE-III) was then used in the current
study.

2.2. Data and samples

The participants recruited from community care centers were
older adults who lived nearby. The health status among the com-
munity-based sample varied from healthy to moderate disability,
and cognitive function also ranged from intact to mild or moderate
cognitive impairment. A community-based sample was selected as it
was more suitable than a clinical sample of patients who are typically
more impaired than community-based older adults.

Individuals who lived in the 4 participating community care
centers and who were 65 years of age or older were invited to
participate in the study using a convenient sampling scheme. Those
who were not fully conscious, who had serious vision or hearing
problems, or who were unable to communicate in either Mandarin
or Taiwanese were excluded. The survey was conducted by face-
to-face interviews with the researchers. Study approval was ob-
tained by the Medical Research Ethics Committee of Asia University
(No. 10404003) before data collection began. After receiving in-
formed consent, 145 participants were briefed before the survey on
the research purpose and survey contents, and then they completed
the interviews.

2.3. Measures

1. Mini-Mental State Examination (MMSE)"® — Chinese version: The
domains covered time orientation, location orientation, re-
petition and immediate memory, attention/calculation, delayed
recall, naming, and executive function. The score on the MMSE
ranged from 0—30. A score of 27 or less was defined as MCl or
more severe cognitive impairment.”® The traditional Chinese
version of MMSE was authorized by the original author.

2. Montreal Cognitive Assessment (MoCA):*’ The domains included
visual/spatial and executive function (i.e., recognizing, clock
drawing), naming, immediate memory, attention, language,
abstraction, delayed recall, and orientation. The score ranged
from 0 to 30. A score of 23 or less was defined as MCI or as more
severe cognitive impairment.”®

3. Addenbrooke’s Cognitive Examination-IIl version (ACE-IIl): The
domains included time orientation, location orientation, re-
petition, calculation/attention, delayed recall, vocabulary flu-
ency, immediate memory, language, visual/spatial execution, and
episodic memory.

We translated the official ACE-IlIl scale into traditional Chinese
to develop the Taiwanese version (TACE-IIl). Some alterations to the
contents of the scale were made due to differences in culture and
customs such as“verbal fluency”. For example, the participants were
required to come up with as many idioms or vocabulary words as
possible in one minute, with only one (given) Chinese character,
“sky” (R). The original ACE-IIl US version had instead asked them to
come up with words starting with the English letter “P”. To assess
“Anterograde Memory,” participants were asked to memorize
Taiwanese names and addresses. In the “Memory - Retrograde
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Memory - Famous People”, the last question was altered to ask
about “the name of the president in the 1960s”. In the “Language-
Single Word Repetition” and “Language-Proverb Repetition”, all
questions on vocabulary and sentences were altered to contain
Chinese vocabulary and proverbs.

Second, in the “Language-Object Naming” item section, due to
cultural differences, some pictures were less suitable for Taiwanese
participants, and thus, the original questions (i.e., pictures) were
replaced with the terms anchor, camel, harp, cask, crown, and
accordion. After referencing the Japanese version and Indian ver-
sion, the pictures mentioned above were changed to flag, giraffe,
sickle, light bulb, umbrella, and trumpet.

Third, because some pictures were altered in the former
questionnaire in the “Language - Comprehension” section, ques-
tions in this section were changed, and their content was altered
accordingly. The original questions included the phrases “which is
associated with the monarchy”, “which is a marsupial”, “which is
found in the Antarctic”, and “which has a nautical connection”. After
making the above amendments based on the Indian and Japanese
versions, these descriptions were changed to “which is needed on
rainy days”, “which radiates and shines”, “which farmers use”, and
“which is a mammal with a pocket”.

Fourth, in the “Language-Reading” items, the original Engli X
questionnaire had five English words. After the Chinese translation,
the words were changed into Fat (#¥), Slim (&), Short (4&), Soup (%),
and Beauty (£), which were suitable and universal in both Mandarin
and Taiwanese. For the visuospatial domain, in consideration of the
linguistic differences, the original four letters were changed into four
single-syllabled and fundamental Chinese characters. These were
(big), {s (mountain), -]x (small), and ¢ (middle). Despite altering the
questionnaires mentioned above, the grading standard remained
the same.

The total scores of the three assessment scales and the pro-
portions of the MCI cut-off points were calculated. Regarding the
different cognitive domains across three scales, the items were
grouped into the following domains: visual memory and executive
function; naming, immediate memory, executive function and un-
derstanding; and calculating ability, verbal fluency, delayed memory,
orientation, and episodic memory. Those individuals who partici-
pated in this study did not receive any evaluation from a psychiatrist
such that the study focused on employing MMSE and MoCA as
validation criteria to set the cut-off points.

Relevant demographic covariates were also examined, including
age, sex, education level, marital status, and ethnic groups.

” ou
",

2.4. Analysis

Descriptive analysis and receiver operating characteristic curve
(ROC) analysis were conducted. ROC analysis was used to suggest
the proper cut-off points. Sensitivity and specificity analyses were
also calculated using MMSE and MoCA as the standard criteria.
Chi-square test was used for examining the relationship between
cognitive function and demographics.

3. Results

The characteristics of the sample are shown in Table 1. Next, the
ROC curve was used to confirm the sensitivity and specificity of the
detection ability between the different assessment scales by adopt-
ing MMSE and MoCA as the validation criteria (Table 2 and Fig. 1).
When using MoCA as the validation criteria, the possible cut-off
points to detect MCl were 74.5 (sensitivity 89.5%, specificity 78.5%),
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Table 1
Characteristics of the samples.

Variables Persons (N = 145) Mean (SD) or %
Age

Age 65-74 76 52.4%

Age 75+ 69 47.6%
Sex

Males 41 28.3%

Females 104 71.7%
Education

Elementary school or below 114 78.6%

Primary high school or above 31 21.4%
Marital status

Having a spouse 75 51.7%

No spouse 70 48.3%
Ethnic groups

Mingnan 135 93.1%

Hakka and mainland provicnes 10 6.9%
Chronic disease numbers 145 2.01(1.25)

Table 2

Cut-off points of detection of mild cognitive impairment in ACE-Ill Taiwan
version, by using MoCA and MMSE as validation.

Cutoff MoCA as validation MMSE as validation
points Sensitivity Specificity Sensitivity Specificity
67.50 0.974 0.570 0.952 0.492
68.50 0.974 0.607 0.952 0.524
69.50 0.947 0.645 0.952 0.565
70.50 0.947 0.682 0.952 0.597
71.50 0.947 0.729 0.952 0.637
72.50 0.921 0.729 0.952 0.645
73.50 0.895 0.748 0.905 0.661
74.50 0.895 0.785 0.905 0.694
75.50 0.868 0.804 0.857 0.710
76.50 0.842 0.850 0.857 0.758
77.50 0.789 0.888 0.810 0.798
78.50 0.737 0.916 0.762 0.831
79.50 0.632 0.925 0.667 0.855
80.50 0.579 0.925 0.667 0.871
81.50 0.500 0.953 0.619 0.911
82.50 0.421 0.963 0.524 0.927
83.50 0.342 0.972 0.476 0.952
84.50 0.237 0.981 0.333 0.968
85.50 0.237 0.991 0.286 0.968
86.50 0.211 0.991 0.238 0.968
87.50 0.132 0.991 0.190 0.984
89.00 0.079 1.000 0.095 0.992
91.50 0.053 0.000 0.095 1.000
94.00 0.026 0.000 0.048 1.000
96.00 0.000 0.000 0.000 1.000

Note: N = 145. MCI refers to mild cognitive impairment. The bold numbers
indicate the better cut-off points.

75.5 (sensitivity 86.8%, specificity 80.4%), and 76.5 (sensitivity
84.2%, specificity 85.0%). The AUC value for defining MCl was 0.916.
When using MMSE as the validation criteria, the AUC value for
defining MCl was 0.876. When using MMSE as the validation criteria,
the possible cut-off points of Taiwanese ACE-Ill score to detect MCI
were 76.5 (sensitivity 85.7%, specificity 75.8%) and 77.5 (sensitivity
81.0%, specificity 79.8%). The AUC value for defining MCI was 0.876.
Considering the tradeoffs of sensitivity and specificity, the best cut-
off points were determined when both sensitivity and specificity
were maximized. Thus, the best cut-off point for the Taiwanese
ACE-Ill score was 76.5 for defining MCl or more severe cognitive
impairment.

Table 3 shows the comparison between every two cognitive
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A. ROC curve for screening MCI
(MoCA as validation)
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B. ROC curve for screening SCI
(MoCA as validation)
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C. ROC curve for screening MCI
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D. ROC curve for screening SCI
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Fig. 1. Comparison of ROC curve of detection of MCI and SCI in ACE-III
Taiwan version —with MoCA and MMSE as validation. Note: N = 145. MCl re-
fers to mild cognitive impairment; SCI refers to severe cognitive impairment.
The bold numbers indicate the better cut-off points.

assessment scales and percentage of agreement among the cogni-
tive domains. In the nine domains of the scales, only eight domains
could be compared due to the episodic memory items that were
only available in ACE-IIl. Since the questionnaire in the domain of
calculation ability was identical among the three scales, this domain
was not able to be compared to the other domains. The TACE-IIl was
consistent with MoCA in most domains, although the executive
function and comprehension domains were similar to the results of
MMSE. In addition, the “Naming” domain and the “Orientation”
domain in ACE-Ill and MoCA showed only moderate consistency. The
kappa value was 0.504 for naming and 0.549 for orientation.

The relationship of demographic variables with the cut-off
points of the three scales were examined. Being older and less
educated was related to mild cognitive impairment across 3 scales;
sex and marital status were non-significant.

4. Discussion

This study used MMSE, MoCA, and TACE-IIl to compare the
scores of a community-based sample of older adults in Taiwan. By
using MMSE and MoCA as the validation criteria, the suggested
cut-off point for TACE-IIl was 76.5 for screening MCI.

The consistency between TACE-1ll and MoCA was higher than
that compared with MMSE,18 as well as MoCA and ACE-IIl, which are
more sensitive in detecting mild cognitive dysfunction as discussed
in previous findings.15 Calculation, verbal fluency, delayed recall
memory, and orientation were all significantly different across the
scales. In addition, TACE-Ill also included the episodic memory
domain, which increases the probability of detecting MCI and early
dementia. It was also found that TACE-IIl detected MCI more than
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The impaired rate and consistency among the MMSE, TACE-III, and MoCA scales in each cognitive domains.

Domains MMSE TACE-III MoCA TACE-IIIl vs. MMSE MoCA vs. MMSE TACE-IIl vs. MoCA
Impaired % Impaired % Impaired % Kappa (S.E.) Kappa (S.E.) Kappa (S.E.)
Visual memory and executive function 33.1 77.2 77.9 0.091 (0.052) 0.153 (0.049) 0.385 (0.090)
Naming 11.7 49.7 55.2 0.099 (0.054) 0.016 (0.049) 0.504 (0.071)
Immediate memory 9.7 30.3 24.1 0.152 (0.076) 0.124 (0.084) 0.359 (0.085)
Executive functions and comprehension 33.8 37.9 814 0.162 (0.083) 0.072 (0.048) 0.078 (0.052)
Calculation 66.9 45.5 44.8 --- - ---
Verbal fluency 69.7 91.7 88.3 0.061 (0.020) 0.006 (0.070) 0.005 (0.010)
Delayed memory 86.9 65.5 58.6 0.159 (0.065) 0.099 (0.066) 0.301 (0.080)
Orientation 52.4 15.9 19.3 0.292 (0.055) 0.330 (0.059) 0.549 (0.091)
Episodic memory - 89.0 - - - -

Note 1: N = 145. Kappa was used for the comparison of consistency.

Note 2: Calculation items were the same in the three scales. The participants were asked only once, and thus the consistency between scales could not be

compared.

Note 3: Episodic memory was only measured in TACE-IIl, and thus the consistency between scales could not be compared.

MoCA in calculation and verbal fluency, while MoCA detected MCI
more than ACE-IIl in naming, immediate memory, delayed memory,
and orientation. Both MoCA and ACE-R contain similar visual-
executive tasks. However, MoCA includes abstractions and more
attentional tests. For ACE-R, there are more language and memory
items.® Another study yielded different results that MCI patients
were impaired on the visuospatial task on the ACE-R, yet not on the
MoCA.%> Whether MoCA or TACE-IIl is the more appropriate tool to
screen for MCl was not confirmed in this study.

The language domain in the cognitive function may have pos-
sibly been affected during the translation process. For example, the
verbal fluency by asking the respondents to give words starting with
“C” was replaced with the instruction to give a word, starting with
the Chinese character “sky”. Additionally, there were no consistent
cut-off points for each domain across the scales for Taiwanese
adults. Further validation studies are needed to determine if these
items were too difficult for some older adults and if the cut-off points
in each domain were appropriate.

Because the participants in this study were not evaluated by
psychiatrists or neurological physicians, their cognitive status could
not be classified in detail. Therefore, the cut-off point of TACE-Ill in
this study used the MMSE and MoCA cut-off points, respectively, as
the standards. The closest cut-off point for screening MCl between
the two scales was 76.5 (sensitivity 84.2%, specificity 85%). The
cut-off point for TACE-IIl in this study was similar to that of the
Thailand version. The cut-off point for screening MCI in ACE-IIl was
75/76 (sensitivity 90%, specificity 96%).21 However, in the MMSE and
MoCA scales, the cut-off points are divided into to two points for
educational years. The use of a single cut-off point in this study may
have introduced biased results. Future studies should include a more
diverse sample in terms of education, and the scale can be widely
used in cases with different educational years.

Age and education were significantly different across the three
scales. Older age is related to cognitive impairment as indicated by
previous research on the incidence of higher of cognitive impair-
ment.®2° The current older cohorts in Taiwan also had lower edu-
cation. People with higher education levels were at a lower risk of
cognitive impairment. This finding mirrors previous research,?® sug-
gesting that education is a potential protective factor. It is challenging
to eliminate the influence of education when evaluating cognitive
function, since language is a primary element of the cognitive func-
tion assessment, particularly in the TACE-IIl in which domains related
to language emphasized. Future research should determine the
distribution of cognitive function by education so that appropriate
cut-off points can be identified for the target population.

This study has several limitations. First, diagnosis by a psy-
chiatric physician, which is the gold standard for the confirmation of
dementia, was not included as part of the study. As a result, we could
only screen for possible cognitive impairment cases, and we could
not diagnose dementia based on the screening. Future research
should include diagnosis from neurological or psychiatric doctors
and utilize the same scales on the diagnosed MCI patients for com-
parison. Second, answering any questionnaire on the three cognitive
assessment scales for older adults could be exhausting and time-
consuming. If the questions across the scales were identical, the
items were only asked once, and the scores were recorded in their
appropriate form according to the respective scales. Third, this study
utilized convenience sampling; thus, the study results may not be
generalized to the larger population in Taiwan.

Detecting MCl is necessary in geriatric care and health pro-
motion/management for older adults. By examining and comparing
three cognitive assessment scales, TACE-IIl was found to detect more
domains in cognitive impairment. These results are important
because mild changes could be monitored in the early stages. Fur-
ther, this valid tool could be utilized in population-based screening.
Future validation studies on TACE-1ll and the identification of the
distribution of cognitive functioning among healthy older Taiwanese
adults are warranted. We also suggest that these scales with higher
sensitivity be utilized by geriatric physicians as screening tools in the
primary care and in long-term care settings.
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